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Abstract: The growth of carbonate buildups in the northern, stable shelf of the Tethyan Ocean was the principal
factor in the development of diversified sea-bottom relief in the Late Jurassic basin. Reconstruction of this relief
has been a matter of numerous controversies. This paper provides an analysis of published data on elevation
differences on sea bottom along the SW margin of the Holy Cross Mts. and in the Cracow—Wielunt Upland.
Moreover, methods of reconstruction of synsedimentary relief are presented.

In the Late Oxfordian the elevations on basin floor in the Czgstochowa area (Cracow—Wielun Upland) were
about 100 meters at most, and were presumably even lower. The largest (over 200 meters) elevation differences of
sea-bottom relief existing in the Czestochowa area at the Oxfordian/Kimmeridgian have been postulated when the
recently observed differences in thickness between the deposits of carbonate buildup and of equivalent basinal
facies were identified as a relief. In fact, different thickness is, in considerable part, an effect of differential
compaction.

Abstrakt: Wzrost budowli weglanowych na péinocnym, stabilnym szelfie Tetydy byt glowna przyczyna powsta-
nia urozmaiconego reliefu dna w basenie pdznojurajskim. Rekonstrukeja tego reliefu jest przedmiotem licznych
kontrowersji. Praca analizuje dane literaturowe o wielko$ci deniwelacji dna z rejonu SW-obrzezenia Gor Swicto-
krzyskich i Wyzyny Krakowsko-Wielunskiej oraz omawia metodyke rekonstrukeji reliefu synsedymentacyjnego.

Deniwelacje dna basenu u schytku oksfordu w rejonie Czgstochowy wynosily co najwyzej okoto 100 m a
przypuszczalnie byly jeszcze mniejsze. Postulowane wezesniej, ponad dwustumetrowe deniwelacje w basenie w
rejonie Czestochowy na przetomie oksfordu i kimerydu byly oparte na utozsamianiu z deniwelacjami dna
aktualnej roznicy miazszosci miedzy utworami budowli weglanowej a ekwiwalentnymi jej utworami facji baseno-
wej. Roznica ta jest w znacznej czegsci wynikiem zréznicowanej podatnosci osadéw na kompakeje.
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INTRODUCTION

In the Late Jurassic the northern, stable Tethyan shelf
(Fig. 1) was the area of carbonate sedimentation showing
distinct facies diversity. Generally, these sediments can be
divided into the “normal facies” (term after Gwinner, 1976)
and massive facies.

The term “normal facies™ refers to bedded sediments
which show a variety of lithologies. Apart from (i) microbo-
litic-sponge or microbolitic biostromes (cf. Dromart, 1989;
Matyszkiewicz, 1989; Kott, 1989; Leinfelder ef al., 1994)
whose microfacies is close to that of biolithites of massive
facies, numerous varieties are observed of: (ii) bedded, mi-
critic, Solnhofen-type limestones (Platienkalk facies; cf.
Keupp, 1977; Smolenska, 1983, 1984; Peszat, 1991; Swin-

burne & Hemleben, 1994), (iii) wackestones-packstones
composed of allo- and orthochemical components in vari-
able proportions (cf. Peszat, 1964; Kutek, 1969; Gwinner,
1976; Smolenska, 1986; Dromart et al., 1994) and (iv)
marls. Among these types of bedded sediments only the
biostromes were subjected to the intensive, early-diagenetic
cementation (cf. Heliasz & Racki, 1980; Kott, 1989; Ma-
tyszkiewicz, 1989). In the remaining bedded limestones and
in the marls the early-diagenetic cementation is less pro-
nounced or absent. The presence of penetrations in deposits
laid down between the buildups indicates that these deposits
were initially soft, carbonate muds (cf. Trammer, 1989;
Hoffmann & Uchman, 1992). Hence, these were highly sus-
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Fig. 1.  Main outcrops of Upper Jurassic deposits related to
palacogeographical map of the central part of northern, stable
Tethyan shelf in the Oxfordian (after Ziegler, 1990; modified).
HCM — Holy Cross Mountains

ceptible to compaction which resulted in significant reduc-
tion in thickness.

The massive facies comprises a wide spectrum of car-
bonate buildup deposits dominated by diversified microbo-
lites (term after Riding, 1991; cf. Schmid, 1996) which co-
exist locally with siliceous and calcareous sponges, corals
and fine benthos. Despite widely discussed concepts on the
genesis of Upper Jurassic microbolites (cf. Keupp et al.,
1993; Kazmierczak et al., 1996), their very early lithifica-
tion has not been called in question. The literature provides
numerous proofs for early-diagenetic, almost synsedimen-
tary cementation of carbonate buildups (cf. Fliigel & Stei-
ger, 1981; Koch & Schorr, 1986; Matyszkiewicz, 1989,
1997; Trammer, 1989; Keupp et al., 1990; Leinfelder et al.,
1994; Dromart et al., 1994; Herrmann, 1996; Rehfeld, 1996;
Matyszkiewicz & Krajewski, 1996; Reinhold, 1996 and oth-
ers) demonstrated by development of rigid framework (cf.
Matyja ef al., 1985; Trammer, 1989; Matyszkiewicz, 1989;
Matyszkiewicz & Krajewski, 1996). Therefore, susceptibil-
ity of carbonate buildup deposits to compaction can be
evaluated as very low.

The widespread appearance of siliceous sponges in
some Upper Jurassic successions of the northern Tethyan
shelf commonly leads to the opinion that these organisms
were the principal rock-forming components. Consequently,

all these highly diversified facies are categorized into the far
simplified term “sponge megafacies” (Matyja, 1976 fide
Trammer, 1982; Matyja & Pisera, 1991). As the principal
rock-forming components of these rocks are microbolites
(Gwinner, 1971), the term “microbolitic facies” seems to be
more adequate. One of the essential and controversial prob-
lems of the Late Jurassic depositional environment in the
northern Tethyan shelf is the reconstruction of the basin-
floor relief.

METHODS OF RECONSTRUCTION
OF SYNSEDIMENTARY RELIEF

Reconstruction of synsedimentary relief in all the car-
bonate formations is based upon the influence of diversified
compaction of carbonate buildups and basinal facies on the
estimated elevation differences of basin floor. Unfortu-
nately, publications in which this method was applied are
still scarce (cf. Terzaghi, 1940; Shaver, 1977; Doglioni &
Goldhammer, 1988; Einsele, 1992; Saller, 1996).

Correct reconstruction of synsedimentary relief re-
quires: (i) selection of at least one pair of lithological suc-
cessions of the same age in a carbonate buildup and in an
equivalent basinal facies, (ii) distinguishing of all lithologi-
cal types in the successions, (iii) calculation of compac-
tional reduction of thickness which has taken place until the
time of reconstruction (separately for each distinguished li-
thological type) and (iv) calculation of corrected thickness
for each studied succession. Only comparison of thicknesses
calculated with such a procedure allows the estimation of
elevation differences in a given time span. Additional as-
sumed conditions are: similar subsidence and accumulation
rates in compared fragments of sea bottom.

Calculation of thickness for each lithological type in a
given time span is particularly complicated for carbonate
sediments. Thickness reduction in marls originating from
soft carbonate muds seems to be dependent mostly upon
burial depth and reflected in porosity reduction due to the
lack of cementation processes (cf. Schlanger & Douglas,
1974; Shinn & Robbin, 1983; Ricken, 1986; Bathurst, 1991;
Einsele, 1992 and others). Distinct porosity reduction
caused by compaction proceeds down to about 300 meter
burial depth (cf. Shinn & Robbin, 1983; Moore, 1989) but is
especially intensive at about 100 meter depth (Goldhammer,
1997; Lucia, 1999). According to Ricken (1985, 1986), po-
rosity reduction in marls cannot be related exclusively to the
load from overburden due to possible redistribution of car-
bonates in limestone-marl alternations (so-called diagenetic
bedding; cf. Hudson & Jenkyns, 1969; Simpson, 1985;
Ricken, 1985). Moreover, it must be taken into account that
compaction of lower portions of thick, homogeneous com-
plexes commences as early as during deposition of their
middle and upper parts (Perrier & Quiblier, 1974).

As far as limestones are concerned the diagenetic his-
tory of deposits must be established, particularly the time of
cementation, which is usually difficult (cf. Ricken, 1986;
Wetzel, 1989; Lucia, 1999). At burial depths exceeding 300
meters the influence of pressure-dissolution processes on
thickness reduction of a sediment becomes important (Shinn
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& Robbin, 1983; Czerniakowski ef al., 1984; Bathurst,
1991).

The sediments of grain-supported type can be resistive
to mechanical compaction down to even 700 meters burial
depth (Goldhammer, 1997). For grain-supported limestones
(mostly oolites) compaction is estimated from deformation
of fabrics components, i.e. originally spheroidal grains
(Coogan, 1970; cf. Ramsay & Huber, 1983). However, such
method cannot be applied to mud-supported rocks. Studies
of Shinn & Robbin (1983) point out that in carbonate muds
the single allochems may not be deformed or crushed even
if thickness reduction of sediment is significant. In such
sediments the objective indicator of compaction seems to be
rather the deformation degree of organic microfossils (e. g.
acritarchs and dinoflagellate cysts) observed under the scan-
ning electron microscope on polished and etched surfaces
(cf. Westphal et al., 1997; Westphal & Munnecke, 1997).

The continuous progress in knowledge of compaction
effects in fine-grained carbonate sediments (cf. Ricken,
1987; Bathurst, 1991; Munnecke & Samtleben, 1996; Mun-
necke et al., 1997) and of their calculation methods allows
the more accurate estimations of compactional thickness re-
duction and enables application of such data to the evalu-
ation of both, the accumulation and sedimentation rates (cf.
Martire & Clari, 1994; Gomez & Fernandez-Lopez, 1994;
Clari & Martire, 1996). Among the numerous methods of
compaction calculations in mud-supported carbonate sedi-
ments, the most common is the evaluation of deformations
in originally spheroidal trace fossils (Plessmann, 1966;
Crimes, 1975; Ricken, 1987; Gaillard & Jautee, 1987). This
procedure is applied if the originally cyllindrical trace fos-
sils occur in mass at the planes parallel to the bedding. Ac-
cording to the principles of the method, the compaction-in-
duced deformations in the matrix and in the sediment which
fills the penetrations are similar. Thus, the flattening of
penetrations should be directly proportional to reduction of
thickness of the whole sediment.

The line of evidence presented above bears some errors,
as pointed out by Ricken (1986, 1987). The first error may
result from an assumption that penetration is deformed only
in one plane whereas in fact, deformation proceeds in planes
both parallel and perpendicular to the loading pressure. The
second error originates from the supposition that deforma-
tion of both the matrix and the penetration is the same dur-
ing full time of mechanical compaction. In fact, the pene-
trated sediment is subjected to earlier cementation. Conse-
quently, a specific moment susceptibility of sediment to
compaction much lower than that of the matrix. Both errors
cause some underestimation of the amount of compaction-
induced thickness reduction of the sediment.

Two calculation methods of compaction-induced thick-
ness reduction were published by Perrier & Quiblier (1974).
The first — so-called “method of slices” can be applied to
those drillings for which detailed data exist on lithology, po-
rosity and age of sediments. In the stratigraphic column the
“slices™ are distinguished, which differ in lithology. Addi-
tionally, an assumption is made that for a given lithological
unit the sedimentation rate is constant. Due to the applica-
tion of integral calculus, this method considers variability of
compaction in time caused by the increasing load from the

overburden. However, the weak point is the neglection of
transformation processes of minerals, particularly pressure
solution, which contributes to overall thickness reduction.
The second method is based upon the dependence between
porosity and burial depth. The authors provide nomographs
from which the initial thickness of sediments can be read for
(i) known, recent thickness and (ii) estimated burial depth.
However, this method cannot be applied en block for the
successions of high lithological diversity (cf. Bathurst,
1987, 1991). Doglioni & Goldhammer (1988) and Gold-
hammer (1997) provided similar nomographs for carbonate
muds and sands.

One of the common methods of compaction calcula-
tions is the so-called “carbonate compaction law” (Ricken,
1986, 1987) based upon the relationship between the con-
tents of carbonates and insoluble residuum, compaction and
porosity. Ricken (1986) showed mathematical formulae
from which compation can be calculated if data on porosity
and contents of carbonates and insoluble residuum are avail-
able.

Modelling of compaction process allowed to develop
several calculation procedures for determining the initial
thickness of various sediments (cf. Einsele, 1992) with the
application of complicated mathematical methods (cf.
Sclater & Christie, 1980; Schmoker & Halley, 1982; Bald-
win & Butler, 1985; Bayer, 1989; Smosna, 1989; Einsele,
1992 and others).

HISTORY OF THE RESEARCH

The SW margin of the Holy Cross Mts. and the Cra-
cow—Wielun Upland are separate facies regions. However,
in the Late Jurassic both areas were located in close neigh-
bourhood (Fig. 1) and belonged to the broad, stable, north-
ern Tethyan shelf (cf. Kutek et al., 1984, 1992). This fact
allows to present jointly the development of ideas on their
basin floor relief.

Reconstruction of Late Jurassic synsedimentary relief
in Cracow region was discussed by Dzutynski (1952, p.
157) who argued for the flat relief of low elevation differ-
ences. The inclinations up to 20° observed in platy lime-
stone beds in the vicinity of massive limestones were ex-
plained by differential compaction (Dzutynski, 1952, p.
134-136).

Bukowy (1956, 1960) suggested the existence of basin
floor relief in Cracow area and reported on inclinations
about 17° up to even 45°. He interpreted such high angles as
the results of compaction rather than remarkable synsedi-
mentary relief.

Rozycki (1960) claimed that complicated facies distibu-
tion pattern in the area of the Cracow—Wielun Upland is an
argument for the occurrence of several shoals and deeper
furrows in the Late Jurassic basin. He was also of opinion
that diversified morphology of the basin floor is manifested
by slope angles in the massive limestones locally exceeding
30°.

Late Jurassic basin floor relief in the Czestochowa area
was discussed by Marcinowski (1970) who explained the
origin of calciturbidites as an effect of density currents
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transporting material downslope from sea-bottom eleva-
tions. Golonka & Haczewski (1971) considered that massive
limestone in the Cracow area was laid down in a basin with
distinct synsedimentary relief. Glazek & Wierzbowski
(1972) proposed that the development of some synsedimen-
tary relief in the area of Cracow—Wielun Upland proceeded
as late as in the Planula Chron (Late Oxfordian). The exist-
ence of low basin-floor elevations in the early Middle Ox-
fordian was noticed by Trammer (1982, 1985) who studied
the development of bioherms in the Jasna Gora beds.

Late Jurassic, synsedimentary relief in the Wielun Up-
land was discussed by Wierzbowski er al. (1983). They
found that elevation differences of basin floor can be de-
ducted from “sediment succession and the facial changes in
the higher Oxfordian” (Wierzbowski et al., 1983, p. 521).
Development of diversified relief was suggested to result
from “unequal growth of chalky limestones” (Wierzbowski
et al., 1983, p. 523). Furthermore, this relief was consider-
able flattened “during sedimentation of the lower marly
unit” (Wierzbowski et al., 1983, p. 523), i.e. prior to the end
of the Planula Chron. In the studied area the lower marly
unit shows thickness below 20 meters (Wierzbowski et al.,
1983, p. 520 — Fig. 2). Despite the observed high lithological
variability of sediments Wierzbowski ef al. (1983) ne-
glected the role of differential compaction.

Smolenska (1983, 1986) analyzed the lithology of the
Upper Jurassic sediments in Czg¢stochowa area and repeat-
edly pointed to the diversified effects of compaction which
resulted in the inclination of platy limestone beds observed
at their contacts with the massive limestones. The Late Ox-
fordian palaeorelief was advocated in Czgstochowa area by
Heliasz (1990) although no detailed numeric data were pre-
sented.

Peszat (1991), although he did not study the synsedi-
mentary relief itself, provided numerous data on burial
depth and on the influence of compaction on thickness re-
duction of deposits along the SW margin of the Holy Cross
Mts. from which Upper Oxfordian micritic limestones have
originated. According to his opinion, the sediments were
laid down in the interbioherm depressions.

Irminski (1995) critically reviewed the ideas of Znosko
(1953) and Bednarek (1974) on the tectonic origin of in-
clined stratification observed in limestones of the Oxfordian
biohermal complex in Niegowonice and Grabowa. He re-
garded as synsedimentary the dips up to 25° observed in the
bioherm slope. Moreover, he supported the presence of dis-
tinct synsedimentary relief but underlined also the impor-
tance of compaction. Koszarski (1995) published evidence
for the existence of at least 80-meter-high elevation differ-
ences of Oxfordian basin floor in Cracow area. Critical
analysis of this evidence was presented by Matyszkiewicz &
Krajewski (1996).

The opinion on outstanding (up to 200 meters) basin
floor elevations which existed in the Late Oxfordian in the
Polish part of the northern Tethyan shelf has appeared in the
literature since the end of 1980-ties (Matyja et al., 1989).
These elevation differences were thought to occur between
“hard-bottom, elevated bioherm areas and the soft-bottom,
muddy, interbioherm depressions” (Matyja et al., 1989, p.
34). Such relief was inferred for the basin which included “a

great area of Central and Southern Poland” (Matyja et al.,
1989, p. 34), i.e. both the SW margin of the Holy Cross Mts.
and the Cracow—Wielun Upland. This concept was then ac-
cepted by (i) Kutek et al. (1992, p. 24), (ii) Wierzbowski
(1992, p. 35) who described “denivelations ranging up to
200 meters” in the northern part of the Cracow—Wielun Up-
land at the end of Oxfordian and (iii) Matyja & Wierz-
bowski (1994).

Only seven years after publishing the opinion on 200-
meter differences in elevations in Late Oxfordian basin of
the Polish part of the northern Tethyan shelf have Matyja &
Wierzbowski (1996) presented the proofs. The proofs result
from the interpretation of thickness differences of Oxfordian
carbonate buildups and the equivalent interbiohermal sedi-
ments from Czgstochowa area in terms of synsedimentary
elevations. Matyja & Wierzbowski (1996) presented data
which aimed to demonstrate permanent increase of eleva-
tions differences from 160 meters at the Bifurcatus/Bimam-
matum Chrons break to over 200 meters at the Planula/
Platynota Chrons break (Oxfordian/Kimmeridgian bound-
ary). Similar synsedimentary relief was suggested also by
Pisera (1997) who attempted to relate heterogeneity of sili-
ceous sponge biofacies to significant elevation differences
of the sea bottom.

Matyszkiewicz (1994) paid attention to the importance
of compaction in reconstruction of the origin of massive
limestones from Cracow area and documented a significant
influence of compaction on the formation of pseudonodular
limestones. Furthermore, Matyszkiewicz (1997, p. 40) con-
tested the existence of 200 meter-high synsedimentary relief
inferred for Czestochowa area at the end of Oxfordian.
Theoretically, the differences in thickness of carbonate
buildups and basinal facies could be interpreted as relief ef-
fects only in Cracow area where early-lithified biostromes
are equivalent deposits of the carbonate buildups. Unfortu-
nately, collection of suitable data is impossible due to the
intensive Tertiary faulting and the lack of detailed stratigra-
phy of Upper Jurassic successions in this area. In the same
paper Matyszkiewicz (1997, p. 65) presented a schematic
drawing which suggested the possible appearance of eleva-
tion differences up to about 90 meters between the bioher-
mal complexes and the basins in which biostromes were de-
posited. Also, this author turned attention to the influence of
synsedimentary tectonics on development of synsedimen-
tary relief in Cracow area.

GEOLOGICAL SETTING

The area in which the suggested, 200 meter-high eleva-
tion differences have occurred in Late Jurassic basin
(Matyja & Wierzbowski, 1996) is located near Julianka in
the central part of the Cracow-Wielun Upland, about 20
kilometers southeast of Czgstochowa (Fig. 2). Here, the pre-
served Jurassic sediments reveal variable thickness, gener-
ally exceeding 450 meters (Heliasz et al., 1984, 1987). The
Upper Jurassic succession is represented by Oxfordian and
by locally preserved Kimmeridgian deposits (Matyja &
Wierzbowski, 1996), overlain by patches of Cretaceous de-
posits. Burial depth of Oxfordian strata at the end of Creta-
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Fig. 2. Location of study area in the Cracow—Wielun Upland
and outcrops of Mesozoic rocks in Julianka and Skowronow areas
(after Heliasz ef al., 1984) with approximate positions of faults
(after tectonic sketch-map Heliasz e al., 1987; simplified and
modified). HCM — Holy Cross Mountains. Arrows mark sampled
quarries. Notice at least two faults located between Jurassic out-
crops in Julianka and Skowronow. Moreover, the Julianka quarries
are located in another tectonic zone. The Julianka—Zaborze Fault
(FI-Z) is one of the largest faults in the “Janow” sheet of Detailed
Geological Map of Poland 1 : 50 000

ceous can be estimated as at least 500 meters (C. Peszat & J.
Rutkowski; pers. comm. 1998).

Jurassic deposits from the Julianka area were described
and mentioned in several papers (e. g. Rozycki, 1960;
Roniewicz & Roniewicz, 1971; Heliasz & Racki, 1980;
Heliasz et al., 1987; Heliasz, 1990; Wierzbowski et al.,
1992; Gtlazek er al, 1992). They include lithologically
highly diversified biohermal complex composed of coral
patch reefs and early-lithified biostromes with abundant
brachiopods. Lithology of Upper Jurassic deposits from the
vicinity of Skowronéw was outlined by Heliasz et al.
(1987). These are mostly chalky limestones, light-coloured,
soft, locally porous and bedded. The limestones build up
broad, flat hills (cf. Wierzbowski, 1966; Heliasz, 1990 and
others).

Data on lithology and thickness of Oxfordian deposits
on which Matyja & Wierzbowski (1996) based their concept
of 200-meter synsedimentary relief at the Oxfordian/Kim-
meridgian break were probably collected from the “old, ar-
chival, drilling core descriptions” (Matyja & Wierzbowski,
1996, p. 336) in which the determination of the Oxfordian

11 lower platy limestones
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Fig. 3. Reconstruction of sea-bottom relief and bathymetry
based upon borehole data after Matyja & Wierzbowski (1996).
Subdivision, ammonite zones, Roman numerals and lithological
types of Oxfordian deposits in the “Skowronéw” borehole supple-
mented after Wierzbowski (1966), Kutek ez al. (1977) and Wierz-
bowski ef al. (1983)

base, accepted as the datum level should be “very easy”
(Matyja & Wierzbowski, 1996, p. 336). The thickness of the
Oxfordian sediments was probably determined by Matyja &
Wierzbowski (1996) by correlation of data from the
“Julianka™ and “Skowronow” boreholes with the altitude of
Oxfordian/Kimmeridgian boundary identified in outcrops
with ammonite fauna. The “Julianka” borehole was thought
to represent carbonate buildup complex whereas the “Skow-
rondéw” one was an example of the basinal facies (Fig. 3).

Comparison of stratigraphic columns of the two drill-
ings mentioned above leads to the conclusion that in the
“Skowronow” borehole the 267-meter-thick Oxfordian se-
quence comprises (from the bottom): (i) about 190-meter-
thick “marly limestones” and “layered limestones with sili-
ceous sponges” followed by a succession of (ii) about 10
meters of “micritic limestones”, (iii) over 18 meters of
“marls”, (iv) about 12 meters of “micritic limestones” and
(v) about 37 meters of deposits the lithology of which is not
described in the legend (Fig. 3). Taking into account data
from the literature (Kutek ez al., 1977; Wierzbowski et al.,
1983; Smolenska, 1986), these lithologies may correspond
to: (i) the Jasna Gora beds, the Zawodzie layered lime-
stones, the Miedzno chalky limestones, the platy limestones
with tuberoids and, presumably, the friable micritic lime-
stones, (ii) the lower platy limestones, (iii) the lower marly
unit, (iv) the middle platy limestones and (v) presumably the
chalky limestones. The 470 meter-thick succession of Ox-
fordian sediments in the “Julianka” borehole is proposed to
represent the biohermal complex with the exception of sev-
eral-meters-thick bottom part which is developed as “marly
limestones™ (Fig. 3).
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basinal facies and the carbonate buildups. In the “Skowro-
noéw” sequence five lithological types were distinguished
(Fig. 3). As lithological descriptions of these types in Maty-
ja & Wierzbowski (1996) were only very general (Fig. 3),
their characterization was based upon other publications
from the area'(Wierzbowski, 1966, 1978; Kutek ez al., 1977,
Wierzbowski ef al., 1983; Smolenska, 1983, 1984, 1986)
and upon author’s own observations. For the sediments from
the “Skowronow” borehole both, the initial thickness and
the thickness at the end of Oxfordian were determined inde-
pendently using two nomographs: (i) after Perrier & Quib-
lier (1974, p. 516) and, (ii) for control after Doglioni &
Goldhammer (1988, p. 243). Although the nomographs after
Perrier & Quiblier (1974) were prepared for shales, these are
applicable also to calculations of initial thicknesses of Up-
per Jurassic successions composed of marly limestones and
marls (cf. Gygi, 1986) in which the early-diagenetic cemen-
tation is either lacking or marginal. From the nomographs
after Doglioni & Goldhammer (1988) the calculations in-
cluded those for carbonate mud.

Initial thickness of each lithologic unit was determined
from its recent thickness at the 500 meter burial depth as-
sumed to be the same for all units. Then, thicknesses at the
end of Oxfordian were calculated from the initial thick-
nesses considering zero burial for the youngest Oxfordian
strata (Type V, Fig. 3). Burial depths for successively older
strata (Types [-1V, Fig. 3) were calculated by summation of
thicknesses of overlying deposits obtained for the end of
Oxfordian (Figs. 4-5, see also Table 1). As burial depths of
lithological types I-IV at the end of Oxfordian calculated by
summation of succeeding overburden thicknesses did not fit
exactly to those given in the nomographs, the nearest values
were taken for each case (Figs. 4-5, see also Table 1).

RESULTS

THE JULIANKA AREA

Observations carried on in the Julianka quarries sup-
ported the presence of biohermal complex which comprises
lithologically diversified massive (and occassionally bed-

PRESENT THICKNESS [m]

Fig. 4.  Thickness calculation of Oxfordian deposits in “Skow-
ronéw” borehole at the Oxfordian/Kimmeridgian break based
upon nomographs after Perrier & Quiblier (1974). Roman numer-
als mark litological types distinguished in Fig. 3 and Table 1.
Intersections of vertical broken lines and the frame — recent thick-
ness, intersections of vertical continuous lines and the frame —
thickness at Oxfordian/Kimmeridgian break

ded) limestones. A part of massive limestones contains
fauna accumulations, including hermatypic corals, which
enables their classification as patch reefs sediments (cf.
Heliasz, 1990). Abundant fossils (particularly brachiopods)
were found also in bedded limestones which contain com-
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Fig. 5.  Thickness calculation of Oxfordian deposits in “Skow-
roné6w” borehole at the Oxfordian/Kimmeridgian break based
upon nomographs after Doglioni & Goldhammer (1988). Explana-
tions as in Fig. 4
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Table 1

Results of calculation of initial thickness and thickness at the Oxfordian/Kimmeridgian break for basinal deposits from the
“Skowronow” borehole (cf. Figs. 3, 4-5). Burial depths at the end of Oxfordian shown in brackets are depth for which
calculations were run. Additionally, recent compaction and compaction at the end of Oxfordian were included

Original thickness Thickness at the end Compaction at the 1 Present-day Depth of burial at the
g of Oxfordian end of Oxfordian compaction end of Oxfordian
P
| 5 | - | - - 77 T R I o |
; Lithology P:lfscl? t-d'a) after after after after after after | after | after after after
| 1CKNESS | perrier & | Doglioni & | Perrier & = Doglioni & | Perrier & = Doglioni & | Perrier & Doglioni & | Perrier & = Doglioni & |
| Quiblier |Goldhammer| Quiblier Goldhammer Quiblier Goldhammeri Quiblier Goldhammer Quiblier ‘Goldhammer
(1974 ‘ (1988) (1974) (1988) | (1974) (1988) | (1974) (1988) (1974) (1988)
S| — N A (W v i AR | ok 00, IR i ¢ ; | e | i T A
“halky | * | | ‘ ‘
\,/' Chalier | 37 m 63 m 2m | 63m | 72m | 0 0 42% 49% 0 0
limestones | ‘ | |
| IV. Middle i - i
platy 12m 24m 26m 17 m 19m 29% 2% | 50% 54% . "
; ‘ (75 m) (100 m)
limestones | | ‘
— = . —1— — + S ‘ | . A— i - + o
| | |
HI. Low cr 18 m 34 m 37m | 24m | 28m | 25% ‘ 24% 47% | 51% 8? m J1m
marly unit | J; (75 m) (100 m)
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’ | (100 m) | (100 m)
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L Marly | ‘ \ \ | 9m | 136m
and layered ‘ 190m | 260m 285 m 230m | 240m 12% 21% 27% | 33%
. ‘ ‘ | | (100 m) (100 m)
limestones | | | i |
Total 267m M7m | 376m | |

mon early diagenetic cements (cf. Heliasz & Racki, 1980).
A strong lateral lithological variability observed in the
quarry faces can be partly attributed to the faults of undeter-
mined throws.

Examinations under optical and scanning electron mi-
croscopes were carried out on samples taken from the most
tight varieties of massive limestones. The limestones are de-
veloped as wackestones-packstones and framestones. Lo-
cally, numerous fragments of corals, echinoderms, sclero-
sponges, bivalves, brachiopods and Tubiphytes were ob-
served (cf. Heliasz, 1990). Characteristic is the common ap-
pearance of syntaxial cements developed on echinoderm
plates (Fig. 6a). Larger pores are filled with blocky cement
of crystal size increasing towards the pore center. At the
margins of larger allochems, isopachous cement rims up to
0.2 mm thick were occassionally observed. Numerous ag-
gregates of coarse-crystalline, early-diagenetic cements em-
bedded within the micritic matrix of crystal size 2-3 um are
visible under scanning electron microscope (Figs. 7a, c).

THE SKOWRONOW AREA

In the Skowrondéw area soft, finger-smearing, yel-
lowish, chalky limestones are exposed, usually showing the
bedding. Studies were carried on samples collected in the
outcrop south of Skowronéw, on a slope of a low hill, close
to Janow—Olsztyn road (Fig. 2).

In this quarry soft, yellowish-creamy, chalky lime-
stones were found. In the bottom part of the exposed succes-
sion numerous penetrations typical for the soft, unlithified
sediment (A. Uchman; pers. comm. 1998) were observed

(Fig. 8). Fresh fractures revealed single, isolated calcified si-
liceous sponges (on which laminated microbolites were de-
veloped) and fine bioclasts a few millimeters across.

From the microfacies point of view the chalky limesto-
nes from Skowrondéw area belong to mudstones-wacke-
stones (Fig. 6b) with moderate amounts of calcareous and
siliceous sponges, bryozoans and brachiopods. Under the
scanning electron microscope the rock shows homogenic
structure. Matrix consists of micrite crystals of average di-
ameter about 3 um (Figs. 7b, d). Coarse-crystalline cements
are scarce. Total content of CaCO3 + MgCO3 in a chalky
limestone sample from Skowronéw reaches 99.54 wt.%,
content of insoluble residuum is 0.16 wt.% and porosity
reaches 37.2%.

Initial thickness of youngest sediments (?chalky lime-
stones) in the “Skowrondéw” borehole, determined with no-
mographs, is about 64 meters after Perrier & Quiblier (1974)
and about 72 meters after Doglioni & Goldhammer (1988).
These values correspond to 42% and 49% compaction, re-
spectively. In both cases the calculated thickness is identical
with thickness at the end of Oxfordian (Table 1). Results of
chemical analyses and porosity measurements of chalky
limestone sample enabled the controlling calculations with
Ricken’s “carbonate compaction law” (Ricken 1986, p. 14,
formula 4) which gave about 45%.

Similar calculations were made for the remaining li-
thological types of Oxfordian deposits in the “Skowronow”
borehole. For the Oxfordian/Kimmeridgian break the no-
mographs after Perrier & Quiblier (1974) were used for bur-
ial depths 75 and 100 meters and those after Doglioni &
Goldhammer (1988) for 100 meters burial (Figs. 4-5; Table
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Fig. 6.  Microfacies of Upper Jurassic deposits from Julianka and Skowrondw areas (?Upper Oxfordian, ?Lower Kimmeridgian): a —
massive limestone from Julianka developed as packstone with numerous bioclasts. Echinoderm plates in the center with light rims of
syntaxial cement. b — chalky limestone from Skowronéw developed as mudstone-wackestone with benthic fauna. Bryozoan fragment in

the center

Fig. 7. Massive limestones from Julianka (a, ¢) and chalky limestones from Skowronéw (b, d) areas under the scanning electron
microscope. Principal component of chalky limestones is monotonous micrite of roughly uniform crystal size. In massive limestones
coarse-crystalline, early diagenetic cements are common
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Fig. 8.

1). Total thickness of Oxfordian strata from the “Skow-
ronow” borehole calculated for the end of Oxfordian is
about 347 meters (nomographs after Perrier & Quiblier,
1974) and about 376 meters (nomographs after Doglioni &
Goldhammer, 1988).

DISCUSSION

TECTONICS OF THE AREA BETWEEN
JULIANKA AND SKOWRONOW

The thicknesses of Oxfordian sediments in “Skowro-
now” and “Julianka” successions reported by Matyja &
Wierzbowski (1996) are doubtful due to the uncertain posi-
tion of the Oxfordian top and bottom surfaces in drill cores.
According to Bednarek (1974, p. 17), in Zawiercie area lo-
cated about 40 kilometers southeast of Czestochowa “The
Oxfordian/Callovian boundary cannot be taken as reference
level because in some localities, especially in drill cores, it
is not manifested by distinct lithological change”.

In their paper Matyja & Wierzbowski (1996) did not
provide explicit information whether ammonites which de-
fined the Oxfordian/Kimmeridgian boundary in the studied
successions originated from drillings or from outcrops.
However, the discovery of two pairs of ammonites of suit-
able stratigraphic importance in the studied boreholes which
would enable the precise localization of Oxfordian/Kim-
meridgian boundary must be regarded as highly improbable,
particularly if the core descriptions were archival. Presum-

Penetrations preserved in chalky limestones from Skowronow area (?Upper Oxfordian, ?Lower Kimmeridgian): a — length of
vertical penetration exceeds 30 cm, b — a part of penetrations shows characteristic “chevron-type” pattern

ably the ammonites were found in outcrops distant from the
boreholes. Such an origin is suggested by descriptions ap-
plied to the reconstruction of another, more than 160 meters
high, synsedimentary relief at the Bifurcatus/Bimammatum
Chrons break (Matyja & Wierzbowski, 1996, p. 336-337).

The area between Julianka and Skowronéw is charac-
terized by the presence of numerous tectonic disturbances.
Tertiary faults are known (Fig. 2) among which the Julian-
ka—Zaborze Fault is one of the largest in the area (Wigck-
owski, 1987). These faults separate tectonic blocks in which
the thicknesses of preserved Upper Jurassic deposits are
variable. Such a tectonic pattern rises an essential question:
whether the outcrops which supplied the ammonites crucial
for definition of the Oxfordian/Kimmeridgian boundary and
the boreholes in which thicknesses of Oxfordian deposits
were determined belong to the same tectonic blocks? It can-
not be neglected that the outcrops are located in blocks
where thicknesses of Oxfordian deposits differ from those
found in the boreholes (Fig. 9). Significant throws (40-160
meters) estimated by Wieckowski (1987, p. 38) suggest that
the tectonic blocks are separated rather by broad, brecciated
tectonic zones with numerous, second-order dislocations
than single fault planes. In the Cracow—Wielun Upland such
zones can be even several hundreds of meters wide (cf.
Bogacz, 1967; Felisiak, 1994; Rutkowski, 1996; Matyszkie-
wicz & Krajewski, 1996). Therefore, it is very possible that
outcrops in which ammonites were found are located in tec-
tonic blocks in which thicknesses of Upper Jurassic deposits
differ from those measured in the boreholes.

Identification of the top of Oxfordian sequence by
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E Oxfordian and Kimmeridgian carbonates

Middle Jurassic deposits

Fig. 9.

T boreholes

Application of ammonites collected in outcrops to age determination of deposits in drill cores, in tectonically disturbed areas

(schematic cross-section, out of vertical and horizontal scale). Sketch illustrates features of graben (left) and horst (right), typical of the
Cracow—Wielun Upland. Thickness of tectonic blocks separated by main and minor faults is diversified due to Cainozoic erosion.
Ammonites collected in the outcrops determine correctly the stratigraphy of top part of drill core only if outcrops and boreholes are located
in the same block (black arrows). In the graben the ammonites would originate mostly from blocks of lower deposit thicknesses (white
arrows), often older than strata in the top of drill core. In the horst the opposite relationship occurs. If a stratigraphic boundary is
determined with at least a pair of ammonites, an additional assumption must be made that both fossils were derived from the same tectonic

block

means of ammonites collected in the outcrops and of archi-
val drill-cores descriptions is acceptable only if the area be-
tween Julianka and Skowrondéw was completely devoid of
tectonic disturbances. Taking into account the data of Wigc-
kowski (1987) and author’s own observations, this condi-
tion is not met. This problem cannot be resolved without
precise location of boreholes and outcrops against the back-
ground of accurate tectonic sketch map and without data on
thickness of Oxfordian strata in specific tectonic blocks. It is
clear, however, that the method used by Matyja & Wierz-
bowski (1996) cannot be applied to densly faulted tectonic
zones, particularly those in the Julianka area (cf. Fig. 2).

INFLUENCE OF COMPACTION ON LITHOLOGY
AND THICKNESS OF THE STUDIED SEDIMENTS

Lithological information collected in the outcrops is
representative only for the uppermost parts of drill cores.
Susceptibility for compaction of rocks from the lower por-
tions of the cores can be only theoretically evaluated due to
the lack of cores.

The “Julianka” section

Development of Oxfordian carbonate buildups was
variable in time (Trammer, 1989; Matyszkiewicz, 1994,
1997). At the initial stage the bioherms undoubtly did not
produce rigid framework (Trammer, 1989; Matyszkiewicz,
1994; cf. Flugel & Steiger, 1981) which implies some sus-
ceptibility for compaction. [t is true, however, only for the
bioherms from “Lower Oxfordian and early Middle Oxfor-
dian” (cf. Matyja et al., 1985, p. 19) whose thicknesses can
be estimated as 1/10 to 1/20 of the present thickness of the
section. Deposits from other parts of the succession are pre-
sumably close to microbolitic carbonate buildups exposed in
the vicinity of Julianka, in which rigid framework was
formed as a result of early cementation (Figs. 6a, 7a, c¢). The
above consideration leads to the conclusion that in the
“Julianka” succession the compaction-induced thickness re-
duction of sediments was insignificant and can be neglected
in calculations.

The “Skowronow” section
Both the microfacies studies and scanning electron mi-
croscope observations demonstrated that chalky limestones
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exposed in Skowronow area reveal the absence of early di-
agenetic cements (Figs. 6b, 7b, d). Micrite — a dominating
component of chalky limestones — originated from carbon-
ate mud in which cementation processes commenced after
burial. It is confirmed by the presence of numerous penetra-
tions preserved in chalky limestones (Fig. 8).

Total thicknesses of deposits determined for the “Skow-
ronow” succession for the end of Oxfordian are 347 and 376
meters (Table 1). These values exceed the present thick-
nesses by 80 and 109 meters, respectively. The calculations
and estimations were based upon the following assump-
tions: (i) minimum, theoretical burial depth is 500 meters,
(i1) thickness reduction of the lower marly unit is close to
that of the limestones, (iii) neglection of thickness reduction
resulted from pressure solution. Such assumptions lead to
underestimation of calculated thicknesses which are prob-
ably much lower that the true values. Especially far-going
simplification is the assumed similarity of compaction ef-
fects in sediments from which limestones and marls were
formed. In Oxfordian marls from Lochen area (Swabian
Alb; cf. Fig. 1), for which the estimated burial depth is over
400 meters (Ricken, 1986, p. 84) compaction determined
from deformations of trace fossils is about 80%. If such
compaction is considered for the lower marly unit from the
“Skowrondéw” borehole its initial thickness should be 80-90
meters and thickness at the end of Oxfordian, although diffi-
cult to determine, should exceed 25 meters (cf. Table 1).

MORPHOLOGY AND BATHYMETRY OF THE
POLISH PART OF LATE JURASSIC SHELF AT
THE NORTHERN TETHYAN MARGIN

Matyja & Wierzbowski (1996) assumed the constant in-
clination of the shelf (about 0.1°) and claimed that at the
shelf margin, located about 130 kilometers south of Czgsto-
chowa, the tops of carbonate buildups occurred at depth
about 240 meters and that interbiohermal depressions were
located more then 200 meters deeper. These depths were as-
cribed to the Planula/Platynota Chrons break (Oxfor-
dian/Kimmeridgian boundary) but “should have been even
greater” earlier (Matyja & Wierzbowski, 1996, p. 339).
Hence, in the Oxfordian the margin of the Late Jurassic
shelf should be deeper than 450 meters, i.e. about 250 me-
ters deeper in comparison with the recent shelf margins.
Such a line of evidence gave rise to the concept presented by
Pisera (1997, p. 32) who obtained depth close to 900 meters
for the Late Jurassic Swabian Alb shelf basing upon “a sim-
ple geometrical exercise” and considering 1° slope inclina-
tion.

Deduction of morphology of the northern Tethyan mar-
gin from purely geometrical constructions, excluding lithol-
ogy of deposits, is an oversimplification. The evidence of
Late Oxfordian syndepositional faulting in Cracow—Wielun
Upland (Kutek, 1994) suggests that probably down-to-the-
basin tilting has increased the inclinations of the prograding
carbonate system shortly after its deposition (cf. Saller,
1996). If an assumption is accepted that morphology of the
Polish part of Late Jurassic shelf corresponded to the tec-
tonically undisturbed carbonate ramp (cf. Read, 1982, 1985)
during the whole Oxfordian, the carbonate productivities of

the upper and the lower parts of such ramp must have been
significantly different. Carbonate productivity directly con-
trols the size of carbonate buildups and depends on many
factors, particularly on the position of sedimentation area in
relation to the photic zone, water temperature and mobility,
and oxygen content. In the Late Jurassic, depositional sys-
tems of the shelf and the continental slope were remarkably
different. Classic examples of lateral changes in morphol-
ogy and size of Upper Jurassic buildups at the transition
zone from shelf to slope were presented by Dromart et al.
(1994). Carbonate buildups from the continetal slope usu-
ally lack the metazoan framebuilders and, first of all, are ap-
parently smaller than those growing on the outer shelf. It is
a result of the absence of larger, stable fragments of hard
bedrock which could be settled by microbolites (Dromart ez
al., 1994).

The ideas of Matyja & Wierzbowski (1996) on mor-
phology and bathymetry of the Polish part of the northern
Tethyan margin contradict also the lithology of the Upper
Jurassic deposits in the Cracow area, 1.e. about 100 kilome-
ters southeast of Czestochowa. If a constant sea bottom in-
clination is presumed over such a distance the tops of bio-
herms in the Cracow area should occur deeper than 200 me-
ters and interbiohermal depression should be located below
400 meters depth. Therefore, in the Cracow area the carbon-
ate buildups should develop at depths corresponding to “al-
most abiogenic depositional environment” in the Czgsto-
chowa area (Wierzbowski ez al., 1983, p. 523).

Microfacies development of massive limestones from
Julianka shows a distinct similarity to specific varieties of
massive limestones from the Cracow area (Matyszkiewicz,
1989, 1997; Hoffmann et al., 1997). However, massive
limestones from Julianka differ in the presence of herma-
typic corals and poorer growth of early diagenetic cements.
Some features diagnostic for shallow depth and high water
energy: thickness of Tubiphytes walls (cf. Leinfelder ef al.,
1996) and frequent appearance of grainstones are poorely
developed in Julianka deposits, in comparison to those ob-
served in some massive limestones from the Oxfordian near
Cracow. The latter reveal several features typical of sedi-
mentation in the photic zone (Golonka & Haczewski, 1971;
Matyszkiewicz & Felisiak, 1992; Hoffmann et al., 1997,
Matyszkiewicz, 1997). These premises lead to the conclu-
sion that development of carbonate deposition caused
changes in shelf morphology of the Polish part of northern
Tethyan margin from carbonate ramp to rimmed shelf (Ma-
tyszkiewicz, 1997; cf. Jansa, 1981; Einsele, 1992).

Another idea proposed by Matyja & Wierzbowski
(1996), i.e. the permanent increase of sea-bottom elevation
changes since the Bifurcatus/Bimammantum Chrons break
to the end of Planula Chron is not only inconsistent with the
opinion of these authors on considerable levelling of basin
floor during the deposition of the lower marly unit (i.e. still
during the Planula Chron, cf. Fig. 3; Wierzbowski et al.,
1983, p. 523) but also does not consider environmental con-
ditions of microbolites growth in Upper Jurassic carbonate
buildups (cf. Keupp et al., 1990; Leinfelder, 1993, 1996;
Leinfelder ef al., 1994). The intensive growth of microboli-
tic carbonate buildups took place under “a complete cessa-
tion of background sedimentation” (Leinfelder er al., 1994,
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p. 41). Such a growth was being temporarily slowed down
or even interrupted as a result of intensive supply of fine-
grained material to the basin (cf. Leinfelder, 1993). The pe-
riods of low rate of carbonate buildup growth were synchro-
nous with the periods of intensive accumulation of basinal
facies. Deposition of lower marly unit which occurs in the
“Skowronéw” borehole is undoubtly linked to temporary re-
duction or even cessation of growth of carbonate buildups
and a dramatical increase in background sedimentation rate.
Such a processes undoubtly resulted in the decrease of sea
floor relief before the end of Oxfordian.

CONCLUSIONS

Reconstruction of the Late Jurassic basin floor relief of
the northern Tethyan shelf requires the selection of a pair of
precisely dated successions of carbonate buildups and basi-
nal facies, and calculation of sediments thicknesses at the
moment for which the elevations differences are deter-
mined. Such a reconstruction should consider also the eus-
tatic changes of sea level and the differences in subsidence
of the compared parts of the basin as well as should estimate
the accumulation rate of sediments. Unfortunately, the evi-
dence presented by Matyja & Wierzbowski (1996) do not
meet any of these requirements, as discussed earlier.

In their interpretation Matyja & Wierzbowski (1996) do
not take into account the complicated tectonic pattern of
studied area and basic data on compaction of carbonate sedi-
ments (cf. Ricken, 1986; Harwood, 1988; Moore, 1989;
Tucker & Wright, 1990; Bathurst, 1991; Einsele, 1992 and
others). Reconstruction methods of synsedimentary relief
applied by Matyja & Wierzbowski (1996) cannot be ac-
cepted even for tectonically undisturbed areas. The pre-
sented proofs for remarkable sea-bottom elevation changes
are based upon the identification of recent differences in
thicknesses of sediments in carbonate buildups and in basi-
nal facies as the elevation changes themselves and upon
complete neglection of the effect of differential compaction.
Even under an assumption that thicknesses of Oxfordian
strata in compared drill cores taken by Matyja & Wierz-
bowski (1996) are correct, the calculated elevation changes
of basin floor in Julianka and Skowronow areas at the Ox-
fordian/Kimmeridgian break would be less than about 100
meters if only the mechanical compaction were taken into
account. If chemical compaction is added the calculated val-
ues should be reduced by another 20-35% (cf. Goldham-
mer, 1997). An attempt to calculate the true values of the
basin floor relief changes at the end of Oxfordian is based
upon the assumption which can be verified only by the re-
sults of drill-core examinations.
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Streszczenie

RELIEF DNA MORSKIEGO A ZROZNICOWANA
KOMPAKCJA W KOPALNYCH PLATFORMACH
WEGLANOWYCH: KRYTYCZNE
PRZESZACOWANIE PRZYKEADU Z GORNEJ
JURY WYZYNY KRAKOWSKO-WIELUNSKIEJ

Jacek Matyszkiewicz

Do podstawowych, kontrowersyjnych probleméw srodo-
wiska sedymentacji w pdznej jurze na pétnocnym szelfie Tetydy
(Fig. 1) nalezy zagadnienie rekonstrukcji reliefu dna basenu. W
niniejszej pracy podjeto dyskusje z pogladem o ponad 200 metro-
wym reliefie synsedymentacyjnym, ktory miat wystgpowac¢ w ba-
senie obejmujacym SW-obrzezenie Gor Swietokrzyskich i Wyzy-
ne Krakowsko-Wielunskg na przetomie oksfordu i kimerydu (Ma-
tyja et al., 1989; Kutek et al., 1992; Wierzbowski, 1992; Matyja &
Wierzbowski, 1994). Dowody majace dokumentowa¢ 6w poglad
zostaly ostatnio przedstawione w pracy Matyja & Wierzbowski
(1996). Niniejszy artykul zawiera krytyczna analize tych dowo-
doéw oraz wyniki badan przeprowadzonych przez autora w rejonie
miedzy Skowronowem a Julianka k/Czgstochowy, gdzie miat zos-
ta¢ udokumentowany rzekomy 200 metrowy relief synsedymen-
tacyjny.

Poprawna metodyka rekonstrukeji reliefu synsedymentacyj-
nego wymaga: (i) wyznaczenia, co najmniej jednej pary réwno-
wiekowych profili litologicznych: w obrebie budowli weglanowej
i w ekwiwaletnych jej osadach facji basenowej, (ii) wydzielenia w
tych profilach wszystkich typow litologicznych, (iii) wyliczenia,
osobno dla kazdego typu litologicznego, kompakcyjnej redukeji
miazszo$ci, ktéra miata miejsce do czasu, w ktorym rekonstruuje
sie relief dna i (iv) obliczenia skorygowanej miazszosci dla
kazdego z poréwnywanych profili. Dopiero poréwnanie miaz-
szosci tak przeliczonych profili pozwala na oszacowanie wielkosci
deniwelacji dna w danym czasie. W rekonstrukeji takiej winno
uwzgledni¢ si¢ takze wielko$¢ eustatycznych wahan poziomu
morza, roznice w subsydencji porownywanych czesci basenu oraz
okresli¢ tempo akumulacji osadow.

Obszar, z ktorego pochodza dane o rzekomych, 200 metro-
wych deniwelacjach dna w poznojurajskim basenie (Matyja &
Wierzbowski, 1996) jest potozony w $rodkowej czesci Wyzyny
Krakowsko-Wielunskiej, okoto 20 km na SE od Czgstochowy
(Fig. 2, 3). W rejonie tym migzszo$¢ zachowanych osadow gorno-
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jurajskich jest zmienna i siega ponad 450 m (Heliasz ef al., 1984,
1987). Gorna jura jest reprezentowana przez utwory oksfordu i
zachowane lokalnie utwory kimerydu (Matyja & Wierzbowski,
1996), na ktorych zalegaja platy osadow kredy. Na podstawie
danych szacunkowych, glebokos$¢ pogrzebania utworéw oksfordu
u schytku kredy mozna okresli¢ na co najmniej 500 m (C. Peszat
& J. Rutkowski; inf. ustna, 1998).

Dane o litologii i miazszosci utwordw oksfordu, na podstawie
ktérych Matyja & Wierzbowski (1996) zrekonstruowali synsedy-
mentacyjny relief na przelomie oksfordu i kimerydu pochodza ze
“starych, archiwalnych opiséw profili wiercen” (Matyja & Wierz-
bowski, 1996, p. 336), w ktorych wyznacznie spagu oksfordu
przyjetego jako poziom odniesienia ma by¢ “bardzo tatwe” (Ma-
tyja & Wierzbowski, 1996, p. 336). Miazszos$¢ osadow oksfordu,
Matyja & Wierzbowski (1996) prawdopodobnie okreslili, korelu-
jac profile wiercen “Julianka” i “Skowronow” z rzedna wysokos-
ciowa granicy oksford/kimeryd wyznaczona w odstonigciach, na
podstawie znalezisk amonitow. Wiercenie “Julianka” ma repre-
zentowac¢ osady budowli weglanowej, a wiercenie “Skowrondéw”
osady facji basenowej (Fig. 3). Z profili porownywanej pary wier-
cen wynika, iz w wierceniu “Skowronow” 267 metrowy profil
oksfordu jest reprezentowany od spagu przez: (i) okoto 190 m
“wapieni marglistych” i “ulawiconych wapieni z gabkami krze-
mionkowymi”, nad ktérymi zalega (ii) okoto 10 m “wapieni mi-
krytowych”, (iii) ponad 18 m “margli”, (iv) okolo 12 m “wapieni
mikrytowych™ i (v) okolo 37 m osadow, ktérych sygnatura nie jest
w legendzie podana (Fig. 3). Na podstawie danych literaturowych
(Kutek et al., 1977; Wierzbowski et al., 1983; Smolenska, 1986)
powyzsze interwaly moga odpowiadac: (i) warstwom jasnogor-
skim, ulawiconym wapieniom zawodzianskim, wapieniom kredo-
watym miedznowskim, wapieniom plytowym z tuberoidami i
prawdopodobnie mikrytowym wapieniom pylastym (ii) dolnym
wapieniom plytowym, (iii) dolnemu zespotowi marglistemu, (iv)
srodkowym wapieniom ptytowym i (v) prawdopodobnie wapie-
niom kredowatym. Profil ponad 470 m osadow oksfordu w wier-
ceniu “Julianka”, pomijajac jego kilkumetrowa, przyspagowa
czes¢ wyksztalcong jako “wapienie margliste”, ma reprezentowac
osady kompleksu biohermalnego (Fig. 3).

W rejonie Julianki i Skowronowa (Fig. 2) przeprowadzono
badania osadow gornojurajskich wystepujacych na powierzchni.
Proby pobrano z wapieni masywnych wystepujacych w tomach w
Juliance oraz z ulawiconych wapieni kredowatych odstaniajacych
si¢ w rejonie Skowronowa. Z prob tych wykonano zglady i plytki
cienkie w celu przeprowadzenia badan mikrofacjalnych. Wapienie
masywne i wapienie kredowate zbadano rowniez w mikroskopie
skanningowym. Ponadto w wapieniach kredowatych ze Skowro-
nowa oznaczono zawarto$¢ weglanow (CaCO3 i MgCO3), nieroz-
puszczalnego residuum i porowatos¢ w celu obliczenia kompakeji
metoda, ktora zaproponowal Ricken (1986).

Obserwacje przeprowadzone w fomach w Juliance potwier-
dzily obecnos¢ kompleksu biohermalnego, w obrebie ktorego wy-
stepuja zroznicowane litologicznie wapienie masywne i niekiedy
wapienie ulawicone. Cze$¢ z wapieni masywnych zawiera nagro-
madzenia fauny, w tym korali hermatypowych, co pozwala okres-
lic je jako osady raf kepkowych, (por. Heliasz, 1990). Obfita
fauna, szczegolnie ramienionogdw, wystepuje takze w wapieniach
ulawiconych, cechujacych si¢ powszechnoscig wczesnodiagene-
tycznych cementow (por. Heliasz & Racki, 1980). W $cianach
fomow obserwuje si¢ lateralna, silna zmienno$¢ litologiczna, ktora
czesciowo jest zwigzana z wystgpowaniem uskokow o trudnym do
ustalenia zrzucie. Badania w mikroskopie optycznym i skannin-
gowym wykonano na probach pobranych z najbardziej zwieztych
odmian wapieni masywnych. Wapienie te wyksztalcone sg jako
wackestone-packstone i framestone. Lokalnie zawieraja one liczne
fragmenty koralowcdw, szkartupni, sklerogabki, matze, ramienio-
nogi i Tubiphytes (por. Heliasz, 1990). Zwraca uwage powszechna

obecnos¢ cementéw syntaksjalnych rozwinigtych na plytkach
szkartupni (Fig. 6a). Wigksze pory wypelia cement blokowy o
wielkosci krysztalow wzrastajacej ku centrum pora. Na brzegach
wigkszych allocheméw widoczne sg niekiedy obwddki cementu
izopachytowego do 0,2 mm. W obrazie skanningowym widoczne
sa liczne skupienia grubokrystalicznych, wczesnodiagenetycz-
nych cementow tkwigce w matriks utworzonym z krysztalow mi-
krytu o przecigtnej srednicy 2-3 um. (Fig. 7a, c).

W odstonieciach w rejonie Skowronowa wystepuja migkkie,
brudzace palce, zoltawe wapienie kredowate, zwykle wykazujace
ulawicenie. Badania przeprowadzono na probach pobranych w
odstonieciu polozonym na S od Skowronowa, na stoku ptaskiego
wzniesienia, przy drodze Janow—-Olsztyn (Fig. 2). W przyspago-
wej czesci fomu stwierdzono liczne $lady zerowania w migkkim,
niezlityfikowanym osadzie (Fig. 8). Na $wiezych powierzchniach
widoczne sa niekiedy pojedyncze gabki krzemionkowe, na
ktorych lokalnie rozwinigte sa laminowane mikrobolity oraz
drobne bioklasty o kilkumilimetrowej $rednicy.

Pod wzgledem mikrofacjalnym wapienie kredowate ze Skow-
ronowa reprezentuja mudstone-wackestone (Fig. 6b), z niezbyt ob-
fita fauna gabek wapiennych i krzemionkowych, mszywiotow i
ramienionogéw. W mikroskopie skanningowym skala cechuje si¢
jednorodnoscia budowy. Matriks zbudowane jest z krysztatlow
mikrytu o przecietnej srednicy okolo 3 pm. (Fig. 7b, d). Grubo-
krystaliczne cementy wystepuja sporadycznie. Suma zawartosci
weglanow CaCO3 i MgCO3 w prébie z wapieniach kredowatych
ze Skowronowa wynosi 99,54%, nierozpuszczalnego residuum
0,16% a porowatos¢ 37,2%. Wyniki te pozwolily na wykonanie
kontrolnego obliczenia stosujac “prawo kompakcji weglanow”™
(Ricken, 1986, p. 14, rownanie 4). Kompakcja wapieni kredowa-
tych wyliczona w ten sposéb wynosi okoto 45%.

Na podstawie danych zawartych w pracy Matyja & Wierz-
bowski (1996) o litologii i miazszosciach osadow oksfordu profili
“Julianka” i “Skowronow”, oszacowano wplyw kompakeji na
obecna miazszosé osadow budowli weglanowej i facji basenowe;.
Przyjeto, ze obecna miazszos¢ profilu “Julianka” jest zblizona do
miazszosci pierwotnej. Miazszos$¢ pierwotng 1 miqzszos¢ na prze-
lomie oksford/kimeryd osadow profilu “Skowronéow” wyznaczono
dwiema niezaleznymi metodami, na podstawie nomogramow (i)
Perrier & Quiblier (1974, p. 516) i poréwnowczo (ii) Doglioni &
Goldhammer (1988, p. 243). Nomogramy Perrier & Quiblier
(1974) zostalty wprawdzie opracowane dla tupkdw, ale stosowane
s takze do wyliczania pierwotnych miazszo$ci gornojurajskich
serii ztozonych z wapieni marglistych i margli (cf. Gygi, 1986), w
ktorych wezesnodiagenetyczna cementacja nie wystepuje lub ma
znaczenie marginalne. Spo$réd nomogramoéw opracowanych
przez Doglioni & Goldhammer (1988) wykorzystano te, ktore do-
tyczyly mutow weglanowych.

Laczna miazszo$¢ osadoéw oksfordu profilu “Skowrondéw™ na
przelomie oksford/kimeryd, obliczona na podstawie nomogramow
Perrier & Quiblier (1974) wynosi okoto 347 m a na podstawie no-
mogramow Doglioni & Goldhammer (1988) — okoto 376 m (Fig.
4-5, Tab. 1). Miazszo$¢ ta jest wigksza od obecnej migzszosci
osadow odpowiednio o 80 i 109 m.

Whioski

Dane o migzszosci osadéw oksfordu w profilach “Skow-
rondéw” 1 “Julianka”, podane przez Matyja & Wierzbowski (1996)
sa watpliwe, z uwagi na trudno$ci w precyzyjnym wyznaczeniu
spagu i stropu oksfordu w profilach wiercen. Zdaniem Bednarka
(1974, p. 17), w rejonie Zawiercia potozonym okoto 40 km na SE
od Czestochowy, “Granica oksfordu i keloweju nie moze zostac
przyjeta za poziom odniesienia poniewaz, w niektorych profilach
— zwlaszcza wiertniczych — nie wiaze si¢ z niq wyrazna zmiana
wyksztalcenia litologicznego”. Z kolei, okreslenie polozenia
stropu oksfordu, na podstawie datowania amonitami zebranymi w
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odslonigciach, archiwalnych opiséw profili wiercen, byloby
mozliwe jedynie przy catkowitym braku zaburzen uskokowych w
rejonie Julianki i Skowronowa (por. Fig. 2, 9). W $wietle pracy
Wigckowskiego (1987) i obserwacji autora nie znajduje to od-
zwierciedlenia w faktach.

Przyjeta przez Matyja & Wierzbowski (1996) metodyka rek-
onstrukeji reliefu synsedymentacyjnego nie moze by¢ stosowana
nawet w obszarach niezaburzonych uskokowo. Rzekome dowody
na wystepowanie znacznych deniwelacji dna opieraja sie bowiem
na utozsamianiu z deniwelacjami obecnych roznic miazszosci

osadow budowli weglanowej i facji basenowej, przy catkowitym
pomijaniu  zroznicowanego oddziatywania kompakcji. Gdyby
nawet zatozy¢, ze podane przez Matyja & Wierzbowski (1996)
miazszosci oksfordu w poréwnywanych profilach wiercen sa po-
prawne, to wyliczona wielkos¢ deniwelacji dna basenu w rejonie
Julianki i Skowronowa na przetomie oksfordu i kimerydu, przy
uwzglednieniu jedynie kompakeji mechanicznej, wynosilaby, co
najwyzej okolo 100 m (por. Tab. 1). Uwzgledniajac kompakcje
chemiczna nalezatoby te wielko$¢ zredukowac jeszcze o 20-35%
(por. Goldhammer, 1997).



