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I am the sole author of the concept of the paper, text, illustrations and figures with
photographs of the conodonts. My percentage contribution is 100%.
c) scientific aim of the papers mentioned above and the achieved results:
The main focus of the studies was determining the biostratigraphic position of the
poorly known Palaeozoic successions from the Holy Cross Mountains and the Małopolska
Massif. They included deposits from the Lower/Middle Devonian and the
Devonian/Carboniferous transitions in the Holy Cross Mountains, and the succession of the
Devonian and Lower Carboniferous carbonate rocks from the Małopolska Massif. The
research was based mainly on conodont analysis.
Justification of the research
My inspiration to undertake conodont research of the Lower/Middle Devonian
transition in the Holy Cross Mountains was the poorly known biostratigraphy in this part of
the succession. The study focused on rock series from the Kielce Region, both in field
exposures and in drilling logs. The biostratigraphy of deposits devoid of conodonts or with a
low frequency of these microfossils was supported by analysis of biostratigraphically
significant ostracod and foraminifer assemblages.
The research in the Upper Devonian and Lower Carboniferous was justified by the
need to determine, based on conodonts and ostracods, the biostratigraphy of continuous
sedimentary successions across the transition between the two systems, to document the
chronostratigraphic position of the Devonian/Carboniferous boundary, to trace changes in
conodont assemblages caused by the Hangenberg event, and to determine the duration of
sedimentation of the siliceous claystones of the Zaręby Beds – the deepest facies in the
Carboniferous of the Holy Cross Mountains. These studies were conducted in the eastern part
of the Gałęzice-Bolechowice Syncline in the Kowala section and in the Ruda Strawczyńska 1
drilling log, located in the nearby, western Mesozoic margin of the Holy Cross Mountains.
Biostratigraphic analysis of Devonian and Carboniferous deposits in the central part of
the Małopolska Massif was undertaken to supplement data in the knowledge of the Devonian
and Lower Carboniferous stratigraphy in the key area of the Devonian-Carboniferous basin in
southern Poland. Based on conodonts, I have determined the biostratigraphic position of the
Devonian and Carboniferous deposits in the Węgrzynów IG 1 and Pągów IG 1 drillings. In
the first core, conodont studies were earlier conducted in a narrow interval encompassing the
uppermost Famennian and Lower Carboniferous (Chorowska, 1972), whereas in the second
drilling log such analyses were never made.
Biostratigraphy of deposits across the Lower/Middle Devonian transition
Fijałkowska-Mader A., Malec J. 2011. Biostratigraphy of the Emsian to Eifelian in the Holy
Cross Mountains (Poland). Geological Quarterly, 55(2): 109-138.
Comprehensive results of the biostratigraphic analysis of deposits from the
Lower/Middle Devonian transition in the Łysogóry Region of the Holy Cross Mountains have
been presented in my Ph.D. thesis (Malec, 2002), and their summary is offered by
Fijałkowska-Mader and Malec (2011). The latter paper generalizes the results of my
biostratigraphic analysis from the Lower/Middle Devonian transition from the Kielce Region,
which I discuss below.
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Kielce Region
Based on conodonts, I have determined the biostratigraphic position of deposits from
the Lower/Middle Devonian transition in the western and south-western part of the Kielce
Region, in exposures in the vicinity of Zbrza, in the northern part of Kielce (Szydłówek,
Skrzele), and in the Porzecze IG 5A, Zaręby IG 2, Kolejówka IG 1, Kostomłoty IG 1,
Dąbrowa D-5, Dyminy IG 2, and Strawczynek IG 1 drilling logs (Malec, Studencki, 1988;
Malec, 1988, 1989, 1992, 1993c). The generalized results of this research, supplemented by
the analysis of unpublished documentary data, have been summarized in Fijałkowska-Mader
and Malec (2011). The conodont material, encompassing over 200 specimens, was collected
from a wide lithological spectrum, such as claystones, dolomites, marls and limestones,
included into a number of lithostratigraphic units distinguished in the Lower/Middle
Devonian boundary interval (Fijałkowska-Mader, Malec, 2011): mudstone member,
corresponding to the upper part of the Winna Beds (after Tarnowska, 1976, 1981, 1999),
pyrite-bearing and siderite claystone member (Porzecze Member of Wójcik, 2015), dolomite
member (Dębska Wola Member of Wójcik, 2015), Dąbrowa limestone member and the
overlying bioturbated dolomite member (dolomites and dolosparites with bioturbation and
skeletal fauna of Narkiewicz and Olkowicz-Paprocka, 1983; Brzeziny Member of Wójcik,
2015). The conodont assemblage is dominated by representatives of the genus Icriodus, at a
subordinate contribution of the genus Polygnathus. A total of 6 conodont species was
distinguished in the deposits from the Lower/Middle Devonian transition: Polygnathus
linguiformis linguiformis Hinde, Icriodus corniger rectirostratus Bultynck, I. corniger
retrodepressus Bultynck, I. corniger corniger Wittekindt, I. corniger leptus Weddige and I.
werneri Weddige, characteristic of two conodont zones: the patulus Zone from the Upper
Emsian with the index taxon I. corniger rectirostratus, and the partitus Zone from the Lower
Eifelian, encompassing the remaining conodont taxa (Malec 1988, 1993c; FijałkowskaMader, Malec, 2011). The analyzed conodont assemblages indicate the diachronous character
of the lithostratigraphic boundaries across the Lower/Middle Devonian transition. The oldest
conodonts (I. corniger rectirostratus) found in the dolomite member (Dębska Wola Member
of Wójcik, 2015) in the Stara Góra IG 1 log, define the Late Emsian age of these deposits.
The most abundant conodont assemblage occurs in the Dąbrowa limestone member
(Tarnowska, Malec, 1987; Malec, 1989, 1992; Fijałkowska-Mader, Malec, 2011), in which
the presence of I. corniger retrodepressus indicates the lowermost Eifelian partitus Zone
(Weddige, 1977, 1982). The same conodont species, accompanied by I. corniger corniger was
found in the upper complex of the pyrite-bearing and siderite claystone member (Porzecze
Member of Wójcik, 2015) (Malec, 1993c). I have documented the Lower Eifelian conodonts
I. corniger retrodepressus also in the marly dolomites of the Zaręby IG 2 log in the depth
interval 1097.7-1098.7 m, within the mudstone member from the upper part of the Winna
Beds (Malec, 1984; unpublished personal data). The youngest conodonts from the
Lower/Middle Devonian transition were noted in dolomites with bioturbations (dolomites and
dolosparites with bioturbation and skeletal fauna of Narkiewicz, Olkowicz-Paprocka, 1983;
Brzeziny Member of Wójcik, 2015). They are represented by an assemblage composed of I.
corniger corniger and I. werneri (Malec, 1992, 1993c, unpublished personal data), indicating
a Lower Eifelian age of the deposits from the partitus Zone (compare Weddige, 1982).
Conodonts analyzed across the Lower/Middle Devonian transition in the Kielce Region
indicate that the chronostratigraphic boundary between the Emsian and Eifelian can be
distinguished within several lithostratigraphic units: Dąbrowa limestone member, dolomite
member (Dębska Wola Member of Wójcik, 2015), pyrite-bearing and siderite claystone
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member (Porzecze Member of Wójcik, 2015) and mudstone member (Fijałkowska-Mader,
Malec, 2011).
Beside conodonts, ostracod assemblages have turned out to be good tools for the
biostratigraphic analysis of strata from the Lower/Middle Devonian transition in the Kielce
Region. The older assemblage occurring in the dolomite member (Dębska Wola Member of
Wójcik, 2015), comprises the same species as deposits of the patulus Zone in the upper
Emsian of the Łysogóry Region, whereas the younger assemblage, present in the Dąbrowa
limestone member, is typical of the lowermost Eifelian partitus Zone (Malec, 1979, 1989;
Nehring-Lefeld et al., 2003b; Fijałkowska-Mader, Malec, 2011). The biostratigraphic position
of the older complexes of the pyrite-bearing and siderite claystone member (Porzecze
Member of Wójcik, 2015) was determined based on foraminifers – practically the only fossils
occurring in these deposits (Malec, 1983, 1986, 1992; Malec, Studencki, 1988; Fijałkowska,
Malec, 2011). The stratigraphic significance of the foraminifers studied by me from the
Emsian/Eifelian transition in the Kielce Region was presented in the “Atlas skamieniałości
przewodnich i charakterystycznych” [Atlas of index and characteristic fossils] for the
Devonian (Soboń-Podgórska, Tomaś, 2003).
The biostratigraphic position (patulus Zone) of the basal part of the dolomite member
(Dębska Wola Member of Wójcik, 2015) and the pyrite-bearing and siderite claystone
member (Porzecze Member of Wójcik, 2015), lying directly on the sandstone deposits of the
Winna Beds indicates that these deposits originated during an eustatic sea-level rise related to
the later phase of the transgressive-regressive cycle Ic (Johnson et al., 1985), which took place
during the sedimentation of the Wydryszów limestones member in the Łysogóry Region
(Malec, 2001a, 2005). The subsequent eustatic event related to sea-level rise in the partitus
Zone took place at the beginning of sedimentation of the Dąbrowa limestones member. It
corresponds to a global transgression from the Emsian/Eifelian transition, known as the
Jugleri, Chotec or Em/Ei Event (Walliser 1985, 1996; Clausen et al., 1993; Racki, 1995,
1997). Beside the Dąbrowa limestones, with abundant and taxonomically rich open marine
fauna, with the brachiopods Chimaerothyris dombrowiensis (Gürich) (Studencka, 1993) and
nautiloids (Malec, 1989; Malec, Romanek, 1994), the transgressive pulse in the partitus Zone
was recorded in the Kielce Region as sedimentation of the youngest complex of the pyritebearing and siderite claystone member (Porzecze Member after Wójcik, 2015), with
foraminifers, crinoids, bryozoans and conodonts (Malec, 1988, 1993c), and the carbonate
complex with marine fauna noted in the Zaręby IG 2 drilling (Malec, 1984) within mudstones
related to a terrestrial environment (Tarnowska, 1976, 1981). The Early Eifelian transgression
did not cover the entire Kielce Region. The area between Chęciny and Dyminy was land, on
which marine sedimentation encroached later, most probably in the upper part of the costatus
Zone (Malec, 1991).
To the south of the Kielce Region, in the central part of the Małopolska Massif, the
Emsian/Eifelian transgression is recorded by the presence of a carbonate complex with the
brachiopods Chimaerothyris dombrowiensis (Jaworowski et al., 1967; Tarnowska, 1990).
Conodont dating of the sediments from the Lower/Middle Devonian transition in the Holy
Cross Mountains indicates that these brachiopods appeared in the upper part of the partitus
Zone, over ten metres above the first occurrence of the conodont Icriodus corniger
retrodepressus (Fijałkowska-Mader, Malec, 2011).
Application of the results. – Determination of the conodont-based biostratigraphy of
sediments from the Lower/Middle Devonian transition has contributed to increased
stratigraphic significance of other groups of micro- and macrofauna, co-occurring with these
fossils. These data have particularly high value in determining the biostratigraphic position of
deposits from drillings, containing fossils ascribed to particular conodont zones (e.g. Żakowa
et al., 1986; Malec, 1992). Another application of the achieved results can be the use in
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regional biostratigraphic correlation of the brachiopod Chimaerothyris dombrowiensis
(Gürich), common in the Devonian of the Holy Cross Mountains, which appeared in the Early
Eifelian in the partitus Zone. The obtained results may also be used in the precise
determination of the biostratigraphic position of deposits based on miospore analysis. Such
analysis, conducted across the Lower/Middle Devonian boundary in the Holy Cross
Mountains, has indicated a relatively good correlation between standard conodont and
miospore zones (Fijałkowska-Mader, Malec, 2011; Filipiak, 2011).
Biostratigraphy of deposits across the Devonian/Carboniferous boundary
Malec J. 2014. The Devonian-Carboniferous boundary in the Holy Cross Mountains (Poland).
Geological Quarterly, 58(2): 217-234.
In the Holy Cross Mountains, deposits across the Devonian/Carboniferous boundary
occur in localized areas. The exposed artificial sections are situated within two active
quarries: Ostrówka near Gałęzice and Kowala. In the latter area occur deposits recording a
complete succession of the Devonian/Carboniferous boundary interval (Czarnocki, 1933;
Malec, Migaszewski, 1992; Malec, 1993a, b, 1995, 2014; De Vleeschouwer et al., 2013),
whereas stratigraphic gaps and condensation have been noted in the Gałęzice area
(Szulczewski, 1981; Szulczewski et al., 1996). Beside these localities, deposits from the
Devonian/Carboniferous transition have been recognized by excavations in the Miedziana
Góra Syncline (Żakowa, Pawłowska, 1966; Żakowa, 1981) and in the Bolechowice 1,
Jabłonna IG 1, Zaręby IG 2 and Kowala 1 drillings (Żakowa, 1967; Jurkiewicz, 1971; Żakowa
et al., 1983, 1985). In the Bolechowice and Zaręby successions, conodont- and miosporebased biostratigraphic analysis has indicated a continuous succession of Famennian to
Tournaisian strata (Freyer, Żakowa, 1967; Filipiak, 2004). Deposits from the
Devonian/Carboniferous transition have also been recognized in the Ruda Strawczyńska 1
drilling, situated about 10 km to the west of the Palaeozoic exposure in the Holy Cross
Mountains (Pawłowska, Pawłowski, 1978; Malec, 2009, 2014).
The Kowala area is a key locality in the Kielce Region with deposits from the
Devonian/Carboniferous transition (Czarnocki, 1933). I have recognized these strata using
excavation works, and distinguished several characteristic lithostratigraphic units across the
Devonian/Carboniferous transition: uppermost Famennian limestones and marls of the
Wocklumeria Zone, claystones with sandstone interbeds and beds of pyroclastic rocks,
limestones with Acutimitoceras cephalopods, marly clays with interbeds of limestones, and
siliceous claystones, whose stratigraphic position I have determined based on conodonts
(Malec, 1993a, 1995, 2014).
In the Kowala section, exposed by an excavation ditch, I have distinguished 33
conodont species across the Devonian/Carboniferous transition; based on them I evidenced
the presence of 6 conodont zones: expansa and praesulcata in the Upper Famennian and
sulcata, duplicata, sandbergi and crenulata in the Lower Tournaisian. Analysis of the
stratigraphic ranges of the conodonts indicates that the chronostratigraphic boundary between
the Devonian and Carboniferous in Kowala occurs in the basal part of the marly clays with
interbeds of limestones of the Radlin Beds. Similar positions of the Devonian/Carboniferous
boundary have been suggested based on conodonts (Dzik, 1997), ostracods (Olempska, 1997)
and miospores (Filipiak, 2004).
Biofacies
In the analyzed Kowala section, in the lower to upper expansa zones, the conodont
assemblages are dominated by the bispathodid biofacies, with a subordinate contribution of
the representatives of the palmatolepid and polygnathid biofacies. These biofacies are
considered typical of basinal settings and the lower part of the basinal slope (compare
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Sandberg, Dreesen, 1984; Dreesen et al., 1986; Dreesen, 1992). In the analyzed succession, in
the uppermost part of the Wocklumeria limestone, most conodonts of the genus Palmatolepis
become extinct and most species of the genus Bispathodus disappear in the lower praesulcata
Zone. In limestones with Autimitoceras fauna, belonging to the upper praesulcata Zone, I
have documented the presence of conodonts of the genus Prothognathodus. Their presence in
successions with the Devonian/Carboniferous transition is related to the Late Famennian
transgression, during which their adaptive radiation took place (compare Becker, 1996; Kaiser
et al., 2008). The protognathid biofacies is considered characteristic of the outer shelf and
basinal slope (Kalvoda et al., 1999) or more shallow marine settings (Dreesen, 1992). In the
Lower Carboniferous of Kowala, the conodont assemblages are represented by the
siphonodellid-polygnathid biofacies, which points to an outer shelf setting (Kalvoda et al.,
1999). In the Lower Carboniferous of Kowala, the contribution of conodonts from the
siphonodellid biofacies rises significantly from the duplicata Zone (Malec, 1995, 2014; Dzik,
1997), which points to a sea-level rise in the Early Carboniferous (Kalvoda et al. 2013).
Event stratigraphy
Conodont-based biostratigraphy in the Kowala succession has allowed me to state that
changes in the lithologies and fossil assemblages across the Devonian/Carboniferous
transition occur in similar biostratigraphic intervals as in other areas, indicating the influence
of global factors (Malec, 1993a, 1995, 2014). The sedimentation of the lithologies between
the limestones with Wocklumeria and the clay marls of the Radlin Beds took place during
global climate and biotic perturbations across the Devonian/Carboniferous boundary, known
as the Hangenberg Event (Walliser, 1985, 1996; House, 2002; Kaiser et al., 2011; De
Vleeschouwer et al., 2013). They are related to glaciations in the Southern Hemisphere,
climate coolings and warmings, which were accompanied by relatively rapid sea-level
changes. Sea-level fall and its subsequent rise in the middle praesulcata Zone, in the Kowala
section related to the beginning of claystone sedimentation, including black claystones rich in
organic matter, well exposed in Kowala Quarry (Filipiak, Racki, 2005; De Vleeschouwer et
al., 2013), had led to a drastic, global extinction, one of the largest Phanerozoic extinctions
(Walliser, 1996; Streel et al., 2000; Sandberg et al., 2002; Kaiser et al., 2011). In the Kowala
succession, the biotic crisis related to the Hangenberg Event is distinct also in the succession
of conodont faunas. The beginning of the event is marked by the extinction of almost all
species of the genera Palmatolepis and Bispathodus. The Late Famennian transgressive pulse
is expressed in the Kowala section by sedimentation of limestones with Acitimitoceras and
appearance of a new group of conodonts from the genus Prothognathodus. Sedimentation of
siliceous claystones of the Zaręby Beds corresponds to the subsequent transgressive pulse in
the Early Carboniferous of Kowala, documented in the lower part of the crenulata Zone
(Malec, 1993a, 1995, 2014; Dzik, 1997). In the beginning of this zone took place
sedimentation of lithologically similar deposits in other parts of Europe and the world (Kaiser
et al., 2011; Kumpan et al., 2014).
In the succession of the Ruda Strawczyńska 1 drilling, I have determined the
biostratigraphy of deposits across the Devonian/Carboniferous transition based on conodonts
and ostracods. In limestones and marly dolomites from the depth 852.5-863.0 m, lying
directly below the siliceous claystones of the Zaręby Beds, I have not found conodonts;
instead, I have recognized here a rich assemblage of benthic ostracods (Malec, 2009)
characteristic of the deep-marine Thuringian ecotype (Gründel, 1961; Blumenstengel, 1993;
Olempska, 1997), with a biostratigraphic position within the Early Carboniferous sulcatasandbergi conodont zones (Malec, 2014). These deposits were assigned earlier to the Upper
Famennian (Pawłowska, Pawłowski, 1978; Żakowa, Migaszewski, 1995). My analyses have
shown that in this succession, the chronostratigraphic position of the Devonian/Carboniferous
boundary lies in the depth interval of 863.0-870.0 m within the carbonate complex. Based on
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conodonts, I determined the approximate biostratigraphic position (trachytera-lower postera)
of the bioclastic Famennian limestones from the depth interval 893.6-915.5 m, with the
brachiopods Dzieduszyckia kielcensis Roemer (Biernat, 1967), representing the only locality
with these fossils in Poland (Biernat, 1967). In the Kadzielnia succession in Kielce, where this
species was described by Pusch in 1833, the limestones with brachiopods were already
completely exploited in the XIX century. Conodont analyses have evidenced that in the Ruda
Strawczyńska succession, the boundary between the Frasnian and Famennian is located
within 940.0-950.0 m of depth (Malec, 2009).
My biostratigraphic investigations across the Devonian/Carboniferous transition
indicate that in the Holy Cross Mountains and their close western Mesozoic margin, the
boundary between the Devonian and Carboniferous is located within carbonate deposits
representing the basal part of the Radlin Beds. In the Kielce Region, with the exception of the
Gałęzice-Bolechowice Syncline and the Radlin area, carbonate rocks lying below the
siliceous claystones of the Zaręby Beds were so far assigned to the Upper Famennian, and the
Devonian/Carboniferous boundary was located in the base of the Zaręby Beds (Żakowa,
1981; Żakowa, Migaszewski, 1995; Filipiak, 2004).
Application of the results. – Determination of the biostratigraphic position of the lithological
complexes across the Devonian/Carboniferous transition in the Holy Cross Mountains, based
on conodonts (and ostracods), will enable conducting regional and interregional comparative
studies of the development of sedimentation and the influence of global climate changes on
the development of organisms at the transition of both periods. The results of the studies in
the Kowala succession indicate a large analogy in the lithologies and their biostratigraphic
position with contemporaneous rock series in the Rhenish Slate Mountains. Deposits with the
same lithological and faunal characteristics occur in both areas in the same biostratigraphic
intervals.
Biostratigraphy of the Devonian and Carboniferous in the central part of the Małopolska
Massif
Malec J. 2015. Biostratygrafia utworów dewonu i karbonu z centralnej części masywu
małopolskiego na podstawie konodontów. Biuletyn Państwowego Instytutu Geologicznego,
462: 41-82.
In the central part of the Małopolska Massif, in the Boża Wola IG 1, Jaronowice IG 1,
Pągów IG 1, Potok Mały IG 1, Włoszczowa IG 1, and Węgrzynów IG 1 drilling logs, I have
conducted conodont-based biostratigraphic analysis of the Devonian and Carboniferous
deposits (Malec 2001b, 2013, 2015). A total of 124 samples was analyzed. The presence of
conodonts was determined only in two drillings – Węgrzynów IG 1 and Pągów IG 1, from
which I obtained over 800 specimens. The collection is dominated by representatives of the
genera Palmatolepis and Polygnathus, at a subordinate contribution of representatives of
Ancyrodella, Icriodus, Bispathodus, Pseudopolygnathus, Scaliognathus and Gnathodus.
I have recognized 15 conodont zones in the Węgrzynów drilling. Twelve of them:
lower falsiovalis, lower hassi, lower rhenana, upper rhenana, upper rhenana?/linguiformis,
?triangularis/?crepida, upper rhomboidea, lower marginifera, upper marginifera, ?uppermost
marginifera-?lower trachytera, upper trachytera and middle-upper postera, document the
presence of deposits from the Givetian/Frasnian boundary to the Upper Famennian, and the
remaining three – the Lower Carboniferous: delicatus and anchoralis – Lower Tournaisian
and texanus – Lower Visean. I determined the boundaries between the conodont zones based
on the stratigraphic ranges of particular species or the presence of index taxa. The succession
of conodont zones indicates that the Węgrzynów succession encompasses a complete
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succession from the Upper Givetian to the Upper Famennian, excluding its uppermost part
with the expansa and praesulcata zones.
The succession in the Węgrzynów drilling, encompassing deposits from the Givetian
to the Upper Famennian has been sub-divided by me into eight informal lithostratigraphic
units. The Givetian includes two units: calcareous dolomites and dolomites with
stromatoporoids, the Givetian/Frasnian boundary interval – dolomitic limestones, the Frasnian
– limestones with styliolines and bioclastic limestones, and the Famennian – bituminous
marls and limestones, nodular limestones, limestones and marls. These units have been
presented in the frames of a conodont biostratigraphic zonation. In the succession, the
chronostratigraphic boundary between the Middle and Upper Devonian occurs within the
dolomitic limestones at the depth of 2447.2-2529.0 m. The Frasnian/Famennian boundary has
been located in the topmost part of the bioclastic limestones, below 1952.8 m. Conodont
analyses have indicated that the Devonian/Carboniferous boundary occurs in the interval
between 1448.8 and 1478.5 m. Lithological and sedimentological data indicate that the
Devonian and Carboniferous deposits lie on each other with a sedimentary discontinuity at the
depth of 1477.0 m, where the Upper Famennian limestones contact with Tournaisian
limestones and sandstones (Jurkiewicz, 1973). In the Węgrzynów section there is a
stratigraphic gap between the Devonian and Carboniferous, which encompasses two
uppermost conodont zones of the Famennian (expansa and praesulcata) and most probably
the lowermost conodont zones of the Tournaisian. The gap has a similar stratigraphic range
(expansa-crenulata) as in the western part of the Holy Cross Mountains (compare
Szulczewski, 1981; Szulczewski et al., 1996).
In the Węgrzynów log, the beginning of sedimentation of some lithological complexes
coincides with eustatic fluctuations related to global transgressive-regressive pulses (Johnson
et al., 1985). The sedimentation of dolomitic limestones from the Givetian/Frasnian transition
in the falsiovalis Zone took place in the beginning of eustatic cycle IIb, distinguished as the
Mesotaxis Event (Racki, 1993). Deposition of limestones with styliolines in the Lower
Frasnian punctata Zone corresponds to eustatic cycle IIc, whereas the commencement of
bituminous marls and limestones sedimentation of the triangularis Zone should be correlated
with eustatic cycle IIe. Beside conodonts, the latter lithological complex contains fossils of
pelagic organisms represented by styliolines, tentaculites, nautiloids and pseudoplanktonic
bivalves of the genus Guerichia.
In the Pągów IG 1 drilling, based on conodonts I have determined the biostratigraphic
position of Devonian carbonate deposits from the lowermost part of the section at the depth of
2961.2-3200.5 m. In the top, these strata contact with siliciclastic deposits of the Upper
Visean (Jurkiewicz, 1976). Conodonts occurring in limestones in the depth interval of 2994.53094.5 m have allowed to document the presence of three conodont zones: jamieae-lower
rhenana, upper rhenana and lower expansa. The first two zones indicate the presence of the
Middle and Upper Frasnian, whereas the third points to the Upper Famennian. The
Frasnian/Famennian boundary is located in the succession within carbonate deposits drilled
without coring in the depth interval of 3000.0-3046.2 m, approximately encompassing seven
conodont zones: from the upper rhenana Zone to the upper postera Zone, that is the Upper
Frasnian and the Lower and Middle Famennian. In the Węgrzynów succession, deposits
covering the same interval of the Devonian are represented by a 500-600 m sequence of
strata. Data on the biostratigraphic position of deposits from the Frasnian/Famennian
transition in Pągów indicate the presence of a stratigraphic gap between the two stages of the
Upper Devonian, with an unknown biostratigraphic range and an unclear origin. The youngest
Devonian strata (lower expansa Zone) documented in the Pągów succession evidence a
stratigraphic gap between the Devonian and Carboniferous, which encompasses the
uppermost Famennian, Tournaisian and Lower Visean.
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Determination of the biostratigraphic position of the main lithological complexes in
the Węgrzynów and Pągów successions and synchronization of the start of sedimentation of
some of them with the global eustatic cycles has allowed to correlate the Middle Devonian,
Upper Devonian and Lower Carboniferous deposits in the Devonian-Carboniferous basin of
southern Poland. Conodont-based biostratigraphy of contemporaneous Devonian deposits in
the central part of the Małopolska Massif indicate that the Devonian basin in the Węgrzynów
area was characterized by a much larger subsidence rate than in the Pągów area to the north. I
have compared the complete succession of Devonian strata, from the Eifelian to the Upper
Famennian, and the Lower Carboniferous in the Węgrzynów succession with
contemporaneous series recognized in the southern part of the Małopolska Massif
(Dobiesławie 1 and Niwki 3 logs), the eastern part of the Upper Silesian Massif (Dębnik and
Olkusz-Zawiercie areas), and the southern part of the Holy Cross Mountains. In the
Węgrzynów succession, the lithostratigraphic horizon with high correlation values includes
limestones with styliolines, which as the same lithofacies were recognized in the OlkuszZawiercie area (Narkiewicz, 1978), the Niwki 3 log (Zając, 1984, 1987), and in the southern
part of the Holy Cross Mountains. In the latter area, styliolines are accompanied by the
brachiopods Phlogoiderhynchus polonicus (Racki, 1993). The beginning of sedimentation of
these deposits is correlated with transgressive pulse IIc from the punctata Zone (Racki,
Turnau, 2000). Another characteristic lithofacies from the Devonian succession in
Węgrzynów includes bituminous marls and limestones, which in the Holy Cross Mountains
are represented by marly limestones linked with eustatic cycle IIe in the triangularis Zone
(Racki, Turnau, 2000). Based on conodont studies I have determined that the sedimentation of
the Lower Carboniferous redeposited bioclastic limestones began in the Węgrzynów area in
the Tournaisian delicatus Zone, whereas in southern part of the Holy Cross Mountains
analogous sediments appeared later – in the Lower Visean bilineatus Zone (Szulczewski et
al., 1996).
Application of the results. – The central part of the Małopolska Massif was so far poorly
recognized in relation to the biostratigraphy of the Devonian and Lower Carboniferous
sedimentary succession. My research has for the first time allowed to correlate the Devonian
strata from the central part of the Małopolska Massif with contemporaneous rocks from
adjacent areas, that were formed during the same transgressive-regressive cycles.
Determination of the biostratigraphic position of the Devonian and Carboniferous deposits in
Węgrzynów and Pągów will gain particular significance in interregional correlation and
analysis of development of sedimentation in the Devonian-Carboniferous basin of southern
Poland. Determination of the biostratigraphy of the bituminous marls and limestones, rich in
organic matter and traces of crude oil, may be used in the recognition of analogous horizons
with regard to hydrocarbon prospecting in other areas.
Summary

1. In the western part of the Kielce Region in the Holy Cross Mountains, the oldest rocks from
the Lower/Middle Devonian transition documented by conodonts belong to the Upper Emsian
patulus Zone, and the youngest record the Lower Eifelian partitus Zone. The
chronostratigraphic boundary between the Lower and Middle Devonian is located within
lithologically varied deposits representing shallow-marine to continental settings. In this area
the Upper Emsian and Lower Eifelian lithostratigraphic units are characterized by large
diachroneity of their boundaries.
2. Conodonts analyzed in the continuous succession across the Devonian/Carboniferous
boundary of Kowala document the biostratigraphic position of the sedimentological and biotic
record of the Hangenberg Event. In most of the Kielce Region in the Holy Cross Mountains,
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sedimentation of carbonate rocks from the Devonian/Carboniferous boundary interval
continued till the Lower Tournaisian sandbergi Zone. As late as from the Lower Tournaisian
crenulata Zone (lowermost Visean texanus Zone in the Gałęzice area) took place
sedimentation of deep-marine siliceous claystones of the Zaręby Beds.
3. In the Pągów IG1 and Węgrzynów IG 1 drilling logs from the central part of the
aMalopolska Massif, based on conodonts was documented Devonian strata from the
Givertian/Frasnian boundary to the Upper Famennian, and in the latter section – also Lower
Carboniferous strata of the Middle and Upper Tournaisian and Lower Visean. The Devonian
and Carboniferous rocks from the central part of the Małopolska Massif show a distinct
lithological similarity in fairly accurate stratigraphic intervals to successions from adjacent
areas.
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5. Report on other scientific achievements
Beside conodont biostratigraphy of the Devonian and Carboniferous, my scientific
interests have focused on the lithostratigraphy of the Lower and Middle Devonian transition,
and the studies of foraminifers and ostracods in this part of the Devonian succession.
Moreover, I have studied the sedimentology of Cambrian, Silurian, Lower and Middle
Devonian strata, determined the thermal maturity of Silurian, Devonian, Carboniferous and
Triassic rocks, and the reservoir host rock character of Palaeozoic and Mesozoic rocks. I have
also popularized geological knowledge. The full list of my papers with my personal
contribution, cited in the “scientific-research achievements” is given in Annex 3.
Studies of Cambrian deposits
In the Cambrian of the Holy Cross Mountains I have studied the sedimentology of the
Pepper Mts Shale Formation and the Wiśniówka Sandstone Formation.
The sedimentary setting of the Pepper Mts Shales, assigned to the middle Cambrian
(Series 3) and upper Cambrian (Furongian) (Kowalczewski et al., 2006), was considered as a
shallow marine, shelf environment, in which sedimentation took place below the normal wave
base (Orłowski, 1968; Przewłocki, 2000). I have studied the exposures of the Pepper Mts
Formation between the Kamecznica Podmąchocicka to the west to the Pepper Mts to the east
(Malec, 2007e, f, 2010a, b, 2011a, 2012b; Malec, Salwa, 2014). I have separated the deposits
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of the formation into two formal lithostratigraphic units: the Pepper Mts Claystones
Formation and the Kamień Łukawski Mudstones Formation (Malec, in press). Deposits of the
first unit, extending from the vicinity of Kielce to the vicinity of Sandomierz were formed on
the basin plain, whereas the second unit, restricted to the Pepper Mts, developed on the basin
slope.
The sedimentary setting of the upper Cambrian (Furongian) Wiśniówka Sandstones
was determined as very shallow-marine, and the thick-bedded sandstones were interpreted to
be formed due to storm events (Dżułyński, Żak, 1960; Radwański, Roniewicz, 1960, 1962;
Orłowski, 1968). Results of my sedimentological investigations carried out in the entire area
of occurrence of this unit, from Wiśniówka to the west to the Karwów area to the east indicate
that the sedimentation the sedimentation of these deposits took place within submarine fans,
in channel and interchannel zones. The thick-bedded sandstones of the formation were formed
on the basin slope in effect of gravitational, high-density sand debris flows (Malec 2003d,
2005b, 2007a, b, d, g, h, 2008b, 2009a, 2010c, 2012a).
Lithologically variable Cambrian deposits, drilled below the Miocene in the SE
margin of the Holy Cross Mountains, were studied by me with regard to their sedimentology
in 26 drillcores. They can be assigned to several lithostratigraphic units from the Cambrian
succession of the Kielce Region in the Holy Cross Mountains (Malec, Kuleta, 2009a).
I have also studied the original collection of W. Sedlak comprising several thousand
“fossils” from deposits of the upper Cambrian (Furongian) Wiśniówka Sandstone Formation
collected in the Święty Krzyż area. The specimens present in this collection, belonging to the
Corallicyathida, and occurring in situ in the field, have been questioned as real fossils by
Bodzioch (2000). I have shown that the specimens from the collection in reality represent
mineralization structures within tectonic breccia or on tectonic surfaces perpendicular to the
bedding (Malec, 2007i, j, 2008e).
Studies of Silurian deposits
I have conducted studies of Silurian deposits in the Holy Cross Mountains and in the
western margin of the Małopolska Massif.
In the Niestachów section, located in the Kielce Region, based on existing exposures
and research excavations, I have recognized a 500 m thick succession encompassing the
Prągowiec Beds and the Ludlow greywackes of the Niewachlów Beds. In the latter I
distinguished 11 lithostratigraphic complexes (Malec, 2005a). In the next stage of research,
the deposits were studied with regard to petrography and the source areas of detrital material
(Malec, Kuleta, 2008a; Malec et al., 2015).
In the Bardo Syncline I conducted sedimentological studies of the greywackes
belonging to the Niewachlów Beds in the Zalesie area (Trela, Malec, 2006). In the western
part of this structural unit, near Widełki, research excavations have allowed for studying the
succession from the transition between the Prągowiec Beds and greywackes of the
Niewachlów Beds (Malec, 2004c, 2014), and correcting the inappropriate interpretation of the
stratigraphic succession of these units presented by Stupnicka et al. (1991).
Near Zbrza in the NW part of the Holy Cross Mountains, I have made research
excavations to expose the succession of the Ordovician/Silurian transition, which was studied
with regard to petrology and biostratigraphy (Malec, 2005c; Trela et al., 2006a).
In the Łysogóry Region, I studied the sedimentology of the Silurian claystones and
greywackes in the cores of the Daromin IG 1, Kichary IG 1 and Wilków 1 boreholes (Trela et
al., 2006b; Malec et al., 2007b; Trela, Malec, in press).
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Based on comparative analysis of the Silurian and Lower Devonian macro- and
microfauna from the Holy Cross Mountains and other parts of Europe I have presented the
palaeogeography of this area in the Silurian and Early Devonian (Malec, 2004a, b).
During the Conference of the Polish Geological Society in 2006 I have presented a
synthetic characteristics of the litho- and biostratigraphy of the Silurian deposits in the Holy
Cross Mountains (Malec, 2006).
Moreover, I conducted sedimentological studies of Silurian greywackes of the
Mrzygłód Beds and Łapczyca Formation in 4 drillcores from the Zawiercie area and in the
Łapczyca 2 drillcore, which were also studied with regard to petrography; the studied
successions were correlated with the Ludlow of the Holy Cross Mountains (Malec et al.,
2005, 2008; Malec, Kuleta, 2009b).
Studies of Devonian deposits
Lower Devonian
I have studied the sedimentology of the Lower Devonian Barcza Beds in the vicinity
of the abandoned quarries near Barcza; my investigations have indicated an alluvial
sedimentary setting. The complex results of sedimentological, miospore, vertebrate remains
and trace fossil analyses of the Barcza Beds are now being prepared for publishing (Malec et
al., in preparation).
Middle and Upper Devonian
In the succession of the Middle Givetian silicoclastic deposits of the Świętomarz Beds,
in the Łysogóry region, I have distinguished 7 lithofacies and determined their sedimentary
setting. It was related with a distal part of a prodelta, to which terrigenous material was
supplied from the south-east, from the orogenic zone and the craton zone of a continental
block (Malec, Kuleta, 2008b; Malec, 2011b, 2012, 2012b; Kuleta, Malec, in press).
In research excavations near Pokrzywianka, I have described the lithology and the
fossils from the Middle Givetian Świętomarz, Pokrzywianka and Nieczulice Beds (Malec,
2008a).
In the Bostów 7 drillcore I sub-divided the 400 m sequence of Givetian strata into
lothostratigraphic units, and distinguished deposits of the Skały, Świętomarz, Pokrzywianka
and Nieczulice Beds (Malec, 2007c).
Near Nieczulice, in an artificial exposure I recognized a succession of deposits at the
transition between the Nieczulice and Kostomłoty Beds, within which, based on abundant
conodont assemblages, I located the Givetian/Frasnian boundary (Malec, 2007l).
In the Bąkowa IG 1 drillcore I studied the ostracod assemblage from the depth interval
1434.7-2418.0 m, which documented deposits from the Givetian and the Givetian/Frasnian
transition. Most of these deposits correspond to the Nieczulice Beds, and the underlying
sandstones – to the Świętomarz Beds from the Łysogóry Region of the Holy Cross Mountains
(Malec, 2009b).
Interpretation of 13 seismic logs from the western Mesozoic margin of the Holy Cross
Mountains (Malec et al., 2007a) has led to drill the Odrowążek 1 borehole for hydrocarbon
prospecting. I have conducted a stratigraphic analysis of the deposits drilled below the
Permian strata, and distinguished the Lower and Middle Devonian deposits representing the
Zagórze, Grzegorzowice, Wojciechowice formations and the basal part of the Skały
Formation from the Łysogóry Region (Malec et al., 2007d).
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Upper Devonian – Lower Carboniferous
I have investigated the 13C record in the limestones from the Devonian/Carboniferous
transition in the Kowala succession. They indicate that oscillations in the isotope record of rhe
studied deposits are related to the Hangenberg Event (Trela, Malec, 2007, 2008a, b).
Studies of thermal maturity based on conodonts
Beside using conodonts for biostratigraphy, I have used my collection of these
microfossils to determine the thermal maturity of Devonian, Carboniferous and Triassic rocks.
My studies have confirmed the earlier opinion of Belka (1990) that the Devonian strata of the
Kielce-Łagów Synclinorium have been strongly heated, whereas they are much less mature to
the south of that area; and a strong heating of the Lower and Middle Devonian in the
Łysogóry region and a light heating of the Upper Devonian in this area (Narkiewicz, Malec,
2005).
Studies conducted in the central part of the Małopolska Massif, in the Węgrzynów
IG 1 and Pągów IG 1 drillcores, indicate increase of the CAI from 2 in the Lower
Carboniferous to 3 in the Givetian in the first drillcore. Intense heating of the Upper Devonian
in the Pągów IG 1 (CAI 4.5) points to an additional contribution of an increased heat stream
near a tectonic zone. The rather low palaeotemperature value in the organic matter from the
Triassic deposits of the Małopolska Massif indicates that the Devonian and Carboniferous
strata gained thermal maturity in the Late Carboniferous, prior to their uplift in the Variscan
orogeny (Malec, 2015a).
Studies of reservoir host rocks
In selected lithostratigraphic successions of the Palaeozoic in the Holy Cross
Mountains, encompassing Cambrian, Ordovician, Silurian, Carboniferous and Permian
deposits, I conducted investigations focused on determining their hydrocarbon potential based
on the pyrolytic Rock-Eval analysis. The Llandovery Bardo Beds, Lower Carboniferous
Zaręby beds and Upper Permian Zechstein limestones have been determined to be rich in
organic matter (Malec, 2006a; Malec et al., 2007c, 2010). I also conducted studies of selected
Middle and Upper Devonian horizons of the Holy Cross Mountains with regard to search for
host and reservoir rocks (Malec et al., 2005a – archival data), and of Palaeozoic and Mesozoic
rocks in the north-western Mesozoic margin of the Holy Cross Mountains with regard to their
hydrocarbon potential (Malec et al., 2008b – archival data).
Geoeducation
In the area of the planned Łysogóry Geopark I have taken part in the selection and
characteristics of the geotourist values of 21 geosites (Fijałkowska-Mader, Malec, 2013).
The unique in terms of geotourism and geoeducation Devonian succession and caves
of Kadzielnia have been presented in a book and a tourist guide (Urban et al., 2011, 2013), in
which I was responsible for the characteristics of the Devonian rocks.
In 2010-2014 I elaborated documentary cards for 65 geosites in the Świętokrzyskie
Province, including 35 individually.
I am also the co-author of a book – syllabus for classes and exercises for geography
teachers (Pieńkowski et al., 2013).
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Popularization and promotion of PGI-NRI
For the exhibition commemorating the 75 anniversary of the Holy Cross Branch of
PGI-NRI, I have prepared a poster entitled “Palaeontology”.
I prepared three chapters in the promotion folder of the Holy Cross Branch of PGINRI entitled “Microfossils from the Holy Cross Mountains”.
During the Kielce Science Festivals I have popularized geology among school
children (Malec, 2004d, 2005e, 2006b, 2007j, 2012d).
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