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The Up per Cre ta ceous turbidite sand stones of the Godula Beds at Miêdzybrodzie Bialskie, Outer West ern Carpathians, Po -
land, yielded a spec i men here in ter preted as a coprolite due to its elon gated mor phol ogy and a high con tent of frag mented
inoceramid shells. The coprolite was pro duced by a durophagous car ni vore, which was most likely a tele ost fish, or pos si bly
a rep tile. Cop ro lites are there fore con firmed to have a po ten tial util ity as ag gre ga tions of body fos sils in macrofossil-poor
sed i men tary rocks, ex em pli fied by the Godula Beds.
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INTRODUCTION

Fos sil fe ces are a pre cious source of in for ma tion about
ecol ogy of ex tinct an i mals and an cient eco sys tems (Thulborn,
1991; Hunt et al., 1994). Cop ro lites have been de scribed from
var i ous types of sed i men tary rocks formed in both ma rine and
non-ma rine en vi ron ments dur ing the Phanerozoic (Hunt et al.,
1994; Hunt and Lucas, 2005). Cre ta ceous ma rine siliciclastic
sed i ments have al ready yielded some ver te brate cop ro lites
(Chin et al., 2008; Eriksson et al., 2011; Mahaney et al., 2012).
For ex am ple, Souto and Schwanke (2010) de scribed two ver te -
brate cop ro lites from turbidite sand stones of the Lower Cre ta -
ceous Maceió For ma tion, Brazil, formed dur ing a ma rine trans -
gres sion. Here, I de scribe a pu ta tive ver te brate coprolite from a
ma rine deep-wa ter turbidite sand stone.

GEOLOGICAL SETTING

The spec i men de scribed here co mes from the Miêdzy -
brodzie Bialskie vil lage, lo cated 10 km to the south-east of
Bielsko-Bia³a and 12 km to the north of ¯ywiec in the Outer
West ern Carpathian Moun tains, south ern Po land (Fig. 1). It
was found by Dawid Mazurek (Pol ish Acad emy of Sci ences) in
an ex po sure on the shore of the Miêdzybrodzkie Lake (Fig. 1C). 
The rocks ex posed at the site are interbedded gray sand stones

and gray shales rep re sent ing the Godula Beds of the Carpa -
thian flysch. 

The Godula Beds were de pos ited in the Silesian Ba sin
(north ern Tethys) at the foot of the north ern slope of the Silesian 
Ridge in a ma rine deep-wa ter shift ing sys tem of fans and
aprons dom i nated by tur bid ity cur rents (S³omka and S³omka,
2001, 2005; Bêbenek, 2011). The de po si tion of the flysch se -
ries in the Silesian Ba sin lasted from the Cenomanian to the
Oligocene – Early Mio cene (Cieszkowski et al., 2006; Doktor et
al., 2010; Bêbenek, 2011). The Godula Beds are dated bio -
stratigraphically based on foraminiferan microfossils, how ever,
the pre cise age range of the beds is prob lem atic and diachronic
(see, Lemañska, 2005). They are gen er ally thought to be
Turonian–Lower Senonian (S³omka and S³omka, 2001;
Bêbenek, 2011) and their for ma tion took about 10 mil lion years
(S³omka and S³omka, 2001), per haps un til the Campanian
(Lemañska, 2005). The foraminiferal as sem blages from the
Godula Beds sug gest that the beds were formed be low the
CCD in low ox y gen and high en ergy con di tions with a rel a tively
high flux of or ganic mat ter (Lemañska, 2005).

The bot tom sur faces of the sand stone beds at the site in
Miêdzybrodzie Bialskie are cov ered by hieroglyphs and abun -
dant, but mostly sim ple mor pho log i cally ichnofossils. Ichno -
fossils of the Godula Beds vary with lithofacies (Skupien et al.,
2009). The shale beds con tain the ichogenera Planolites,
Thalassinoides and Chondrites, whereas within the sand stone
beds there are such ichnogenera as Arthrophycus, Helmintho -
psis, Ophiomorphaand Planolites (Skupien et al., 2009).

SPECIMEN DESCRIPTION

The spec i men is stored in the In sti tute of Paleobiology, Pol -
ish Acad emy of Sci ences, Warszawa and cat a loged as ZPAL
Tf.6. It is approx. 15 cm long, max. 2.6 cm wide, lon gi tu di nally
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slightly wrig gled in shape and pro gres sively nar rowed to ward
one end (Fig. 2). In cross-sec tion the spec i men is oval, approx.
2/3 as high as wide (Fig. 2C). It is ex posed on the bot tom sur -
face of a sand stone block.

The spec i men con tains a sig nif i cant amount of shell frag -
ments of inoceramids rang ing from 0.5 mm up to 2.3 cm in
length (Fig. 2B ar rows; Figs. 3C and 4). At least 17 sep a rate
shell frag ments were ob served both on the sur face and in side
the spec i men. The shells are ori ented cha ot i cally, of ten per pen -
dic u larly to the bed ding and the larg est ones are ar ranged
length wise in the spec i men. The coprolite is al most en tirely
com posed of the same rock type as the host rock, which is a
very finely grained sand stone; a siltstone frag ment is also pres -
ent in the spec i men (Fig. 3). Red dish ox ides are best vis i ble on
the sur faces of the spec i men and in the host rock’s cracks.

INTERPRETATION AND DISCUSSION

TAPHONOMIC ANALYSIS

The spec i men is in ter preted as a coprolite due to its (a)
elon gated shape and three-di men sional mor phol ogy, (b) par al -
lel ori en ta tion to the bed ding, (d) con tent com posed of frag -
mented bi valve shells, (e) cha otic ori en ta tion of the shells, i.e.

amor phous ma trix tex ture. It is dif fi cult to ex plain
the or i gin of this nod ule by other bi o log i cal, sed i -
men tary or diagenetic pro ces ses. The ground -
mass tex ture of a coprolite is of ten amor phous and 
drop pings tend to lie in the sub strate in a sta ble
po si tion (Thulborn, 1991). These fea tures can be
use ful in dis tin guish ing cop ro lites from most of in -
or ganic con cre tions and nod ules as well as from
other trace fos sils, as sed i ment-filled bur rows. It is
sup ported by the high con tent and frag men ta tion
of or ganic re mains, that are char ac ter is tic for fe -
ces (Hunt et al., 1994).

Body fos sils are ex tremely rare in the host
sand stones (D. Mazurek pers. comm., 2013). Al -
though foraminiferan micro fossils are well-known
(Lemañska, 2005; Szyd³o et al., 2007), most of the 
stud ied lit er a ture lacks in for ma tion about body
macrof ossils from the Godula Beds (e.g., Cieszko -
wski, 2004; S³omka and S³o mka, 2005; Cieszko -
wski et al., 2006; Bêbenek, 2011). The gen eral
rar ity of body macrofossils in the host rocks can be 
ex plained by (a) their de po si tion close to the CCD,
(b) low ox y gen con di tions, (c) the harsh high en -
ergy en vi ron ment and (d) the sedimentologic
mech a nism. Inoceramids have been, how ever,
men tioned from the Godula Beds, e.g., by Bieda et 
al. (1963).

Fos sil fe ces are some times a unique source of 
body fos sils which oth er wise would be miss ing or
dif fi cult to col lect from the host sed i ments. This
may be ex plained by:

–  spe cific microenvironment and fos sil iza -
tion con di tions within fe ces; for ex am ple,
Chin et al. (2003) de scribed fos sil ized mus -
cle tis sue within a Cre ta ceous coprolite;

–  trans port in the gas tro in tes ti nal tract of the
pro ducer far away from the place where the 
food com po nents were con sumed and/or
se lec tive ac cu mu la tion and ag gre ga tion as
food in gre di ents.
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Fig. 1. Map show ing the lo ca tion of the Miêdzybrodzie Bialskie site

A – Eu rope with Po land in black, B – site in Po land, C – Miêdzybrodzie Bialskie
vil lage and the Miêdzybrodzkie Lake marked on a map of the re gion

Fig. 2. Coprolite spec i men ZPAL Tf.6

A – en tire spec i men ex posed on a sand stone block; B – con tours of
the spec i men (white in ter mit tent line) and some shell frag ments
(white ar rows); C – cross-sec tions of the spec i men (cor re spond ing to
the black in ter mit tent lines in the Fig. 2B)



These two mech a nisms may co-oc cur. Yates et al. (2012)
de scribed the ear li est post-Pa leo zoic fresh wa ter bi valves as a
con tent of cop ro lites sug gest ing that the thin shells have been
pre served due to the spe cific microenvironment within the fe -
ces, whereas the sur round ing siliciclastic sed i ments con tained
no shells. How ever, calcitic shells usu ally have a good fos sil iza -
tion po ten tial (un less be low the CCD) and no ex cep tional
diagenetic con di tions can be de duced from the coprolite from
the Godula Beds. More over, al though body macro fossils are
rare in the Godula Beds, bi valve shells had been al ready re -
ported. This all sug gests that the coprolite at hand should be in -
ter preted ba si cally as a sim ple ag gre ga tion of food in gre di ents

rather than a case of an ex cep tional pres er va tion in a spe cific
microenvironment.

Fe ces as hump back whale drop pings may be able to float
on the ocean sur face (Kieckhefer, 1992). How ever, a re mote
trans port of the spec i men at hand seems not prob a ble, be -
cause:

– it is grace ful in mor phol ogy and po ten tially del i cate;

– rapid burial is of ten cru cial for pres er va tion of fe ces (e.g., 
Chin et al., 2003; Eriksson et al., 2011);

– it was made by an an i mal which fed on ben thic fauna in a 
deep-wa ter en vi ron ment – float ing fe ces on the sea sur -
face would be more ex pected if pro duced by nektonic
an i mals feed ing mostly near the wa ter sur face.

The spec i men is ex posed on the bot tom sur face of a sand -
stone bed. The fe ces were hy po thet i cally pro duced close to the
place of its dis cov ery, and then bur ied by sed i ments of a tur bid -
ity cur rent, rather than trans ported by the cur rent. The fe cal
mass was sub sti tuted by siliciclastic ma te rial only pre serv ing
the orig i nal mor phol ogy of the fe ces and the con tent of cal cite
shell frag ments.

REMARKS ON PALAEOBIOLOGY

Coprolite con tent re flects the diet of its pro ducer (Hunt et al., 
1994). How ever, di gested diet com po nents may vary sig nif i -
cantly in both re sis tance for dis so lu tion by stom ach ac ids and
their fos sil iza tion po ten tial af ter leav ing the gas tro in tes ti nal
tract. For ex am ple, Sato and Tanabe (1998) de scribed a sup -
posed stom ach con tent of a Cre ta ceous short-necked plesio -
saur that in cluded a large num ber of iso lated cal cite ammonoid
jaws, but low-re sis tant ar agon ite ammonoid shells were miss -
ing. Be cause only the ro bust cal cite shells pre served in the
coprolite stud ied here are rel a tively re sis tant, con clu sions about 
the diet and habit of its pro ducer may be mis lead ing. It is dif fi cult 
to rule out the sim ple pos si bil ity that re mains of other spe cies in -
cluded in the diet have been com pletely dis solved. Nev er the -
less, the con tent of inoceramid shells is quite sig nif i cant in this
coprolite, sug gest ing that its pro ducer at least par tially fed on

such ben thic molluscs and had a good ca -
pac ity of crush ing sturdy shells. It more over
sug gests that the source an i mal was a
durophagous car ni vore.

This coprolite seems too large to have
been pro duced by an in ver te brate, per haps
ex cept by a large cephalopod. Among aqua -
tic ver te brates both fishes and rep tiles were
po ten tially ca pa ble to pro duce fe ces of this
di am e ter and vol ume. Be cause sharks and
other groups of fishes in clud ing basal actino -
pterygians pro duce fe ces of spi ral morpho -
logies (Jain, 1983; Gilmore, 1992), the pro -
ducer might be a tele ost fish which lack the
spi ral in tes ti nal valve, or a rep tile. Non-spi ral
fos sil fe ces of fishes and tetra pods may be
dif fi cult to dis tin guish be tween each other
(Hunt et al., 1994).

A sin gle prob a ble actinopterygian scale
was found in the host rocks at the site (D.
Mazurek pers. comm., 2013). More over,
inoceramid shells were de scribed from stom -
ach con tents and cop ro lites of sea tur tles
from the Up per Albian )Toolebuc For ma tion,
Aus tra lia (Kear, 2006). Mod ern sea tur tles
may feed on nektonic and ben thic fauna in
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Fig. 3. The in te rior of ZPAL Tf.6 pho to graphed un der the 
ste reo scope  mi cro scope Olym pus SZX10 equipped 

with the cam era Olym pus E-510

The spec i men is bro ken in sev eral sep a rate frag ments; weath ered
ex ter nal as well as freshly ex posed in ter nal sur faces were ex am -
ined; a – very fine grained sand stone, b – siltstone, c – shell frag -
ments

Fig. 4. Inoceramid shells in the coprolite spec i men ZPAL Tf.6 un der 
a ste reo scope mi cro scope

A – weath ered shell ex posed on the spec i men sur face; 
B – small shell frag ment in side the spec i men



depths of sev eral hun dred of metres be low the wa ter sur face in
full ma rine eco sys tems, even reach ing 1200 me ters of depth
(Spotila, 2004). How ever, the protostegid tur tle stom ach con -
tents de scribed by Kear (2006) come from a shal low sea en vi -
ron ment (<100 m depth). Al though both fishes and rep tiles could
po ten tially pro duce this coprolite based on the mor phol ogy of the
spec i men and its con tent, a fish seems a more prob a ble pro -
ducer.

CONCLUSIONS

The ex am ined spec i men from the Up per Cre ta ceous sand -
stones of the Godula Beds is in ter preted as a coprolite pro -
duced by a durophagous car ni vore, which was prob a bly a tele -

ost fish, or pos si bly a rep tile. It was most likely pro duced close
to the place of its dis cov ery and bur ied be neath sed i ments from
a tur bid ity cur rent. Al though body macrofossils are rare in the
Godula Beds, cop ro lites have a po ten tial util ity as a source of
such fos sils in these and sup pos edly in some other fos sil-poor
sed i men tary rocks.
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