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Abstract

The Kostomłoty-Mogiłki succession is situated in the Kostomłoty transitional zone between the shallow-water Kielce 
stromatoporoid-coral platform and the deeper Łysogóry basin. In the Kostomłoty-Mogiłki quarry, the upper part of the 
Szydłówek Beds and Kostomłoty Beds are exposed. The Middle-Upper Frasnian Kostomłoty Beds are composed of sha-
les, micritic and nodular limestones with abundant intercalations of detrital limestones. The dark shales and the micritic 
and nodular limestones record background sedimentation. The interbedded laminated and detrital limestones reflect 
high-energy deposition (= event beds). These event beds comprise laminated calcisiltites, fine-grained calcarenites, co-
arse-grained grain-supported calcirudites fabrics, and matrix-supported calcirudites. The material of these event beds 
was supplied by both erosion of the carbonate-platform margin and cannibalistic erosion of penecontemporaneous 
detrital limestones building the slope of this platform. Storms and the tectonic activity were likely the main causes of 
erosion. Combined and gravity flows were the transporting mechanisms involved in the reworking and redeposition. 

Keywords: limestones, carbonate-platform slope, event beds, Upper Devonian, Holy Cross Mountains

Aleksandra Vierek

Source and depositional processes of coarse-grained 
limestone event beds in Frasnian slope deposits...

Introduction
The palaeogeographical pattern of the Give-

tian to Frasnian in the Holy Cross Mountains 
(HCM) in Poland (Fig. 1) is characterized by 
two distinct tectonic regions (Szulczewski, 
1971, 1977): the northern palaeolow in the 
Łysogóry region and the southern palaeohigh 
in the Kielce region. Later research (Racki, 
1993; Racki & Bultynck, 1993) identified a sep-
arate Kostomłoty transitional zone between 
the shallow-water Kielce stromatoporoid-coral 
platform and the broadly-defined Łysogóry 
basin deposits.

The Lower Devonian is represented by 
a complex terrigenous succession with a conti-
nental and shallow-marine facies (Szulczewski, 
1977, 1995). At the transition from the Early to 
the Middle Devonian, a marine transgression 
resulted in a decrease in siliciclastic sedimenta-
tion and in a variety of marine environments 
in the area now covered by the HCM. In the 
Kielce region, the biostrome-colonized plat-
form, characterizing the Givetian, evolved into 
a stromatoporoid-coral reef-rimmed platform 
complex (the Dyminy reef of Narkiewicz, 1988, 
or the Dyminy reef complex of Racki, 1993) as 
a result of the Early and Middle Frasnian IIb/c 
and IIc transgressions (global cycles of John-
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son et al., 1985; Racki, 1993). The Dyminy reef 
developed over the northern marginal zone of 
the extensive Kielce carbonate platform. The 
reef was surrounded by intra-shelf basins: 
the Chęciny-Zbrza Basin to the South and the 
Łysogóry-Kostomłoty Basin to the North (Szul-
czewski, 1995). The northern basinal area in the 
Givetian and Lower Frasnian consists of dark-
coloured marls and marly limestones defined 
as the Szydłówek Beds (= basinal facies of Szul-
czewski, 1971). These Szydłówek Beds reflect 
rhythmic, quiet hemipelagic deposition in the 
oxygen-depleted basin of the Kostomłoty tran-
sitional zone, sporadically affected by bioclas-
tic debris derived mainly from the evolving 
Kielce carbonate platform (Racki & Bultynck, 
1993). They underlie Middle to Upper Frasnian 
coarse-grained limestones and build a suc-
cession of slope deposits (= the Kostomłoty 
Beds), which reflect high-energy deposition. In 
the Upper Devonian, the northern Łysogóry-
Kostomłoty Basin received material that be-
came reworked from the Dyminy reef in the 

Kielce region and the carbonate shelf stretch-
ing out North-West of the Łysogóry facies 
(Szulczewski, 1968, 1971, 1995).

The study area

The village of Kostomłoty lies a few kilome-
tres NNW of Kielce in the NW part of the HCM 
(Fig. 1). The small, abandoned Kostomłoty-
Mogiłki quarry is situated on the eastern side 
of the Kostomłoty Hill, one of the hills where 
the Devonian carbonates are well exposed. 
The quarry is situated in the southern flank 
of the Miedziana Góra syncline whereas the 
Kostomłoty Hills show Frasnian outcrops of 
the axial part of the syncline. South of these 
hills, Givetian dolomites are exposed, while an 
unconformity representing the boundary be-
tween the Frasnian and the Zechstein occurs in 
the North (Szulczewski, 1981).

In the Kostomłoty-Mogiłki quarry, the upper 
part of the Szydłówek Beds and the Kostomłoty 

Fig. 1. Geographical, geological and palaeogeographical setting.
A – Location of the Holy Cross Mts. in Poland; B – Geological sketch map of the western part of the Holy Cross Mts. 
(after Szulczewski, 1971); C – Palaeogeographical pattern of the Givetian to Frasnian in the Holy Cross Mts. (after 
Racki, 1993) with the location of the Kostomłoty site.
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Beds are well exposed; they are partly strongly 
tectonically deformed. The Szydłówek Beds 
comprise the Lower Frasnian (the transitans 
Zone with Ancyrodella africana and A. pramosica: 
Racki et al., 2004). The Kostomłoty Beds range 
from the Middle Frasnian punctata Zone with 
A. gigas to the hassi s.l. Zone with A. curvata 
(fig. 10 in Pisarzowska et al., 2006) to the ?Up-
per Frasnian Early rhenana Zone (= gigas Zone 
of Szulczewski, 1971; see Ziegler & Sandberg, 
1990). The hemipelagic Szydłówek Beds are 
characterized by intercalations of dark-col-
oured marly shales, marls and nodular marly 
limestones. These beds contain brachiopods, 
tabulate corals, crinoid detritus and stylioli-
nids (Pisarzowska et al., 2006). 

The disappearance of marly shales and lime-
stone intercalations and the gradual introduc-
tion of fine-grained and laminated limestones 
and conglomerates mark the transition from the 
Szydłówek Beds to the overlying Kostomłoty 
Beds. The first thick (approx. 0.5 m: Racki et al., 
1985; Racki & Bultynck, 1993) conglomerate 
layer defines the base of the Kostomłoty Beds. 
Szulczewski (1981) subdivided the Kostomłoty 
Beds into six lithological units (A-F): (A) cal-
carenites intercalated by marly limestones; (B) 
breccias intercalated by calcarenites; (C) brec-
cias; (D) calcarenites with crinoidal limestones; 
(E) calcarenites with black cherts; and (F) cal-
cirudites with conglomerates at the top. Units 
E and F are absent in the Kostomłoty-Mogiłki 
quarry. According to Pisarzowska et al. (2006), 
the lower part of the Kostomłoty Beds com-
prises fossil-poor lime mudstones and marly 
limestones with a few layers with intraclasts, 
and shaly intercalations; it shows wavy and 
nodular bedding with intercalations of con-
glomerates.

According to Szulczewski (1968, 1971, 1981), 
the nodular and micritic limestones with marly 
shales represent autochthonous basin depo-
sits, whereas the calcarenites and calcirudites, 
including the breccias and conglomerates, rep-
resent allochthonous sediments transported by 
slumping and turbidity currents. In later years, 
Kaźmierczak & Goldring (1978), Szulczewski et 
al. (1996), Racki & Narkiewicz (2000) and Vie-Vie-
rek (2007a,b) suggested the possible influence 
of storm events or even tsunamis on the depo-

sition of the Upper Devonian coarse-grained 
limestones. Alternative interpretations of the 
depositional mechanism of the coarse-grained 
limestones are, however, worth to be discussed. 
The present contribution details a new sedi-
mentological analysis of the Kostomłoty Beds 
in the Kostomłoty-Mogiłki quarry, carried out 
in order evaluate the earlier interpretations of 
the reworking and transport mechanisms of 
the coarse-grained limestones.

Methods

A succession of about 100 m thick of the 
Kostomłoty Beds is exposed in the Kostomłoty-
Mogiłki quarry (Fig. 2). Three sections were 
examined bed-by-bed with particular attention 
for their sedimentary structures. Section I is 
approx. 15 m thick; it was designated earlier by 
Racki et al. (2004) and Pisarzowska et al. (2006) 
as Mogiłki Kt-V. Section II, which is approx. 17 
m thick has not been investigated earlier, nor 
has been Section III, which is somewhat more 
than 24 m thick. Several facies were distin-
guished on the basis of field observations. Ad-
ditionally, 46 thin sections of approx. 2.5×5.5 
cm each and 24 thin sections of approx. 5.5×8.0 
cm each were examined under a microscope. 
The limestone classification and nomenclature 
follows Folk (1959, 1962). 

Results

The lower part of Section I consists of dark 
marly shales with intercalations (2–38 cm thick 
of marly and micritic limestone); this part be-
longs to the Szydłówek Beds (Figs. 2A–B and 
3). Towards the top of the section, the thick-
nesses of the shales and marly limestones de-
crease, and limestones with lamination and/or 
a few micritic clasts appear. The quantity and 
thickness of laminated limestones progressive-
ly increases. The base of the Kostomłoty Beds 
is defined by the first thick (approx. 29 cm) 
coarse-grained layer (layer 66: flat-pebble con-
glomerate; Figs. 2C and 3). Above this layer, the 
number of laminated micritic limestones, cal-
carenites and calcirudites distinctly increases. 
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Nevertheless, the base of the Kostomłoty Beds 
is dominated by wavy to nodular limestones 
(Fig. 3) (Section I, layers 73–108). Above layer 
130, the intercalations of coarse-grained layers 
are frequent, but they are still thin- to medium-
bedded. Only in the lower part of Section II 
do thick breccias and conglomerates appear. 
The entire Section II and the lower and mid-
dle parts of Section III are built mostly of thick-
bedded calcirudites, including breccias and 
conglomerates. Only in the uppermost part of 
Section III do calcirudites vanish and micritic 
and laminated limestones reappear (Fig. 3).

The laminated and detrital limestones re-
flect high-energy deposits (they are interpret-
ed as event beds in the sense of Flügel, 2004, 
p. 597). They contain three lithofacies, distin-
guished on the basis of grain size, composition, 

texture and sedimentary structures. The facies 
are: laminated calcisiltites (F1), fine-grained 
calcarenites (F2), and coarse-grained calciru-
dites (F3); lithofacies F3 can be subdivided into 
grain-supported calcirudites (F3A) and matrix-
supported calcirudites (F3B).

The thicknesses and lithological character-
istics of the event beds vary per section. The 
thicknesses of the coarse-grained beds and 
their proportion increase upwards (Section I: 
29% of detrital limestones; Section II: 81% of 
detrital limestones; Section III: 85% of detrial 
limestones). This implies that the proportion 
and thicknesses of the marly and wavy-bed-
ded to nodular limestones decrease. The base 
of the Kostomłoty Beds shows no bioturbation, 
but the micritic- and laminated sediment is 
slightly bioturbated in the middle and upper 

Fig. 2. The Kostomłoty-Mogiłki quarry.
A – Field positions of the three measured sections; B – Section I: boundary between the Szydłówek and Kostomłoty 
Beds; C – Close-up of a flat-pebble conglomerate in the basal part of the Kostomłoty Beds.

Fig. 3. Lithological sections from the Kostomłoty-Mogiłki quarry. Conodont zonation of Section I according to Pisa-Pisa-
rzowska et al. (2006). 
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part of Section III. Crinoids abound only in the 
top part of Section III.

Facies F1: laminated calcisiltites

Facies F1 consists of thin- to medium-bed-
ded (2–29 cm), dark-grey micritic limestones 
with horizontal lamination. They show low-
angle cross-lamination and locally hummocky 
cross-stratification (HCS), especially in the 
upper part of Section II and in Section III (see 
Fig. 3). The bottom and top surfaces vary in ap-
pearance (Fig. 4A): some are distinct, smooth 
and planar, whereas upper surfaces can also 
undulate, whereas the bottom surfaces may be 
erosional. Rarely, micritic limestones are amal-
gamated with coarse-grained layers; in these 
cases top surfaces of the micritic limestones are 
indistinct.

The lamination is the result of the alternation 
of thin (approx. 1–4 mm) layers of micrite and 
pelsparite (Fig. 4B). Mud peloids and aggre-
gate grains (approx. 50%) occur in the  sparite 
partings. Complete and fragmented fossils are 
represented by brachiopod shells (up to 0.8424 
mm in length), spherical and elongated calci-
spheres (0.058–0.117 mm), styliolinids (up to 0.5 

mm) and rare tubiforms (up to 0.351 mm). Sty-
liolinids are frequent mainly in the upper part 
of the Szydłówek Beds (Section I: the Styliolina 
Horizon of Pisarzowska et al., 2006, and their 
fig. 10). In the upper part of the Kostomłoty 
Beds (Section III), the F1 sediment is occasion-
ally slightly bioturbated (Fig. 4). 

Facies F2: fine-grained calcarenites

The layers of lithofacies F2 are thin- to me-
dium-bedded (3–17 cm) and consist of grey 
calcarenites with erosional bases and undu-
lating tops. The bases are sharp and vary in 
character, from flat to gently wavy to distinctly 
u-shaped depressions (scours). Small (up to 2 
mm) micritic clasts fill the depressions and lie 
on the erosional surfaces. In some cases, the 
bases are smooth and planar. The calcarenites 
are graded. The tops of these layers may show 
horizontal and wavy-lamination and, in a few 
cases, HCS (Fig. 5).

In thin section, the calcarenites are moder-
ately sorted. The grading is due to a gradual 
reduction in the proportion of both allochem 
and orthochem components towards the top. 
The top part of the layers is characterized by 

Fig. 4. Facies F1.
A – Field appearance of the laminated calcisiltites layers 42-49, Section III with bioturbated lamination (b) and hum-
mocky cross-stratification (HCS, arrow); B – Thin section (KIII/3) of a calcisiltite from Section III, with lamination 
reflecting thin alternations of micrite and pelsparite. The horizontal lamination changes into wavy lamination. Note 
the erosional bases (arrows) and the burrows (b).
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lamination formed by alternating laminae of 
micrite and pel(bio)sparite or pelsparite and 
biopelsparite. The matrix is composed of mi-
crospar and sparite. The carbonate grains are 
represented by mud peloids and rare fecal pel-
lets, which may form aggregate grains (approx. 
40%). Bioclasts include crinoids (common), 
brachiopods, calcispheres and styliolinids. 
Some shells and burrows have geopetal infill-
ings, and the sediment in the top parts of some 
layers is slightly bioturbated. Irregular, often 
anastomosing (according to Flügel, 2004) (mi-
cro)stylolites are numerous. The amplitudes of 
the microstylolites are about 1–2 mm. 

Facies F3: coarse-grained calcirudites

This facies consists of thin- to very thick-
bedded (10–325 cm), light-grey calcirudites 
composed of intraclasts building breccias and 
conglomerates; the conglomerates contain 
mainly low-sphericity, flat and tabular peb-
bles. The lower boundaries of the individual 
layers are usually erosional, sharp and flat, but 
in some cases indistinct. Where the upper parts 
of the layers display horizontal and/or wavy 
lamination, the upper boundaries are undulat-
ing, but more commonly the boundary is indis-
tinct. These calcirudite layers are often amal-
gamated. Two sub-facies are distinguished: 
grain-supported calcirudites (F3A) and matrix-
supported calcirudites (F3B).

Sub-facies F3A: grain-supported calcirudites
The calcirudites of sub-facies F3A are clast-

supported and poorly to moderately sorted 
carbonate breccias with irregular, subangu-
lar intraclasts of up to 60 mm. According to 
the Krumbein & Sloss (1963) chart, the clast 
sphericity is 0.7–0.9 and their roundness is 0.3. 
The clast’s packing varies from clast-supported 
to condensed by pressure solution as evidenced 
by microstylolites and stylolites. The fitting of 
the clasts is often high (Fig. 6A–B), and the 
clasts are usually arranged without any pref-
erential orientation. The size of the clasts tends 
to increase along with increasing thickness of 
the individual layers. Some layers are locally 
normally graded (Fig. 6A).

The intraclasts are characterized by vari-
ous textures and components; many intraclasts 
composed of micrite or biomicrite comprise 
approx. 10–20% of grains, mainly calcisphe-
roids and styliolinids. Other calcarenite in-
traclasts contain shallow-water biota, such as 
crinoids, brachiopods, foraminifers, calcareous 
algae and calcispheroids. In the upper part of 
Section III, crinoidal intraclasts also appear. 
Apart from the intraclasts, small amounts of 
a biosparite matrix with crinoid and brachio-
pod fragments are present.

Sub-facies F3B: matrix-supported 
calcirudites

The calcirudites of this sub-facies consist 
of matrix-supported (locally grain-supported) 

Fig. 5. Facies F2.
 A – Graded calcarenite (layer 1, Section III) with numerous small, micritic intraclasts in its lowermost part (black 

arrow).  Wavy laminae are present at the top of the graded bed (white arrow); B – Calcarenite (layer 17, Section III) 
with hummocky cross-stratification at the top (HCS, arrow). 
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and poorly sorted conglomerates with intra-
clasts of diverse shape, roundness and size 
(Fig. 7). Locally, the clasts are small (up to 
several mm), spherical and subangular. Else-
where, they are tabular, highly discoidal, and 
reaching sizes up to 25 cm with a thickness of 
only 1–2 cm. According to the Krumbein & 
Sloss (1963) chart, their sphericity is 0.3 and 
their roundness is 0.5–0.7. Some intraclasts are 
broken, cracked or bent. The arranged of the 

clasts depends on the shape of the pebbles. In 
thin layers and in the bottom parts of thick lay-
ers, the flat pebbles are orientated horizontally 
or subhorizontally. Thicker layers may contain 
randomly-oriented, steeply-inclined or even 
vertically stacked edge-to-edge intraclasts (Fig. 
7A). The conglomerates with flat pebbles do 
not show normal grading, but sporadically re-
versed grading (e.g. layer 66 in Section I; Fig. 
2C). In addition, the flat pebbles in some beds 

Fig. 6. Sub-facies F3A.
A – Densely packed clast-supported breccia (layer 1, Section II) with a very small amount of matrix showing normal 
grading and well fitting clasts; B – Thin section (KI/153, Section I) showing a fabric varying from clast-supported to 
condensed by stylolites (arrow).

Fig. 7. Sub-facies F3B: flat-pebble conglomerates.
A – Field appearance (layers 32 and 33, Section III)  with subhorizontal clasts (lower part of photograph). Edgewise 
positioned intraclasts are visible at the top; B – Thin section (KIII/34, Section III) showing flat, tabular clasts floating 
in a microspar and sparite matrix.
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only occur in the bottom parts of the layers. 
Occasionally, thick-bedded calcirudites verti-
cally pass into calcarenites and again into cal-
cirudites.

Medium-bedded (12–20 cm) layers occa-
sionally comprise micrite in their lower part 
and calcirudite in their upper parts compris-
ing, separated by an erosional surface. Small, 
micritic intraclasts and bioclasts fill scours. 
Locally, firmgrounds are present at the top 
surface of the micritic part. Within the micrite 
part, ichnofossils (burrow casts) and Chondrites 
isp. are present (Fig. 8). The horizontal lamina-
tion changes into low-angle cross-lamination, 
and into ?HCS at the top of these beds.

In the middle and upper parts of Section 
III, large (approx. 5 cm×20 cm, locally up to 
50 cm in length) angular fragments of, locally 
distinctly laminated, limestones are embedded 
in the calcirudites. This lamination is the result 
of an alternation of calcisiltite and calcarenite. 
These characteristic intraclasts are few in num-
ber and haphazardly arranged (Fig. 9).

The intraclasts have different components 
and textures. Many intraclasts are composed of 
micrite and contain up to 10% of crinoid, bra-
chiopod and calcisphere fragments. Calcare-
nite intraclasts as described above occur local-
ly. In addition to the intraclasts, mud peloids 
and fragments of bioclasts are present. These 

Fig. 8. Sub-facies F3B: calcirudites. 
A – Calcirudite (layer 47, Section I) with an erosional surface separating calcirudite and underlying micrite. Note 
the firmground surface, the distinct burrow in the micrite (white arrow) and Chondrites isp. (black arrow); B – Thin 
section (KIII/24, Section III) showing small micritic clasts filling a scour. Note Chondrites isp. (arrow).

Fig. 9. Haphazardly arranged angular fragments of micritic limestone in calcirudites. 
A – Micrite clast with lamination (arrow) in layer 15 (Section III); B – Light-grey tabular and angular micritic clasts 
(arrowed) in layer 15 (Section III).
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are mainly reef-derived crinoids, brachiopods 
and corals as well as bryozoans, calcispheres, 
rare styliolinids and calcareous algae. Geo petal 
structures and dissolution horizons are oc-
casionally present. The matrix of biosparite is 
commonly replaced by blocky cement growing 
around the bioclasts and by pore filling. A mic-
rite matrix occurs only in the uppermost part 
of Section III. The mutual contacts between 
the intraclasts can be pointed, tangential or, 
occasionally, sutured. The matrix-to-intraclast 
contacts are distinct and locally highlighted by 
microstylolites.

Discussion

The Upper Devonian detrital limestones of 
the HCM were initially interpreted as slumps, 
mudflow deposits and turbidites (Szulczewski, 
1968, 1971). Later, it was suggested that intense 
storms or even tsunamis had played a role in 
the deposition of these limestones. Analysis 
of sections in the Kowala and Wietrznia quar-
ries in the Kielce region (Fig. 1) led to an in- in the Kielce region (Fig. 1) led to an in-led to an in-
terpretation as tempestites. Kaźmierczak & 
Goldring (1978) described the subtidal flat-
pebble conglomerate from the Kowala area as 
a high-energy deposit; the considerable size of 
the flat pebbles and the complex nature of the 
matrix were considered as indications of storm 
or tsunami surges. Several authors thought 
the flat-pebble conglomerates to have resulted 
from intense storms (e.g. Sepkoski, 1982; Sep-
koski et al., 1991; Myrow et al., 2004). More 
varied carbonates occur in a transitional fa-
cies in the Wietrznia quarry. Intercalations of 
coarse-grained limestones, including conglom-
erates and breccias, as well as crinoidal and 
graded micritic limestones, are frequent there 
and occur mainly as thin to medium beds. The 
composition and sedimentary structures of 
the Wietrznia limestones suggest an origin as 
proximal-to-distal tempestites (Vierek, 2007b).

The sections of the Kostomłoty Beds are, 
however, very different from those in the 
Kowala and Wietrznia quarries. The lime-
stones are coarser and contain more breccias. 
The intercalations of coarse-grained limestones 
are less common but the layers are thicker. On 

the other hand, the laminated calcisiltites and 
fine-grained calcarenites are similar to the car-
bonates from the Wietrznia quarry, but in the 
Kostomłoty Beds they play a decisively small-
er, secondary role. This raises the question as 
to what environment these lithofacies formed 
in.

According to Racki & Bultynck (1993) and 
Racki et al. (2004), the Szydłówek Beds and the 
Kostomłoty Beds reflect a deeper-water, oxy-
gen-depleted basin setting. However, the ap-
pearance of bioturbation in the upper part of the 
section and fecal pellets in the calcarenites indi-
cate a changing environment and better oxida-
tion of bottom waters (cf. Schieber, 1994; Flügel, 
2004). According to Abbassi (2007), trace fossils 
such as Chondrites reflect moderate to relatively 
low energy in an intertidal to shallow subtidal 
zone below the fair-weather wave base, but 
not below the storm wave base. On the other 
hand, the micritic texture, the low abundance 
of bioclasts, and the flat basal and top surfaces 
of the calcisiltites (in F1) suggest a hemipe-
lagic/pelagic depositional setting below storm 
wave base, although the laminated intervals, 
sparite partings and rare erosional bases indi-
cate hydrodynamic reworking by weak bottom 
currents (maybe due to distal tempestites, see 
Vierek, 2007b) or deposition by distal turbid-
ity currents (cf. Reineck & Singh, 1972; Stow & 
Bowen, 1978; Bábek et al., 2007). Similarly, the 
sharp bases, grading, wavy and/or horizontal 
lamination and HCS (in F2) suggest tempestites 
(cf. Aigner, 1985; Bábek et al., 2007). The scour-
and-fill structures observed at the bases must 
have been created by storm-induced bottom 
currents or combined flows winnowing the 
sea floor (cf. Seguret et al., 2001). The geopetal 
infillings in fossils suggest rapid burial during 
storm events (Flügel, 2004, p.178). In addition, 
the fairly large quantity of mud peloids may 
reflect wave-induced currents that disturbed 
the bottom sediments (cf. Flügel, 1978, 2004). 
These peloids may have been reworked from 
shallower areas. It thus seems that the carbon-
ate sediment was whirled up into suspension, 
for example by storm waves, and was probably 
carried offshore into deeper, quieter waters by 
dilute bottom currents and redeposited at or 
below the storm wave base.
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Both the coarse-grained nature of the cal-
cirudites and the fragmented and redeposited 
bioclasts suggest much turbulence and a high 
energy of the water above the storm wave base, 
and subsequent transport into the deeper parts 
of the basin. The large size of the intraclasts (up 
to 50 cm) and the thickness of the calcirudite 
layers (up to approx. 3 m) are also indicative 
of deposition in a high-energy setting. Trans-
port processes essentially control the forma-
tion of calcirudites. The larger the intraclasts, 
the higher the transport energy can have been. 
In addition, conglomerates become increas-
ingly well-sorted during transport as bedload, 
and the proportion of matrix decreases (Flügel, 
2004, p. 240). The different degrees of sorting in 
the sediments described here is probably linked 
to variations in the depositional conditions and 
the mechanisms of transport, which factors 
may also explain the bed morphologies, their 
variable thicknesses and fabrics. Additionally, 
the very thick layers, their vertical changes and 
their low amount or even total lack of mud 
suggest rare events of extreme magnitude.

The different compositions of the intraclasts 
suggest that the clasts originated from both ero-
sion of a carbonate-platform margin (micritic 
and biomicritic intraclast) and from erosion of 
penecontemporaneous coarse-grained lime-
stones (biocalcarenite and crinoidal intraclasts) 
building the slope of the platform (cf. Szul-Szul-
czewski et al., 2006). The degree of lithification 
of the eroded material was variable, as shown 
by the shapes of the clasts. Sharp contacts be-
tween the intraclasts and the matrix indicate 
that the substratum had become consolidated. 
The angular laminated clasts were ripped from 
the consolidated, originally laminated substra-
tum and transported over probably a short 
distance, as suggested by their size, shape, in-
ternal lamination and lack of rounding. Similar 
blocks and slabs were described by Szulczews-
ki (1968) as slump sheets. Individual intraclasts 
with both rounded and angular edges suggest 
breakage during transport. On the other hand, 
a few slightly rounded and washed intraclasts 
suggest that a semi-consolidated substratum 
was eroded. 

The classical model (e.g., Aigner, 1985) of 
storm-induced deposition in a carbonate envi-

ronment is therefore impossible, and the dep-
ositional history is probably fairly complex. 
A number of processes must have been in-
volved in generating these carbonate deposits, 
resulting in a combination of features. These 
sedimentary features suggest two transport 
mechanisms: combined flow and gravity flow.

Combined flows

Strong storm winds produce waves and sur-
face currents. The motion associated with inter-
acting waves and currents is called ‘combined 
flow’ (Harms, 1969) and, according to Walker 
& Plint (1992), they are unidirectional and os-
cillatory. Bottom currents interact with orbital 
wave motion to produce a combined flow of 
sufficient magnitude that is able, with the 
proper kinematics, to transport coarse-grained 
sediments from shoreline sources (Snedden et 
al., 1988). Mount & Kidder (1993) suggested 
that the unusually thick, coarse-grained, edge-
wise (i.e. sub-vertically oriented) intraclast 
conglomerate from the Sellick Hill Formation 
(South Australia) was formed by exception-
ally intense, storm-generated combined flows. 
The intraclasts that they described are, as in 
the sediments described in the present contri-
bution, tabular with well-rounded to angular 
edges. In the thinner beds, the intraclasts are 
lying (sub)horizontally, whereas the thicker 
beds show vertically-stacked, edgewise intra-
clasts. Futterer (1982) suggested that edgewise 
clast orientations are a feature of deposition 
from powerful oscillatory currents. According 
to Mount & Kidder (1993), the edgewise fabric 
is a product of intraclast acceleration and de-
celeration during the passage of waves and of 
the chaotic collisions between intraclasts mov-
ing within the layer. In some of the conglomer-
ates in the Kostomłoty-Mogiłki quarry, intra-
clasts are chaotically oriented. This was, most 
likely, caused by rapid increases and decreases 
in bed shear stresses and associated flow com-
petences during the offshore strokes of orbital 
motion (see Mount & Kidder, 1993). Besides the 
arrangement of intraclasts, the combined flows 
are also responsible for HCS, horizontal and 
cross–lamination, which structures are present 
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all over the studied lithofacies (cf. Duke, 1990; 
Walker & Plint, 1992; Seguret et al., 2001).

Storm-induced transport of sediment is also 
recorded in the sole marks. The specific scour-
and-fill structures at the base of several beds 
could be created by storm events or combined 
flow winnowing the sea floor (e.g. Seguret et 
al., 2001). Similarly, initial stages of firmground 
can be ripped up by storms resulting in the in-
traclastic limestones (see Fig. 8). On the other 
hand, neither sharp and flat bases nor a lack 
of bottom marks excludes storm processes. 
According to Eberli (1991), a lack of cohesion 
inhibits the preservation of bottom marks and 
diagenesis in welding a turbidite (and, in the 
author’s opinion, a tempestite) to the underly-
ing limestone beds, which would obscure bot-
tom marks. In the examined limestones, the 
subrounded and washed intraclasts suggest 
weakly consolidated sediments. In addition, 
the frequent amalgamations obscure the base 
of the beds.

Thus, the laminated calcisiltites, calcare-
nites, flat-pebble conglomerates and medium-
bedded breccias (with erosional surfaces sepa-
rating calcirudite from the underlying micrite) 
may be formed by storm events and combined 
flows.

Gravity flows

Storms may trigger gravity flows in several 
depositional settings (e.g. Myrow & Southard, 
1996; Wignall & Twitchett, 1999; Myrow et al., 
2002). Vierek (2007a,b) interpreted part of the 
coarse-grained limestones in the Wietrznia 
quarry as grain flows initiated by storm ac-
tivity. In the limestones under study here, the 
combination of poor sorting, irregular orienta-
tion of clasts, planar clast fabrics at the base of 
the layers, the matrix-supported character, the 
lack of internal structures and the sharp lower 
and upper boundaries, i.e. all the features in 
sub-facies F3B, suggest a debris-flow origin (cf. 
Middleton & Hampton, 1976; Lash, 1984; Bełka 
et al., 1996). In addition, the angular, laminated 
clasts embedded in the matrix may be inter-
preted as ‘rigid plugs’, feature of debris flows. 
However, the fine-grained, sparite matrix pre-

cludes transport by a debris flow. Only in a few 
layers at the top of Section III does the matrix 
have sufficient cohesion. On the other hand, 
the clast-supported fabrics (in F3A), poor sort-
ing, edgewise texture and inverse grading (in 
F3B) suggest deposition by a grain flow (e.g. 
Middleton & Hampton, 1976; Lash, 1984). Ac-
cording to Lowe (1976), true grain-flow depo-
sits should be some 5 cm thick. Thicker depos-
its, such us the Kostomłoty-Mogiłki limestones, 
rather suggest a density-modified grain-flow 
mechanism. Lowe (1976) described these flows 
as intermediate between true grain flows and 
debris flows, with the main variable being the 
amount of mud present. In the Kostomłoty-
Mogiłki quarry, features such as an edgewise 
texture, poor sorting, bioclastic matrix and rare 
inverse grading may suggest such density-
modified grain flows.

Szulczewski (1968, 1971) associated the de-
trital limestones of the HCM with, among other 
types, turbidity currents. In fact, thick-bedded, 
massive and/or normally graded, coarse-detri-
tal carbonates with crinoids, peloids and abun-
dant intraclasts have been interpreted as high-
density turbidity current deposits (see Fig. 5A; 
Lowe, 1982; Eder et al., 1983; Kalvoda et al., 
1999; Einsele, 2000). Turbidity currents may 
be triggered by various features. For example, 
Myrow et al. (2002) described wave-modified 
turbidity currents associated with storm waves. 
Such as interpretation is consistent with earlier 
suggestions concerning storm occurrences and 
the interpretation of the resulting lithofacies.

The sedimentary features of the examined 
carbonates do, however, not unequivocally 
identify a particular mechanism of transport. 
For example, amalgamation is a feature of tur-
bidites and debris-flow deposits (Einsele, 1991). 
But first of all, amalgamation and cannibalism 
are typical features of proximal tempestites 
(Einsele, 2000, p. 102), in which the great thick-
ness of the coarse-grained layers and the lack 
of finer sediments reflect advanced cannibal-
ism by tempestites. Therefore, amalgamation 
scours within some layers and the occurrence 
of intraclasts with both rounded and angular 
edges suggests that complex flows may have 
been involved in the generation of some intra-
clast-rich horizons (see Mount & Kidder, 1993). 
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Many examples of coarse-grained sediments 
originating from multiple flows exist. Crevello 
& Schlager (1980) believe that poorly-graded 
beds may be deposited by flows transitional 
between high-density turbidity currents and 
debris flows with clast-supporting matrix. 
Lowe (1976, 1982) suggests that density-mod-
ified grain-flows may tend to evolve towards 
high-density turbidity currents. Chen et al. 
(2001) interpret conglomerates as deposited 
by debris flows, possibly followed by high-
density turbidity flows. Einsele (2000, p. 214) 
claims that turbidity currents can evolve from 
high-density gravity mass flows by taking up 
additional seawater.

To sum up, such a complex mechanism 
of transport suggests various factors which 
caused reworking of the sediment. What, be-
sides storm waves, could have led to reworking 
of the carbonates exposed in the Kostomłoty-
Mogiłki quarry? Two additional factors are 
possible: (1) a seismic shock and a fluctuating 
sea level, and (2) slope instability by ongoing 
sediment accumulation.

The coarse-grained beds at Kostomłoty-
Mogiłki are undoubtedly more massive and 
thicker than the storm beds at Wietrznia. Ad-
ditionally, the large amount of products of can-
nibalistic erosion on the slope of the platform 
in the reworked sediments suggest that the 
mechanisms were storms and/or seismic ac-
tivity that could have disturbed the stability of 
the platform flank, and that might generate tsu-
namis. Co-occurrence of tempestites, seismites 
and tsunamites related to platforms is possible 
(e.g. Pratt, 2002). The clast-supported breccias 
with a high fitting of intraclasts (in F3A, see 
Fig. 6) may be interpreted as a hydraulic brec-
cia (see Flügel, 2004, p. 234) near the deposi-
tional surface and related to synsedimentary 
tectonics. Spalletta & Vai (1984) described very 
similar Upper Devonian intraclast parabreccias 
interpreted as seismites. One of the features of 
seismites (e.g. Nakajiama & Kanai, 2000) can 
be the common occurrence of amalgamations, 
as described here (see Fig. 3). Similarly, as de-
scribed by Myrow et al. (2004), the flat-pebble 
conglomerate (F3B, see Fig. 7) may have re-
sulted from a seismic shock (cf. Kaźmierczak & 
Goldring, 1978). In addition, tectonic deforma-

tions in the upper part of the Szydłówek Beds 
and the lowermost part of the Kostomłoty Beds 
in the Kostomłoty-Mogiłki quarry support an 
interpretation as seismites, as does the history 
of Late Devonian tectonics in the HCM (Racki 
& Narkiewicz, 2000; Skompski & Szulczews-
ki, 2000; Lamarche et al., 2003). According to 
Pisarzowska et al. (2006), tectonic effects of the 
Frasnian age are particularly well developed 
at the northern slope of the Dyminy Reef, ex-
posed in Kielce Region, ca. 10 kilometres SSE 
of Kostomłoty site. 

Playford et al. (1989) believe that the evolu-
tion and morphology of the Devonian carbon-
ate platforms in the Canning Basin (West Aus-
tralia) during the Middle-Late Devonian were 
controlled by variations in the rates of relative 
sea-level change due to eustasy and tectonism. 
Johnson et al. (1985) attributed several world-
wide transgressive/regressive cycles during 
the Devonian to eustatic sea-level fluctuations. 
According to Eberli (1991), sea-level fluctua-
tions commonly influence sediment produc-
tion. During sea-level lowstands, storm or 
tsunami surges may lead to channeling and 
coarse-grained limestone deposition. Chan-
nels may have cut the margin of the Upper 
Devonian carbonate platform, and perhaps the 
Kostomłoty Beds were situated at their outlets. 
In the lower part of the Kostomłoty Beds, the 
lithofacies are arranged into small-scale, coars-
ening-upward cycles, and this cyclicity shows 
sea-level fluctuations and a few deepening epi-
sodes (Vierek, 2010). The first deepening epi-
sode was marked in the late Pa. transitans Zone 
and corresponds to the Timan global events 
(sensu Becker & House, 1997). The next deep-
ening pulse took place during the middle of 
the Pa. punctata Zone. Between the deepening 
pulses, shallowing-upward phases occurred. 
Local tectonics and episodic subsidence played 
a significant role in cyclic developments. It 
seems that the shallowing, mentioned earlier 
by Racki & Narkiewicz (2000), is not a local oc-
currence: sedimentological and stratigraphic 
analyses in South China also provide evidence 
for a sea-level fall during the latest Frasnian 
(Chen & Tucker, 2003).

Finally, the Upper Devonian carbonate plat-
form in the HCM is a reef-rimmed isolated 
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platform with a steep margin (Szulczewski, 
1995; Vierek, 2007b). The steep margin of the 
platform will have facilitated the development 
of gravity flows and offshore transport, often 
to depths of over 50 m, which is too deep to 
be reworked and transported by storm waves 
(Nott, 2006, p. 86). An increased slope angle 
increases the shear stress within the sediment 
(Spence & Tucker, 1997). Overloading and/or 
oversteepening can lead to gravitational insta-
bility on previously stable slopes, culminating 
in collapse, large-scale slumps, debris flows 
and turbidity currents (e.g. Einsele, 1991). 

Conclusions

The following conclusions can be drawn:
(1) The Kostomłoty Beds in the Kostomłoty-

Mogiłki quarry are composed of shales, micri-
tic and nodular limestones with intercalations 
of laminated and coarse-grained limestones 
of variable grain size. The shales, micritic and 
nodular limestones record background sedi-
mentation. The laminated and coarse-grained 
limestones represent event beds.

(2) Three depositional lithofacies are distin-
guished on the basis of grain size, composition, 
texture and sedimentary structures: laminated 
calcisiltites (F1), fine-grained calcarenites (F2), 
coarse-grained calcirudites, which are subdi-
vided into grain-supported calcirudites (F3A) 
and matrix-supported calcirudites (F3B).

(3) Intraclasts composed of calcirudites 
originate from both erosion of an older car-
bonate-platform margin and erosion of pene-
contemporaneous coarse-grained limestones 
building the slope of the platform.

(4) The laminated calcisiltites (F1), cal-
carenites (F2) and part of the calcirudites, i.e. 
the medium-bedded breccias with erosional 
surfaces separating calcirudite from the under-
lying micrite, were formed by storm activity 
and combined flows.

(5) The thick grain-supported breccias 
(F3A) and the flat-pebble conglomerates (F3B) 
are interpreted as seismites and related to syn-
sedimentary tectonics. 

(6) Storms and tectonic activity affecting 
the stability of the slope were the main causes 

of erosion in the study area. Combined and 
gravity flows were the transporting mecha-
nism involved in the reworking and redeposi-
tion of the carbonate material.
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