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As so ci ate Ed i tor: Micha³ Zatoñ

This study de scribes the de tailed anal y sis of an ex cep tion ally well-pre served spec i men of pycnodont fish vomerine teeth
from the Up per Ju ras sic lime stones of the Owadów-Brzezinki Quarry Lagerstätte in cen tral Po land (Tomaszów Mazowiecki
area). X-ray microtomography (µ-CT) re vealed the de tails of the pycnodont tooth mor phol ogy and his tol ogy. Us ing the
non-de struc tive tech nique of X-ray microtomography for ex plor ing the in ter nal struc ture of fos sil teeth in 3D, we were able to
rec og nize in di vid ual skel e tal tis sues. Petrodentine (a spe cific hypermineralized type of dentine) is pres ent in the pycnodont
teeth. This skel e tal tis sue is com mon in durophagous ver te brates. The pres ence of petrodentine in the spec i men in ves ti -
gated is in ter preted by com par i son with ex tinct and ex tant dip no ans, which are also durophagous fish and are among the
clos est eco log i cal an a logues of pycnodonts. Microtomography re vealed un ex pected pat terns in the in ter nal ar chi tec ture and 
tis sue den sity of the up per jaw. Spe cif i cally, the pos te rior re gion of the vomer dis plays higher bone den sity and sig nif i cantly
larger, more heavily min er al ized teeth com pared to the an te rior por tion. These find ings sug gest a greater biomechanical re -
sis tance of the pos te rior up per jaw to crush ing forces. The ma te rial de scribed sup ple ments knowl edge of Late Ju ras sic
ichthyofaunas and eco sys tems in the cen tral and east ern parts of the Eu ro pean Ar chi pel ago. 
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INTRODUCTION 

The fos sil re cord of the Ju ras sic pycnodont actino ptery -
gians (Neopterygii, Pycnodontiformes) is poor in Po land. Re -
mains of this group are mainly known from Up per Ju ras sic de -
pos its (Kin et al., 2013). The only place in Po land where Up per
Ju ras sic actinopterygian fish fos sils oc cur in sig nif i cant quan ti -
ties is Owadów-Brzezinki Quarry (Fig. 1). The quarry is lo cated
~18 km south-east of the town of Tomaszów Mazowiecki, in the
north ern part of the Me so zoic bound ary of the Holy Cross
Moun tains. The Up per Ju ras sic (Tithonian/Mid dle Volgian) car -
bon ate de pos its of Owadów-Brzezinki Quarry are fa mous for
their well-pre served fos sils of ma rine and ter res trial or gan isms
(Kin and B³a¿ejowski, 2012; Kin et al., 2012, 2013). These lime -
stones are the youn gest Up per Ju ras sic strata in the epicratonic 
area of Po land (Kutek, 1994; Kin et al., 2013). The fos sils in -

clude di verse oys ters, ammonites, horse shoe crabs, crus ta -
ceans and ter res trial in sects (Kin and B³a¿ejowski, 2012; Kin et
al., 2012, 2013). The Owadów-Brzezinki de pos its have also
yielded an abun dant ver te brate fauna in clud ing ophthalmo -
saurid ich thyo saurs, tur tles, crocodylomorphs, pterosaurs and
large actinopterygian fishes (Kin et al., 2013; B³a¿ejowski et al.,
2015; Tyborowski et al., 2016; Tyborowski, 2016, 2017). 

A pre lim i nary in ves ti ga tion of the col lec tion shows the pres -
ence of three dif fer ent tax o nomic groups of actinopterygians:
halecomorphs (iso lated teeth, jaws and skull bones of caturids
and furids), pachycormiforms (iso lated teeth, jaw bones and
skull el e ments) and pycnodonts (jaws, teeth and ar tic u lated
skel e tons). Pycnodonts (Pycnodontiformes) are a mono phyle -
tic group of durophagous and shal low-wa ter actinopterygians
(Nursall, 1996; Kriwet, 2005). Their jaws bore flat and rounded
teeth – an ad ap ta tion to crush ing hard-shelled or gan isms such
as bi valves or brachi o pods (Kriwet, 2005). Pycnodonts are
known from many Up per Ju ras sic (Kimmeridgian/Tithonian) lo -
cal i ties (Fürsich et al., 2007; Ebert, 2016). 

We de scribe for the first time the ap pli ca tion of X-ray micro -
tomography (µ-CT) as a noninvasive tool for in ves ti gat ing the
mor phol ogy and his tol ogy of pycnodont vomerine teeth. The
anal y ses car ried out al low us to put for ward a new hy poth e sis
con cern ing the func tional and strength dif fer en ti a tion of the up -
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per jaw teeth of pycnodonts. Ad di tion ally, a com par i son of the
microtomographic re sults seems to sug gest that there were
also sig nif i cant func tional dif fer ences in the ad ap ta tions of the
up per and lower jaws in dif fer ent pycnodont spe cies. 

GEOLOGICAL BACKGROUND

The sec tion is lo cated within the Brzostówka marls of the
Pa³uki For ma tion and over ly ing lime stones of the Kcynia For -

2 Dan iel TyborowskI and Weronika Wierny / Geological Quarterly, 2025, 69, 13

Fig. 1. Lo ca tion of Owadów-Brzezinki Quarry

A – palaeogeographic  map of the area dur ing the Late Ju ras sic (map re con struc tion from Ron Blakey, Col o -
rado Pla teau Geosystems, Ar i zona, USA; cpgeosystems.com/paleomaps.html); B – sketch map of the

Owadów-Brzezinki Quarry area



ma tion (Matyja and Wierzbowski, 2016). The main part of the
sec tion is com posed of Kcynia For ma tion lime stones and can
be sub di vided into four units (Kin et al., 2013), each with its spe -
cific fos sil as sem blage. The sed i men tary pat tern ob served in
the Owadów-Brzezinki sec tion in di cates shallowing of the
depositional en vi ron ment from off shore to nearshore/la goonal
set tings (Kin and B³a¿ejowski, 2012; Kin et al., 2013), whereas
unit IV bears ev i dence of a re turn to more open ma rine con di -
tions (Kin et al., 2013). Such tran si tions al low for com par a tive
stud ies with other sites of sim i lar palaeoenvironmental fa cies
(Kin et al., 2013; Tyborowski et al., 2016). The ver te brate fos sils 
are mostly disarticulated or iso lated and oc cur mainly in two fos -
sil-bear ing units (Unit I and III), both of which cor re spond to the
Zarajskites Subzone of the Scythicus Zone of the mid dle
Volgian (i.e. the up per most Lower Tithonian). The se quence of
the Kcynia For ma tion was dated on the ba sis of ammonites (Kin 
et al., 2013; Matyja and Wierzbowski, 2016). 

The source strata for the ma te rial de scribed rep re sents the
up per part of the Kcynia For ma tion (Unit III in Kin et al., 2013;
Matyja and Wierzbowski, 2016). Ac cord ing to Kin et al. (2013),
this unit has a tran si tional palaeoenvironmental char ac ter re -
flect ing a shal low-ma rine and la goonal set ting. Thus, the
palaeo environment re corded in the up per part of the Owadów-
 Brzezinki Quarry should be con sid ered as a nat u ral hab i tat for
pycnodonts. Unit III con sists of well-bed ded micritic lime stones. 
The low er most part of Unit III com prises thick-bed ded, hard,
yel low lime stones. The over ly ing beds are paler in col our and
very fossiliferous (“corbulomima ho ri zon”). Nu mer ous spec i -
mens of horse shoe crabs (Kin and B³a¿ejowski, 2014) were
found in Unit III in as so ci a tion with an enor mously rich as sem -
blage (mass-ac cu mu la tions) of soft-shelled bi valves (ei ther
protobranchs or corbuloids), var i ous fish and ma rine rep tiles,
rare ammonites, deca pod crus ta ceans, land in sects (drag on -
flies, bee tles, grass hop pers) and iso lated pterosaur teeth (Kin
et al., 2013). 

MATERIAL AND METHODS

The ma te rial de scribed herein was col lected dur ing ex ca va -
tions in 2015–2018, con ducted by Dan iel Tyborowski. The ma -
te rial as signed to the Pycnodontidae indet. com prises an iso -
lated vomerine bone with teeth. The Ju ras sic pycnodont teeth
were scanned at the Microtomography Lab o ra tory in the In sti -
tute of Paleobiology, Pol ish Acad emy of Sci ences in War saw,
us ing an X-ray mi cro-com puted to mog ra phy scan ner Zeiss
XRadia MicroXCT-200. X-ray microtomography is based on dif -
fer ences in at ten u a tion of the X-ray beam prop a ga tion through 
dif fer ent ob jects such as dif fer ent types of skel e tal tis sue (e.g.,
bone, orthodentine, osteodentine, enamel). It pro vides an op -
por tu nity for de tailed anal y sis of the pycnodont fish teeth. The
com puted im age is of such good qual ity that it is pos si ble to
study teeth micro struc tures pre served in the rock ma trix. The
frag men tary con di tion of the spec i men is in suf fi cient for phylo -
gen etic anal y sis be yond the pro posed tax o nomic at tri bu tion.

This spec i men is housed at the In sti tute of Paleobiology,
Pol ish Acad emy of Sci ences in War saw, ab bre vi ated ZPAL
V/OB/1964. 

SYSTEMATIC PALAEONTOLOGY 

Osteichthyes Huxley, 1880
Actinopterygii Cope, 1887 
Neopterygii Regan, 1923

Pycnodontiformes Berg, 1937
Pycnodontoidei Nursall, 1996 
Pycnodontidae Agassiz, 1832 
Pycnodontidae indet. (Figs. 2–4). 
M a t e r i a l. – Iso lated vomerine dentition of pycnodont

actinopterygian fish. The spec i men is stored un der num ber
ZPAL V/OB/1964 at the In sti tute of Paleobiology, Pol ish Acad -
emy of Sci ences in War saw. 

D e s c r i p t i o n. –The spec i men ex am ined con sists of
the small vomerine dentition (Fig. 2), which mea sures ~15 mm
in length and from 1 mm in height (in its an te rior re gion) to 3.5
mm in height (in its pos te rior re gion). Five lon gi tu di nal tooth
rows can be seen (Fig. 2A). The main tooth row is com posed of
four teeth. All of them are subcircular. They are widely spaced.
Teeth from the sec ond and fourth rows are oval or sub-rect an -
gu lar and gently elon gated. Three teeth are vis i ble in the sec -
ond row and four teeth can be seen in the fourth row. Teeth from 
all the rows form a se ries of reg u larly in creas ing size in the pos -
te rior di rec tion (Fig. 2B). The an te rior teeth are eroded and
have on their sur face grooves and cav i ties (Fig. 2B). A nat u ral
cross-sec tion of the tooth row is vis i ble on a bro ken ridge of the
spec i men (Fig. 3A). The pulp cav i ties of the teeth can be seen.
They have an iso met ric shape and dentine sur rounds them
(Fig. 3A–D). Un der the cav i ties the bone has a spongy ap pear -
ance (Fig. 3C, D). Hypermineralized tis sue stretches from the
pulp cav i ties up to the occlusal sur face of the teeth. This tis sue
has a lighter col our and higher den sity than the dentine (osteo -
dentine, orthodentine) and is very sim i lar to acrodentine or
enamel (Fig. 3A, B). The pulp cav i ties of the teeth of the main
tooth row are of ap prox i mately the same size as those of the
me dial and lat eral rows (Fig. 3C). The size of the pulp cav i ties
in creases from an te rior to pos te rior in the jaw (Fig. 3C, D). The
in te rior of the tooth-bear ing bone shows no ev i dence of non-
 func tional teeth, and the pulp cav i ties pres ent are hol low in side.
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Fig. 2. Pycnodont fish (Pycnodontidae indet.) re mains
from the Up per Ju ras sic of Owadów-Brzezinki Quarry

A – occlusal view of the vomerine dentition;
B – 3D model from mi cro-CT scan of the tooth plate
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C o m p a r i s o n. – The vomerine dentition shows some
sim i lar i ties to the typ i cal tooth mor phol ogy and ar range ment of
Coelodus spe cies (Nursall, 1996): 

– an occlusal sur face gently con vex from side to side;
– main teeth broader than long;
– main teeth broader than the lat eral teeth;
– main teeth oval;
– lat eral teeth oval to sub-rect an gu lar.

The new spec i men from Owadów-Brzezinki Quarry dif fers
from those of Coelodus in pos sess ing teeth with no crenula -
tions on their sur faces. The true mor pho log i cal char ac ters of
the dentition are hard to find. Thurmond (1974) gave a di ag no -
sis of the dentitions in Coelodus. How ever, sim i lar char ac ters
are pres ent in Pycnodus dentition (Mohabey and Udhoji, 1996), 
but this ge nus is re stricted to the Cre ta ceous-Eocene in ter val
and Coelodus is a Ju ras sic and Cre ta ceous ge nus. Also the
Late Cre ta ceous ge nus Coccodus has very sim i lar vomerine
den tition with sim i lar mor phol ogy of the teeth (Nursall, 1996).
How ever, the new spec i men from Owadów-Brzezinki Quarry
dif fers from those of Coccodus in pos sess ing five lon gi tu di nal
tooth rows. In ter nally, all of the tooth-bear ing bone shows
vasculari zation and an ir reg u larly spongy struc ture (Fig. 3C, D). 
Sim i lar micro struc tures are pres ent in the sec tioned prearticular 

bones of  the Early Ju ras sic Grimmenodon aureum (Stumpf et 
al., 2017) and Late Ju ras sic Gyrodus cuvieri (Nursall, 1996; 
Kriwet, 2005). The new spec i men from the Up per Ju ras sic of 
Po land can not be de ter mined more pre cisely than as Pycno -
dontidae gen. et sp. indet.   

DISCUSSION

A hypermineralized tis sue stretches from the pulp cav i ties 
up to the occlusal sur face of the teeth. This tis sue has a lighter 
col our then the dentine and its very sim i lar to the petrodentine. 
Petrodentine is a spe cific hypermineralized type of dentine 
pres ent in the tooth plates of dip no an fishes (Smith, 1984; 
Kemp, 2001; Reisz et al., 2004). This microstructural kind of 
dentine ‘is formed by the con tin ued growth of the core dentine of 

the cusps in the hatch ling tooth plate in those spe cies that have 
this tis sue’ (Kemp, 2001). Growth lines are vis i ble in petro -
dentine (Smith, 1984) just like in the spec i men from Owadów -
-Brzezinki Quarry. Petrodentine is rich in cal cium hydro xya -

patite, al most free of col la gen and free of denteons. This tis sue 
is clearly dif fer ent and dis tin guish able from trabe cular dentine 
(osteodentine). The se cre tion of petrodentine be gins in the lar -

val stages of tooth plate de vel op ment (Smith, 1984) and it is not 
sur rounded by circumdenteonal dentine (Kemp, 2001). Twelve 
char ac ters en abling dis tinc tion of petro dentine from other teeth 
tis sues are known (Smith, 1984). Lison (1941) de scribed petro -

dentine in tooth plates of ex tant dip no ans, but this tis sue is also 
pres ent in ex tinct forms (Smith, 1984; Kemp, 2001). Both dip no -

ans and pycnodonts are durophagous ver te brates (Smith, 
1984; Kriwet, 2005). The pres ence of hard hypermineralized 
tis sues on the occlusal sur face of the teeth in those both groups 
is prob a bly an ad ap ta tion to durophagy. The typ i cal skel e tal tis -

sue in actinopterygian teeth is acrodin (Sasa gawa et al., 2009; 
B³a¿ejowski et al., 2015). This tis sue is called the ‘acrodin cap’ 
or cap enameloid (Shellis and Miles, 1974;Ørvig, 1978; Wang et 
al., 2007). It forms the tri an gu lar and nar row crown of the tooth 
and it is com mon among ac tive hunt ers like caturids or furids 
(B³a¿ejowski et al., 2015). Both tis sues (petrodentine and 
arcodin) are microstructural types of dentine. Petrodentine is 
just the hypermineralized kind of this tooth tis sue (Smith, 1984). 
Prob a bly it acted to pro vide a di ver sity of teeth tis sues among 
dif fer ent groups of actinopterygians ada pted to hunt dif fer ent 
types of prey. The ac tive pred a tors such as halecomorphs (e.g., 

caturids and furids) pos sess acrodin and the durophagous 
actinopterygians such as pycnodonts have petrodentine. 

Mi cro-CT scans show spa tial dif fer ences in the den sity of 
the in ter nal spongy tis sue of the tooth-bear ing bone. The 
anterio rmost part of the bone has a lower den sity than the pos -
te rior re gion (Fig. 4). This is in di cated by the darker col our of the 

less dense tis sue seen on µ-CT scans (Figs. 3C and  4). Thus, 
the pos te rior part of the up per jaw was more re sis tant to crush -

ing and clamp ing of the jaw ap pa ra tus. This is cor rob o rated by 
the size of the teeth. The teeth at the pos te rior part of the vomer 
are much larger than those in the symphyseal re gion (Fig. 2). In 
ad di tion, the teeth in the back of the vomer have a much thicker 
layer of petrodentin than have the front teeth. This con tra dicts 
pre vi ous ideas on the lower jaws of some pycnodonts, which 
showed that the teeth at the front of the lower jaw and the bone 
sup port ing them were much stron ger and denser than the back 
of the man di ble (Kriwet, 2001, 2004; Stumpf et al., 2017). New 
data ob tained through tomographic stud ies of the Pol ish spec i -

men show that some pycnodonts may have crushed food with 
the pos te rior part of their jaws and oth ers with the an te rior part.
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Fig. 3. Mi cro-CT scans of the pycnodont fish (Pycnodontidae
indet.) vomerine dentition from the Up per Ju ras sic 

of Owadów-Brzezinki Quarry

A – lat eral, B – right-an te rior, C – ven tral,
D – ven tral-pos te rior views
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It is also pos si ble that some pycnodonts fed in a way that is not
yet fully un der stood, us ing the strength of the an te rior teeth on
the man di ble and the pos te rior teeth of the up per jaw. 

We hy poth e size that func tional heterodonty in Ju ras sic
pycnodonts was not re stricted to the lower jaw (as pre vi ously
re ported), but also de vel oped in de pend ently in the pal a tal
dentition. In the Pol ish spec i men from Owadów-Brzezinki, µ-CT 
anal y sis re veals spa tial and struc tural vari a tion in vomerine
tooth mor phol ogy and tis sue den sity (Figs. 3A and 4), sug gest -
ing that the pos te rior re gion of the up per jaw was biome -
chanically adapted for high-stress durophagy. In con trast, pre -
vi ous stud ies (Kriwet, 2001, 2004; Stumpf et al., 2017) have
dem on strated that func tional heterodonty was lim ited to the an -
te rior lower jaws in other pycnodont taxa. There fore, we pro -
pose that at least some pycnodonts evolved jaw-func tional
asym me try, in which the pal a tal and man dib u lar el e ments had
dis tinct me chan i cal roles in food pro cess ing. This may re flect
ei ther a pre vi ously un rec og nized evo lu tion ary plas tic ity in feed -
ing ad ap ta tions within Pycnodontiformes, or dis tinct eco log i cal
spe cial iza tions among closely re lated taxa. Anal o gous tomo -
graphic and biomechanical stud ies of more com plete jaw ap pa -
ra tuses of pycnodonts will need to be car ried out to de ter mine
un equiv o cally which of the hy poth e ses pre sented is true.

The dis cov ery of pycnodont ma te rial from Owadów- Brze -
zinki ex tends the known dis tri bu tion of this group in Eu rope and

high lights the eco log i cal sig nif i cance of this taxon within mar -
ginal ma rine en vi ron ments dur ing the Tithonian. In com par i son
to other Tithonian lo cal i ties such as Solnhofen in Ger many or
Cerin in France, the pres ence of pycnodonts at Owadów-
 Brzezinki sug gests fau nal sim i lar i ties and shared eco log i cal
niches across the Eu ro pean Ar chi pel ago (Ebert, 2016). Strata
from the host layer con tain abun dant in ver te brates in clud ing bi -
valves, gas tro pods and horse shoe crabs of the ge nus Limu lus
(Kin et al., 2013, Kin and B³a¿ejowski, 2014). The abun dance of 
the lat ter, along with pre vi ous sug ges tions about the diet of
pycnodonts (Kriwet, 2001, 2005; Kriwet and Schmitz, 2005),
sug gests that they might have been a food source for some
durophagous ver te brates such as pycnodonts. 

CONCLUSIONS 

The Late Ju ras sic dentition of pycnodont fish from Po land is
de scribed for the first time. The re mains stud ied most likely be -
longs to a rep re sen ta tive of the Pycnodontidae. Due to the frag -
men tary state of pres er va tion of the fos sil spec i men ana lysed, a 
more de tailed sys tem atic po si tion can not be given. The new
ma te rial sup ple ments knowl edge of Late Ju ras sic (Titho -
nian/Mid dle Volgian) eco sys tems in the cen tral and east ern
parts of the Eu ro pean Ar chi pel ago. It also points to a mar ginal
ma rine (la goonal) en vi ron men tal tol er ance of the Late Ju ras sic
pycnodont fish. The pres ence of this taxon at Owadów-
 Brzezinki Quarry in di cates fau nal con nec tions with other con -
tem po ra ne ous lo cal i ties in Eu rope, em pha siz ing the im por -
tance of this site for re con struct ing Late Ju ras sic biodiversity
and eco log i cal pat terns.
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