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Abstract. The major constituent of Upper Jurassic limestones which build Brama Bolechowicka (Bolechowice
Gate, a group of valley-wall limestone rocks near Krakéw) is massive limestone representing a complex of
cyanobacterial-sponge carbonate buildups. Talus sediments of the buildup are present as clastic limestones
exposed in isolated crags. Apparent bedding planes visible in the massive limestones are dissolution-widened
fractures, fault joints and gently inclined shearing fractures in fault-related flexures. Limestones exposed ESE
from Brama Bolechowicka represent interbiohermal facies and clastic sediments of variable age and origin. The
Jurassic strata exposed ESE from Brama Bolechowicka lie within a wide fault zone which separates the Ojcow
Block from the Krzeszowice Graben. The variable dipping directions of these strata are caused mainly by the
presence of hinge faults within this fault zone.

Abstrakt. Zasadnicza czgs¢ gornojurajskich wapieni tworzacych Bramg Bolechowicka stanowi kompleks
cyjanobakteryjno-gabkowych budowli weglanowych wyksztalconych jako wapienie masywne. Osady talusa
budowli sa reprezentowane przez wapienie detrytyczne budujace pojedyncze skatki Bramy Bolechowickiej.
Powierzchnie niecigglosci w wapieniach masywnych sa spgkaniami ciosowymi, szczelinami uskokowymi i
pologimi scigciami tektonicznymi w obrebie fleksury przyuskokowej. Osady odstaniajace si¢ na ESE od Bramy
Bolechowickiej reprezentuja facje migdzybiohermalne oraz osady detrytyczne o zréznicowanym wicku i genezie.
Wystepowanie na ESE od Bramy Bolechowickiej utworéw jurajskich o zréznicowanym wyksztalceniu, ale
generalnie miodszych od facji obserwowanych w Dolinie Bolechowickiej ma przyczyny tektoniczne, a nie
sedymentacyjne. Zmienne kierunki nachylen tych utworéw sa spowodowane glodwnie obecnoscia uskokoéw
zawiasowych w rozleglej strefie uskokowej oddzielajacej ptyte ojcowskg od rowu krzeszowickiego.
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INTRODUCTION

Structure and origin of limestone rocks on the Krakow-
Wielun Upland attract the attention of geologists for many
years. The opinions on these topics were based on results of
sedimentological, mineralogical, palacontological and tec-
tonic studies. The modern research technique is a combina-
tion of mezoscopic observations and microfacies analysis.
Where structure of the limestones is indistinct, these two
must be supported by mezoscopic observations. Unbalanced
adherence to only one of these methods may lead to quite
erroneous conclusions according to Kutek ef al. (1977).

The Jurassic limestone crags are a specific place for
sedimentological studies; they often require rock-climbing
techniques for close inspection of structures visible on ex-
posed rock surface and for sampling. Detailed mezoscopic

and microfacies investigations can not be replaced by obser-
vation from a long distance; this provides information only
on relief which is controlled by combination of sedimen-
tological, diagenetic, tectonic and climatic factors.

In 1995, the second author (M. K.) collected samples
along vertical lines on four cliff faces within the rock group
of Brama Bolechowicka (Bolechowice Gate): Filar Pokut-
nikéw and Zamarta Turnia on the west slope of the valley,
Filar Wallischa and Zélta Scianka on the east slope. The
sample collection was accompanied by detailed observation
and registration of mezoscopic sedimentary structures. The
authors studied also the lithology of sediments in the other
rocks of the Bolechowicka valley and in small quarries adja-
cent to Brama Bolechowicka on its ESE side. Microfacies
analysis and interpretation was performed by the first author
(J.M)
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History of investigations

There are few papers on mezoscopic and microfacies
structure of Jurassic rocky limestones near Krakéw (Dzu-
tyniski, 1952; Bukowy, 1960; Golonka & Haczewski, 1971;
Glazek & Wierzbowski, 1972; Hoffmann & Matyszkie-
wicz, 1989; Matyszkiewicz & Felisiak, 1992; Matysz-
kiewicz, 1989, 1990, 1993, 1994, 1996). In the light of these
papers the Jurassic limestones are carbonate buildups whose
main constructors were sponges and cyanobacteria in
broadly varying proportions and whose degree of rigid
framework development increases upsection. The buildups
could coalesce during their growth, and thus form extensive
biohermal complexes rising above the surrounding sea floor.
Stratified limestones with cherts originated on their slopes
and in the interbiohermal areas. Basinal facies in the form of
alternating marls and platy limestones were laid down in the
deepest parts of the basin, removed from the biohermal
complexes (Matecki, 1958; Felisiak, 1988; Matyszkiewicz;
1990).

Typical for the for lower part of the Oxfordian sequence
in the Krakéw area are so called loose bioherms (sensu
Trammer, 1989) built up mainly of siliceous sponges. In the
Middle Oxfordian these bicherms are replaced with sponge-
cyanobacterial and cyanobacterial-sponge buildups (Hoff-
mann & Matyszkiewicz, 1989), locally developed in the
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form of so called pseudonodular (zrostkowy) limestones
(Dzutynski, 1952; Gradzinski, 1972; Matyszkiewicz, 1994).
The term pseudonodular limestone is used to described
limestone composed of small (up to 5 cm) subangular nod-
ules. The nodules have diffuse boundaries and are densely
packed; they also stand out during weathering and easily fall
out from weathered rock, when struck with a hammer. In the
Upper Oxfordian the dominating types are already cyano-
bacterial-sponge buildups (Matyszkiewicz, 1989) and cya-
nobacterial buildups of the Tubiphytes reef type (Matysz-
kiewicz & Felisiak, 1992). According to Matyszkiewicz
(1994, 1996) the evolution of the Jurassic carbonate build-
ups in the Krakow area was controlled by progressive shal-
lowing during Oxfordian, recorded in the whole belt of epi-
continental seas framing the Tethys Ocean from the north
(Leinfelder, 1993).

One major period of bicherm destruction, clearly
marked in the Jurassic sequence of the Krakéw area (Ma-
tecki, 1958; Gtazek & Wierzbowski, 1972; Matyszkiewicz,
1994, 1996), took place probably at the end of Oxfordian
(?beginning of Kimmeridgian). Its possible equivalent is the
upper marly horizon (Burzewski, 1969) found in boreholes
in the Nida Depression area (Fig. 1). Redeposited sediments
are common also in the Middle Oxfordian sediments ex-
posed in the quarry in Mtynka and its close vicinity. It is not
clear if these sediments represent a regional stage of bio-
herm destruction or are a local phenomenon related to the
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existence of a synsedimentary fault in this area (Matyszkie-
wicz, 1993; Wieczorek & Krobicki, 1994).

The Jurassic sediments of the Krakow area were the
subject of numerous tectonic studies (Dzutyniski, 1953; Ma-
fecki, 1958; Bogacz, 1967; Gradzinski, 1962, 1972; Kroko-
wski, 1984; Rutkowski, 1986; Felisiak, 1988). The results of
these studies indicate that apart from numerous faults the
limestones are cut by several systems of joints, and fault
zones in the northern margin of the Krzeszowice Graben are
accompanied by so called low-angle shears, related to near-
fault flexures (Krokowski, 1984).

Inclined surfaces macroscopically discernible in the Ju-
rassic limestones near Krakow have been a subject of pro-
longed discussion. Their origin was attributed to tectonics
(Dzutyniski, 1953; Gradzinski, 1972; Krokowski, 1984; Rut-
kowski, 1986), deposition (Matecki, 1956; Bukowy, 1960;
Gradzinski, 1972; Rutkowski, 1986; Felisiak, 1983, 1988;
Matyszkiewicz & Felisiak, 1992) or deposition and diagene-
sis (Dzutynski, 1952; Gradzifski, 1972; Matyszkiewicz,
1989). Distinction between joints and bedding planes is easy
in bedded limestones (Gradzinski, 1972, p. 293) while in
massive limestones it requires detailed studies of microfa-
cies or analysis of tectonic mezostructures. The use of me-
zoscopic observations alone may result in confusion of
joints and low-angle shearing planes widened by solution
with bedding planes. Among many sites where the inclined
surfaces are observed, only two exposures have detailed mi-
crofacies evidence — those in Piekary (Matyszkiewicz,
1989), where the inclined surfaces are due to differential
compaction of massive and bedded limestones and in MydI-
niki (Rutkowski, 1986; Matyszkiewicz & Felisiak, 1992)
where their nature is depositional.

Microfacies have been not hitherto studied in the rocks
that make up Brama Bolechowicka. Tectonics of the SW
part of the Krakow-Wielun Upland, including the area of
Bolechowice, was studied in detail by Krokowski (1984).
Basing on the study of mesostructures, he concluded that the
limestones are cut by several joint systems and that they are
deformed by flexures. The flexures occur along the whole
northern margin of the Krzeszowice Graben for which wide
fault zones are characteristic (Bogacz, 1967; Krokowski,
1984). Discontinuity surfaces inclined toward ESE are, ac-
cording to Krokowski (1984) low-angle shearing planes in-
clined at about 30-40° “caused by flexural bending of strata
in vicinity of major faults” (Krokowski, 1984, p. 92). The
flexural deformations are also visible in the Bolechowicka
valley (Krokowski, 1984, p. 83).

The lithology of the limestones in Brama Bolechowicka
and directly east of it was recently discussed by Koszarski
(1995) who included the limestones to the upper part of the
Upper Oxfordian (Koszarski, 1995, p. 11), estimated their
position above the base of the Jurassic at about 170-290 m
(Koszarski, 1995, p. 11), and considered these limestones to
be redeposited sediments. The inclined surfaces in the lime-
stones of Brama Bolechowicka are, according to this author,
of depositional origin, “sole surfaces of strata are erosional”
(ibidem, p. 15), and “individual bedding surfaces continue
towards N and NW which is visible in another rocks of
Brama Bolechowicka and Bolechowicka valley” (ibidem, p.
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15). Sediments exposed on the slope adjacent to Brama
Bolechowicka on ESE were described by him as transgres-
sively overlying “turbidites and debrites—calcirudites, grad-
ing into calcarenites” (ibidem, p. 15), inclined to SE near
Brama Bolechowicka and “in the east margin of the next
eastward valley in Bolechowice” are “steeply inclined to W
and NW” (ibidem, p. 15). “Slides on plastically deformed
thin lenses of chert” should occur in the sediments inclined
to SE (ibidem, p. 15), allegedly indicating transport of mate-
rial to SES, as well as “postdepositional initial slumping re-
locations, indicating movement of packets deformed in this
way to S and SE” (ibidem, p. 15). Thicknesses of beds are
claimed to decrease upsection, and to be on average about 1
m in its middle part. Describing the sediments in small, iso-
lated quarries ESE of Brama Bolechowicka, Koszarski de-
scribes their relative age using the terms “older” and
“younger”, which enables him to correlate sediments situ-
ated on the slope at various elevations and inclined in vari-
ous directions and to conclude that they build one “great de-
positional syncline” (ibidem, p. 16) whose inclinations are
related to “deposition by mud flows on a steeply inclined
reef slope, intensely aggraded by sediments (prograding)”
(ibidem, p. 16). The massive limestones in Brama Bolecho-
wicka are, according to him “the older part of the sediment
sequence prograding on the slope of this syncline” (ibidem,
p. 16). Basing on these observations, Koszarski (1995) de-
termines the minimum range of sea bottom elevation at
80 m.

GEOLOGICAL SETTING AND REMARKS
ON STRATIGRAPHY

The Krako6w region is situated in the southern part of the
Krakow-Wielun Upland (Fig. 1). The Jurassic sediments in
this southern part differ markedly from those in other areas
(Kutek, 1994). The differences consist in much lower thick-
ness of preserved Jurassic sediments (up to ca. 300 m in the
eastern part and much less in the west), incompleteness of
the section as compared to the areas on the north and east,
and clear lithological differences. The reason for the dis-
tinctiveness of this area was its negligible subsidence in Ju-
rassic time, caused by the presence of low-density granitoid
masses in the basement (Kutek, 1994). The lack of compen-
sation of sediment accumulation by subsidence (Kutek,
1994, p. 213; Matyszkiewicz, 1994, p. 428) caused that the
Krakow region existed in Jurassic time as a distinct raised
element, especially favourable for the development of car-
bonate buildups. The analysis of lithology of Jurassic lime-
stones in the Krakéw area requires thus a special caution in
adaptation of models created for other areas. This applies
especially to such a discussion of the basin depth and bot-
tom relief which assumes a persistent inclination towards
the Tethys ocean in the whole area of the Polish fragment of
the shelf (see Matyja & Wierzbowski, 1996).

Upper Jurassic sediments near Krakow are represented
by the Oxfordian stage. The presence of Kimmeridgian
sediments has been not palaeontologically proven (Glazek
& Wierzbowski, 1972), though it can not be completely
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Fig.2  Location sketch of Brama Bolechowicka and its vicin-

ity. The western part and rock names after Baran & Opozda (1985)

ruled out (Bukowy, 1957, 1962; Matyszkiewicz, 1996).
Biostratigraphical zonation of the higher part of the Jurassic
sediments is difficult because of the paucity of ammonites in
the massive limestones, The attribution to an ammonite zone
is based on a few exposures where ammonites were found
and whose elevation above the top of the Dogger is known.
Assuming that the thicknesses of the Malm sediments in tec-
tonic depressions and neighbouring horsts are similar (Rut-
kowski, 1986) it may be accepted that the exposures which
occur at the same or similar elevation over the top of the
Dogger belong to the same ammonite zone. This method
lacks precision in the Jurassic sediments of the Krakow re-
gion which feature marked variations in palaeorelief and nu-
merous faults. Moreover, the thickness of Jurassic on the
Ojcow block is much lower than in the Krzeszowice Graben
(Rutkowski, 1986).

The rock pylons of Brama Bolechowicka are situated
within the area of the northern margin of the Krzeszowice
Graben, adjacent to a major fault zone. The faults in this
zone are related to Early Paleogene fault movements. They
were created probably still before Eocene and were sub-
sequently rejuvenated in Miocene time (Rutkowski, 1989,
in press). The complex structure of the fault-adjoining zone
is demonstrated by the presence of tectonic en échelon faults
found at the northern margin of the Krzeszowice Graben
east and west of the Bolechowice valley (Fig. 1). According
to Bogacz (1967), the main fault which separates the Ojcow
block from the Krzeszowice Graben is a composite fault,
composed of many smaller successively downthrown
blocks which compose a tectonic megabreccia. The amount
of displacement along any given block may vary due to the
hinge geometry of many faults (Bogacz, 1967, p. 54).

The rock pylons of Brama Bolechowicka are situated
probably about 100 m above the bottom of the Jurassic. This
estimate is based on data from boreholes made in the sixties
on the Ojcow Upland: K-2, K-2a, K-3, K-4 and K-6, situ-
ated about 2 km west of Brama Bolechowicka, near Karnio-
wice and from borehole Beblo, situated about 6 km to the
north. The total preserved thickness of Jurassic does not ex-
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ceed 91 m in any of these boreholes. In boreholes situated in
the Krzeszowice Graben, K-5 in Karniowice and B-1 (about
0.5 km south of Kobylany), the preserved thicknesses of the
Jurassic equal 225 and 240 m, respectively.

The lack of ammonites has hitherto precluded precise
determination of the age of the pylons of Brama Bolecho-
wicka and the exposures ESE of it. The accepted estimate of
the elevation of the pylons above the bottom of the Jurassic
seems to indicate to a higher part of the Middle Oxfordian.

Methods

The basic methods applied were mezoscopic observa-
tions and microfacies analysis. Detailed sampling along ver-
tical sections of Filar Wallischa, Z6tta Scianka, Filar Pokut-
nikéw and Zamarta Turnia, made while descending on a
rope along the cliffs, provided 59 oriented samples (Fig. 3).
The samples were cut and polished, 29 vertically oriented
large-size thin sections were made from the samples. De-
tailed observations of sedimentary structures were made
while descending the cliffs of Filar Abazego, Pigtrowa Tur-
niczka and Poprzeczna Grzeda. Additional samples, col-
lected from selected sites in Bolechowicka valley, were
used to make polished sections and 7 thin sections.

Geopetal structures in Filar Pokutnikéw were used to
determine approximate position of horizontal plane during
deposition and its present inclination. Because the samples
were oriented only vertically, and their horizontal orienta-
tion was only approximate, it was accepted that the post-de-
positional tilt of the rock is indicated by the greatest angle of
inclination of geopetal structures observed in thin sections,
and repeats at least three times in the same thin section, in
order to eliminate casual measurements.

Frequencies of occurrence of all components were de-
termined in each thin section by semiquantitative method.
The frequency of occurrence of each microfacies of Dun-
ham (1962) was determined in each thin section and pol-
ished section (Table 1).

Detailed sampling was also done in the exposures situ-
ated on the slope ESE of Brama Bolechowicka. Polished
sections were made of all 20 samples taken there and 5 ori-
ented thin sections for the sakes of comparison. The loca-
tions of these exposures are shown on a2 map which also
shows the southern part of the Bolechowicka valley (Fig. 2).

MEZOSCOPIC AND MICROFACIES
CHARACTERISTICS OF LIMESTONES
IN THE AREA OF BRAMA
BOLECHOWICKA

Brama Bolechowicka

The main lithological types are present in the limestone
rocks which make up Brama Bolechowicka: massive lime-
stone and clastic limestone. Most rocks, except for the
southernmost ones on the eastern slope — Filar Wallischa
and Pietrowa Turniczka — are built of light-coloured mas-
sive limestone in various shades of colour, strongly lithified.
Sedimentary structures are in most cases poorly discernible
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Fig. 3 Sample locations on slopes of Bolechowicka valley, a - on Filar Pokutnikow, west slope, height of rock - 35 m; b - on Filar
Wallischa, east slope. Filar Abazego (FA) is separated from Filar Wallischa (FW) by a fault plane widened by dissolution (black arrow).
The white arrow points an easily accessible place on FA where stromatolitic structures can be observed in situ. Height of FW - 20 m; c-
on Zamarta Turnia, west slope, height of rock about 30 m; d - on Z6ta Scianka, east slope, height of rock 15 m
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Fig. 4 Determination of the angle of deflection of rock from its
original horizontal position indicated by geopetal structures. The
angle of dip of internal sediment — o equals the angle of deflection
of the rock from the original vertical. Only a section parallel to the
plane a shows the true inclination of the top of internal sediment in
the geopetal structure. The visible angle is lower in every other
section. In an extreme case, in a section perpendicular to the plane
a, the top of internal sediment will be seen horizontal
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mezoscopically. Well discernible stromatolitic structures
are well visible in lower, easily accessible part of Filar Aba-
zego; they occur also in the higher parts of the cliff (Fig. 3b).

Numerous surfaces of discontinuity are visible in mas-
sive limestones, especially in the southern part of the valley
(Figs. 5, 6, 12). These surfaces may be divided into two
types. The first includes steep, locally vertical surfaces, es-
pecially well visible in the rocks on the western slope of the
valley. The second type are gently inclined surfaces, in-
clined to ESE or SE, visible in the western slope on Filar
Pokutnikéw and Zamarta Turnia as well as in the eastern
slope on Poprzeczna Grzgda. The dip of these surfaces is
greatest in the southernmost part of the valley and it gradu-
ally decreases northwards. The values of dip measured at
the base of Filar Pokutnikow are 42-55° and at the base of
Zamarta Turnia 40°. The relationship between the disconti-
nuity surfaces and sedimentary structures could not be de-
termined because of poor visibility of structures in the mas-
sive limestone.

Filar Wallischa and the lower part of Pigtrowa Tur-
niczka are built of clastic limestone which includes individ-
ual thin (about 0.1 m) beds, some of them with sharp
boundaries, built of well sorted grains up to 3 mm in diame-
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Fig. 6  View ofthe westemn slope of Bolechowicka valley (after
Baran & Opozda, 1985; slightly modified and simplified)

ter. They are inclined to SE at an angle of about 25°. No
transition was observed between the massive and clastic
limestones. Pietrowa Turniczka is an isolated crag and Filar
Wallischa is separated by a vertical, fissure, widened by dis-
solution from Filar Abazego built of massive limestone (Fig.
3b).

Biolithite is the dominant microfacies in the massive
limestone that builds the major part of Brama Bolecho-
wicka, wackestone is subordinate (Table 1; Figs. 7, 8).
Fauna observed in thin sections consists mainly of calcified
siliceous sponges and their spicules, encrusting and benthic
foraminifers, serpulids, bryozoans and echinoderms. The
main rock-forming element are cyanobacterial structures in
the form of crusts, stromatolites and thrombolites (cf. Ma-
tyszkiewicz, 1994; Dromart ef al., 1994). Wackestone con-
sists mostly of peloids, small tuberoids and oncoids. Com-
mon transitions from wackestone to cyanobacterial bio-
lithites are visible in thin sections. Low density of sampling
does not permit to attempt a detailed analysis of the variabil-
ity of fauna in the vertical sections of the buildups.

Numerous growth cavities and burrows are visible in
the biolithite. Most of them have geopetal fillings which
permit to determine the position of original horizontal plane.
The angle of inclination of geopetal infillings in sample 17
taken from Filar Pokutnikow is about 30° (Fig. 9), and this
value (the greatest in the studied thin sections) was accepted
as the value of postdepositional tilt (see Fig. 4). No signifi-
cant differences were found between the microfacies of the
parts of rock separated by discontinuity surfaces (sample

pairs 5-6 and 14-15 in Filar Pokutnikéw, 10-11
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in Zamarta Turnia).

Filar Wallischa and the lower part of
Pietrowa Turniczka differ in their microfacies
from other sampled rocks (Table 1; Fig. 10).
The clastic limestone consists of micritic pack-
stone and — especially in the lower part of the
exposure — grainstone. The grains include nu-
merous Tubiphytes, micritized ooids, frag-
ments of calcareous sponges and numerous
brachiopods, bryozoans, tuberoids and in-

S

Fig. 5
Opozda, 1985; slightly modified and simplified)

View ol the castern slope of Bolechowicka valley (alter Baran &

traclasts. Sorting and roundness are variable.
Non-sorted sediment, lacking directional sedi-
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Fig. 7 Microfacies in Filar Pokutnikéw, a - cyanobacterial-sponge biolithite. Cyanobacterial structures - thrombolites (T) and
stromatolites (St) overgrowing a calcified siliceous sponge encrusted by serpulids (S). Filar Pokutnikéw; thin section, sample no. 6; b -
cyanobacterial-sponge biolithite. Sediment bound by cyanobacterial structures - crusts (C) and stromatolites (St) was subject to early
lithification which enabled the development of a rigid framework. The presence ofthe rigid framework is documented by growth cavities
(Gc) whose walls are encrusted by serpulids (S) and numerous borings (B) in the sediment filled with internal sediment. Calcified siliceous
sponge (Sp) visible in the upper part. Filar Pokutnikoéw; thin section; sample no. 10; ¢ - cyanobacterial-sponge biolithite with numerous
columnar stromatolites (St). Calcified siliceous sponge (Sp) in the upper right. Filar Pokutnikéw; thin section; sample no. 8; d -
sponge-cyanobacterial biolithite. Calcified siliceous sponges (Sp) in the lower and upper part; between them numerous cyanobacterial
structures - thrombolites (T) and crusts (C). A boring (B) filled with internal sediment is visible in the sponge at the bottom. Filar
Pokutnikéw; thin section; sample no. 3
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Fig. 8 Microfacies in Z6ta Scianka and Zamarta Turnia, a - sponge-cyanobacterial biolithite. Calcified siliceous sponge (Sp)
displaying an extensive boring (B) with the shell ofthe boring organism preserved and geopetal filling. Thrombolites profusely encrusted
with foraminifers are growing on the siliceous sponge. The arrow indicates the present position oftop. Z6ta Scianka; thin section; sample
no. 10; b - cyanobacterial-sponge biolithite. Calcified siliceous sponge (Sp) with obliterated internal structure, overgrown with
cyanobacterial crusts (C) and stromatolites (St). Boring (B) visible in the sponge is filled with internal sediment. Zamarta Turnia; thin
section; sample no. 2; ¢ - cyanobacterial-sponge biolithite (in the lower and upper part) with a layer of wackestone (left) passing to
micritic grainstone (right). Numerous initial crusts (C) visible in the wackestone. Thrombolite (T) at the bottom, calcified siliceous sponge
(Sp) with obliterated internal structure, at the top. Z6ta Scianka; thin section; sample no. 12; d - cyanobacterial boundstone, locally
wackestone. Cyanobacterial structures: stromatolites (St) and crusts (C) stabilizing so called peloid sand. Zamarta Turnia; thin section;
sample no. 7
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mentary structures predominates. Some samples include cy-
anobacterial crusts, some of them with distinct borings.
Geopetal fillings are sporadic. The basic differences in com-
position of constituents in comparison to the massive lime-
stone consist in the common presence of oncoids, micritized
ooids and Tubiphytes, a slightly greater amount of calcare-
ous sponges and gastropods, the appearance of oysters and a
marked decrease in the number of siliceous sponges.

Exposures ESE of Brama Bolechowicka

The exposures in small quarries situated ESE ofthe py-
lons of Brama Bolechowicka are situated at various eleva-
tions on the slope falling towards the village of Bolechowice
(Fig. 2). Distinct terraces are marked in the slope. They are
inclined in various directions, some diagonally to the slope.
Detailed investigations were made in three quarries (Fig. 2:
A, B, C).

An exposure about 7.5 m high, situated directly behind
the last houses of the village (Fig. 2: A; Fig. 11) reveals
bedded limestones. The section starts with a 3.5 m thick
complex ofstrongly lithified cream coloured bedded wacke-
stone-floatstone. Thickness of beds increases from 0.15 m at
the bottom to 0.5 m at the top. Lenses of chert, up to 0.1 m
thick, and occasionally slightly bent upwards or down-
wards, occur locally at the layer boundaries. Isolated chert
nodules up to 0.15 m in diameter occur also within the beds.
The micritic matrix includes abundant fauna represented by
centimetric fragments ofsiliceous sponges, corals, and echi-
noid spines, brachiopods and echinoderm plates. The lowest
beds include numerous Tubiphytes and cyanobacterial coat-
ings encrusted by foraminifers. The rock does not display
directional structures, and the grains embedded in the mi-
critic matrix are not sorted.

The wackestone is overlain by weathered marl 0.1 m
thick, overlain in turn by 2.8 m thick complex of bedded
clastic limestones (floatstone-rudstone), separated by two
intercalations of marl, 0.1 m thick. The beds are 0.3-0.8 m
thick, and the grain size attains 5 cm. The sediment is poorly
sorted. Discernible fauna includes poorly preserved ammon-
ites, siliceous and calcareous sponges, echinoderms and bra-
chiopods. Bioclasts are preserved complete or in large frag-
ments. Locally, horizontal arrangement of elongated bio-
clasts and inverted grading are discernible within the beds.
Displacements of some portions of sediment along arcuate
surfaces are visible in clastic limestones (Fig. 11). Attitude
of the beds, measured at the top of the highest bed is 350/12
NE. The section terminates with an irregular block, about 1
m in diameter, in which clastic limestone passes laterally
into wackestone in the direction perpendicular to the wall of
the exposure, towards NE.

About 5 m NE from the described outcrop, at the level
of its top there is an exposure about 1 m wide and about 1.5
m high (Fig. 2: B), of fractured bedded wackestone with
bedding attitude 358/10 E. The bed thicknesses are about
0.5 m thick at the bottom and they decrease to about 5 cm in
the middle part of the outcrop, and again increase to about
0.2 m.

Another outcrop (Fig. 2: C) is situated in the west slope

Fig. 9 Sample no. 17 from Filar Pokutnikéw, in which the
inclination of internal sediment in geopetal structures (arrows) was
measured. The top of internal sediment is parallel in all fillings,
which excludes randomness. Black arrow indicates the original
position of the top. The present position of the bottom-top direc-
tion is parallel to the longer side of the photo. Thin section

of the valley parallel to Bolechowicka valley, and lying
about 500 m east of it. A scarp about 20 m long and about
3 m high exposes several isolated rocks built mostly of in-
distinctly bedded wackestone. Only the westernmost rock
includes in the wackestone a set of two layers of micritic
clastic limestone, 0.2 m and 0.1 m thick, thinning out east-
wards to zero over the distance of one metre. Grain diame-
ters in these beds attain about 1 mm. The beds of micritic
clastic limestone are inclined to NW or W, but strike and dip
could not be measured.

Moreover, directly east of the eastern pylon of Brama
Bolechowicka and on the whole slope north ofthe village of
Bolechowice there occur scattered exposures ofnon-bedded
or indistinctly bedded wackestone and clastic limestones of
variable dips.

DISCUSSION

The rocks sampled in the sections of Filar Pokutnikow,
Zamarta Turnia and Z6tta Scianka, as well as other rocks in
the valley except for Filar Wallischa and Pietrowa Tur-
niczka consist of biolithites (Table 1; Figs. 7, 8). The main
components of the biolithites are calcified siliceous sponges
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Fig. 10  Microfacies in Filar Wallischa. a - wackestone, locally with grains exceeding 2 mm in diameter (floatstone); locally packstone.
Randomly distributed shells of brachiopods, bryozoan fragments, tuberoids, intraclasts, oncoids and Tubiphytes are recognizable among
the grains. Poor sorting and rounding of larger grains is noticeable. Filar Wallischa; thin section; sample no. 10; b - grainstone. Note poor
sorting and rounding and the lack of carbonate mud. Filar Wallischa; thin section; sample no. 15; c - wackestone (in the lower right)
passing to packstone with poorly sorted grains. Filar Wallischa; thin section; sample no. 13; d - packstone, locally wackestone. Poorly
sorted grains include numerous tuberoids, intraclasts and small oncoids. Filar Wallischa; thin section; sample no. 12; e - wackestone (at
upper right) passing to packstone with numerous Tubiphytes. Filar Wallischa; thin section; sample no. 5
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Table 1

Microfacies observed in thin sections and polished sections made from samples collected in Dolina Bolechowicka.
Samples numbers same as in Fig. 3

Filar Filar Zamarta Zblta

Pokutnikow Wallischa Turnia Scianka
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and cyanobacterial structures of thrombolites and stroma-
tolites type. The results of the microfacies studies allow to
conclude that major part of massive limestones of Brama
Bolechowicka are developed as cyanobacterial-sponge
buildups with well developed rigid framework, proved by
numerous growth cavities and lithophag borings in sponge
mummies and cyanobacterial structures. Such sediments are
typical of the Late Jurassic shelf seas bordering the Tethys
ocean from the north (Leinfelder, 1993; Matyszkiewicz,
1994; Dromart ef al., 1994).

The cyanobacterial-sponge buildups in Bolechowicka
valley are intergrown and they form a large biohermal com-
plex. Its integral part are also those parts of massive lime-
stone which are developed as wackestones and micritic
grainstones (Fig. 8d). This observation corresponds well
with the observations by Koch et al. (1994) and Schaller and

&l - 75% area of thin-section or polished slab

W - 100% area of thin-section or polished slab

Koch (1996), according to whom the major part of some
Jurassic biohermal complexes in southern Germany
(Schwibischen Alb) is formed of so called peloid sands
(peloid — lithoclast — ooid sand facies).

Biolithites of Bolechowicka valley include distinctly
less fossils in comparison with buildups described from the
highest part of the section (Matyszkiewicz & Felisiak,
1992). The absence of calcareous algae, thick-shelled bi-
valves and gastropods, as well as paucity of Tubiphytes and
calcareous sponges indicate deposition well below the wave
base.

The original position of horizontal plane, restored from
the analysis of geopetal infillings in Filar Pokutmikéw is in-
clined about 30° to the actual horizon (Fig. 9). It is possible,
however, that this tilt angle may be greater (Fig. 4). The lack
of marked differences in lithology between the rocks sepa-
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Fig.ll  Exposure of wackestone and clastic sediments on the
slope ESE of Brama Bolechowicka (point A in Fig. 2). A fissure
filled with weathered marl (black arrow) separates indistinctly
bedded wackestone with cherts (below the fissure) from clastic
limestones (floatstone-rudstone) alternating with marls (above).
Lateral movements of sediment along arcuate surfaces (white ar-
rows) in the clastic limestone are related to slumping disturbances.
Similar disturbances are not observed in wackestone

rated by discontinuity surfaces in Filar Pokutnikéw and
Zamarta Turnia indicate tectonic origin of these surfaces.
The present angles of dip of the discontinuity surfaces are
the sum of their primary inclination and rotation of lime-
stone blocks in the vicinity of faults; the rotation probably
occurred during reactivation of faults.

The vertical or steeply inclined discontinuity surfaces
cutting through the limestones (Fig. 12) are probably joints
belonging to several joint systems (see Krokowski, 1984).
Numerous vertical fractures in the rocks ofthe southernmost
parts of the valley are probably fault planes widened by
karst processes (Fig. 3b), related to the wide zone of faults
which separates the Ojcow Block from the Krzeszowice
Graben. A part of these faults used pre-existing joint sys-
tems (cf. Gradzinski, 1962, p. 479). A different origin have
the discontinuity surfaces dipping gently to the south (Fig.
12). After the reduction of their dip (55°) measured at the
base of Filar Pokutnikow by the angle equal to the inclina-
tion of geopetal structures in sample 17, i.e. by 30°, we ob-
tain 25° as the angle of their original dip. This dip is similar
to dips of gentle shearing planes in fault-adjacent flexures in
the zone of the northern margin of the Krzeszowice Graben
(Krokowski, 1984). Partial dissolution of these fractures is
due to karst processes.

The structure of Filar Wallischa and of the lower part of
Pietrowa Turniczka is markedly different from that of the
other rocks in Bolechowicka valley. The latter are built
mostly of fine-grained clastic limestone (Table 1; Fig. 10).
A part of its components, i. e. Tubiphytes, micritized ooids
and calcareous sponges occur only sporadically in the cya-
nobacterial-sponge buildups forming Brama Bolechowic-
ka. Instead, these constituents are common in the buildups
situated about 150-200 m above the bottom of the Jurassic
and formed in much shallower sea, within the reach of the
wave base (Matyszkiewicz & Felisiak, 1992; Matyszkie-

Fig. 12 Southern part of Bolechowicka valley; west slope. Filar
Pokutnikéw (FP) lies within the zone of near-fault flexure, which
passes southward into brittle deformation. Steep, nearly vertical
surfaces on FP are joints (white arrows). Rocks south of FP are
probably separated by fault-plane fissures. The discontinuity sur-
faces on FP, sloping southward (black arrows) are low-angle
tectonic shears

wicz, 1996). The occurrence of cyanobacterial crusts, bor-
ings in these crusts and prevalent lack of sorting and direc-
tional structures in the grainstones indicates discontinuous
deposition. Filar Wallischa and the lower part of Pie-trowa
Turniczka probably represent deposit of a talus of a carbon-
ate buildup, accumulated mostly when the buildup attained
the stage of a Tubiphytes reef and reached the zone of the
wave base. The vertical variability of the buildup confirms
the distinct shallowing trend observed during the Oxfordian
and noted within the whole area of the northern shelf of the
Tethys ocean (Leinfelder, 1993; Leinfelder et al., 1994).
This trend is especially well marked in the Krakow region
because deposition was not fully compensated by subsi-
dence (Kutek, 1994; Matyszkiewicz, 1994).

Deposition of the talus sediments was discontinuous
and limited to the vicinity of the carbonate buildup. The
sediment originated from the destruction of the buildup was
temporarily laid down at its base. During the break in the
debris supply cyanobacterial crusts covered the sediment
surface, stabilizing it and forming initial rigid framework.
Poor sorting and rounding of grains in the clastic limestones
indicate their short transport distance. Well sorted and
rounded sediment is present only in Pietrowa Turniczka in
thin layers of diffuse boundaries. These layers probably rep-
resent storm sediments, laid down on a flat, gently inclined
bottom. It seems that the present dip ofthe talus sediments is
mainly of tectonic origin. Filar Wallischa and the lower part
of Pietrowa Turniczka are situated in the same distance from
the fault zone that separates the Ojcdw Block from the
Krzeszowice Graben as the massive limestones in which the
flexural deformation was ascertained. We may thus suppose
that the clastic limestones were also tectonically disturbed.
Flexural deformations in homogenous massive limestones
certainly passed southwards to brittle deformation, espe-
cially at the contact of two lithological varieties. The dis-
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tectonic blocks in the fault zone which separates Ojcéw Block (PO) from the Krzeszowice Graben (RK) (without giving account to later
differential erosion of Jurassic sediments in PO and RK, and without Quaternary sediments). Near-fault flexure passes southward into
discontinuous deformation. The vertical displacement on the main fault consists of displacements on numerous secondary faults, some of
which are hinge faults. This results in the occurrence on the slope of sediments from the younger part of the section, not preserved on PO
and dipping in various directions, and of a fault-related megabreccia (for the sakes of clarity not shown on the drawing). Correlation of
sediments in isolated outcrops on the slope and estimates of palaeorelief depth are impossible without precise stratigraphical markers

tinct fracture between Filar Wallischa and Filar Abazego,
i.e. at the contact of the clastic limestone with the massive
limestone is probably a fault fracture widened by karst dis-
solution (Fig. 3b).

The southeastward dip of the talus sediments is prob-
ably caused by one of secondary hinge faults whose pres-
ence in the fault zones of the northern margin of Krzeszo-
wice Graben was shown by Bogacz (1967, p. 54). The pres-
ence of hinge faults in the area of Bolechowice is also indi-
cated by the presence of several distinct, flat terraces mar-
ked in the slope ESE of Brama Bolechowicka and differen-
tiation of bed dips observed in numerous isolated locations.

The sediments exposed on the slope ESE of Brama
Bolechowicka are developed as bedded or non-bedded
wackestone and clastic limestones. It seems that the bedded,
mostly, thin-bedded, wackestone with numerous flattened
lenses of chert on bedding planes represents interbiohermal
facies, and its non-bedded variety corresponds to peripheral
parts of bioherms (see Matyszkiewicz, 1989). Interbioher-
mal facies formed on slopes of the buildups and in depres-
sions between them, so that deposition in situ prevailed dur-
ing the initial stage of the buildup development. At this stage
thick-bedded limestones with cherts originated, whose mi-
crofacies are similar to those of the massive limestone
(Matyszkiewicz, 1989). Such sediments are not exposed in
the area under discussion.

During the growth of the buildup, when the bottom re-
lief increased, the sediment laid down in the interbiohermal
depressions was enriched in carbonate debris and mud trans-
ported from the higher parts of the buildup. Much more fre-
quent supply of allochemic components was reflected in de-
creasing thickness of beds. Regular distribution of the flat
cherts which are related to bedding planes points to the lack
of postdepositional deformations in the wackestones. Spo-
radically observed gentle bending of the chert lenses are
probably of diagenetic origin. The occurrence of Tubiphytes
and single corals suggests that these sediments are not coe-
val with the preserved parts of cyanobacterial-sponge
buildups in Brama Bolechowicka and that they represent in-
terbiohermal facies of buildups developed as Tubiphytes
reefs.

Clastic limestones have various origins. In the greatest
of the described outcrops (Fig. 2: A; Fig. 1) clastic lime-
stones (floatstone-rudstone) intercalated with marls overlie
wackestones. Lateral transition of clastic limestones into
wackestones is present in the upper part of the outcrop. The
presence of inverse grading in the clastic limestones indi-
cates that they may be turbidites or tempestites filling an
erosional channel elongated in NW-SE direction. Numerous
deformations visible in these sediments (Fig. 11) indicate
their partial redeposition in a submarine slump. The lack of
clear palaeotransport indices does not permit unambiguous
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determination of the position of the source area. It seems,
however, that these sediments represent the main phase of
the carbonate buildup destruction, which took place at the
latest Oxfordian (? earliest Kimmeridgian) (Glazek & Wier-
zbowski, 1972; Matyszkiewicz, 1994, 1996).

At another locality (Fig. 2: C) individual beds of mi-
critic clastic limestones (wackestone-floatstone) which oc-
cur within the wackestones wedge out over a short distance.
Such interfingering of facies suggests that the micritic clas-
tic limestones belong to a talus of a carbonate buildup,
formed already during the buildup’s growth.

It seems thus that the exposures situated ESE of Brama
Bolechowicka lie within various tectonic blocks within a
fault zone. The occurrence there of deposits generally
younger than those exposed in Bolechowicka valley is due
to tectonic not sedimentary causes. The thickness of pre-
served Upper Jurassic sediments within the Ojcow Block is
by more than 100 m lower than beneath the bottom of the
Krzeszowice Graben, because of erosion. We may thus as-
sume that the preserved thicknesses of Upper Jurassic in
lowered tectonic blocks within the fault zone increase to-
wards the Krzeszowice Graben, and that top parts of these
blocks contain progressively younger deposits, not pre-
served on the Ojcow Block (Fig. 13a).

Correlation of sediments in isolated exposures of vari-
ous lithology and dip was made by Koszarski (1995) by as-
suming (i) the presence of only one, major fault which sepa-
rates the Ojcéw Block from the Krzeszowice Graben and
(ii) an a priori determination of age relationships between
sediments in isolated outcrops. The first assumption permit-
ted Koszarski (1995) to treat the slope north of Bolechowice
village as an incompletely exposed wall of an outcrop in
which all observed dips are of depositional origin (Fig.
13B). The consequence of this assumption was purely geo-
metrical connection of inclined deposits of various facies
from selected outcrops into one depositional syncline (Fig.
13B).

The complex pattern of facies relationships in sedi-
ments from isolated outcrops situated on the slope ESE of
Brama Bolechowicka is mostly the result of the presence of
hinge faults and of a megabreccia zone in the fault zone
which separates the Ojcéw Block from the Krzeszowice
Graben (Fig. 13A). The variability of angles and directions
of dip, impossibility of stratigraphical correlation in isolated
outcrops, and, first of all, the complete lack of data on facies
of Upper Jurassic deposits in the Krzeszowice Graben di-
rectly south of Brama Bolechowicka, rule out the possibility
of restoring the positions of bioherms, interbiohermal and
basinal zones in this area. Estimates of palaeorelief eleva-
tions based on the presence of inclined discontinuity sur-
faces in the carbonate buildups in the area of Brama
Bolechowicka (Koszarski, 1995) are devoid of any support-
ing evidence, similarly as the hypothesis on the predomi-
nance of clastic limestones, not supported by facts.
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Streszczenie

LITOLOGIA 1 SEDYMENTACJA GORNO-
JURAJSKICH WAPIENI SKALISTYCH
W REJONIE BRAMY BOLECHOWICKIEJ
NA WYZYNIE KRAKOWSKO-WIELUNSKIEJ

Jacek Matyszkiewicz & Marcin Krajewski

Rejon Krakowa jest polozony w potudniowej czgsci Wyzyny
Krakowsko-Wielunskiej (Fig. 1) cechujacej si¢ wyrazna odreb-
noscig w wyksztatceniu osadéw jurajskich (Kutek, 1994). Odrgb-
nos¢ ta wyraza si¢ znacznie mniejsza migzszoscig zachowanych
osadow jury (do okolo 300 m w czgsci wschodniej i znacznie
mniejszej w czg¢scei zachodniej) i ich niekompletnoscia w stosunku
do obszaréw potozonych na N i E oraz wyraznymi réznicami w
litologii. Przyczyna wyjatkowosci obszaru krakowskiego byta
jego nieznaczna subsydencja w jurze, uwarunkowana wystgpowa-
niem w podtozu cial granitoidéw o niskiej gestosci (Kutek, 1994).
Niekompensowanie sedymentacji przez subsydencje (Kutek,
1994; p. 213; Matyszkiewicz, 1994; p. 428) spowodowalo, ze
region krakowski istnial w jurze jako wyraZzny element wynie-
siony, szczegolnie predystynowany do rozwoju budowli wegla-
nowych. Analiza wyksztatcenia litologicznego wapieni jurajskich
w okolicy Krakowa wymaga zatem szczegdlnej starannosci i os-
troznosci w adaptacji modeli opracowanych dla innych obszaréw.
Dotyczy to szczegdlnie rozwazan o konfiguracji i glebokosci
zbiornika jurajskiego zakladajacych dla catego polskiego frag-
mentu szelfu wystepowanie stalego nachylenia ku Tetydzie (por.
Matyja & Wierzbowski, 1996).

Osady gornojurajskie w okolicy Krakowa sg reprezentowane
przez utwory oksfordu. Obecnosé osadéw kimerydu nie zostala na
tym terenie udokumentowana paleontologicznie (Glazek & Wierz-
bowski, 1972), cho¢ nie mozna jej catkowicie wykluczy¢ (Buko-
wy. 1962; Matyszkiewicz, 1996). Rozpoziomowanie biostraty-
graficzne wyzszej czesci utwordw jurajskich jest utrudnione ze
wzgledu na ubdstwo amonitow w wapieniach skalistych.

Wyksztatcenie wapieni w Bramie Bolechowickiej i bezpo-
$rednio na E od niej bylo ostatnio przedmiotem rozwazan Koszar-
skiego (1995), ktory zaliczyt je do wyzszej czgsci gbrnego oks-
fordu (/. ¢.; p. 11), okreslit ich potozenie nad spagiem osadow jury
naokoto 170-290 m (/. c.; p. 11) i uznal je za osady redeponowane.
Nachylone powierzchnie w wapieniach tworzacych Brame Bole-
chowicka majg zdaniem Koszarskiego (1995) geneze sedymen-
tacyjna; “spagowe powierzchnie lawic sa erozyjne” (L. c.; p. 15), a
“poszczegdlne powierzchnie utawicenia kontynuuja si¢ ku N i
NW, co wida¢ w dalszych skatach Bramy i Doliny Bolecho-
wickiej” (I. c.; p. 15). Osady wystepujace na zboczu bezposrednio
na ESE od Bramy Bolechowickiej zostaty okreslone przez Koszar-
skiego (1995) jako przekraczajaco zalegajace “turbidyty i debryty
-kalcyrudyty, gradacyjnie przechodzace w kalkarenity” (/. c.; p.
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15), ktére w poblizu Bramy Bolechowickiej sa nachylone na SE, a
“we wschodnim brzegu nastgpnej ku wschodowi dolinki w
Bolechowicach” sg “stromo nachylone ku W i NW” (L c.; p. 15).
W osadach nachylonych ku SE winny wystgpowaé “poslizgi na
plastycznie deformowanych cienkich ptaskurach krzemieni” (/. c.;
p. 15), co ma sugerowac transport materialu ku SES oraz “pode-
pozycyjne inicjalne zeslizgi osuwiskowe, wskazujace na przemi-
eszczanie tak deformowanych pakietow na S i SE” (L. ¢.; p. 15).
Miazszosci tawic maja zmniejszaé si¢ ku gérze profilu, za w jego
$rodkowej czg¢s$ci wynosic przecigtnie okoto | m. Koszarski (1995)
opisujac osady z matlych, izolowanych fomikéw na ESE od Bramy
Bolechowickiej okreéla ich nastgpstwo wiekowe uzywajac ok-
reslen “starsze” i “miodsze”. Pozwala mu to korelowaé ze soba
osady potozone na stoku na réznych wysokosciach i nachylone w
roznych kierunkach oraz stwierdzié, ze buduja one “wielka syn-
kling sedymentacyjna” (/. c.; p. 16), ktorej nachylenia zwiazane sa
z “sedymentacjq sptywéw mulowych na stromo nachylonym, sil-
nie nadbudowywanym przez osady (progradujacym) stoku rafy”
(L c.; p. 16). Wapienie skaliste w Bramie Bolechowickiej sg we-
dtug niego “starsza czgscia progradujacej na stoku tej synkliny
sekwencji osadow™ (/. c.; p. 16). Bazujac na powyzszych obser-
wacjach Koszarski (1995) okresla minimalna wielkos¢ reliefu dna
basenu na 80 m.

Filary Bramy Bolechowickiej (Fig. 2) wystepuja prawdopo-
dobnie na wysokosci okoto 100 m nad spagiem jury i polozone sa
w rejonie péinocnej krawedzi rowu krzeszowickiego, w strefie
przyuskokowej. Szacunek ten oparto na danych z wiercen wyko-
nanych w latach 60-tych na plycie ojcowskiej: K-2, K-2a, K-3,
K-4 i K-6 polozonych okolo 2 km na W, w okolicach Karniowic i
wiercenia “Begblo” polozonego okoto 6 km na N. W zadnym z tych
wiercen calkowita zachowana miazszos¢ jury nie przekracza 91 m.
W potozonych w rowie krzeszowickim wierceniach K-5 w Kar-
niowicach i B-1 (okoto 0,5 km na S od Kobylan) zachowana
migazszosé jury wzrasta odpowiednio do 225 i 240 m. Uskoki w tej
strefie zwiazane sa ze staropaleogenska tektonika uskokowa.
Prawdopodobnie powstaly one jeszcze przed eocenem i byly na-
stgpnie odmiadzane w miocenie (Rutkowski, 1989; w druku).
Wielkos¢ zrzutu danego bloku w strefie uskokowej jest czgsto
zmienna ze wzgledu na zawiasowy charakter uskokéw (Bogacz,
1967).

Skaty budujace Bramg¢ Bolechowicka sa wyksztatcone jako
wapienie masywne i wapienie detrytyczne. Zdecydowana wigk-
szo$¢ z nich, z wyjatkiem Filaru Wallischa i dolnej czgsci Pig-
trowej Turniczki (Fig. 2) stanowi wapien masywny. Podczas zja-
zdu na linie wykonano szczegétowe profilowanie Filaru Wallis-
cha, Z6ltej $cianki, Filaru Pokutnikéw i Zamartej Turni (Fig. 3;
Tab. 1).

W wapieniach masywnych, szczegdlnie w potudniowej czgsci
doliny obserwuje si¢ liczne powierzchnie nieciagtosci (Fig. 5, 6,
12). Powierzchnie te mozna podzieli¢ na dwa typy. Pierwszy z
nich obejmuje strome, lokalnie pionowe powierzchnie, szczegél-
nie dobrze widoczne w skatach zachodniego zbocza doliny. Drugi
typ stanowia potogie powierzchnie, zapadajace w przyblizeniu na
ESE Iub SE widoczne w zboczu zachodnim na Filarze Pokutnikéw
i Zamartej Turni oraz w zboczu wschodnim na Poprzecznej Grzg-
dzie. Kat nachylenia tych powierzchni jest najwigkszy w skrajnie
potudniowej czgsci doliny i zmniejsza sig stopniowo ku N.

Filar Wallischa i dolna cz¢s¢ Pigtrowej Turniczki zbudowane
sq z wapienia detrytycznego, w ktorym obserwuje si¢ pojedyficze,
cienkie (okoto 0,1 m miazszosci) tawice, nickiedy o ostrych grani-
cach, zbudowane z dobrze wysortowanych ziaren. W dolnej czgsci
Pigtrowej Turniczki sg one nachylone ku SE pod katem okoto 25°.
Nie obserwuje sig ciaglego przejscia pomig¢dzy wapieniami masy-
wnymi i detrytycznymi (Fig. 3b).

Pod wzglgdem mikrofacjalnym wapiefi masywny tworzacy

J.MATYSZKIEWICZ & M. KRAJEWSKI

zasadnicza cz¢$¢ Bramy Bolechowickiej jest wyksztatcony gtow-
nie jako biolityt (boundstore), a podrz¢dnie jako waka wapienna
(wackestore) (Tab. 1; Fig. 7, 8). W biolitytach widoczne s liczne
kawemny wzrostowe (growth cavity) i drazenia wskazujace na
obecnos¢ sztywnego szkieletu (rigid framework). Wigkszos¢ z
nich jest wypelniona geopetalne, co pozwala na okreslenic pier-
wotnego polozenia poziomu (Fig. 4). W prébie nr 17 z Filaru
Pokutnikéw kat nachylenia sedymentu wewnetrznego w trzech
wypetnieniach geopetalnych wynosi okoto 30° (Fig. 9) i wartos¢
ta, najwigksza w badanych szlifach, zostata przyjeta jako wartos¢
odchylenia pierwotnego potozenia poziomu od aktualnego polo-
zenia skaly. Nie obserwuje si¢ zasadniczych réznic w wyksztal-
ceniu mikrofacjalnym partii skaty oddzielonych powierzchnia nie-
ciagtosci (proby 516 oraz 14 i 1§ w Filarze Pokutnikow; préby 10
i 11 na Zamarlej Turni).

Filar Wallischa i dolna czesé¢ Pigtrowej Tumiczki réznia si¢
wyksztalceniem mikrofacjalnym od pozostatych oprobowanych
skal (Tab. 1; Fig. 10). Zasadnicze roznice w sktadzie komponen-
tow wapienia detrytycznego w stosunku do wapienia masywnego
polegaja na: powszechnej obecnosci onkoidow, zmikrytyzowa-
nych ooidow i Tubiphytes, nieco wigkszej ilosci gabek wapien-
nych i $limakéw, pojawicniu si¢ ostryg i wyraZznym ograniczeniu
liczebnosci gabek krzemionkowych.

Wyniki badan pozwalajg stwierdzi¢, ze zdecydowana wigk-
szos¢ wapieni masywnych budujacych Bramg Bolechowicka jest
wyksztatcona jako cyjanobakteryjno-gabkowe budowle o dobrze
rozwinigtym sztywnym szkielecie. Budowle te sa w Dolinie Bole-
chowickiej zro$nigte ze soba i tworza duzy kompleks bioher-
malny. Integralng czgsé tego kompleksu stanowia takze te czgscei
wapieni masywnych, ktére wyksztatcone sa w postaci wak i mik-
rytowych ziarnitéw (Fig. 8d).

Pierwotne polozenie poziomu wyznaczone na podstawie
analizy wypelnien geopetalnych w Filarze Pokutnikow jest odchy-
lone od aktualnego potozenia o okoto 30° (Fig. 9). Brak istotnych
réznic w wyksztatceniu litologicznym skaly oddzielonej powierz-
chniami nieciaglosci na Filarze Pokutnikéw i Zamartej Turni
wskazuje na tektoniczna geneze tych powierzchni. Obecnie obser-
wowane katy upadu powierzchni nieciaglosci sa wypadkows ich
pierwotnych nachylen oraz rotacji blokéw wapieni w strefie przy-
uskokowej, ktéra prawdopodobnie miata miejsce podczas odmto-
dzenia uskokdw.

Pionowe lub stromo nachylone powierzchnie nieciagtosci
przecinajace wapienie (Fig. 12) sa spekaniami ciosowymi repre-
zentowanymi przypuszczalnie przez kilka systemow ciosu (Krok-
owski, 1984). Liczne, pionowe szczeliny w skatach skrajnie potu-
dniowej czgsci doliny sa przypuszczalnie rozmytymi krasowo
szczelinami uskokowymi (Fig. 3b) zwiazanymi z rozlegta strefa
uskokowa oddzielajaca plyte ojcowska od rowu krzeszowickiego.
Inng genezg posiadajg powierzchnie nieciagtosci nachylone tagod-
nie na S (Fig. 12). Po zredukowaniu kata nachylenia tych powierz-
chni — 55° — zmierzonego u podstawy Filaru Pokutnikow o kat
réwny nachyleniu wypetnien geopetalnych w prébie nr 17, tj. 30°,
otrzymujemy kat 25°, ktory odpowiada nachyleniu powierzchni
nieciagtosci wzgledem pierwotnego kierunku poziomego wyzna-
czonego przez wypelnienia geopetalne. Nachylenie to jest zbli-
zone do kata upadu potogich scig¢ we fleksurach przydysloka-
cyjnych pétnocnej krawegdzi rowu krzeszowickiego (Krokowski,
1984). '

Filar Wallischa i Pigtrowa Turniczka reprezentuja prawdopo-
dobnie osady talusa budowli weglanowej, ktory rozpoczal sig
tworzy¢, gdy osiagneta ona stadium rafy tubiphytesowe;j i siggata
podstawy falowania. Sedymentacja osadéw talusa byta nieciagla i
ograniczona do pobliza budowli weglanowej. Przypuszczalnie ak-
tualne nachylenie osadéw talusa ma giownie przyczyny tekto-
niczne i jest spowodowane przez jeden z pochodnych uskokow
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zawiasowych w strefie uskokowej potnocnej krawedzi rowu krze-
szowickiego (Fig. 13). Filar Wallischa i dolna czgs¢ Pigtrowej
Turniczki leza bowiem w przyblizeniu w tej samej odlegtosci od
strefy uskokowej oddzielajacej ptyte ojcowska od rowu krzeszo-
wickiego, co wapienie masywne, w ktorych stwierdzono defor-
macje fleksuralne (Fig. 2). Deformacje fleksuralne w wapieniach
masywnych przechodzity ku potudniowi w deformacje kruche,
szczegblnie na kontakcie dwdch roznych typdw litologicznych
(Fig. 3b; Tab. 1).

W odstonigciach potozonych na ESE od Bramy Bolecho-
wickiej (Fig. 2: A, B, C; Fig. 11) wystepuja nieutawicone i utawi-
cone waki z krzemieniami oraz wapienie detrytyczne o zréznico-
wanym wyksztalceniu. Cienkotawicowe waki z licznymi, plas-
kurowatymi krzemieniami reprezentuja osady facji migdzybioher-
malnych, a nieutawicona odmiana waki odpowiada osadom pery-
feryjnych czgsci bioherm (por. Matyszkiewicz, 1989). Wapienie
detrytyczne maja zréznicowana genez¢. W najwigkszym z opisa-
nych stanowisk (Fig. 2: A; Fig. 11) wapienie detrytyczne (float-
stone-rudstone) przetawicane marglami zalegaja nad wakami. W
przystropowej czesci odstonigcia obserwuje sig lateralne przejscie
wapieni detrytycznych w waki w kierunku prostopadiym do
$ciany odstonigcia. Obecno$é odwrdconego uziarnienia frakcjo-
nalnego w wapieniach detrytycznych wskazuje, ze mogg one sta-
nowic turbidyty lub tempestyty wypelniajace kanat erozyjny o osi
NW-SE. Liczne zaburzenia widoczne w tych osadach (Fig. 11)
wskazujg na ich czgsciowa redepozycje w osuwisku. Brak wyraz-
nych wskaznikéw kierunkéw transportu nie pozwala na jedno-
znaczne okreslenie potozenia obszaru alimentacji. Wydaje sig, ze
osady te reprezentuja glowny okres destrukcji budowli weglano-
wych przypadajacy na schylek oksfordu (?poczatek kimerydu)
(Glazek & Wierzbowski, 1972; Matyszkiewicz, 1994; 1996).

W innym stanowisku (Fig. 2: C) pojedyncze fawice mikry-
towych wapieni detrytycznych (wackestone-packstone) wystepu-
jace w obrebie wak wyklinowujg si¢ na krétkim odcinku. Takie
zazgbianie si¢ facji wskazywatoby, ze mikrytowe wapienie de-
trytyczne sa talusem budowli weglanowej, utworzonym jeszcze w
okresie jej wzrostu.
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Wystgpowanie na ESE od Bramy Bolechowickiej utworéw
jurajskich o zréznicowanym wyksztalceniu, ale generalnie mtod-
szych od facji obserwowanych w Dolinie Bolechowickiej ma
przyczyny tektoniczne, a nie sedymentacyjne (Fig. 13a). Miaz-
szo$¢ zachowanych osadéw malmu na plycie ojcowskiej jest w
wyniku erozji o ponad 100 m mniejsza niz w dnie rowu krzeszo-
wickiego. Mozna wigc zatozy¢, ze zachowane miazszosci malmu
w obnizanych tektonicznie blokach w strefie uskokowej wzrastaja
w kierunku do rowu krzeszowickiego, a w przystropowych czes-
ciach tych blokéw wystgpuja coraz miodsze osady, niezachowane
na plycie ojcowskiej (Fig. 13A). Obecnos¢ rozlegtej strefy usko-
kowej o skomplikowanym przebiegu, brak amonitéw umozliwia-
jacych okredlenie stratygrafii, trudna do oszacowania wysoko$¢
potozenia nad spagiem malmu a przede wszystkim catkowity brak
danych o wyksztalceniu facjalnym malmu na S od Bramy Bole-
chowickiej nie pozwalaja na precyzyjna korelacj¢ przestrzenno-
czasowa osadow.

Korelacja osadéw z izolowanych odkrywek o réznym wy-
ksztatceniu i kacie nachylenia tawic zostata wykonana przez Ko-
szarskiego (1995) dzigki przyjeciu dwoch zatozen: (1) obecnosei
tylko jednego, gtéwnego uskoku oddzielajacego plyte ojcowska od
rowu krzeszowickiego i (2) okreslenia a priori wzajemnych relacji
wieku osadéw w izolowanych odstonigciach. Zatozenie obecnosci
jednego, wielkiego uskoku oddzielajacego ptyt¢ ojcowska od rowu
krzeszowickiego pozwolito Koszarskiemu (1995) traktowac zbo-
cze na N od Bolechowic jako odstoni¢ta wprawdzie fragmentary-
cznie, lecz niezaburzona tektonicznie $ciang odkrywki, w ktorej
wszystkie obserwowane upady maja charakter sedymentacyjny
(Fig. 13B). Konsekwencja takiego zalozenia bylo czysto geome-
tryczne potaczenie nachylonych, roznie wyksztalconych osadow z
wybranych odkrywek w jedna synkling sedymentacyjna (Fig.
13B). Przedstawione wyniki badan wskazuja, Zze szacunki deni-
welacji paleoreliefu oparte na wystgpowaniu nachylonych po-
wierzchni nieciagtosci w budowlach wgglanowych w rejonie Bra-
my Bolechowickiej (Koszarski, 1995) sg pozbawione podstaw,
podobnie jak hipoteza o dominacji wapieni detrytycznych, ktéra
nie znajduje potwierdzenia w faktach.





