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ABSTRACT:

Luczynski, P. 2009. Stromatoporoid growth orientation as a tool in palaeotopography: a case study from the
Kadzielnia Quarry, Holy Cross Mountains, central Poland. Acta Geologica Polonica, 59 (3), 319-340. Warszawa.

Growth orientation of stromatoporoids has allowed reconstruction of the palacotopographic position of a large
Frasnian organic buildup exposed in the Kadzielnia Quarry in the Holy Cross Mountains, central Poland. Two
main, mature stage, stromatoporoid growth modes have been discerned: erect and semi-buried. The growth ori-
entations of the stromatoporoids were studied in 17 sections that expose four different facies in the quarry. The
inclinations of the basal surfaces of specimens and direction of the growth axes were measured and compared
in terms of different growth modes, facies and positions in the organic buildup. The results support the earlier
opinions that the inclined contact between the Kadzielnia stromatoporoid-coral limestones and the detrital lime-
stones is depositional and represents an inclined depositional surface, and that the Kadzielnia buildup developed
in a calm water setting below the storm wave base on a slope or at its foot. General conclusions emerging from
the studies are: 1) stromatoporoid growth directions hold a key to reconstructing ancient topography; 2) erect
stromatoporoids that grew on inclined surfaces changed the growth axes to the vertical direction during their
growth; and 3) stromatoporoid growth directions and particularly the changing mode of growth of erect forms
support the view that Palacozoic stromatoporoids acted photosensitively.

Key words: Stromatoporoidea; Growth direction; Orientation; Palaeotopography; Devonian;
Kadzielnia organic buildup; Holy Cross Mountains.

INTRODUCTION

Stromatoporoid morphological features provide
much useful information on the sedimentary environ-
ment in which the stromatoporoid organism grew
(e.g., Meyer 1981; Kershaw 1984, 1990, 1998; Kano
1990; Konigshof ef al. 1991; Sandstrom 1998; Ker-
shaw and Brunton 1999; Sandstrom and Kershaw
2002, 2008; Luczynski 2003, 2006; Kershaw et al.
2006; Konigshof and Kershaw 2006). Attributes such

as shape profile, arrangement of latilaminae (major
growth bands within the skeleton), surface character,
symmetry versus asymmetry, and type of initial
growth surface can be used to interpret issues such as
depositional rates, substrate consistencies and patterns
of water turbulence. Stromatoporoid morphometry is
potentially helpful in cases of recrystallized and/or
dolomitized limestones, where the primary sedimen-
tary structures and microfacies have been obliterated
in the alteration processes.
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In the present paper, stromatoporoid morphome-
try was studied to determine the environmental devel-
opment of a large Frasnian organic buildup exposed
in the Kadzielnia Quarry in the Holy Cross Mountains
(HCM) in central Poland. The so-called Kadzielnia
Limestone (Member) of Kadzielnia Quarry are a
unique facies in the Holy Cross Devonian, and the
quarry is the only certain place in the western part of
the HCM where a large (more than 50 m thick) mas-
sive organic buildup composed of stromatoporoid-
coral limestones is exposed (e.g., Szulczewski and
Racki 1981, Hoffman and Paszkowski 1992). The
closest possible equivalent in the HCM is exposed in
the Karwow Quarry in the easternmost part of the re-
gion (Samsonowicz 1934, Luczynski 1998) where,
however, the rocks were subjected to intensive
dolomitization obscuring the original sedimentary fa-
cies. Smaller bioherms and “biohermal-type lime-
stones” (sensu Szulczewski and Racki 1981) of
various compositions, and no more than a few metres
high, have also been described from localities includ-
ing the Kowala railway cutting, Wietrznia Quarry,
Jazwica Quarry-Lgawa Hill, Wola Quarry and Cmen-
tarna Hill (Racki 1981, Szulczewski and Racki 1981,
Racki et al. 1993). Most of them were, however, only
temporarily visible in active quarries and are now def-
initely destroyed.

The massive limestones exposed in the Kadziel-
nia Quarry have been a subject of numerous descrip-
tions (e.g., Szulczewski 1971, 1979, 1981, 1995a;
Szulczewski and Racki 1981; Narkiewicz 1988;
Racki 1993), but several questions concerning the
nature of the buildup, its palacogeographic and
palaeotopographic position and relationship to neigh-
bouring Frasnian deposits remain unresolved (cf.
Szulczewski 1981, Narkiewicz 1988, Racki 1993).
This paper is an attempt to present additional argu-
ments relating to these questions based on the stro-
matoporoid studies.

The morphometrical features of stromatoporoids
from the Kadzielnia buildup were first studied by
Kazmierczak (1971). Luczynski (1998) has pre-
sented results of morphometrical measurements of
the stromatoporoid assemblage from the Kadzielnia
Limestone that were made according to the parame-
terization method introduced by Kershaw and Rid-
ing (1978). Generally these results point to an
environment with a high but variable rate of sedi-
ment supply.

The author’s previous studies (Luczynski 1998)
revealed that the Kadzielnia Limestone abounds in
stromatoporoid specimens with a great variety of
basic morphometrical parameters, such as shape pro-

files and arrangement of latilaminae. Different growth
forms show various responses to changing environ-
mental conditions. In the present paper special inter-
est is paid to differences in distribution patterns of the
various morphotypes within the organic buildup.
Since that work, the parameterization method has
been improved by adding new attributes (such as the
types of initial surfaces) and by redefining the old pa-
rameters (Luczynski 2003, 2005, 2006). Here the
analysis concentrates, however, on the stromato-
poroid growth direction of in sifu specimens, as this
is the main key to deciphering the position of the or-
ganic buildup.

Three main aspects of stromatoporoid growth ori-
entation studies proved to be particularly useful: (1)
comparison of growth orientation of stromatoporoids
in bedded and unbedded Frasnian facies within the
quarry; (2) distinguishing the erect forms from the
semi-buried forms and comparing their growth direc-
tions; and (3) analysing the variability patterns of stro-
matoporoid growth directions in different parts of the
buildup. Detailed analyses of these features enabled
conclusions on the palaeotopographic position and ori-
entation of the Kadzielnia buildup to be drawn. The
Kadzielnia studies also allowed the formulation of
some general principles governing the orientation of
stromatoporoids colonizing an inclined sea bottom,
which may be useful when applied to other stromato-
poroid-bearing facies.

GEOLOGICAL SETTING

The abandoned Kadzielnia Quarry is a natural re-
serve located in the town of Kielce in the Holy Cross
Mountains in central Poland (Text-fig. 1). The quarry
is one of the best known exposures of the Holy Cross
Upper Devonian with outcropping Frasnian and Fa-
mennian deposits (Text-fig. 2A and B). The large
Frasnian organic buildup (over 50 m thick) is exposed
in the quarry and is unique for the region. The local-
ity belongs to the so-called Kadzielnia Range, which
forms an approximately east-west alignment of De-
vonian outcrops.

The Palacozoic of the HCM consists of two main
tectonic units: the southern Kielce unit and the north-
ern Lysogory unit. The two regions are separated by
the Holy Cross Dislocation (Text-fig. 1) and differ dis-
tinctly in facies development, thicknesses of particu-
lar stratigraphic units and the completeness of the
stratigraphic record. In terms of facies, the Holy Cross
Devonian is subdivided into three zones (Szulczewski
1977): northern (Lysogoéry), central (Kielce) and
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Text-fig. 1. Location of the Kadzielnia Quarry on a sketch geological map of the Holy Cross Mountains. Insert map shows the position of the
Holy Cross Mountains in Poland
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Text-fig. 2. Kadzielnia Quarry. A — General pattern of facies exposed on the eastern wall of the quarry (after Szulczewski 1981; simplified);
B — Plan view of the quarry; the dotted line marks the boundary between the Frasnian and the Famennian sediments; C — “Skatka Geologow”
rock (rectangle C on Fig. B); D — View of the eastern wall of the quarry seen from the “Skatka Geologéw” rock (rectangle D on Fig. B)
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southern (Chgciny-Zbrza). The Kadzielnia Quarry be-
longs to the Kielce zone in both tectonic and facies
senses. During the Frasnian the area was located near
the northern edge of a shallow-water carbonate plat-
form surrounded by deeper inner-shelf basins (Szul-
czewski 1995b). In the Famennian the platform
became drowned and pelagic facies began to domi-
nate.

The stratigraphic and facies framework of the
rocks cropping out in the Kadzielnia Quarry has been
presented in detail by Szulczewski (1971, 1979, 1981,
1995b). The Frasnian and the Famennian are separated
by a stratigraphic gap and distinct unconformity (Text-
fig. 2A). The Frasnian of the quarry consists of three
units: massive (and partly faintly bedded) stromato-
poroid-coral limestones (Kadzielnia Limestone Mem-
ber of Narkiewicz et al. 1990), detrital limestones and
the so-called “Manticoceras limestones” (Text-fig.
2A). The boundaries between the units are not hori-
zontal but inclined to the south (Text-figs 2A, D and
15). The average apparent inclination of the boundary
between the stromatoporoid-coral limestones and the
detrital limestones as seen on the western wall of the
quarry is 11°S.

The Kadzielnia Member is represented by a large
organic buildup composed of bindstones sensu Embry
and Klovan (1971). Stromatoporoids and corals, al-
though present in abundance, occur scattered in the
matrix and did not construct a rigid framework (e.g.,
Szulczewski and Racki 1981). The matrix deposit is
mainly micritic (mudstones and wackestones) with
microbial clotted and spongiostromid fabrics (Bed-
narczyk et al. 1997a, Hoffman and Paszkowski 1992),
although in some parts grainstones are also present.
Apart from massive stromatoporoids and corals, the
facies contains a diverse fauna, including: brachio-
pods, which often occur in nests (Racki et al. 1993),
rich debris of echinoid fragments (in grainstones), am-
phiporoids, abundant and diverse foraminifers, ostra-
cods and various microproblematica (Szulczewski and
Racki 1981, Racki 1993, Bednarczyk et al. 1997a).
Laterally, in the eastern part of the quarry (“Skatka
Geologdéw” rock; Text-fig. 2B and C), the massive
limestones pass into faintly bedded stromatoporoid-
bearing facies.

The Kadzielnia Limestone is generally interpreted
as a mud mound (or reef mound). Bednarczyk et al.
(1997a) have described the buildup as a cryptomicro-
bial mud mound. To some extent the facies resembles
those from the Frasnian mounds of the Ardennes in
Belgium (comp. Da Silva and Boulvain 2004, Boul-
vain 2007, Boulvain and Da Silva 2008). In palaeo-
geographic interpretations the Kadzielnia mound is

located on a gentle slope of the Dyminy reef, or at its
foot, and is thought to have formed in a relatively calm
setting, away from the zone of active wave action
(Kazmierczak 1971, Szulczewski 1971, Szulczewski
and Racki 1981, Narkiewicz 1988). Racki (1993), ap-
plying the bathymetrical model of Embry and Klovan
(1972), has considered the Kadzielnia buildup to have
occupied a midslope subturbulent zone at depths of
10-20 metres.

The detrital limestones that are in contact with the
Kadzielnia Member on the western wall of the quarry
are developed as thick-bedded calcarenites and cal-
cirudites, with abundant detritus of crinoids and bra-
chiopods accompanied by intraclasts and pellets, but
with only scarce stromatoporoids and corals (Szul-
czewski 1971). Bednarczyk et al. (1997b) have de-
scribed this facies as a debris reef with microbial patch
reefs. According to Szulczewski (1981) such a com-
position of the detrital material indicates that these
limestones did not form from the destruction of the
stromatoporoid-coral limestones. The “Manticoceras
limestones™ are developed as faintly bedded micritic
limestones with internal breccias, devoid of stromato-
poroids and corals, but containing a pelagic fauna in-
cluding goniatites.

The above-described pattern of Frasnian facies ex-
posed in the main (eastern) wall of the quarry (Text-
fig. 2A) is interpreted (Szulczewski 1981, 1995a) as a
progradational sequence, which is represented by an
organic buildup (Kadzielnia Limestone), by detrital
deposits accumulating on its slope (detrital lime-
stones), and by pelagic limestones forming offshore
(“Manticoceras limestones”). The inclined boundaries
between particular Frasnian lithosomes are thus de-
positional, and the angular disconformity between the
Frasnian and the Famennian is only apparent. Block
tectonic movements displacing the Frasnian/Famenn-
ian boundary are, however, clearly visible in the
quarry. Tectonic movements associated with the
Frasnian-Famennian boundary were common in the
Holy Cross area (Szulczewski 1971, Racki 1998,
Lamarche et al. 2003, Narkiewicz 2007). The weak
discordance separating the Frasnian and the Famenn-
ian was connected with partitioning and drowning of
a carbonate platform, and has been described in detail
from the Ostrowka Quarry in the south-western part
of the HCM by Szulczewski ef al. (1996). Tectonic in-
stability in the Kadzielnia area during the Frasnian and
the Famennian is indicated by the occurrence of a
number of generations of neptunian dykes, filled by
deposits ranging in age from Frasnian to Carbonifer-
ous (Szulczewski 1971, 1979; Luczynski and Szul-
czewski 2003).
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APPLICATION OF STROMATOPOROID GROWTH
DIRECTION STUDIES TO RECONSTRUCTING
THE TOPOGRAPHIC POSITION OF THE OR-
GANIC BUILDUP - CONCEPTUAL FRAMEWORK

The palaeotopographic position and orientation
(dip) of the Kadzielnia Limestone can be determined
in various ways. The problem can be approached
using both stratigraphic and tectonic methods.

Stromatoporoids may serve to determine the ori-
entation of rocks in various ways. Together with other
sessile benthic organisms, e.g. tabulate and rugose
corals, the synsedimentary orientation of the deposits
may be determined on the basis of the growth direc-
tion of in situ specimens (e.g., Hodges and Roth
1986). In the case of stromatoporoids several prob-
lems arise, because the stromatoporoids often change
growth direction during their development, which on
the one hand makes the determination more compli-
cated, but on the other, opens up the opportunity for
proposing a wider range of alternative suggestions.

The systematic position of the Stromatoporoidea
is still a subject of controversy (cf. Stearn et al. 1999;
Kazmierczak 2003). Regardless of the interpretation,
as has been several times indicated in numerous pa-
pers (e.g., Stearn 1993; Wood 1990, 1991; Stearn and
Picket 1994; Swan and Kershaw 1994; Kazmierczak
1976, 1980; Kazmierczak and Kempe 1990), stro-
matoporoids had flexible growth habits and were ca-
pable of developing a wide variety of growth forms
that seem to be largely dependent on the range of dif-
fering sedimentary conditions. Stromatoporoid mor-
phometric features are therefore interpreted in terms
of various palaeonvironmental factors. One of the
stromatoporoid features that can be interpreted in such
terms is the growth orientation — the direction of con-
secutive growth stages in relation to the basal surface.
Among the factors determining stromatoporoid
growth direction are: directional water flow (see
below), competition, directional light and nutrient sup-
ply, as well as the inclination of the substrate on which
the specimens grew. The last one is the most important
factor in the context of this paper.

The type of initial surface of stromatoporoids is
dependent mainly on the substrate consistency. Stro-
matoporoid preferences for substrate type have been
discussed by Kano (1990); however, his terminology
and approach has been criticised by Kershaw (cf. Ker-
shaw 1991, Kano 1991). Generally it may be assumed
that the basal surface of the stromatoporoid coincided
with the sea bottom, although examples of cavities be-
neath stromatoporoid skeletons occupied by cryptic
fauna are known (Kershaw 1980, Kershaw et al.

Anchor

Encrusting

Text-fig. 3. Stromatoporoid initial surfaces

2006). The basal (or initial) surfaces adopt various
outlines that Luczynski (2003) has distinguished into
three main types — flat, initial elevation and anchor
(Text-fig. 3). Encrusting specimens are treated as a
separate group, in which the outline of the basal sur-
face drapes directly over the top of the foreign body
(Text-fig. 3). Only in the case of a flat base can the
initial surface of a stromatoporoid be assumed to be
parallel to the sea-bottom surface. In the cases of an
initial elevation or an anchor, the discrimination be-
tween the basal surface and the sides of the skeleton
can be made based on the arrangement of the latilam-
inae. In these cases, a straight line between the two ex-
treme limits of the basal surface as seen in cross
section represents the basal dimension (D) and can be
treated as an approximation to the average surface of
the sea bottom (see Luczynski 2005).

Among stromatoporoid attributes considered to have
environmental significance are: the shape profile of the
whole skeleton and the profile of the living surface
above the sea bottom (Text-fig. 4). The latter is defined
as the growth form. These two attributes differ distinctly
in those specimens that are characterized by a high bur-
ial ratio (BR), describing how large a part of the skele-

Shape Growth form

Text-fig. 4. Shape of the skeleton and growth form (living surface
profile) of a stromatoporoid specimen
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Text-fig. 5. Erect and semi-buried stromatoporoids. The ascription of a stromatoporoid to one of these categories is based on the arrangement of

the latilaminae — enveloping and non-enveloping. Semi-buried stromatoporoids display two characters of the upper surface — ragged and smooth

ton was hidden beneath the sediment during consecu-
tive growth stages (see Luczynski 2006). The relation-
ship of a growing stromatoporoid to the sediment that
accumulated around it can be reconstructed by tracing
the arrangement of the latilaminae and the character of
the upper surface of the skeleton (Text-fig. 5). An en-
veloping arrangement is where each successive latilam-
ina covers (or envelops) the preceding latilamina of the
skeleton, as opposed to the non-enveloping arrangement,
where the marginal part of the preceding latilamina is

uncovered by the succeeding latilamina There are two
basic types of a non-enveloping arrangement. The first
occurs where successive latilaminae extend over the sed-
iment, giving the skeleton a ragged appearance (non-en-
veloping/ragged). The second type occurs where the
consecutive latilaminae extend to the lateral margins of
the skeleton but only partially overlap each preceding
latilaminae (non-enveloping/smooth).

In the first two cases (enveloping and non-en-
veloping/ragged) the external limits of a selected latil-

Text-fig. 6. Schematic drawings of selected types of stromatoporoid growth depending on the growth mode and dynamics of sediment accumula-

tion; A, B — erect specimens with enveloping arrangements of latilaminae that grew during suspended (A), or limited and stable sediment supply (B),

C — a semi-buried specimen with a smooth upper surface that grew during fast, but stable sediment supply, D — a semi-buried specimen with mixed

arrangement of latilaminae that grew during punctuated sediment supply, E, F — asymmetric semi-buried specimens that grew during sediment

supply from one direction, G, H — semi-buried specimens with a ragged upper surface that grew in conditions of unstable rates of sediment supply
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amina mark the position of the sediment surface at the
moment of its formation. The enveloping varieties
could develop only with very limited sediment sup-
ply. The non-enveloping/ragged forms suffered re-
peated partial burial of the marginal parts of their
upper surfaces. Such specimens, although their skele-
tons could adopt various shapes, including high profile
varieties, usually had a low profile of growth form at
every latilamina stage of its growth. In the case of the
non-enveloping/smooth forms, the exact relationship
between the arrangement of the latilaminae and the
surrounding sediment remains uncertain — whether
they grew as sediment gradually accumulated, or
whether they grew up as erect columns that were sub-
sequently buried by sediment. Luczynski (2003) has
presented specimens with overall smooth upper sur-
faces, which include minor raggedness, and small sed-
iment increments between the latilaminae. Young and
Kershaw (2005) noticed that most latilaminae visible
within stromatoporoid skeletons pass laterally into
sediment incisions at ragged margins, and concluded
that latilaminae are not real density growth bands, but
instead represent growth-interruption banding. This
indicates that the mode of life of non-enveloping stro-
matoporoids with both ragged and smooth surfaces
were rather similar in terms of gradual sediment cov-
erage during their skeletal growth.

Stromatoporoids could adopt various arrange-
ments of the latilaminae according to the sedimentary
conditions, showing different growth phases, or even
different arrangements on either sides of the same
latilamina (see Luczynski 2006, text-figs 9-11
therein). Some different styles of growth depending
on the growth mode and the dynamics of sediment ac-
cumulation are presented in Text-fig. 6. Similar shapes
were obtained by computer modelling of stromato-
poroid skeletal growth (Swan and Kershaw 1994).

For the purposes of this paper two basic growth
modes are recognized. The erect forms are here con-
sidered to be those specimens that show an enveloping
arrangement of the latilaminae and thus are charac-
terised by a low burial ratio (BR). Such forms grew as
erect columns on the sea bottom (Text-fig. 5). The
semi-buried forms are here regarded as those speci-
mens that show a non-enveloping arrangement of the
latilaminae (Text-fig. 5). They are characterised by a
high burial ratio, which indicates that a substantial part
of the skeleton was buried under the sediment surface
during its consecutive growth stages. There is a whole
range of intermediate varieties between these two
modes, and an ideal example of the enveloping
arrangement of latilaminae throughout the whole
skeleton is rare. The ascription of a particular speci-

Text-fig. 7. Stromatoporoids with curving growth directions.

Dashed lines (in white) mark the main growth directions of

the three specimens. White scale bars are 2 cm long. Photo-

graphs of polished cross sections of specimens collected from

the debris lying on the lowermost level of the Kadzielnia
quarry
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men to an erect form had therefore to be made by
means of the prevailing enveloping arrangement.

Generally, the growth axes of the stromatoporoids
that mark the direction of the maximum growth (see
Luczynski 2005) are perpendicular to the skeletal
bases. The growth axis, however, is not always
straight (Text-fig. 7; see also examples in Luczynski
20006). In the case of asymmetrical shapes the growth
axis changes its direction. Previously this asymmetry
was interpreted mainly as a result of directional water
flow, e.g. bottom currents (Broadhurst 1966, Kapp
1974). Contradictory interpretations have been pre-
sented; one assuming that the curvature of the speci-
men is towards the direction of water flow from which
the nutrients were derived (Broadhurst 1966), and the
other assuming that the “windward” side of the skele-
ton tends to be buried by sediments brought with the
current, which results in growth mainly towards the
“leeward” side, and in curvature of the growth axis
away from the direction of current flow (Kapp 1974).
Most probably under different sedimentary conditions,
and particularly where the supply of loose material is
varied on the sea bottom, both interpretations may be
correct. Such asymmetry, when observed in numerous
simultaneously living, neighbouring specimens, may
help in determining the dominant directions of water
flow.

Directional water flow was, however, not the only
cause of asymmetrical stromatoporoid growth. An-
other important factor was the inclination of the sub-
strate on which the specimens grew. The stromato-
poroids representing the two growth modes responded
differently to this factor, as a consequence of differ-
ent intensity of the sediment coverage. Semi-buried
specimens grew in direct contact with the sediment
surface, and therefore every latilamina (set of latilam-
inae) followed the outline of the sea bottom. The basal
surface of the skeleton, as well as every other latilam-
ina, remained therefore roughly parallel to the sedi-
ment surface, and the main growth axis remained
perpendicular to it, even on slopes (Text-fig. 8A).
Erect specimens, after the initial stage, in which they
may resemble their semi-buried counterparts, tended
to change their growth axis to the vertical direction.
In the case of stromatoporoids growing on inclined
surfaces this resulted in gradual change in the direc-
tion of the main growth axis, leading to the develop-
ment of asymmetrical shapes (Text-fig. 8B). The
curvature of the skeleton depended on the inclination
of the slope.

The differences in growth directions between the
erect and semi-buried specimens on inclined surfaces
allow reconstruction of the inclination of palaecoslopes

Text-fig. 8. Erect and semi-buried stromatoporoids growing on flat

and inclined surfaces. A — semi-buried specimen. B — erect specimen.

C — erect and semi-buried specimens growing on an inclined deposi-

tional surface. D — erect and semi-buried specimens in tectonically
inclined strata

and, more generally, offer the possibility of decipher-
ing the palaeotopography of the basin. The proposed
method, as with all morphometrical approaches to
stromatoporoids, has to be based on a statistical study
of large numbers of specimens, as drawing conclu-
sions based on single specimens may be misleading.

Several methods of approach were applied here:

— Different growth directions (directions of main
growth axes) in the terminal growth phases of erect
and semi-buried specimens indicate inclination of
the surface on which the stromatoporoids grew. The
angular difference between the two growth direc-
tions may be treated as an approximation to the
slope inclination (Text-fig. 8C);

— Asymmetric erect specimens inclined in the same
direction point to the inclination of the slope on
which the stromatoporoids grew;

— The same growth direction of erect and semi-buried
specimens indicates that the stromatoporoids grew
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on a horizontal area of the sea floor. If in the out-
crop the specimens are uniformly inclined, this in-
dicates post-sedimentary tilting of the deposits
(Text-fig. 8D);

—In the case of large bodies of massive limestones,
such as an unbedded organic buildup, variations in
the orientation of semi-buried specimens and varia-
tions in the asymmetry of erect forms in various
parts of the buildup can help in reconstructing the
outline of such a body;

— Variations in the relative abundance of erect and
semi-buried forms in the different facies zones re-
flect the existing differences in sedimentary condi-
tions.

MATERIALS AND METHODS

The basic morphometric features of the stromato-
poroids from Kadzielnia were earlier described by the
author (Luczynski 1998) and compared with those
from other selected localities in the HCM (Karwéw
and Sitkowka-Kowala quarries). The features then
taken into account were: shape, dimensions and sur-
face character. The assemblage studied consisted of
low and high domical specimens with smooth and
ragged surfaces. All the specimens occupied in situ
positions and show no evidence of redeposition (over-
turning, breakage etc).

The assemblage of massive (non-dendroid) stro-
matoporoids described from the Kadzielnia Limestone
Member is very rich and comprises the following
species after Kazmierczak (1971, 2003): Actinostroma
crassepilatum (Lecompte), Anostylostroma pondero-
sum (Nicholson), Pseudostromatoporella damnonien-
sis (Nicholson), Pseudostromatoporella huronensis
(Parks), Stictostroma sociale (Nicholson), Stic-
tostroma kolymense (Yavorsky), Stromatopora
cooperi (Lecompte), Stromatopora undata (Riabinin)
and Stromatoporella mudlakensis (Galloway). Acti-
nostroma is by far the most common. Similarly as with
most other species, its skeletons display a wide range
of shapes, termed by Kazmierczak (2003) lamellar
(tabular), bell-shaped and bulbous, which correspond
respectively to laminar, domical and bulbous of Ker-
shaw and Riding (1978) and Luczynski (2005), and
which fall into both the erect and semi-buried growth
modes.

The present study focuses on stromatoporoid
growth orientation and draws less attention to their
exact shapes, discriminating only the erect and semi-
buried forms. Therefore, the analysis could include
many specimens that were previously (Luczynski

1998) considered as not fulfilling all the required
measurement preconditions. All specimens that show
readable orientation on a roughly vertical section were
taken into consideration. Because the abandoned
Kadzielnia Quarry is now a natural reserve the inves-
tigation could only be made on already existing verti-
cal (or close to vertical) rock walls. A total number of
317 stromatoporoids has been investigated, consisting
of 196 semi-buried forms and 121 erect forms.

The stromatoporoids occur in the following four
areas representing various parts of the Kadzielnia Lime-
stone and its bedded stromatoporoid-bearing equiva-
lents cropping out within the quarry (Text-fig. 9):

A) bedded facies on the slopes of the “Monument”
rock and at the foot of the “Skatka Geologow”
rock;

B) faintly bedded and unbedded facies of the “Skatka
Geologow” rock;

C) massive Kadzielnia Limestone close to the north-
ern entrance to the quarry (central part of the
Kadzielnia buildup);

D) massive Kadzielnia Limestone in the central part
of the quarry, close to the boundary with detrital
limestones (peripheral parts of the Kadzielnia
buildup).

The stromatoporoid assemblages from the four
areas have been compared in terms of growth mode
and orientation.

The stromatoporoid growth orientations have been
studied on rock walls of 17 selected sections (Text-fig.
9). The general azimuths of these study sections have
been measured and categorized into four groups:

I. Sections 1-4 — azimuth 158-176,

II. Sections 5-9 — azimuth 45-64,

III. Sections 10-13 — azimuth 83-93,

IV. Sections 14—17 — azimuth 120-141.

The stromatoporoids exposed on rock walls with
various azimuths present different cross-sections re-
lated to the tectonic orientation of the rocks and to
their facies boundaries. Sections belonging to group I
are particularly useful, as their azimuth is roughly per-
pendicular to the boundaries between the main Frasn-
ian facies units cropping out in the quarry. Other
section groups provide cross sections that are more or
less perpendicular to the strike of the rocks in various
parts of the quarry. Sections 1 and 2, which belong to
group I, extend between two facies areas (C and D).
All the other sections are restricted to just one facies
area (Text-fig. 9).

The strike and dip of the stromatoporoid-bearing
Frasnian facies vary greatly within the quarry, but the
values are relatively uniform in each of the three seg-
ments (blocks) shown in Text-fig. 9: the eastern seg-



328 PIOTR LUCZYNSKI

ment, in which the strata dip at an angle of 35-40°
along strike ca. 170°; the central segment, in which
the strata lie roughly horizontally, and the western seg-
ment, with strata dipping at a low angle (5-10°) west-
wards along strike ca. 15°. Within particular segments
the tectonic orientation of the Frasnian varies only in
limited ranges and can be treated as uniform. The seg-
ments are separated by roughly meridional fault zones
(Czarnocki 1958, pl 8). The sections studied (1-17)
were selected so as not to cross the fault zones sepa-
rating the segments.

Stromatoporoid growth orientation is described by
the inclination of its basal surface seen in cross-section
and by the orientation of its main growth axis. Be-
cause of the irregularity of the rock walls, and the dif-

ficulties in finding ideal vertical cross sections, all an-
gles were measured to an accuracy of 5° and ex-
pressed in 5° classes.

Commonly the basal surface of a stromatoporoid is
not flat (Text-fig. 4). In such cases it is approximated
by a straight line joining the two limits of the basal sur-
face along which the basal dimension (B) is measured.
The o angle reflects the inclination of the basal surface
from horizontal (Text-figs 10, 11). The growth axis of
the stromatoporoid is also not always a straight line (see
Text-fig. 7). Each stromatoporoid skeleton has there-
fore been divided into three growth stages, roughly
equal in terms of height, and the orientation of the
growth axis has been measured separately for the initial
and the terminal one-third. The f; and B, angles de-

e, Quiarry walls
| ST —— i Study sections
— — 80185 20NES boundares

Main faults

Monument\Rock

+ (15/5-10w) é
Western Segment entral Segment \ Eastern Segment

\- (170135-40E)

Text-fig. 9. Frasnian stromatoporoid-bearing facies zones in the Kadzielnia Quarry and location of sections (1-17), along which the stromatoporoid

measurements have been made
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S (E)
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Text-fig. 10. Growth orientation measurements made on a vertical cross-section of an erect curving stromatoporoid and the way of presenta-

tion of the results on rose diagrams. o — inclination of the averaged basal surface from the horizontal, £; and /8, — inclination of the initial and

final one-third of the growth axis of the specimen from the vertical respectively. All measurements are made to an accuracy of 5°

scribe the inclinations from the vertical of the initial and
the terminal one-third of the growth axis respectively
(Text-figs 10, 11). If B, and B, fell into different 5°
classes, both results were presented, and if into the same
class, the inclination was given by the mean value (and
referred to as f). The difference between [3; and B, re-
flects the curvature of the growth axis. The curvature
directions are termed “towards the vertical” (when
B,<p,;) and “away from the vertical” (when 3,>f)).
Stromatoporoids on rock walls are seen in cross-
sections, and so the strike of their basal surfaces could
not be determined. Therefore, the cross-section of the
basal surface represented by a straight section (B pa-
rameter of Kershaw and Riding (1978)) was treated as
a linear feature, similarly as were the sections ap-
proximating growth directions in various growth
stages. In such cases the apparent leftward/rightward
inclination of particular lines seen in a vertical cross
section of the rock wall was measured. However, to

avoid confusion, as the walls representing the same
azimuth group are exposed on opposite sides of the
quarry (e.g. section 5 and 6; see Text-fig. 9), the incli-
nations are expressed in terms of four basic geo-
graphical directions. Collective data are presented on
rose diagrams (Text-figs 12—-15).

Apart from the growth orientation studies new ob-
servations are presented on the distribution of various
stromatoporoid growth forms within the organic buildup
and in the bedded stromatoporoid-bearing facies.

RESULTS OF MEASUREMENTS
Growth orientation
Measured growth orientations are presented sepa-

rately for each azimuth group (I-1V). Exact numbers
of analyzed specimens in particular azimuth groups
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Text-fig. 11. Examples of curving stromatoporoids from area D (sections 1 and 2). Orientation as seen on rock walls. o — inclination of the surface

from horizontal, #; and /3, — inclination of particular segments of the growth axis from the vertical.

and facies areas (A-D) are presented in rose diagrams
(Text-figs 12—15).

Group L. Sections 1 to 4 of this group cover all the fa-
cies areas (A—D) and are located within the eastern
and central segments of the quarry (Text-fig. 9). Re-
sults from sections 1 and 2 are particularly important
as they reveal the different patterns of stromatoporoid
growth orientation in various parts of an organic
buildup.

In area C (sections 1 and 2), which represents the
central part of the organic buildup, the apparent ori-
entation of the basal surfaces (a) of the stromato-
poroids is roughly horizontal, with a slight (0-5°)
mean inclination to the south for both the erect and the
semi-buried forms (Text-fig. 12A, B). The average
stromatoporoid growth direction is roughly vertical
(mean inclination 0-5°S), and no distinct difference
can be seen between the erect and semi-buried forms
(Text-fig. 12C, D). Most erect forms show no curv-

ing. The few (four) erect stromatoporoids that revealed
changes of growth orientation are curved towards the
vertical. Comparison of data from sections 1 and 2,
which are located on different levels of the quarry,
show that the stromatoporoids from the lower level
(section 2) show slightly more uniform growth direc-
tions, whereas more common curving is observed on
the upper level (section 1), which yields all four erect
specimens in this area with a distinct curvature (>5°)
of the growth axis.

Distinctly different results were obtained from area
D (sections 1 and 2), which represents the peripheral
parts of the buildup. The basal surfaces of the stro-
matoporoids are distinctly inclined to the south. The a
parameter ranges between 10° and 35°S, and is gener-
ally slightly higher for the semi-buried forms than for
the erect counterparts (Text-fig. 12E, F). The growth
orientation (f) of semi-buried forms falls between 5°
and 30°S (Text-fig. 12G). All but one erect specimens
show evident curving towards the vertical. The S, pa-
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rameter, which reveals the growth direction in the ini-
tial growth phase, ranges between 5° and 30°S (Text-
fig. 12H), which is the same as the range for the
semi-buried forms (Text-fig. 11G). In contrast, the £,
parameter, which describes the growth direction of erect
forms in the terminal growth stage, falls between 0° and
15°S (Text-fig. 121). The change of growth direction of
individual specimens varies between 5° and 25°.
Sections 3 and 4, both located in the central sec-
tion of the quarry, but representing respectively areas
B and A, offered only a small number of measurable
stromatoporoids, and were therefore shown together

Sections 1-4

Orientation key

Area C (sections 1, 2)

in spite of the fact that they belong to different facies
areas. The basal surface of both erect and semi-buried
forms is mostly horizontal (Text-fig. 12J, K) or in-
clined slightly south. The growth direction of the two
growth types is close to vertical (Text-fig. 12L, M).
Erect forms show no distinct changes in growth di-
rection.

Group II. Sections 5-9 of this group cover areas A
and B and are all located in the western segment of
the quarry. The cross-section is oblique to the strike
of the strata (Text-fig. 9).

. . . |

« of semi-buried forms
n =52, mean = (0-5*)S

a of erect forms
n = 16,mean = (0-5")S

Area D (sections 1, 2)
E . F l G
a of semi-buried forms

n =32, mean = (15-20)*S

a of erect forms
n =37, mean = (15-20)*S

Areas A and B (sections 3, 4)
. . |
a of erect forms

n=7, mean = (0-5)"S

a of semi-buried forms
n =9, mean = (0-5)*S

[ of semi-buried forms
n =52, mean = (5-10°)S

¥ of semi-buried forms
n =32, mean = (15-20°)S

b of semi-buried forms
n =9, mean = (0-5)°S

pp of erect forms
n =12, mean = (0-5*)S

3, of erect forms
n =37, mean = (15-20)*S

[3. of erect forms
n = 37, mean = (5-10)*S

|4 of erect forms
n =7, mean = (0-5)*

Text-fig. 12. Results of stromatoporoid growth orientation measurements. Sections 1-4 (Group I). a — basal surface inclination from the hori-

zontal; f (f;, f,) — growth axis inclination from the vertical. Apparent leftward and rightward inclinations on rock-walls are expressed in terms

of basic geographical directions (N-S)
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The orientation of the basal surface (), is uni-
form for erect and semi-buried specimens and in both
facies areas (A and B). In area B (section lines 5 and
6), representing mostly the unbedded facies, the o pa-
rameter of the semi-buried forms ranges between 0°
and 10°W (Text-fig. 13A), and the f parameter falls
between 10°W and 5°E (Text-fig. 13C). Only four
erect specimens were found in this area to lack any
distinct curving of the growth direction, with growth
axes remaining roughly perpendicular to the bases.
The o parameter of these forms falls between 0° and
5°E (Text-fig. 13B) and p ranges between 5°W and
5°E (Text-fig. 13D). A similar pattern occurs in area
A, represented mostly by faintly bedded facies (sec-
tions 7-9), where the o parameter falls between 0°
and 15°W for the semi-buried forms (Text-fig. 13E),
and between 0° and 10°W for the erect forms (Text-
fig. 13F). In this area the erect specimens show no
changes in growth directions, and their growth, sim-

Sections 5-9

Area B (sections 5, 6)
: B

l >

o of semi-buried forms
n = 14, mean = (0-5)*W

« of erect forms
n =4, mean = (0-5)*"W

Area A (sections 7-9)

l m
. m
3 T

« of semi-buried forms
n =22, mean = (5-10)*W

o of erect forms
n =10, mean = (5-10)*W

[ of semi-buried forms
n =14, mean = (0-5)"W

f3 of semi-buried forms
n =22, mean = (0-5)"W

ilarly as in the case of their semi-buried counterparts,
remained roughly perpendicular to the basal surface,
with f ranging between 0° (vertical) and 10°W (Text-
fig. 13G, H).

Group IIL Sections 10—-13 of this group are within
areas A and B and located in the western and central
segments of the quarry (Text-fig. 9). In the western
segment (sections 10 and 11) the cross-section is
close to perpendicular to the average strike of the bed-
ded strata.

Area B (mainly unbedded facies) is represented by
only one section (section 10) located within the west-
ern segment of the quarry (Text-fig. 9), which yielded
only ten semi-buried stromatoporoids. The basal sur-
faces of the specimens are generally inclined to the
west with « values ranging between 5° and 20° (Text-
fig. 14A). The f parameter falls between 0° and 15°W
(Text-fig. 14B).

[# of erect forms
n =4, mean = (0-5)"W

[3 of erect forms
n =10, mean = (0-5)"W

Text-fig. 13. Results of stromatoporoid growth orientation measurements. Sections 5-9 (Group II). a — basal surface inclination from the hori-

zontal; (B}, ) — growth axis inclination from the vertical. Apparent leftward and rightward inclinations on rock-walls are expressed in terms

of basic geographical directions (W-E)
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Sections 11-13 in area A (bedded facies) yielded
both erect and semi-buried forms that exhibit ap-
proximately similar patterns. Section 11 covers the
western segment (Text-fig. 9). The basal surfaces are
slightly inclined to the west, with the a parameter
ranging between 5° and 20° for the semi-buried

Sections 10-13

forms, and between 0° and 15° for the erect forms
(Text-fig. 14C, D). The semi-buried specimens grew
perpendicularly to their basal surfaces with £ values
falling between 0° and 15°W. Seven of the nine erect
specimens grew in a constant direction, with  values
between 0° and 10° to the west. The other two stro-

Orientation key

Area B (section 10)
A f

B

« of semi-buried forms
n =10, mean = (10-15)°"W

[3 of semi-buried forms
n =10, mean = (5-10)"W

Area A, western block (section 11)
D

o of erect forms
n =9, mean = (5-10)*W

o of semi-buried forms
n =17, mean = (10-15)°W

Area A, central block (sections 12-13)

G l H l

« of semi-buried forms
n =8, mean = (0-5)°E

i of semi-buried forms
n =8, mean = (0-5)°E

[ of semi-buried forms
n=17, mean = (5-10)"W

jp of erect forms
n =9, mean = (0-5)°W

Text-fig. 14. Results of stromatoporoid growth orientation measurements. Sections 10—13 (Group III). & — basal surface inclination from the hori-

zontal; (£, f,) — growth axis inclination from the vertical. Apparent leftward and rightward inclinations on rock-walls are expressed in terms

of basic geographical directions (W-E)
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matoporoids revealed curving of the growth direction
towards the vertical. Sections 12—13 intersect the cen-
tral segment of the quarry. These cross-sections
yielded only eight semi-buried specimens with hori-
zontal basal surfaces and vertical growth axes (Text-
fig. 14G-H).

Group IV. Sections 14—17 of this group cover areas
A and B in the western and central segments of the
quarry (Text-fig. 9). In the western segment the cross-
section is close to perpendicular to the mean strike of
the strata.

Section 14, intersecting the unbedded facies
(area B), yielded only seven erect and eleven semi-
buried forms. The basal surfaces of the stromato-
poroids belonging to both groups are uniformly
inclined to the west, respectively at angles 0-20° for
the semi-buried and 0—-15° for the erect varieties
(Text-fig. 15A, B). The erect specimens are slightly
curved towards the vertical, with their £; values
ranging between 5° and 15°W (which is comparable
with the values of their semi-buried counterparts (0—
15°), and f, falling between 0° and 10°W (Text-fig.
15C, D, E).

Sections 15—-16 expose the bedded facies (area A)
in the western segment of the quarry. Both the erect
and semi-buried forms show a similar westward incli-
nation of their basal surfaces — 0—15° (Text-fig. 15F,
Q). The erect forms show no distinct curving of their
growth directions. The main growth axes remain
roughly perpendicular to the basal surfaces, ranging
between 0° and 10°W for both erect and semi-buried
forms (Text-fig. 15H, I).

Section 17, located in the central segment, yielded
only four semi-buried stromatoporoids with roughly
horizontal basal surfaces and vertical growth direc-
tions (Text-fig. 15 J, K).

Distribution patterns

The erect and semi-buried specimens reveal dif-
ferent distribution patterns throughout the various sub-
facies of the Kadzielnia Limestone cropping out in the
quarry. The semi-buried forms are generally abundant
in all the facies areas (A—D). In contrast, the erect
forms seem to occur mainly in the unbedded bioher-
mal facies (B—D). Particularly rich in erect forms is
area D, representing the peripheral parts of the
Kadzielnia buildup close to its boundary with the de-
trital limestones. In this area most of the erect speci-
mens show distinct curving of their growth direction.
The bedded facies yielded relatively few erect stro-
matoporoids.

INTERPRETATION OF THE MEASUREMENTS
AND DISCUSSION

Variability of stromatoporoid growth directions in
different parts of the organic buildup (sections 1-
2, areas C and D).

The most interesting results are those obtained
from sections 1 and 2 intersecting the massive stro-
matoporoid-coral limestones forming the Kadzielnia
buildup (Text-figs 9, 16). The sections run through two
facies areas — C and D, which represent different parts
of the buildup — the central zone and the flank respec-
tively. Comparison of the results from sections 1 and
2, which are located close to each other and parallel,
and on two levels of the quarry (Text-fig. 16), also al-
lows observation of the differences in distribution pat-
terns and growth directions in a vertical profile.

In area C (central part of the buildup) the orienta-
tions of the basal surfaces and the growth directions of
the erect and semi-buried forms reveal a similar pat-
tern. In both cases a slight southward inclination is ob-
served (Text-fig. 16). Both the  and 8 parameters fall
into relatively narrow ranges and the growth direction
of most erect forms did not change significantly dur-
ing their growth. All of these observations suggest that
the stromatoporoids grew on a generally flat substrate.
The observed slight southward inclination may either
reveal a gentle slope or, more probably, incorporation
of the specimens from an area close to the boundary
with area D, where the slope of the buildup com-
mences. This latter consideration is also supported by
the four erect specimens in section 1 (upper level),
which reveal distinct curving of the growth direction
towards the vertical.

Although the two facies areas (C and D) reveal gen-
eral similarity in facies of massive stromatoporoid-coral
limestones, they differ in the relative abundances of the
two growth forms and in their growth directions. In area
D the basal surfaces of both the erect and semi-buried
forms are steeply inclined to the south (Text-fig. 16). The
Frasnian in the eastern segment of the quarry intersected
by sections 1 and 2 is tilted at an angle of ca. 35-40°E,
but this dip direction is perpendicular to the direction of
the sections studied and therefore does not influence the
northward/southward inclinations. The mean growth di-
rections of stromatoporoids are not perpendicular to the
bases, but reveal curving towards the vertical. The same
is also indicated by comparison of the growth directions
in particular growth stages of the erect forms — 3; and (3,
(Text-fig. 12H, I). The mean change of growth directions
between the initial and the terminal growth stages in this
group is 10°. In their terminal stage the erect stromato-
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poroids grew almost vertically (Text-fig. 16). Further-
more, the ranges of both the a and f parameters are dis-
tinctly wider in area D than in area C.

The features described for area D correspond to
what may be expected on a slope (Text-fig. 8C). The
basal surfaces generally coincide with the slope incli-
nation. The relatively wide range of the a parameter in
this area for both the erect and semi-buried forms
probably reflects the irregularity of the flanks of the
buildup. Also the curving of the erect forms towards

Sections 14-17

Orientation key

Area B (section 14)
A ' B c

« of semi-buried forms
n =11, mean = (5-10)"W

o of erect forms
n=7, mean = (5-10)*W

Area A, western block (sections 15-16)

F . G . H

« of semi-buried forms
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a of erect forms
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Area A, central block (section 17)

J K .

[ of semi-buried forms
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n=4, mean=0"

¥ of semi-buried forms
n =11, mean = (5-10)*W

|} of semi-buried forms
n =27, mean = (0-5)*"W

the vertical is indicative of the slope inclination — the
greater the curving the steeper the slope. The same
may be concluded from differential growth directions
of the erect and semi-buried forms in their terminal
growth stage. The suggestion that the stromatoporoids
in Kadzielnia grew on a sloping bottom was also made
by Kazmierczak (1971), who considered tabular skele-
tons provided better stability in such a setting.

The differences between the data obtained from
areas C and D result from the different positions of the

o
m

j3. of erect forms
n=7, mean = (0-5)°

i, of erect forms
n =7, mean = (5-10)*

[ of erect forms
n =18, mean = (0-5)"W

Text-fig. 15. Results of stromatoporoid growth orientation measurements. Sections 14—17 (Group IV). a — basal surface inclination from the

horizontal; § (8,, f,) — growth axis inclination from the vertical. Apparent leftward and rightward inclinations on rock-walls are expressed in

terms of basic geographical directions (W-E)
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Text-fig. 16. Stromatoporoid growth directions in particular parts of the organic buildup. Limit of the Kadzielnia Limestone simplified, after
Szulczewski (1971). a — basal surface inclination from the horizontal; 5 (f;, f,) — growth axis inclination from the vertical. Apparent leftward
and rightward inclinations on rock-walls are expressed in terms of basic geographical directions (N-S)

two areas within the organic buildup. The curving of Quarry in the HCM), rapid growth enabling outgrowth
the erect specimens and the different growth directions of other metazoans, and growth forms resembling
relative to their semi-buried counterparts in area D those of living zooxanthellate corals.
suggests that the non-horizontal orientation of the The above-described patterns of growth directions,
basal surfaces of the stromatoporoids is an original and particularly the growth mode of asymmetrical
growth feature, and is not the result of later tectonic or erect specimens which curve the growth axis towards
gravitational changes in the orientation of the strata. the vertical, support these suppositions. Phototrophy
The stromatoporoid orientations in area D generally would also be in accordance with the cyanobacterial
coincide with the inclination of the upper boundary of interpretation of stromatoporoids (Kazmierczak 1976,
the Kadzielnia stromatoporoid-coral limestones at 1980, Kazmierczak and Kempe 1990).
their contact with the detrital limestones as seen on the
eastern wall of the quarry, which is 11° to the south. Distribution of erect and semi-buried forms in var-
The mean palaeoslope inclination, as revealed by stro- ious facies areas (all sections and areas)
matoporoid orientation measurements, is even slightly
greater (Text-fig. 16). It is possible that the flank of Generally in the Kadzielnia buildup the semi-
the buildup changed its inclination and became buried stromatoporoids are more abundant than the
slightly steeper in the course of its growth. erect forms. The most common shape in the studied
The stromatoporoids lack direct evidences of pho- sample is low domical with a ragged surface, which
tosensitivity (no photoresponsive tissue has yet been is interpreted as characteristic of a setting with a high,
identified). Their internal banding patterns reveal at- but intermittent depositional rate on a rather soft sub-
tributes that differ from the density banding features strate (Luczynski 1998). The bottom surface was also
(Young and Kershaw 2005). Some authors, however, postulated to be rather soft by Kazmierczak (1971),
have considered that stromatoporoids acted photosen- with some specimens developing central under sur-
sitively or contained photosynthetic endosymbionts face parts that apparently plunged downward under
(Coates and Jackson 1987, Brunton and Dickson their weight into the unstable sediment.
1994, Wood 1999). Indirect arguments to support this The above description is correct for almost all the
thesis are: large dimensions of stromatoporoids in selected facies areas and sections studied, with one im-
shallow water environments, reaching diameters of up portant exception — in area D (sections 1 and 2). In this
to several metres (cf. Racki and Sobstel (2004), who zone the erect specimens are abundant and outnumber
described a specimen with a diameter of at least 8.5 their semi-buried counterparts. The relative abundance

metres from the Early Frasnian from the Sluchowice of forms with enveloping latilaminae points to a lim-
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ited sediment input, enabling development of the soft
living tissue also on the lowermost located peripheral
parts of the skeleton. Apparently such a situation oc-
curred on a slope of the organic buildup that did not re-
ceive any sediment. In contrast, it is interesting that in
area C, which represents the central part of the
buildup, the erect specimens are relatively rare and the
non-enveloping arrangement of the latilaminae pre-
dominates. Consequently, it seems likely that during
the stromatoporoid growth area C was a place with a
high deposition rate. The distribution of the two
growth modes in area C does not follow any distinct
tendencies, but shows a rather patchy pattern. This re-
sembles the interpretation of Pajchlowa and Stasinska
(1965), who treated the faintly bedded stromato-
poroid-coral limestones exposed on the “Skatka Ge-
ologow” rock (area B herein) as a facies that contained
numerous small bioherms scattered on a micritic sur-
round rather than one large organic buildup.

The comparison of stromatoporoid growth modes
and growth directions from areas C and D reveals that
the massive stromatoporoid-coral limestones forming
the Kadzielnia buildup that crop out in the quarry rep-
resent two distinct zones. Area D, inhabited by nu-
merous erect stromatoporoids, represents a distinctly
inclined slope, while area C, with predominantly semi-
buried specimens, represents the inner part of the
buildup, which was characterized by a patchy array of
small internal bioherms scattered in a relatively soft,
perhaps even muddy surrounding, on a flat bottom.

The present reconstruction and particularly the
general lack of reworked and overturned stromato-
poroids support the earlier interpretations of a rela-
tively calm setting for the Kadzielnia limestones (e.g.,
Szulczewski 1971, Narkiewicz 1988). Both microfa-
cies and stromatoporoid features indicate a location
below the storm wave base. However, this setting, al-
though calm in terms of water turbulence, was punc-
tuated by periods of high sediment supply, as indicated
by the abundance of semi-buried stromatoporoids with
ragged margins. These episodes probably mark the
input of storm-derived sediment from adjacent shal-
lower areas, an interpretation which is in accordance
with the proposed position of the buildup on the slope
(Racki 1993) or at its foot (Narkiewicz 1988).

Stromatoporoid orientation in the central and
western segments of the quarry (sections 5-17,
areas A and B).

In the central segment of the quarry the stromato-
poroid-bearing rocks maintain a horizontal orientation
(Text-fig. 9). In all sections that intersect this segment

of the quarry the basal surfaces of both erect and semi-
buried forms are approximately horizontal (Text-figs
12], K; 14G and 15J). The growth of all forms is close
to perpendicular to their bases, and the erect speci-
mens follow the same growth direction throughout
their development (Text-figs 12L, M; 14H and 15K).
All this indicates that the stromatoporoids grew on a
near flat sedimentary surface. The only slight sloping
of the sea bottom may perhaps be suggested in sec-
tions 2 and 3 (Text-fig. 12J, M), in which a minor
mean southerly inclination of the stromatoporoids
basal surfaces occurs. These two sections are parallel
and proximal to sections 1 and 2, which cover area D,
where a slope distinctly inclined to the south has been
described (see above).

In the western segment of the quarry the sections
belonging to groups II-1V intersect the rocks at vari-
ous angles in relation to their dip and strike (Text-fig.
9). Closest to perpendicular to the strike are sections
14—16. The basal surfaces of the erect and semi-buried
stromatoporoids in this section are distinctly inclined
westwards. The inclination generally follows the dip
(Text-fig. 15A, B). The mean growth direction of the
semi-buried forms is perpendicular to their bases
(Text-fig. 12C), whereas the erect specimens show
curving towards the vertical during growth (Text-fig.
12D, E). This situation resembles that described in
area D, and indicates growth of the stromatoporoids
on a gentle slope. Section 14 runs through the faintly
bedded facies of the “Skatka Geologdéw” rock (area
B), which probably represent a flank of the buildup,
where the massive Kadzielnia limestones pass later-
ally into bedded biostromal facies that are slightly bent
upward in the immediate proximity of the buildup (cf.
Szulczewski and Racki 1981).

Section 14 is the only section intersecting the west-
ern segment of the quarry where a distinct curving of
the erect stromatoporoids is observed (plus 2 speci-
mens in section 11). Regardless of their azimuth, and
thus also regardless of their relation to the strike of the
rocks, all other sections intersecting the western seg-
ment of the quarry (belonging to groups II, III, and IV)
reveal distinct similarities in stromatoporoid growth.
In all of these, a westerly inclination of the stromato-
poroid basal surfaces is observed, generally following
the dip of the rocks (Text-figs 13A, B, E, F; 14A, C,
D and 15F, G), and in all cases where the erect and
semi-buried forms are present, they adopted a similar
growth direction (Text-figs 13C, D, G, H; 14 E, F and
15H, 1). These features correspond to the situation
sketched in Text-fig. 8D, indicating that the stromato-
poroids originally grew on a flat substrate inclined by
post-sedimentary tectonic processes.



338 PIOTR LUCZYNSKI

CONCLUSIONS

Detailed studies of stromatoporoid growth modes and
growth directions in the Kadzielnia Quarry allow the
following conclusions to be drawn:

— stromatoporoid growth directions hold the key to re-
constructing ancient topographical facies relation-
ships;

— erect stromatoporoids that grew on inclined surfaces
changed growth direction during their development;

— stromatoporoid growth directions and, particularly,
the growth mode of erect specimens support the sup-
position that the Palacozoic stromatoporoids grew
photosensitively.

Moreover, the analysis of the stromatoporoid as-
semblage from the Kadzielnia Limestone provides the
following observations about the character, orienta-
tion and palaeotopographic position of the organic
buildup exposed in the Kadzielnia Quarry:

—the inclined contact between the Kadzielnia stro-
matoporoid-coral limestones and the detrital lime-
stones exposed on the western wall of the quarry is
depositional (as postulated by Szulczewski 1995b),
and reflects the slope of an organic buildup,

— the Kadzielnia limestones cropping out in the quarry
are not uniformly developed. Instead, they represent
a sloping flank, and an internal zone with small bio-
herms scattered in a muddy surrounding,

— the Kadzielnia buildup developed in a calm water
setting below the storm wave base on a slope or at its
foot.
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