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The Lower De vo nian of the Holy Cross Moun tains is well-known in the field of ver te brate palae on tol ogy but re mains un rec og -
nized as re gards palaeoenvironmental re con struc tions. We there fore ana lysed the spa tial dis tri bu tion and rel a tive abun -
dance of fos sil ver te brates in this area within one time in ter val. The fauna from an Early De vo nian (Emsian) siliciclastic
bone-bear ing brec cia (the “Placoderm Sand stone”) ex posed in four sec tions of the £ysogóry re gion and five sec tions of the
Kielce re gion was ana lysed with re spect to the fre quency of the re mains and their tax o nomic af fin ity. The rel a tive abun -
dances of agnathans, ac an tho dians, placoderms, osteichthyans and chondrichthyans sug gest more open ma rine con di tions 
in the £ysogóry re gion and more ter res trial-in flu enced in the Kielce re gion dur ing the Emsian. The re sults show that the av er -
age agnathan and ac an tho dian con tent of the £ysogóry re gion is sig nif i cantly larger than that in the Kielce re gion. On the
other hand, there are rel a tively fewer osteichthyans in the £ysogóry re gion and a sig nif i cantly higher pro por tion of bony fishes 
was re corded in the fauna of the Kielce re gion. Placoderms are char ac ter ized by their gen er ally sim i lar fre quency in both re -
gions and from site to site in each of them, though a greater abun dance was noted from the Kielce re gion. Like wise dif fer -
ences in the pro por tions of par tic u lar groups in the Kielce re gion sug gest a large va ri ety of mar ginal-ma rine en vi ron ments
un der the in flu ence of fac tors that might have in cluded ma rine cur rents and vari able con di tions around a river mouth.
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INTRODUCTION

The Lower De vo nian of the Holy Cross Moun tains has been 
de bated in many pub li ca tions (Kontkiewicz, 1882; Gürich,
1896; Czarnocki, 1919, 1936; Tarlo, 1957, 1961a, b, 1964,
1965; Kulczycki, 1960; Szrek et al., 2014; Szrek and Dupret,
2017; Szrek, 2020; Szrek et al., 2021) as re gards its stra tig ra -
phy, palae on tol ogy and palaeoenvironments. For many years,
the only ac ces si ble lo cal ity with a rea son ably in for ma tive sec -
tion con tain ing Pol ish Lower De vo nian fos sils was that at
Pod³azie Hill near Kielce in the west ern part of the Holy Cross
Moun tains. There, a bone-bear ing brec cia known as the Placo -
derm Sand stone is ex posed. The site is now the best stud ied
Lower De vo nian lo cal ity of the re gion. The sec tion, be long ing to 
the Emsian Winna For ma tion, was dis cov ered in an old, com -
pletely over grown and par tially bur ied sand stone quarry which,
when it was ac tive, was the only source of Placoderm Sand -

stone for sci en tific study (Kulczycki, 1960) and for ac a demic
col lec tions (Kozak and Król, 2021). Un for tu nately, the sec tion
and its sedimentological de tails are not known to have been
doc u mented at that time. Dur ing the past two de cades one of us 
(PS) has made ex ca va tions at the site, pri mar ily for ob tain ing
new fos sils, and sev eral hun dred spec i mens have been col -
lected and are un der study (Bur row and Szrek, 2018; Dec,
2019; Wilk et al., 2020; Szrek et al., 2021); it forms the larg est
col lec tion of Early De vo nian ver te brates from the re gion as sem -
bled so far.

The ver te brate fos sils in the Placoderm Sand stone, with
their or na men ta tion, are pre served as cav i ties in a hard sand -
stone. Such neg a tive forms (nat u ral moulds) used to be stud ied
only af ter par tial de struc tion of the rock and in fill ing the moulds
with la tex rub ber or sil i cone. The casts were then ob served and
pho to graphed, though much in for ma tion was lost in this de -
struc tive pro cess. Now a days, the sand stone sam ples can be
ana lysed by CT-scan ner (high res o lu tion com puter to mog ra -
phy) and the im ages of spec i mens hid den in the rock ex am ined
on com puter screen, com pletely non-de struc tively. The pre lim i -
nary tri als of this tech nique ap plied to the Placoderm Sand stone 
gave re mark able re sults. Even the tiny tu ber cles on the bones
are vis i ble (Fig. 1).

Since the sec ond half of the 19th cen tury, the De vo nian ver -
te brate fauna of the Holy Cross Moun tains, con sist ing mainly of
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Fig. 1A–C – CT scan of a Placoderm Sand stone block mod elled with Mim ics 19.0; A – 3D ex tracted bones (some mod -
elled in di vid u ally, oth ers as a sin gle set (in pale blue), B – block shown semi-trans par ent, C – outer sur face of the
block; scale bar: 5 cm, D – cross-sec tion of the Placoderm Sand stone bed with empty spaces rep re sent ing bone; E –
sil i cone cast of the sur face of the spec i men il lus trated in D; F–H – sur face of the Placoderm Sand stone block with ver -
te brate re mains of placoderm (F), ac an tho dian (G) and psammosteid (H) el e ments rep re sent ing empty spaces af ter
skel e tal tis sues, scale bars: 1 cm



placoderms, has been used as a strati graphic tool (Kontkie -
wicz, 1882) un til the times of Czarnocki (1919 and later – see
Szrek, 2020). By anal y sis of “placoderm fos sils” in var i ous Pa -
leo zoic clastic for ma tions of the Holy Cross Moun tains,
Czarnocki (1919) was able to re solve an im por tant ques tion re -
gard ing the age of the sand stones that build the £ysogóry
Range in the Holy Cross Moun tains, pre vi ously con sid ered as
Cam brian and fi nally dated to the Early De vo nian. The
so-called placoderm re mains were also the ba sis for nam ing
the the sand stones con tain ing such fos sils (Gürich, 1896) as
the Placoderm Sand stones. How ever, not un til the last de cade
(Szrek et al., 2014, 2015; Szrek and Dupret, 2017), were
placoderms from the Lower De vo nian of the Holy Cross Moun -
tains and (par a dox i cally) from the Placoderm Sand stone de -
scribed. The ar moured ver te brates de scribed and il lus trated
were in most cases the more abun dant agnathans, such as
heterostracans (e.g., Tarlo, 1964, 1965). Prob a ble rea sons for
this no men cla ture (dis cussed by Szrek, 2020) in clude the gen -
er al iz ing ap proach of ear lier re search ers (Georg Gürich, Jan
Czarnocki) to bone re mains in Lower De vo nian sand stones,
lump ing all ar mour-bear ing fishes un der the name of placo -
derms. The first cer tain (il lus trated and ver i fied) re mains of
placoderms from the Placoderm Sand stone were de scribed by
Szrek et al. (2014: fig. 5A), based on sil i cone casts (see also
Szrek and Dupret, 2017).

As well as the Pod³azie Hill lo cal ity, the Placoderm Sand -
stone sensu Szrek (2020) with its typ i cal fauna can be found
also at the fol low ing lo cal i ties in the Kielce Re gion (south ern
Holy Cross Moun tains, Fig. 2): Dêbska Wola, Bieliny, Mas³o -
wiec and Kopiec, as well as from the Barcza Moun tain, Bukowa
Góra, Grzegorzowice-Ska³y Quarry, and Podole rep re sent ing
the north ern, £ysogóry re gion. The ver te brate re mains be long -
ing to placoderms, chondrichthyans, ac an tho dians, osteich -
thyans and agnathans from these sec tions have been iden ti fied 
and counted in this study, and sta tis ti cal data on the rel a tive
abun dances of var i ous groups of ver te brates ob tained. The re -
sults pro vide in sights into the geo graphic dif fer en ti a tion of the
ver te brate fauna, par tic u larly be tween the north ern and south -
ern re gions.

MATERIAL AND METHODS

Fos sils of the Placoderm Sand stone from the nine lo cal i ties
listed above and four mu seum col lec tions (Geo log i cal Mu seum
of the Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute:
Muz PGI-NRI 1733.II; Holy Cross Moun tains Branch of the
PGI-NRI: OS-223; Pol ish Acad emy of Sci ences, Mu seum of the
Earth: MZ-VIII/Vp and the Uni ver sity of War saw, Fac ulty of Ge ol -
ogy: MWG UW ZI/43) have been stud ied. Our re search de vel -
ops the meth od ol ogy of Szrek et al. (2014), ex tend ing it to eight
more lo cal i ties af ter field col lect ing made pos si ble by heavy ex -
ca va tors (Podole, Pod³azie, Kopiec) and man ual ex ca va tion (the
rest of the lo cal i ties). Large pieces of Placoderm Sand stone (~1
m2 in size) found in the ex po sures were bro ken up and sub jected
to sur face anal y sis, count ing all vis i ble spec i mens (Ta ble 1 and
2). The num ber of spec i mens stud ied de pended on the rich ness
of the sand stone in ver te brates, the thick ness of the unit and
over all ac cess to the rock. Each ver te brate frag ment, intraclast
and quartz ite peb ble was treated as a sep a rate ob ject. Non-ver -
te brate re mains were treated sep a rately where clearly out lined
and not in con tact with any other ob ject. Due to the very high de -
gree of frag men ta tion of al most all ver te brate el e ments (der mal
plates, scales, teeth, fin spines, etc.), each ob ject was counted
as one re gard less of its state of pres er va tion. For ex am ple, a

small frag ment of a der mal plate had the same value as a com -
plete scale dur ing count ing. The iden ti fi ca tion of ver te brate el e -
ments as be long ing to a par tic u lar group (agnathans,
placoderms, chondrichthyans, ac an tho dians, and osteichthyans) 
was made based on gen eral, but clearly dis tinc tive mor pho log i -
cal fea tures, while spec i mens of un clear tax o nomic af fin ity were
clas si fied as “un iden ti fied”. In to tal 2115 ver te brate re mains and
other el e ments were ana lysed and eval u ated. De tails on their
sys tem atic af fil i a tion are shown in Ta ble 1. Ad di tion ally, tak ing
into con sid er ation dif fer ences be tween the num bers of spec i -
mens of dif fer ent groups at the lo cal i ties, es pe cially among the
£ysogóry and Kielce re gions, the Pearson cor re la tion co ef fi cient
was cal cu lated for those ar eas. Two vari ables (Kielce and
£ysogóry re gions) were mea sured at the in ter val level (ver te brate 
groups) thus each ob ser va tion in the dataset has a pair of val ues
(e.g., val ues of placoderms in both re gions). Data were cal cu -
lated us ing the Pearson for mula in the Micro soft Ex cel
programme (Ta ble 3) which eval u ates the ef fect of change in one 
vari able on the other. 

GEOLOGY AND AGE 
OF THE SECTIONS STUDIED 

Dif fer ences in fa cies de vel op ment of the Holy Cross Moun -
tains dur ing the De vo nian in clude pre dom i nantly ma rine con di -
tions in the £ysogóry re gion and more con ti nen tal con di tions in
the Kielce re gion (Szulczewski, 1995). More over, the Lower
De vo nian suc ces sion in the £ysogóry re gion is al most com -
plete, whereas in the Kielce re gion it is char ac ter ized by sev eral
un con formi ties and gaps (see Szulczewski, 1995: fig. 1). The
dif fer ences in the palaeontological re cord of the Lower De vo -
nian de pos its are also sig nif i cant. The £ysogóry re gion has
yielded a rich as sem blage of in ver te brate fos sils and
ichnofossils (Szulczewski, 1995; Szulczewski and Porêbski,
2008), as well as ver te brate re mains (Szrek et al., 2015). In the
Kielce re gion, there are no dis cern ible in ver te brate fos sils
(Szrek et al., 2014, 2016), while the ver te brate re mains are nu -
mer ous and di ver si fied (Tarlo, 1957, 1961a, b, 1962, 1964,
1965; Kulczycki, 1960; Blieck, 1980; Szrek et al., 2014, 2015;
Szrek and Dupret, 2017).

From a for mal lithostratigraphic view, the sand stones ex -
posed in the Kielce re gion be long to the Winna For ma tion and
those in the £ysogóry re gion to its equiv a lent, the up per most
Barcza and Zagórze for ma tions. They rep re sent the mid dle to
up per Emsian (see Fija³kowska-Mader and Malec, 2011, 2018).
The anal y sis of ver te brate con tent in dif fer ent sites con tain ing the 
Placoderm Sand stone is based on the con tem po ra ne ous de po -
si tion of the bone-bear ing ho ri zons ana lysed. Such dat ing was
avail able to us thanks to the re gional anal y ses of Tarno wska
(1971, 1976, 1981) and Fija³kowska-Mader and Malec (2011). 

The lo cal i ties stud ied, four in the £ysogóry re gion and five in
Kielce re gion, rep re sent the west ern, cen tral and east ern parts
of both re gions and most of them gave at least hun dred counts
of ver te brate re mains, intraclasts and quartz ite peb bles. 

KIELCE REGION

The Dêbska Wola site is the wes tern most lo cal ity, ~4 km
south west of Morawica town and 20 km south of Kielce. At
Dêbska Wola, Czarnocki (1919, 1936) de scribed the Placo -
derm Sand stone brec cia as char ac ter ized by an ex cep tional
rich ness of ver te brate re mains such as scales, fin spines, ar -
mour frag ments, teeth, etc. Later, the ex am i na tion of the sec -
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tions was dif fi cult as they be came in creas ingly veg e ta tion-cov -
ered, and re quired large-scale ex ca va tion (Szrek and Dupret,
2017). Ac cord ing to Czarnocki (1919), the Placoderm Sand -
stone at Dêbska Wola cor re sponds to the lower Emsian in the
terrigenous “Barcza Se ries” of the £ysogóry re gion. The
Placoderm Sand stone from this lo cal ity is <0.5 m thick, but con -
tains abun dant re mains. It oc curs in the same con text as the
sec tion at Pod³azie noted be low.

The Pod³azie lo cal ity was de scribed in de tail by Szrek et al.
(2014). The light grey ish-beige bone-bear ing brec cia is made of 
empty spaces af ter the bro ken re mains of a rich, di verse ver te -
brate as sem blage. It was de pos ited dur ing high-en ergy events
in shal low wa ter con di tions (John son and Baldwin, 2012; Szrek
et al., 2014). Based on miospores and tephrocorrelation the
Placoderm Sand stone in Pod³azie Hill is dated as Emsian
(407.6 ±2.6–393.3 ±1.2 Ma; Tarnowska, 1976, 1981; Szulcze -
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Fig. 2. Lo cal ity map of the Placoderm Sand stone out crops in the Holy Cross Moun tains with di a grams
show ing rel a tive abun dances of each ver te brate group
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wski and Porêbski, 2008; Fija³kowska-Mader and Malec, 2011). 
Lithostratigraphic con sid er ations sug gest that the sand stones
ex posed at Pod³azie Hill be long to the lower part of the Winna
For ma tion (see Fija³kowska-Mader and Malec, 2011). The
bone- bear ing brec cia is at least 40 cm thick.

At the next lo cal ity, Bieliny, Czarnocki (1919) dis tin guished
the fol low ing se quence: (1) grey and ol ive clayey and marly
shales be long ing to the Si lu rian on which lie (2) the Placoderm
Sand stone – com pact sand stones, yel low ish with lens-shaped
in clu sions of green clay and placoderm moulds, form ing the
main part of the sec tion; above them lie (3) pale green clay
shales 0.5 m thick, as thin interbeds be tween sand stone lay ers. 
Then (4) con glom er ates of the Up per Emsian, up to 5 m thick.
The top of the se quence com prises (5) frag ile rust-col oured
sand stones with an in ver te brate fauna. In ter ca la tions of con -
glom er ate in the up per part of the sand stone and shale suc ces -
sion in di cate ma rine trans gres sion. In the up per most sand -
stones a ma rine fauna with Spirifer re flects dis place ment of the
shore line (Pajchlowa, 1957). The bone-bear ing unit at this lo -
cal ity is also ex posed in the sec tion by the river Belnianka at the
foot of Che³m moun tain. It is up to 0.5 m thick with an abun -
dance of ver te brate re mains sim i lar to those from Dêbska Wola
and Pod³azie.

At Mas³owiec near £agów up per Emsian strata are ex posed 
(Czarnocki, 1919; Walczowski, 1968). The Placoderm Sand -
stone se quence is formed of quartzitic sand stones, and sandy
mudstones interbedded with green and cherry-red clays and
greywackes. The sand stones are gen er ally white, lo cally with a
yel low ish or red dish tinge with cav i ties left by weath ered-out
clays. On the top of the Placoderm Sand stone lie red, grey, and

brown shales (up per Emsian) with in ter ca la tions of greywacke,
claystone and weakly co he sive sand stone (Walczowski, 1968).
In some places cross-bed ding, wave rip ples and rain im prints
were found, in di cat ing shal low-wa ter and emer gent con di tions.
Ad di tion ally, all re mains found were bro ken, sug gest ing sig nif i -
cant trans port be fore de po si tion (Walczowski, 1968), is in ferred
also by Czarnocki (1919) from the terrigenous na ture of the
sed i ments. Ver te brate re mains are loosely dis persed in a 0.3
metre in ter val. The ex po sure is lo cated in a stream val ley and
the bone-bear ing unit oc curs in a gen er ally muddy part of the
sec tion.

The Kopiec site con sists in an in ac tive quarry lo cated near
Iwaniska city, ~60 km south-east of Kielce. Geo log i cally, the
site lies on the clo sure of the Ujazd syncline. The suc ces sion
ex posed at Kopiec is sim i lar to that in a well-known bore hole at
Haliszka where the most com plete pro file of the Emsian is rep -
re sented. Tarnowska (1967) iden ti fied five units based on or -
ganic re mains and lithological changes: (1) lower sand stone,
(2) lower sand stone-mudstone, (3) lower sand stone with placo -
derm re mains, (4) mudstone-sand stone and (5) up per sand -
stone. The whole suc ces sion is ~126 m thick. At Kopiec the last
up per two units of the suc ces sion are eroded (Tarnowska,
1976). The third unit, the up per Emsian Placoderm Sand stone,
is de vel oped as coarse-grained sand stones >2 m thick, light
grey with thin interbeds of siltstone and clay, the to tal thick ness
of the avail able sec tion ex ceed ing 30 m (Samsonowicz, 1929).
Ver te brate re mains are abun dant in a 5–10 cm thick in ter val
within a thicker (~1.5–2 m) sand stone bed which over lies a
muddy layer. De spite its thin ness, the bone-bear ing unit is as
fos sil-rich as at Dêbska Wola or Pod³azie.
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T a  b l e  1

Num ber of ver te brate re mains and clasts ob served on the sur faces of sam ples 
of Placoderm Sand stone from the Holy Cross Moun tains

£ysogóry re gion

Barcza Bukowa Góra Grzegorzowice Podole TOTAL

Placoderms 13 13   8 17 51

Chondrichthyans   0   0   0  5   5

Ac an tho dians 35 18 30 38 121 

Osteichthyans   5   3  7 15 30

Agnathans 20 45 43 54 162  

Un iden ti fied   2   5 15 21 43

Clasts  9 23   9 45 86

To tal num ber of ver te brate
frag ments 73 79 88 129  369  

TOTAL 84 107 112  195  498  

Kielce re gion

Dêbska
Wola Pod³azie Bieliny Mas³owiec Kopiec TOTAL

Placoderms 71 152 33 28 13 297

Chondrichthyans   0   19   3   1   0   23

Ac an tho dians 35 141 31 34 14 255

Osteichthyans 60 166 18 25 51 320

Agnathans 47 201 35 25   4 312

Un iden ti fied 24   93 21 20 15 173

Clasts 16 148 23 16 34 237

To tal num ber of ver te -
brate frag ments 213  679 120  113 82 1207 

TOTAL 253  920 164  149 131 1617 
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£YSOGÓRY REGION

At Barcza Moun tain three quar ries were dis tin guished:
North ern, East ern and South ern (Ur ban, 1980; Wróblewski,
2000; Fija³kowska-Mader and Malec, 2018). Czarnocki (1919)
first de scribed the se quence in the Barcza re gion and ob served
three char ac ter is tic units: Old Red Sand stone, Placoderm
Sand stone and Spirifer Sand stone. Later, Czarnocki (1936)
con structed a lithological pro file in which he dis tin guished suc -
ces sively the Klonów Beds, the Barcza Beds, the Spirifer sand -
stones, the Skolithic sand stones and the Ciosowe Sand stones
(Fija³kowska-Mader and Malec, 2018). In the Barcza Beds,
Kowalczewski (1971) rec og nized six lithological units and the
placoderm re mains were found only in the fifth one. It is com -
posed of me dium-, lo cally thick-bed ded sand stones and

cherry- col oured quartz siltstones. There are spo radic fine- to
me dium-grained, light-col oured platy sand stones with fre quent
cav i ties left by washed-out clay peb bles. 

At Barcza, >30 m of the Emsian terrigenous Barcza Beds
are vis i ble. These are rep re sented by sand stones and mud -
stones with interlayers of tuffite in the up per part (Król et al.,
2021). The up per part of the Barcza Beds is built of mudstones
and sand stones, usu ally up to sev eral tens of centi metres,  but
lo cally to a few metres thick, and in their lower part be ing light
and dark grey. The mudstone shows hor i zon tal lam i na tion. In
the mid dle part, Malec (2001) ob served an 8.5 m bed of
cherry-brown mudstones. The top most parts of the ex posed
sec tion are rep re sented by grey-green, fine-grained and hor i -
zon tally lam i nated sand stones and mudstones (Czarnocki,
1936; Malec, 2001). The sec tion rep re sents a la goonal en vi ron -
ment sim i lar to that at Bukowa Góra though these lo cal i ties
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T a  b l e  2

Rel a tive abun dances of ver te brate re mains (iden ti fied spec i mens only) on the sur faces 
of Placoderm Sand stone sam ples from the Holy Cross Moun tains

£ysogóry re gion

Barcza Bukowa
Góra Grzegorzowice Podole Av er age

[%]

Placoderms 18 16   9 13 14   

Chondrichthyans   0   0   0   4 1

Ac an tho dians 48 23 34 29 33.5

Osteichthyans   7   4   8 12     7.75

Agnathans 27 57 49 42   43.75

TOTAL % % % %

Kielce re gion

Dêbska
Wola Pod³azie Bieliny Mas³owiec Kopiec Av er age

[%]

Placoderms 33 22 28 25 16 24.8

Chondrichthyans   0    3   2   1    0   1.2

Ac an tho dians 17 21 26 30 17 22.2

Osteichthyans 28 24 15 22 62 30.2

Agnathans 22 30 29 22   5 21.6

TOTAL 100% % % % %

T a  b l e  3

Pearson cor re la tion be tween the Kielce and £ysogóry re gions show ing the strength of the lin ear
re la tion ship be tween the two

Num ber of ver te brate re mains ob served 
on the sur faces of sam ples of

Placoderm Sand stone

Rel a tive abun dances of ver te brate
re mains on the sur faces of sam ples 

of Placoderm Sand stone

Kielce
Re gion

£ysogóry 
Re gion

Kielce re gion 
(av er age %)

£ysogóry re gion 
(av er age %)

Placoderms 297 51 24.8 14

Chondrichthyans   23 5   1.2    1

Ac an tho dians 255 121  22.2    33.5

Osteichthyans 320 30 30.2        7.75

Agnathans 312 162  21.6      43.75

Pearson Cor re la tion
Co ef fi cient          0.53 0.34
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were not con nected (Kowalczewski, 1971). Ver te brate re mains
are dis persed in a 1–1.5 m in ter val. Most of the spec i mens ana -
lysed were col lected from the dump, but their source ho ri zon is
pre cisely lo cated and cor rob o rated by Fija³kowska-Mader and
Malec (2018).

Bukowa Góra in cludes an ac tive sand stone quarry lo cated
~20 km north-east of Kielce. In the quarry there are three ex -
posed for ma tions: the Zagórze For ma tion, the Bukowa Moun -
tain Shale For ma tion and the Kapkazy For ma tion, which to -
gether rep re sent a transgressive trend with a stack of barred
shore lines. Our ma te rial was taken from the Zagórze For ma tion 
(a >200 m thick suc ces sion in clined at an an gle of 40° to the
N–NNE) where mostly white, yel low, red, lo cally peb bly, lam i -
nated sand stones (usu ally 2–5 m thick) and less con sol i dated,
bed ded, dark grey, green, and red dish sand stone/mudstone
heterolithic de pos its (be tween sev eral centi metres and 5 m
thick) are dom i nant (Szulczewski and Porêbski, 2008). The
strata were de pos ited in a high-en ergy en vi ron ment in a ma rine
nearshore zone or river (Czarnocki, 1936; £obanowski, 1971;
Szulczewski, 1995; Fija³kowska-Mader and Malec, 2013, 2018; 
Ur ban, 2020). Based on brachi o pods, the Zagórze For ma tion
was as signed to the late Emsian, whereas micro spores in di cate 
the mid dle Emsian (Malec, 1990, 2001; Fija³kowska-Mader et
al., 1997). Ver te brate re mains oc cur in the so-called “Spirifer
Sand stone”, a brachi o pod-bear ing tempestite. This is the only
case in the Holy Cross Moun tains where ver te brates co-oc cur
with in ver te brates. The ho ri zon ana lysed for sta tis ti cal pur -
poses is ~1 m thick.

The Grzegorzowice-Ska³y sec tion is lo cated ~8 km NE of
Nowa S³upia. The sec tion ex poses strata from up per Emsian to
lower Givetian age, and is rep re sented by ma rine sand stones,
shales, marls, lime stone and dolostone with cono donts, cor als,
cri noids, brachi o pods, ostracods, trilobites and acritarchs
(Pajchlowa, 1957; Masorz, 2014). These are as signed to the
Grzegorzowice For ma tion which oc curs be tween the terrige -
nous de pos its of the Zagórze For ma tion (terrigenous- ma rine
de pos its with placoderm re mains) of up per Emsian and the
Eifelian of the Wojciechowice For ma tion. It was de pos ited in a
very shal low wa ter en vi ron ment with do lo mite de po si tion
(Malec, 2005). The bone-bear ing brec cia is ex posed in the sec -
tion by the Dobruchna River. Ver te brate re mains are scarce
within this ~1 m thin in ter val.

The east ern most site is Podole near Opatów, ~60 km east
of Kielce. Emsian strata are rep re sented here as quartzitic
sand stones and mudstones be long ing to the “Barcza se ries”.
These rocks form an anticline with claystone and mudstone in
the hinge and quartzitic grey sand stones in the limbs
(Czarnocki, 1919; Samsonowicz, 1934; Romanek, 1994). The
sand stone se quence com prises mu tu ally over lap ping units of
thick- and me dium-lay ered quartzitic sand stone, with 3–6 cm
thick in ter ca la tions of green tuffaceous claystone. The sand -
stone con tains ir reg u lar spaces of var i ous size filled with green
mudstone (Romanek, 1994). Ad di tion ally, Samsonowicz
(1934) in di cated the pres ence of sev eral 30 cm-thick con glom -
er atic sand stones and con glom er ates built of well-rounded
quartz peb bles up to 2 cm in di am e ter ce mented with quartzitic
sand stone in the Podole re gion. Ver te brate re mains oc cur here
in a 20 cm thick in ter val and are dis persed in a coarse-grained
sand stone.

RESULTS AND DISCUSSION

Among 2115 el e ments ob served and counted on the sur -
faces of Placoderm Sand stone blocks of dif fer ent sizes ac cord -
ing to their ac ces si bil ity at ex po sure (Ta ble 1), 1576 were iden ti -
fied as ver te brate frag ments. They could be as signed to one of
the fol low ing ver te brate groups: placoderms, chondrichthyans,
ac an tho dians, osteichthyans, and agnathans. In each lo cal ity
no less than 84 such frag ments were ob served, which gives a
good ba sis for sta tis ti cal anal y sis and com par i son of the fau nal
as sem blages. The larg est num ber of spec i mens (679) was
iden ti fied at Pod³azie, be cause of the lon gest and most in tense
ex plo ra tion of that site. 

En vi ron men tal pref er ences as signed to groups of
early/lower ver te brates found in the bone-bear ing brec cia
(based on Janvier, 1996; Benton, 2014) point to a mixed char -
ac ter of their as sem blages. This likely re sulted from a high-en -
ergy en vi ron ment dur ing the redeposition and fi nal de po si tion of 
fau nal re mains com ing from dif fer ent eco log i cal niches. Ac an -
tho dians that have been iden ti fied in the Placoderm Sand stone
were fishes that lived in the open sea (Bur row and Szrek, 2018), 
but placoderms had a wide range of en vi ron men tal tol er ance
and in the Early De vo nian they oc cu pied mainly mar ginal-ma -
rine, or even brack ish en vi ron ments, such as la goons or
flooded river val leys (see Denison, 1978; Janvier, 1996) to -
gether with heterostracan agnathans. Thus, the as sem blages
re corded in the Placoderm Sand stone con tain forms that were
trans ported from the open ma rine realm (ac an tho dians,
chondrichthyans) and mixed with those that lived in a mar -
ginal-ma rine en vi ron ment (placoderms and sarcopterygians).

Al though in all the sec tions stud ied all ver te brate groups are 
pres ent (ex cept chondrichthyans, which are gen er ally very
rarely found and are rep re sented only by small, barely iden ti fi -
able pieces of fin spine), a clear dif fer en ti a tion of the rel a tive
abun dances can be ob served (Ta ble 2; di a grams in Fig. 2). The 
£ysogóry sec tions are char ac ter ized by a smaller amount of
shal low wa ter (Szrek and Dupret, 2017) placoderms (14% on
av er age) and osteichthyans (~8%), but a higher con tent of open 
ma rine ac an tho dians (~33%) in com par i son to the Kielce re gion 
(25, 30 and 22%, re spec tively). This re sult is con sis tent with the
gen eral agree ment re gard ing the off shore char ac ter of the de -
pos its in the north ern part of the Holy Cross Moun tains
(Szulczewski, 1995). How ever, the large rel a tive abun dance of
ostracoderms (mainly heterostracans 44%), in the £ysogóry re -
gion, com pared with only ~22% in the Kielce re gion, is sur pris -
ing. There is also a sig nif i cant dif fer ence in the re sults be tween
the east ern most Kopiec lo cal ity and the four other sites of the
Kielce re gion. In the lat ter, the con tent of osteichthyans os cil -
lates around 20%, while at Kopiec it ex ceeds 60%. This may be
a re cord of lo cal en vi ron men tal phe nom ena such as ma rine
cur rents or a river mouth which in flu enced the ver te brate com -
po si tion and/or seg re ga tion. The re sult of a Pearson cal cu la tion
at 0.53 points to a strong cor re la tion de spite nom i nal dif fer -
ences. The same cal cu la tion with per cent age data in di cates
mod er ate cor re la tion at 0.34 of Pearson cor re la tion co ef fi cient.
In both cases this cor re la tion is pos i tive, which means that as
the amount of ver te brate re mains in the Kielce re gion in -
creases, those in the £ysogóry re gion will also see an in crease.
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The tax o nomic com po si tion of ver te brate re mains in the
Holy Cross Moun tains, with all the ma jor Early De vo nian ver te -
brate groups well-rep re sented, and de spite its lo cal and re -
gional vari a tions, re flects the sit u a tion de scribed from up per
Emsian lo cal i ties across Laurussia (Szrek and Dupret, 2017).
The pos si ble dis persal routes of arthrodirans, porolepiforms
and actinopterygians were dis cussed by Schultze and Cumbaa
(2017) and show open ma rine con nec tions be tween the north -
ern lo cal i ties of Po land and those that were near the cen tral and 
south ern parts of Baltica dur ing its col li sion with Laurentia
(Mark-Kurik et al., 2013). No ta bly, the sarcopterygian ge nus
Heimenia di rectly con nects the An der son River Emsian fauna
(North west Ter ri to ries, Can ada) with the Bal tic and Holy Cross
Moun tains con tem po ra ne ous lo cal i ties. Mondéjar-Fernández
and Clément (2012) noted that the mi gra tion must have ended
be fore the clo sure of open ma rine links. The pres ence of
Heimenia in the Holy Cross Moun tains was first sug gested by
�rvig (1969) based on the ma te rial de scribed by Kulczycki
(1960) and cor rob o rated by Wilk et al. (2020). The rest of the
fauna does not re flect such di rect sys tem atic af fin i ties (see
Szrek and Dupret, 2017), and is char ac ter ised as tran si tional
be tween Baltica and west ern Eu rope. 

CONCLUSIONS

Quan ti ta tive and qual i ta tive anal y sis of ver te brate re mains
ex posed on the sur faces of siliciclastic bone-bear ing brec cia
from the Early De vo nian (Emsian) of the Placoderm Sand stone
from the Holy Cross Moun tains in Po land, pro duced sig nif i cant
al though not un ex pected re sults. The high rel a tive abun dances
of ac an tho dians and rel a tively low con tent of placoderms and
sarcopterygian osteichthyans in the four sec tions of the north -
ern £ysogóry re gion (in com par i son to con trast ing re sults for the 
five sec tions from the south ern Kielce re gion) gen er ally sup -
ports the ear lier as sump tions of off shore con di tions in the north
and mar ginal-ma rine in the south. The rather counterintuitive
high con tent of ar moured agnathans in the £ysogóry re gion
needs fur ther in ves ti ga tion.
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