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Abstract: Basing on analysis o f tectonic mesostructures, the structural evolution stages o f the Gnieździska 
Syncline have been determined. The structure represents a typical example o f  folds occurring in the SW margin of 
the Holy Cross Mountains. The well-exposed syncline displays a wide variety o f structures, including: shear and 
extension joints, stylolites, cleavage, strike-slip and dip-slip faults as well as master joints. Tectonic structures 
resulting from flexural slip indicate that the Gnieździska Syncline developed as a flexural-slip fold as a result o f  
horizontal NE-SW compression. The subsequent deformation phase included mesostructures pointing to the 
increasing activity o f a nearby Gnieździska-Wola Morawiecka dextral strike-slip fault o f regional extent. In the 
terminal phase o f the post-kinematic uplift o f the Holy Cross Mountains, T joints and master joints appeared.
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INTRODUCTION

This paper focuses on the determination o f the geome­
try, as well as mechanisms and stages leading to the forma­
tion o f the Gnieździska Syncline, as well as on the conclu­
sions arising for the tectonic pattern o f the south-western 
Mesozoic margin of the Holy Cross Mountains.

The Gnieździska Syncline is one o f the synclines occur­
ring in a belt along the northern border o f the SW Margin of 
the Holy Cross Mountains (Stupnicka, 1972) (Fig. 1). In the 
eastern part, the synclines include the Bolmin Syncline, 
Góra Leśna Syncline and Ostrów Syncline. Westwards, the 
Gnieździska Syncline, referred to also as the Krasocin Syn­
cline (Filonowicz & Lindner, 1987), passes into the Mnin 
Syncline (Lewiński, 1912) (Fig. IB).

The area o f the Gnieździska Syncline was subject to 
many detailed cartographic works on the scale 1:10 000 
(Sadkowska, 2000) and on the scale 1:25 000 (the Pieko­
szów C sheet -  Ozimkowski et al., 1999). The surveys were 
also supplemented by photointerpretation o f aeral photo­
graphs on the scale 1:18 000 and radar images on the scale 
1:100 000. The surveys became the starting point for the 
structural analysis of the entire area. In point and contour 
diagrams, the orientations o f structural planes (bed attitude, 
fault planes etc.) are marked as dip directions/dip projected 
on the lower hemisphere o f the Schmidt net. In the analysis

of strike-slip faults, the P-b-t axes were calculated for each 
fault plane according to Turner (1953) and Wallbrecher 
(1986).

LITHOSTRATIGRAPHY

The rocks occurring in the investigated area (Fig. 2) 
represent only a fragment o f the stratigraphic column o f the 
western Mesozoic margin o f the HCM in this region (Filon­
owicz & Lindner, 1986). The oldest strata are represented 
by clays, claystones and siltstones o f Rhaetian age. Due to 
their brown-reddish colour they are marked well in the de­
bris. They are overlain, with an erosional gap, by black 
clays o f Batonian (Filonowicz & Lindner, 1986) and Low­
ermost Callovian age (Barski, 1999). The strata occur in 
form o f two belts in the south-western and north-eastern 
part o f the area (Fig. 3). In the eastern part o f the latter they 
are reduced by a fault (Fig. 3). They crop out only within a 
quarry on Dybkowa Hill, squeezed out through fractures in 
those places were the exploitation reached the lowermost 
part o f the Callovian gaizes. Rocks o f Callovian age are rep­
resented by calcareous gaizes with cherts, yellow in colour 
and locally with pink or green-greyish coatings, with belem- 
nites and borings. They are intercalated by rare thin-bedded 
marly shales (Fig. 2) (Matyja et al., 1996). Their up to 24-
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Fig. 1. Location map

m-thick complete section is exposed in a quarry on Dyb- 
kowa Hill (Fig. 3).

The Oxfordian (Matyja et al., 1996) begins with thin- 
bedded, white marly limestones, passing into light-grey, 
bedded platty limestones, intercalated by marly shales 
(Jasna Góra beds) (Fig. 2), overlain by bedded, grey me­
dium- and thick-bedded limestones (Grey Limestones) 
passing continuously into thick- and medium-bedded spotty 
limestones with numerous sponges (Morawica Limestones). 
Locally, massive limestones occur within them, exposed on 
the Lipia and Dębowa hills (Fig. 3).

TECTONICS

The resistant to erosion Oxfordian deposits along, with 
the underlying Callovian gaizes play the main role in the ar­
chitecture o f the Gniezdziska syncline. They compose two 
belts o f hills representing the north-eastern and south­
western limbs o f the syncline (Fig. 3). The north-eastern 
limb is dominated by 240/18 beds (Figs 4, 5), although in 
the eastern part o f the limb the dips increase to ca. 30/S 
along the fault cutting the limb from the north (Figs 3, 5). In 
turn, bed strikes in the fault zones are rotated and reach ca. 
155° (Figs 3, 5). The south-western limb is distinctly 
steeper. 46/56 beds dominate, with a small subdominant of 
28/42, characteristic for beds in the eastern part o f this limb.

Within the 5 km long analysed part o f the axis zone, the 
width o f the syncline measured between the Callovian/Ox- 
fordian boundary beds in both limbs varies from 600 to 700 
m (Fig. 5). The syncline axis in the analysed part is NW SE 
with a tendency to plunging towards the NW (Fig. 3). The 
position o f the axial surface varies slightly from ca. 220/70

thick-bedded
limestones

medium-bedded
limestones

marly limestones 
with sponges 

intercalated by clays
nodular limestones

gaizes

clays

Fig. 2. Lithostratigraphic column of the Mesozoic beds in in­
vestigated area -  based on Matyja et al. (1996)
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Fig. 3. Tectonic map o f the investigated area

in the NW to ca. 220/85 in the SE, and the interlimb angle is 
110° (Fig. 5). The structure represents therefore, an inclined 
fold, poorly advanced in tectonic development according to 
the criteria of Ramsay (1974).

MESOSTRUCTURES

A wide spectrum o f tectonic mesostructures occurs in 
both limbs o f the Gnieździska Syncline. Among them only 
joints, stylolites, cleavage, slickensides and master joints 
are frequent enough to enable structural analysis. Joints and 
stylolites were particularly useful due to their penetrative­
ness on the local scale.

Joints
Systematic fractures meeting the definition (Ja­

roszewski, 1972; Dune & Hancock, 1994; Mastella & Zu- 
chiewicz, 2000) of joints (Fig. 6) occur in Callovian and 
Oxfordian strata. The joint network comprises four sets: two

diagonal ( S r  and S l) ,  and approximately sub-perpendicular 
(T) and sub-parallell (L) to the Gniezdziska Syncline axis 
(Figs 6, 7). Such a pattern is typical for folded complexes of 
brittle rocks (Cosgrove & Ameen, 2000), and in regional 
scale also for the Holy Cross Mountains (Jaroszewski, 
1972; Stupnicka, 1972).

Following Price (1959, 1966) and Jaroszewski (1972), 
the gravitational-relaxational, at incipient stage prefolding 
origin o f joints is adapted here. Therefore, the orientation o f 
joint sets, similarly'as in Murray (1967) and Mastella & 
Zuchiewicz (2000), was determined after bedding correc­
tion.

S r  joints cluster at N10-20°E, with the dominant 
N15°E, whereas S l  joints cluster at N65-85°E with the 
dominant of N75°E (Figs 6, 7). The acute angle at which 
they intersect varies at particular outcrops within a narrow 
range o f 50-65°. The acute bisector orientation, concordant 
with the orientation o f a i, is NE-SW . Joint surfaces o f  both 
sets are smooth, and traces o f their intersection with the bed-
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Fig. 4. Diagram of bedding in the Gnieździska Syncline

Fig. 6. Joints in limestones in the quarry in the Dybkowa Mt.

500 m

Fig. 5. Geological cross-sections

ding are rectilinear (Fig. 6). Sporadically, fringe structures 
and feather fractures occur. Their pattern indicates that at 
the incipient phase (Price, 1959) they were formed as shear 
joints. S r  joints retained a tendency to dcxtral, whereas S l  
joints -  to sinistral displacements (Fig. 6).

The sense of displacement and intersection at angles of 
ca. 20  = 60° indicate that they represent a typical (Jaro­
szewski, 1972; Mandl, 1988; Mastella & Zuchiewicz, 2000) 
conjugate shear system. After Price (1959, 1966), it can be 
concluded that as in the case o f the NE Mesozoic margin of 
the Holy Cross Mountains (Jaroszewski, 1972), this system

was initiated in a shear triaxial stress field (0 i>02>0 3 ) with 
horizontal o i and 0 3 , whereas its opening began already in 
extension conditions with accompanying residual stresses.

T joints are the most common joints in both limbs o f the 
syncline (Fig. 7). Their orientation clusters at azimuths 
N35- 55°E, with dominants o f N45°E in the NE limb, and 
40° in the SW limb.

On the contrary, L joints are rather rare, in the NE limb 
very poorly developed (Fig. 6) and showing variable orien­
tations. In the SW limb, in turn, they cluster within a narrow 
range ofN130-T40°E (Fig. 7).

The opening o f T joints is larger than in the remaining 
sets of joints and reaches up to several centimetres. Surfaces 
o f a single T or L joint typically behave as form-cast cou­
pling, with variable fracture structures e.g plumose struc­
tures indicating (Bankwitz, 1965; Engelder, 1985) exten- 
sional mode of opening. Traces o f their intersection with the 
bedding are usually curvilinear.

According to Jaroszewski (1972), T joints appeared in a 
0 i>0 2 > -0 3  stress field with horizontal c i  and -<33 axes, at 
horizontal compression (c i) , decreasing during the uplift o f 
the Holy Cross Mountains. In turn, the residual develop­
ment o f L joints in the shallow NE limb of the syncline, 
stronger development in the steep SE limb (Fig. 7), as well 
as immediate disappearance o f joints inwards point to their 
relation with buckling of the syncline. In this case, L joints 
are considered o f the same origin as radial fractures (Ja­
roszewski, 1980).

D ybkow a
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Fig. 7. Rose diagrams o f joints in the N and S limbs o f the 
Gniezdziska Syncline

Master joints
A series o f vertical fractures was recognised in both 

limbs o f the Gniezdziska Syncline, which cut entire bed 
complexes up to several meters (Fig. 8), have large lateral

range, devoid o f features pointing to displacement and have 
fracture fissure 10-30 cm wide. The cut the remaining tec­
tonic structures. They form one set clustering at 30-63/90 
(Fig. 8).

The common occurrence o f vertical fractures in both 
limbs o f the Gnieździska Syncline and the fact that they cut 
beds, faults and other tectonic structures indicates that they 
can be referred to as master joints. These extension fractures 
developed, according to the classical interpretation (e.g. Ja­
roszewski, 1972; Dunne & Hancock, 1994), in course o f ex­
tension, at horizontal c i  clustering at N50-60°E, normal to
03, at vertical orientation of the axis 02, in one o f the last 
stages o f tectonic deformation in the analysed area.

Stylolites
Stylolites represent the most common mesostructures 

occurring within both limbs o f the Gnieździska Syncline. 
They occur on surfaces typically normal, rarely parallel to 
bedding (Fig. 9). The stylolites are most distinct, as styloli- 
tic seams in cross sections transverse to the stylolite surface 
(Fig. 9). Within limestone beds, several sets o f  stylolites 
have been determined. In most cases the stylolite teeth are 
aligned normal to the solution surfaces. According to the 
classification of Guzzeta (1984), the stylolite profiles are of 
sharp-peak type.

To identify the interval in which the stylolite sets were 
formed, a comparison o f plane orientation for all measured 
stylolitic seams and columns in the northern and southern 
limb o f the Gnieździska syncline, was carried out (Fig. 9). 
This comparison and rotation o f particular sets in relation to 
rotating o f beds to horizontal position, allows us to distin­
guish three stylolite sets.

Set I, occurring rather rarely, is characterised by 
bedding-parallel stylolites and sub-vertical columns (Fig. 
9). The columns have lengths from 0.3 to 1.5 cm, and their 
density is rather small.

The next sets, II a and II b, are characterised, similarly 
as in e.g. Arthaud & Mattauer (1969) and Helmstaedt & 
Greggs (1980), by bed-normal stylolites (Fig. 9). Set II a,

master joints

N=30

Fig. 8. Master joints in the quarry in the Dybkowa Mt.
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Fig. 10. Scheme of development of I and II cleavage systems

I system

contrary to set II b, is distinctly displaced along the bedding 
for 3-8 cm (Fig. 9). The length o f columns for both sets is 
from several millimetres to ca. 4.5 cm. Approximately 2-5 
stylolitic seams per 1 meter occur both in sets II a and II b.

The stylolitic seams cluster around 60-80/80-90, 
whereas columns normal to these planes trend around 
55-70/0-21 and 230-250/2-20 (Fig. 9).

Set III, similarly as set II b, lacks displacements along 
the bedding, and is characterised by oblique-bed stylolites. 
The orientation of stylolitic seams varies distinctly from 
other stylolites -  120-140/50-65 and 275/55, whereas of 
columns sub-normal to these planes 270-285/5-20 and 
100-110/10-20, respectively.

The position o f stylolitic seams and columns in relation 
to bedding indicates that set I formed under loading of 
cover.

Sets II a, II b and III, contrary to set I, are typical tec­
tonic stylolites.

Sets II a and II b, the orientation o f which is similar to 
some stylolite sets recognized by Wartolowska (1972) and 
Swidrowska (1980), developed in horizontal beds, what is 
testified to by bed-normal stylolite seams, identical orienta­
tion o f columns in both syncline limbs, as well as by styloli­
tic seams parallel to fold axis. The stylolites developed in 
course o f layer-parallel shortening. Set II b, younger than 
set II a, developed in gently dipping beds, however during 
distinct activation of flexural slip. Azimuths o f columns 
(e.g. Blake & Roy, 1949; Rispoli, 1981) of sets II a and II b 
indicate the general axis o f shortening of N50-60°E.

Set III developed in dipping beds, most probably due to 
stresses caused by the nearby faults, what is testified to by a 
distinct deflection of stylolitic seams from the Gniezdziska 
syncline axis.

Measurements o f amplitudes for stylolite seams basing 
on sets II a and II b, from 7 outcrops in the NE limb of the 
Gniezdziska syncline and 4 in the S W limb according to the

Stockdale (1926) method, indicate a similar mean shorten­
ing for both limbs reaching 6.5-8%.

Cleavage
A series o f densely-spaced fractures with strikes paral­

lel to bedding and cutting beds at distances up to 5 cm (in 
thick-bedded limestones), bearing features o f cleavage, 
were determined within the limestone beds. According to 
the classification of Powell (1979), rhythmic, cutting cleav­
age prevails, considered by Jaroszewski (1972) as fracture 
cleavage.

Four fracture sets forming 2 cleavage systems were de­
termined on the basis o f angles between cleavage planes and 
the bedding and the sense o f movement along these planes 
(Fig. 10). The acute angle between the sets is always orien­
tated at the roof-floor line o f the bedding.

The first system comprises sets o f fractures determined 
as R and R ’, lying at angles o f 25° and 85° to the bedding, 
respectively. The dihedral angle between the sets is ca. 70°. 
Sets R and R ’, characterised by dips o f 28/N and 46/S, are 
always consequent to the sense o f flexural slip (Fig. 10). 
Fractures o f this system are rare.

The second system comprises set R i, orientated at 
65-75 to the bedding and consequent, as well as set R i‘ ly­
ing at 60° to the bedding, obsequent in relation to the sense 
o f flexural slip. The dihedral angle between these sets is ca. 
55°.

The general features o f cleavage sets -  strikes parallel 
to the syncline axis, sense of movement along these planes 
and orientation of the acute angle between sets o f particular 
systems indicate (Bartlett et al., 1981; Mastella, 1988; 
Konon, 2001) that each o f the described two cleavage sys­
tems comprises conjugate shear sets, which developed due 
to the action of a pair o f forces linked with flexural slip.

System I (R, R ’) can be most probably considered as 
classical Riedel shears (Riedel, 1929), developed parallel to
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Fig. 11. Secondary strike-slip faults in the N limb o f the 
Gniezdziska Syncline (A); P-b-T axis (B)

the fold axis due to the action o f a pair o f forces from flex­
ural slip, at a rather low influence of horizontal compression 
when bed dips were small.

System II (Ri, R i‘) appeared later than system I, also 
parallel to the fold axis. The angles o f sets of this system 
with the bedding are different from classical positions (e.g. 
Riedel, 1929, Morgenstern & Tchalenko, 1967; Bartlett et 
al., 1981; Naylor et al., 1986). This indicates that, besides 
simple shear resulting from the action o f a pair o f forces 
from flexural slip, compression normal to bedding was also 
responsible for the formation o f this system. The compres­
sion was a result o f the increased normal component due to 
regional horizontal compression, when dips exceeded 45° 
(e.g. Tanner, 1989).

This suggests that system I developed earlier, at small 
dips and low flexural slip. Larger flexural slip and compres­
sion normal to the bedding were necessary for the formation 
of cleavage of system II. Such conditions could have taken 
place in the late phases o f folding (e.g. Mitra, 1978; Tanner, 
1989), what is testified by later appearance of cleavage sys­
tem II.

FAULTS

Strike-slip faults
The described Gniezdziska syncline is cut by numerous 

faults with variable strike-slip component. The largest fault 
cuts the NE limb of the syncline, east o f Dybkowa Hill (Fig. 
3). Its orientation is approximately consequent with the ori­

entation o f the Oxfordian strata in this limb (Fig. 3). This 
longitudinal fault is a continuation o f a large fault zone, dis­
tinguished already by Czarnocki (1938) and Stupnicka 
(1972). Eastwards, this zone lies near Morawica and Wola 
Morawicka (op.cit.). Westwards the fault zone passes into 
the fault between the Dybkowa and Poddańska hills (Sad­
kowska, 2000) (Fig. 3). As a result, Rhaetian claystones 
contact with Callovian gaizes in the NE wall o f this fault 
(Figs 3 , 5 -  III), or even with Oxfordian limestones o f the 
SW wall, as in western part o f the Poddańska Hill (Figs 3, 5
-  II). In the field this fault is marked by breccia zones com­
prising Callovian gaizes and Oxfordian limestones. The oc­
currence o f older lithostratigraphic members in the NE wall 
of the fault, as well as steepening o f beds from ca. 16/S to 
ca. 30/S in the zone close to fault (Fig. 3), indicate the pres­
ence o f a dip-slip component o f this fault. The downthrown 
side o f the fault is the SW part, and its throw in the vicinity 
o f Poddańska Hill reaches at least'70 m.

The second fault o f similar orientation cuts the SW limb 
o f the syncline, disappearing just near Maćkowa Hill (Fig. 
3). A large fault oblique to the syncline axis was determined 
by Sadkowska (2000) as a oblique-slip fault in the NW part 
o f the area (Fig. 3).

Both limbs o f the syncline are cut by a series of small 
steep faults (Figs 3, 11). In the NE limb these faults co­
occur with the discussed longitudinal fault. In the SW limb 
this series occurs on the elongation o f a similar longitudinal 
fault (Fig. 3). The faults, due to distinct lithological contrast 
between resistant Oxfordian limestones and yellow weath­
ering Callovian gaizes, and forming depressions and red 
weathering Rhaetian deposits, are easily determined in the 
field as well as on air photographs. Fault zones, up to 0.5 m 
wide are filled with breccia, cataclasites and fault gouge. As 
determined from map analysis (Fig. 3), slicolites and slick- 
ensides, generally dextral strike-slip faults with azimuths of 
340-20° occur, with sporadic sinistral strike-slip faults o f 
azimuths N40-60°E (Fig. 11). The sets intersect one an­
other at 60° and, according to Freund’s (1974) criteria, can 
be considered as conjugate faults. Sinistral faults with azi­
muths o f N15°E, cutting this zone NW of Dębowa Hill, are 
the exception (Fig. 3).

Series of en echelon strike-slip faults can be considered 
a typical (e.g. Wilcox et al., 1973, Schreurs & Coletta,
1998) initial form o f strike-slip faults, and in the further 
stage o f their development are incorporated within their 
fault zone (e.g. Tchalenko, 1970; Mollema & Antonellini,
1999). Their pattern in relation to the fault zone and the 
sense o f the slip component, in turn, indicates that they were 
developed due to the action o f a dextral pair o f forces within 
a horizontal plane (Fig. 3). In this case, the oblique dextral 
strike-slip faults should be identified as R-type Riedel 
shears (Fig. 3), developed due to the lack o f possibilities o f 
lateral movement, or even the narrowing of the fault zone 
(Vialon, 1979; Gamond & Giraud, 1982). On the other 
hand, sinistral faults with azimuths of 15° NW from 
Dębowa Hill would be R ’-type Riedel shears (Fig. 3). This 
might indicate (op. cit.) that in this part (Fig. 3) the dis­
cussed fault zone could widen laterally.

Thus, the longitudinal fault in the NE limb o f the Gnieź- 
dziska syncline would be an oblique-slip transpressive fault
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compression
Terminology of shears 

after Bartlett et al. (1981)

Fig. 12. Dip-slip faults in the S limb o f the Gnieździska Syncline

with the NE down thrown side. Only on a small part NE 
from Dębowa Hill it developed without regional compres­
sion normal to the fault (Fig. 3). A similar transpressive and 
oblique-slip character can be determined in a longitudinal 
fault west o f Maćkowa Hill, whereas the belt o f oblique 
faults occurring in its eastern continuation represents its in­
cipient form.

Dip-slip faults
Most planes of dip-slip faults, noted in form of slicken- 

sides, were observed in the southern limb o f the 
Gnieździska Syncline. In the northern limb they occur spo­
radically.

Dip-slip faults in the southern limb of the syncline oc­
cur in series arranged at angles low to bedding or directly of 
bedding planes. Three sets o f reverse faults -  R, Y and P 
were distinguished. Their strikes are parallel to the fold axis.

R faults include faults with fault planes clustering at 
70/40, lying at ca. 15-20° to the bedding planes (Fig. 12).

Y faults include faults with planes parallel to the bed­
ding (Fig. 12).

P faults are characterised by almost normal position of 
fault planes, clustering at 70-80/70-80 and lying at ca. 
15-25° to bedding (Fig. 12).

The R, Y and P faults occurring in the south-western 
part of the syncline, according to the terminology of Bartlett 
et al. (1981), correspond to R, Y and P shears. The R and P 
faults are arranged in R-P arrays. After the development of 
slips parallel to bedding, representing Y faults, R faults ap­
peared, followed by P shears (Tchalenko, 1970; Bartlett et 
al., 1981). The occurrence o f faults representing R shears 
(Vialon, 1979; Mastella, 1988) and the presence o f R-P ar­
rays indicates (Davison, 1994) a tendency to concentrate 
shearing in a narrower zone, thus in the case o f the analysed 
structures, in course o f increasing flexural slip due to in­
creasing dip.

CONCLUSIONS

The above structural analysis points to several stages of 
the structural evolution o f the Gnieździska Syncline.

In the earliest deformation phase, as indicated by set I 
stylolites, the rocks underwent only influence o f loading.

In the next stage in still horizontal beds, NE-SW hori­
zontal compression started to act. The shear joints (S r ,  S l )  
were formed as “potential shear surfaces”and stylolites of 
set Ha appeared, being followed by stylolites o f set lib when 
the fold limbs, as a result o f progressive folding, were 
slightly inclined. The continuous process o f bed buckling 
caused the development of flexural slip, larger in the 
steeper, southern limb o f the syncline. In consequence, clea­
vage systems I and II, as well as R, Y  and P dip-slip faults 
were developed, pointing to the increasing influence of 
horizontal compression.

In the syncline buckling phase, L joints parallel to the 
syncline axis were also formed.

In the next phase, in which the limbs o f the Gnieździska 
Syncline retained positions close to the present-day, one 
secondary strike-slip faults developed due to the influence 
of the Gnieździska-Wola Morawicka fault.

In the terminal deformation phase the post-kinematic 
uplift began, which lead to the formation o f T joints and, 
due to further uplift, master joints o f the same orientation. 
The formation o f T joints and master joints indicates di­
rectly the phase o f extension sub-parallel to the fold axis, at 
decreasing horizontal compression (a i).

The deformations of the Gnieździska Syncline indicate 
that it was formed at the dominating horizontal compression 
o f N50-60°E orientation. The observable differences in the 
development o f the northern and southern limbs are caused 
by the influence o f a large regional strike-slip fault Gnieź­
dziska-W ola Morawicka.

The development of the Gnieździska Mn in Syncline is 
probably linked mainly with the tectonic inversion o f  the 
Mid-Polish Swell, between the Maastrichtian and the Pa- 
laeocene (Kutek & Głazek, 1972; Lamarche, 1999).
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przesuwczych i zrzutowych (Fig. 11, 12).
Przeprowadzona analiza strukturalna wskazuje na wieloeta- 

powość ewolucji synkliny Gnieździsk.
W najwcześniejszym etapie deformacji, na co w skazują sty­

lolity I zespołu, skały były poddane jedynie oddziaływaniu ciężaru 
nadkładu (Fig. 9).

W następnym etapie w ciągle płaskich warstwach, zaznaczyło 
się oddziaływanie kompresji horyzontalnej o kierunku NE-SW. 
Spowodowało to założenie ścięciowego systemu ciosu (Fig. 6, 7) 
oraz powstanie stylolitów -  najpierw Ila, a następnie, gdy skrzydła 
fałdu w wyniku postępującego procesu fałdowania uległy niewiel­
kiemu wychyleniu powstanie zespołu Ilb. Ciągły proces zginania 
warstw spowodował powstanie posuwu fałdowego, większego w 
stromszym, południowym skrzydle synkliny. Doprowadziło to do 
powstania systemów kliważu I i II (Fig. 10) oraz uskoków zrzu­
towych R, Y i P, wskazujących ponadto na zwiększający się udział 
kompresji horyzontalnej (Fig. 12). W etapie wyginania synkliny 
powstał również, równolegle do osi synkliny cios L.

W kolejnym etapie, w  którym skrzydła synkliny Gnieździsk 
uzyskały położenia zbliżone do dzisiejszych (Fig. 4), powstały w 
związku z oddziaływaniem uskoku Gnieździska-W ola Morawicka 
drugorzędne uskoki przesuwcze (Fig. 11).

W  końcowym etapie deformacji rozpoczęło się wypiętrzanie, 
co doprowadziło do powstania cios typu T oraz w dalszym etapie 
wypiętrzania, na tych samych kierunkach -  ciosu przewodniego 
(Fig. 8). Powstawanie ciosu T i ciosu przewodniego wskazująbez- 
pośrednio na etap ekstensji subrównoległej do osi fałdu, przy 
zmniejszającej się horyzontalnej kompresji (oi).

Cechy deformacji synkliny Gnieździsk wskazują, że powstała 
ona przy dominującej przez cały okres kompresji poziomej o kie­
runku 50-60°. Zauważalne różnice w rozwoju północnego i połud­
niowego skrzydła, są spowodowane oddziaływaniem dużego re­
gionalnego uskoku przesuwczego Gnieździska-W ola Morawicka.

Streszczenie

EWOLUCJA STRUKTURALNA SYNKLINY 
GNIEŹDZISK -  REGIONALNE IMPLIKACJE 

DLA POŁUDNIOWO-ZACHODNIEGO 
MEZOZOICZNEGO OBRZEŻENIA GÓR 

ŚWIĘTOKRZYSKICH

Andrzej Konon & Leonard Mastella

W oparciu o analizę mezostruktur tektonicznych określone 
zostały etapy ewolucji strukturalnej synkliny Gnieździsk, stano­
wiącej typowy przykład fałdów występujących pasem w połud­
niowo-zachodnim mezozoicznym obrzeżeniu Gór Świętokrzys­
kich (Fig. 1). Występujące na badanym terenie skały (Fig. 2) obej­
m ują niewielki -  od retyku po kelowej -  fragment profilu litolo- 
giczno-stratygraficznego mezozoicznego obrzeżenia Gór Święto­
krzyskich. W badaniach oparto się o analizę mapy tektonicznej 
(Fig. 3), położeń warstw (Fig. 4), przekrojów geologicznych (Fig. 
5), ciosu ścięciowego i ekstensyjnego (Fig. 6, 7), ciosu przewod­
niego (Fig. 8), stylolitów (Fig. 9), kliważu (Fig. 10), oraz uskoków


