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Ab stract: A 40-m-thick sec tion of chalk ex posed in the Che³m quarry (SE Po land) con tains a rather poor
as sem blage of macrofauna and a well di ver si fied as sem blage of foraminifers. The plank tonic foraminifer as sem -
blages char ac ter ized by a con sid er able num ber of rep re sen ta tives of Globigerinelloides and Heterohelix and the
pres ence of Guembelitria cretacea in di cate the low est part of the Guembelitria cretacea Zone sensu Peryt (1980).
Ben thic foraminifers point out that the strata of the Che³m quarry sec tion can be at trib uted to the lower part of the
Up per Maastrichtian: i.e., the Gavelinella danica/Brotzenella preacuta Zone of the Eu ro pean Bo real Prov ince or
the Anomalinoides pinguis Zone dis tin guished in Po land (ex cept the Carpathians). The oc cur rence of ammonites,
such as Hoploscaphites constrictus lviviensis Machalski, Hoploscaphites schmidi (Birkelund), and Acanthosca-
phites varians blaszkiewiczi Jagt & al. in di cates that the Che³m suc ces sion be longs to the lower part of the
Belemnitella ju nior Zone, i.e., to the Belemnitella ju nior–Spyridoceramus tegulatus Zone sensu Schulz & Schmid
(1983).

The cor re la tion of the Che³m quarry sec tion and the Mid dle Vistula River Val ley sec tion in di cates that the
equiv a lent in ter val of the for mer sec tion is not ex posed in the Mid dle Vistula River Val ley and that it would oc cur
be tween the Chotcza and Lucimia vil lages within the lower part of the Belemnitella ju nior Zone, i.e., within the
Belemnitella ju nior-Spyridoceramus tegulatus Zone dis tin guished in NW Ger many (Schulz & Schmid,1983).
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IN TRO DUC TION

The Che³m quarry (SE Po land) – a 40-m-thick sec tion
of Maastrichtian chalk – is lo cated in the south-east ern part
of the Bor der Synclinorium (Po¿aryski, 1997; Œwidrowska,
2007; Voigt et al., 2008) (Fig. 1). De spite of an easy ac cess,
the Cre ta ceous ex posed in the Che³m quarry and in nat u ral
out crops in the en vi rons of Che³m was sub ject to very mod -
er ate in ter est of palaeontologists and stra tigra phers. Con se -
quently, the pre vi ous pub li ca tions (Sujkowski, 1931; Wit-
wicka, 1958; Alexandrowicz, 1977; Pióro, 2007) are lim ited 
in num ber. Sujkowski (1931) was the first one who mentio-
ned foraminifers oc cur ring in the Cre ta ceous of Che³m.
Subsequently, Witwicka (1958) de scribed from the Che³m
IG1 bore hole, lo cated about 1 km north of the Che³m city,
over 30 spe cies that are now in cluded into the fol low ing
gen era: Neoflabellina, Bolivinoides, Pseudouvigerina, Reu- 
ssella, Pseudovalvulineria, Stensioeina, Globorotalites,
Lingulogavelinella, Cibicides, Rotalipora, Praeglobotrun-
cana, Marginotruncana, Globotruncana, Contusotruncana, 

Archaeoglobigerina, Globotruncanita, and Planoglobulina.
Witwicka (1958) sub di vided the Cre ta ceous strata of the
Che³m IG1 bore hole into stages based on the ranges of re -
cog nised spe cies. In the Up per Maastrichtian in ter val
(10.6–100 m), she dis tin guished a zone with out Stensioeina. 
In ter val with out Stensioeina has been also re cog nised by
Po¿aryska (1954) in the Mid dle Vistula River Val ley sec -
tion. Alexandrowicz (1977), de scrib ing scler ites of octo-
cor rals from this site on the ba sis of ben thic foraminifers,
sup posed a mid-Late Maastrichtian age of these strata. Re -
cently, Pióro (2007) has con firmed the Late Maastrichtian
age of the Che³m sec tion on the ba sis of plank tonic forami-
nifers and as signed the de pos its from the Che³m quarry to
the lower part of the Guembelitria cretacea Zone sensu
Peryt (1980).

The Late Maastrichtian age of the Che³m strata are also
sup ported by their ammonite fauna (Machalski, 2005; Ma-
chalski et al., 2008). Other fau nal groups have not been the



sub ject of de tailed strati graphi cal-palaeontological stud ies
so far.

The aim of this pa per is to es tab lish an in te grated de -
tailed stra tig ra phy of the Che³m sec tion based on micro -
fauna (plank tonic and ben thic foraminifers) and macro-
fauna (ammonites and bel em nites) and to pre cisely cor re late 

it with the “clas si cal” sec tion of the Up per Cre ta ceous along 
the Mid dle Vistula River Val ley be tween Annopol and Pu-
³awy, the most com plete nat u rally ex posed sec tion of the
Up per Cre ta ceous in Eu rope.

GEO LOG I CAL SET TING

The work ing chalk quarry of the “Che³m Ce ment Plant” 
is lo cated east of the Che³m city, ap prox i mately 2 km from
the rail way sta tion Che³m-Miasto (Fig. 2). The re gion is a
hilly land, and in the de pres sions marls and chalk oc cur
(Harasimiuk, 1975) while the hills are com posed of slightly
youn ger Maastrichtian opokas. In the bore hole Che³m IG1,
the Up per Maastrichtian chalk is 89.4 m thick, and also the
Lower Maastrichtian (69.2 m thick) is de vel oped in the
chalk fa cies, with three in ter ca la tions of marls (Lendzion,
1960). The Up per Maastrichtian sed i ments have been de -
pos ited in an epicontinental sea, which had the great est ex -
tent at the end of the early Late Maastrichtian. Then, dur ing
the lat est Maastrichtian, it shranked and its coast line was ly -
ing prob a bly along the Bug River (Krassowska, 1997).
There, a well de vel oped hardground bed oc curs at the
bound ary with the over ly ing Palaeo cene strata (Harasimiuk
et al., 1984).

The Che³m quarry has four ex ploi ta tion lev els (II, III, IV, 
and V; from top to bot tom) and a dewatering dig, which for
the pur pose of this pa per is des ig nated as level VI (Fig. 2).

Chalk is light-grey to creamy in col our when fresh and
al most white when dried. Cherts, which are char ac ter is tic
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Fig. 1. Geo log i cal pre-Ce no zoic sketch map of Po land (sim pli -
fied by Voigt et al., 2008, af ter Po¿aryski et al., 1979), show ing
the lo ca tion of Che³m and the Mid dle Vistula River Val ley sec tion

Fig. 2. Lo ca tion of sam ples in the Che³m quarry sec tion. Ro man num bers in di cate the ex ploi ta tion lev els, and the Arabic num bers
show sam ples within par tic u lar ex ploi ta tion lev els (from top to bot tom)



for chalk fa cies else where, are lack ing in the quarry as al -
ready re cog nised by Siemiradzki (1909). The chalk strata
are ly ing al most hor i zon tally as in di cated by fos sils (such as 
sponges or echinoids) bur ied in growth po si tion. The chalk
of the Che³m quarry is mac ro scop i cally quite ho mo ge neous
and be cause any spe cific lithological fea tures are lack ing,
for the pur pose of this pa per, the ex ploi ta tion lev els will be
used as a ref er ence. It should be men tioned, how ever, that the 
chalk of lev els IV–VI is strongly bioturbated, with abun dant
Zoophycos, Chondrites and pyritized bur rows, while in lev els 
III and II trace fos sils are lack ing or rare; thus it re sults that
the out crop ping sec tion is clearly bi par tite.

MA TE RIAL AND METH ODS

Sam ples were taken from fresh quarry walls at 1 m in -
ter val; in to tal 40 sam ples were ana lysed micropalaeontolo-
gically. Each sam ple was 0.5 kg in weight. The Ro man
num bers in di cate the ex ploi ta tion level and the Arabic ones
show the suc ceed ing num bers for each level, with “1” in di -
cat ing the top of a level (Fig. 2).

For micropalaeontological anal y ses, sam ples were pro -
cessed us ing the Glau ber’s salt. An aliquot of about 300
spec i mens from the >63 µm size frac tion was picked for
quan ti ta tive anal y sis. The fig ured spec i mens are de pos ited
in the In sti tute of Paleobiology, Pol ish Acad emy of Sci -
ences, Warszawa (ZPAL F. 61).

In this study, foraminifers were iden ti fied at the ge neric
level ac cord ing to Loeblich and Tappan’s (1987) clas si fi ca -
tion.

RE SULTS

Foraminifers

Plank tonic foraminifers (Figs 3D, F; 4 A–T; 5 A–K)
The plank tonic foraminifer as sem blages from the

Che³m quarry are char ac ter ised by (1) a con sid er able num -
ber of rep re sen ta tives of Globigerinelloides Cushman &
Ten Dam: Globigerinelloides multispinus (Lalicker), G. ab- 
berantus (Neckaja), G. prairiehillensis Pessagno; (2) a con- 
siderable amount of heterohelicids: Heterohelix striata
(Ehrenberg), H. globulosa (Ehrenberg), H. varsoviensis
(Gawor-Biedowa), H. ultimatumida (White), Laevihetero-
he lix glabrans (Cushman); and (3) the oc cur rence of Gue-
mbelitria cretacea (Cushman) in the en tire sec tion.

The most com mon are the rep re sen ta tives of Globige-
rinelloides, fol lowed by Heterohelix. The abun dance of He- 
terohelix taxa in creases in the up per part of the sec tion, and
in the up per part of level II Heterohelix starts to dom i nate
the plank tonic foraminifer as sem blage (see Fig. 3F). In the
lower part of the sec tion (level V), rep re sen ta tives of Globo- 
truncana Brotzen: G. arca (Cushman), G. cf. rosetta (Car-
sey) and of Contusotruncana Korchagin: C. patelliformis
(Gandolfi), C. fornicata (Plummer) oc cur. Af ter a brief in -
ter val they first de cline in abun dance, then dis ap pear in the
higher in ter val. In the low er most part of the quarry (level VI 
and the low est part of level V), Globotruncanella petalo-
idea (Gandolfi) was also found in some abun dance, fol -

lowed by a de cline till dis ap pear ance in the up per part of the 
sec tion. Pseudoguembelina, Laeviheterohelix and Plano-
globulina carseyae oc cur in low num bers in level II only.

In level VI, rep re sen ta tives of Globotruncanella con sti -
tute ca. 40% of the plank tonic foraminifer as sem blages,
Heterohelix ca. 20%, and Globigerinelloides 40% (Fig. 4F). 
In the lower part of level V, rep re sen ta tives of Globotrun-
cana made up sev eral per cent of the plank tonic foramini-
fe ral as sem blages, bal anced by a de crease in abun dance of
Globotruncanella, while the amount of Globigerinelloides
in creases and that of Heterohelix re mains sim i lar (ca. 20%). 
Up ward, in the up per part of level V, in lev els IV, III, and
the lower part of level II, the plank tonic foraminiferal as -
sem blage com prises Globigerinelloides (ca. 80%) and He-
terohelix (av er ag ing 20% and rang ing from sev eral to 30%). 
In the up per part of level II, Heterohelix starts to pre vail
over Globigerinelloides (Fig. 3F).

The abun dance of plank tonic foraminifers (P/B+P) in
the 0.12–0.75 mm frac tion av er ages 20% and ranges from
9% (sam ple IV.7) to 45% (sam ple II.3) in the up per part of
level II. The high est P/B val ues in level II are ac com pa nied
by an in crease in abun dance of Heterohelix. The P/B val ues
in the 0.06–0.12 mm frac tion are higher, 40% on av er age.
The max i mum value is 62% (sam ple II.3) in the up per part
of the level II. The plank tonic foraminifers of the 0.06–0.12
mm frac tion are rep re sented mainly by Guembelitria, ju ve -
nile spec i mens of Globigerinelloides, and also smaller-
sized Heterohelix.

Ben thic foraminifers (Figs 3E; 5L–W)
The rich as sem blage of ben thic foraminifers com prises

over thirty gen era rep re sent ing both cal car e ous forms (the
most com mon are: Cibicidoides, Gavelinella, Gyroidinoi-
des, Anomalinoides, Osangularia, Pullenia, Coryphostoma, 
Valvalabamina, Dentalina, Nodosaria, Praebulimina) and
ag glu ti nated forms (Ataxophragmium, Spiroplectammina,
Arenobulimina, Plectina, Heterostomella, Tritaxia, Gau-
dryina among oth ers). Cal car e ous foraminifers are pre dom -
i nant, usu ally 70–80% of the ben thic foraminiferal as sem -
blages, rang ing from a min i mum of 51% (sam ple II.3) to a
max i mum of 91% (sam ple V.5).

The ben thic foraminiferal as sem blages are sim i lar
through out the en tire sec tion ex cept for a slight mod i fi ca -
tion no ticed in the up per most part of level II. The most com -
mon taxa are rep re sen ta tives of Cibicidoides (ca. 20%, with
a max i mum of 34% in sam ple IV.1 and a min i mum of 9% in 
the up per part of level II), Gyroidinoides (ca. 15%), Spiro-
plectammina and Ataxophragmium (up to twelve or so per -
cent) in the same in ter val.

Macrofauna (Figs 3A–C; 6 A–C)

The fol low ing taxa have been found in the Che³m
quarry:

– ammonites: Hoploscaphites constrictus lviviensis
Machalski (30 spec i mens, in all lev els), H. felderi Ken nedy
(one spec i men, level VI), H. schmidi (Birkelund) (one spec -
i men, level VI), Acanthoscaphites varians blaszkiewiczi
Jagt & al. (one spec i men, level VI) (Dubicka, 2008; Ma-
chalski et al., 2008);
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– bel em nites: Belemnitella ju nior Nowak (three spec i -
mens, lev els VI, V and III), B. lwowensis Naidin (one spec i -
men, level V);

– bi valves: Spyridoceramus tegulatus (Hagenow), Hyo- 
tissa semiplana (Sowerby), Barbatia tenuistriata (v. Mün-
ster), Plagiostoma cretacea (Woods), Spondylus dutemple-
anus d’Orbigny, Pycnodonte resiculare (Lamarck), Rhyn-
chostreon sp., Spyridoceramus tegulatus (Hagenow) (all
lev els);

– brachi o pods: Carneithyris sp., Cretirhynchia sp. (all
lev els);

– sponges: Rhizopoterion cribosum (Phillips) (all lev -
els);

– echinoids: Echinocorys sp. (all lev els).
Macrobenthic fauna is the same in all lev els, how ever,

its abun dance is not con stant through out: the most com mon

fauna was found in lev els VI and V, and it is very rare in
lev els II and III. A great abun dance of echinoids was ob -
served in lev els VI and V, and it seems likely that it is even
pos si ble to dis tin guish a bed with echinoids in the mid dle of
level Vb, whereas in the up per lev els echinoids are rare.

DIS CUS SION

Bel em nites and ammonites

The two bel em nite spe cies found in the Che³m quarry,
Belemnitella ju nior Nowak and B. lwowensis Naidin, are
known only from the Up per Maastrichtian of Eu rope (Chri-
stensen et al., 2004). At Hemmoor near Ham burg (North
Ger many), B. ju nior Nowak ap pears in the low est part of the 
Up per Maastrichtian and con tin ues up to the mid dle part of
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Fig. 3. Dis tri bu tion of macrofossils and foraminifers in the Che³m sec tion. A – bel em nites, B – ammonites (af ter Machalski et al.,
2008), C – inoceramids, D – plank tonic foraminifers, E – se lected spe cies of ben thic foraminifers, F – abun dance fluc tu a tions of plank -
tonic foraminifers (very rare taxa are omit ted)
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Fig. 4. Plank tonic foraminifers. A–C. Globotruncana arca (Cushman, 1926); A – spi ral, B – edge and C – um bil i cal views; sam ple
V.10; D, E. Globigerinelloides prairiehillensis Pessagno, 1967; D – side view; E – edge view; sam ple V.10; F–H. Contusotruncana
patelliformis (Gandolfi, 1955); F – spi ral, G – edge and H – um bil i cal views; sam ple V.10; I–K. Contusotruncana fornicata (Plummer,
1931); I – spi ral, J – edge and K – um bil i cal views; sam ple V.10; L, M. Globigerinelloides abberantus (Neckaja, 1948); L – side view; M
– edge view; sam ple III.1; N–P. Globotruncanella petaloidea (Gandolfi, 1955), N – spi ral, O – edge and P – um bil i cal views; sam ple VI.1; 
Q–T. Globigerinelloides multispinus (Lalicker, 1948); Q, S – edge view; R, T – side view; sam ple III.1. Scale bar in di cates 100 µm
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Fig. 6. A–D. Belemnitella lwowensis Naidin, 1952; A – lat eral view; B – ven tral view; C – dor sal view; D – view of the split an te rior
end, show ing the in ter nal char ac ters; level V; E–G. Belemnitella ju nior Nowak, 1913; E – view of the split an te rior end, show ing the in ter -
nal char ac ters; F – ventrolateral view; G – dorsolateral view; level V; H, I. Spyridoceramus tegulatus (Hagenov, 1842); H – im print of the
shell, I – mould; level IV. Scale bar in di cates 1 cm

Fig. 5. Plank tonic and ben thic foraminifers from the up per Maastrichtian chalk from the Che³m quarry. A, B. Heterohelix ultimatumida
(White, 1929); A – side view;  B – edge view; sam ple II.3; C, D. Heterohelix striata (Ehrenberg, 1840); C – side view; D – edge view;
sam ple II.3; E. Guembelitria cretacea Cushman, 1933; side view; sam ple II.3. F, G. Heterohelix varsoviensis  Gawor-Biedowa, 1992; F –
side view; G – edge view; sam ple II.3; H, I. Heterohelix striata (Ehrenberg, 1840); H – side view; I – edge view; sam ple II.3; J.
Planoglobulina carseyae (Plummer, 1931); side view; sam ple II.3; K. Laeviheterohelix glabrans (Cushman, 1938); side view; sam ple
II.3; L–N. Gavelinella gankinoensis (Neckaja, 1948); L – spi ral, M – edge and N – um bil i cal views; sam ple II.1; O. Bolivinoides
giganteus Hiltermann & Koch, 1950; side view; sam ple II.1; P. Pseudouvigerina cristata (Marsson, 1878); side view; sam ple II.1; Q–S.
Anomalinoides praeacutus (Vasilenko, 1961); Q – spi ral, R – edge and S – um bil i cal views; sam ple II.1; T–V. Anomalinoides acutus
(Plummer, 1926); T – spi ral, U – edge and V – um bil i cal views; sam ple II.1; W. Neoflabellina reticulata (Reuss, 1851); side view; sam ple
II.1. Scale bar in di cates 100 µm



the Belemnella kazimiroviensis Zone (Fig. 7); Belemnella
lwowensis Naidin oc curs in the low est part of the Up per
Maastrichtian and again in the mid dle part of the Up per
Maastrichtian (Christensen et al., 2004). In the en vi rons of
Maastricht, B. lwowensis ap pears at the Lower/Up per
Maastrichtian bound ary, while B. ju nior Nowak oc curs
from the base of the Maastrichtian. Both spe cies range up to
the end of the Maastrichtian (Christensen et al., 2004). On
the other hand, Keutgen (1996) de scribed spec i mens of B.
ju nior Nowak from the Lower Maastrichtian but, ac cord ing
to Machalski et al. (2007), they ap pear to be re de pos ited
and thus their age is un cer tain. In Den mark, B. ju nior
Nowak is re corded in the up per part of the Up per Maa-
strichtian, i.e. in the B. kazimiroviensis Zone, while the
range of B. lwowensis Naidin is con fined to the up per most
part of that zone (Christensen et al., 2004).

Christensen (1996) in di cated that the bound ary be -
tween the Belemnitella ju nior and Belemnella kazimiro-

viensis zones is diachronous. The first ap pear ance of B. ka-
zimiroviensis (Sko³ozdrówna), which de fines the lower
bound ary of the nom i nal zone as well as the lower bound ary 
of the up per part of the Up per Maastrichtian, var ies throug-
hout Eu rope. In East ern Eu rope it ap pears much ear lier than
in West ern Eu rope and, there fore, the un der ly ing B. ju nior
Zone in Po land is char ac ter ized by a strati graphi cal range
shorter than in West ern Eu rope.

Machalski (2005) ana lysed the oc cur rence of Hoplo-
scaphites constrictus lviviensis Machalski in the Che³m
quarry and in the quar ries near Lviv and as cribed this sub -
spe cies to the Belemnitella ju nior-Spyridoceramus tegula-
tus Con cur rent Range Zone sensu Schulz & Schmid (1983). 
Abdel-Gawad (1986) re corded Spyridoceramus tegulatus
(Hagenow) to oc cur in Po land in the en tire B. ju nior Zone;
how ever, con sid er ing the shorter range of B. ju nior Zone in
Po land than in West ern Eu rope, the co-oc cur rence of Bele-
mnitella ju nior Nowak and Spyridoceramus tegulatus (Ha-
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Fig. 7. Strati graphi cal ranges of bel em nites and ammonites re corded in the Che³m quarry sec tion and in var i ous lo cal i ties, plot ted
against the con ven tional bel em nite zonal scheme and fau nal zones from the NW Ger many and Den mark. Dotted bar shows the in ter val of
the Che³m quarry. Sp. tegulatus – Spirydoceramus tegulatus



genow) does not in di cate the low er most part of the Belemni- 
tella ju nior Zone as in the case of the Hemmoor sec tion (see
Fig. 7). The co-oc cur rence of ammonites: Hoploscaphites
constrictus lviviensis Machalski, H. schmidi (Birkelund),
and Acanthoscaphites varians blaszkiewiczi Jagt et al. in di -
cates that the Che³m suc ces sion be longs to the lower part of
the Belemnitella ju nior Zone, i.e., to the Belemnitella ju -
nior-Spyridoceramus tegulatus Zone dis tin guished in NW
Ger many (Schulz & Schmid, 1983).

Con clud ing, the de po si tion in ter val of the chalk sec tion
from the Che³m quarry can be lo cated within the low er most
part of the Up per Maastrichtian (Fig. 7).

Plank tonic foraminifers

Peryt (1980) dis tin guished ten zones of plank tonic fora- 
minifers in Cenomanian to Maastrichtian strata of the Mid -
dle Vistula River Val ley, and the Maastrichtian de pos its
were in cluded into three zones: the Globigerinelloides mul-
tispinus Zone (Up per Campanian and lower part of Lower
Maastrichtian), the Rugoglobigerina pennyi Zone (up per
part of Lower Maastrichtian), and the Guembelitria creta-
cea Zone (Up per Maastrichtian). In this pa per, this sub di vi -
sion is fol lowed (Fig. 8).

The Rugoglobigerina pennyi Zone is de fined as an in -
ter val from the first ap pear ance of Rugoglobigerina pennyi
(Brönnimann) to the first ap pear ance of Guembelitria creta- 

cea (Cushman). This zone is char ac ter ized by a sud den
bloom of foraminifers be long ing to Rugoglobigerina in the
lower part and by a mod er ate abun dance peak in the up per
part where rugoglobigerinids oc cur as so ci ated with abun -
dant Globigerinelloides and in the ab sence of Globotrun-
cana near the up per bound ary of the zone (Peryt, 1980). The 
def i ni tion of the Guembelitria cretacea Zone is based on the 
re gional to tal range of the in dex spe cies Guembelitria cre-
tacea (Cushman). The lat ter zone in the Vistula River sec -
tion can be eas ily re cog nised by abun dant Heterohelix and
con tin u ous re cord of Guembelitria, and by a con sid er able
num ber of rep re sen ta tives of Rugoglobigerina and Globige- 
rinelloides, again in the ab sence of Globotruncana (Peryt,
1980).

The co-oc cur rence of Guembelitria cretacea with rep -
re sen ta tives of Heterohelix and Globigerinelloides (G. mul-
tispinus) in di cates the low est part of the Guembelitria cre-
tacea Zone sensu Peryt (1980) (Fig. 8). In the lower part of
the Che³m sec tion, this as sem blage also in cludes some Glo-
botruncana, whose pres ence sug gests that the Che³m sec -
tion strad dles the Rugoglobigerina pennyi/Guembelitria
cretacea zonal bound ary or the range of Globotruncana lo -
cally ex tends up ward to the low er most part of the Guem-
belitria cretacea Zone (Fig. 8).

Peryt (1980) equated the bound ary be tween the Guem-
belitria cretacea and Rugoglobigerina pennyi zones to the
Lower-Up per Maastrichtian bound ary. The bound ary be -

BIOSTRATIGRAPHY OF UP PER MAASTRICHTIAN CHALK AT CHE£M 193

Fig. 8. Cor re la tion of con ven tional bel em nite zones and plank tonic foraminiferal zones plot ted against the plank tonic foraminiferal
ranges from the Mid dle Vistula River Val ley (Peryt, 1980, 1988) and those re corded in the Che³m quarry sec tion (this pa per)



tween these two zones in the Vistula River Val ley is lo cated
be tween the lo cal i ties of Chotcza and Lucimia (see Fig. 9),
and, ac cord ing to B³aszkiewicz (1980), the strata in be tween
them be long to the Belemnitella ju nior Zone. As dis cussed
above, plank tonic foraminifers in di cate that the Che³m sec -
tion should be cor re lated to the lower part of the Up per Maa-
strichtian, within the Belemnitella ju nior Zone. Consequen-
tly, the Rugoglobigerina pennyi/Guembelitria cretacea zonal 
bound ary, be cause of the co-oc cur rence of Globotruncana
and Guembelitria cretacea, should be shifted up ward, i.e.
within the low est part of the B. ju nior Zone (Figs 8, 9).

Ben thic foraminifers

Most spe cies of ben thic foraminifers re corded in the
Che³m sec tion have no strati graphic value as they oc cur in
at least two Cre ta ceous stages, ex cept for Anomalinoides
acutus (Plummer), A. preacutus (Vassilenko), A. gankino-
ensis (Neckaja), Neoflabellina reticulata (Reuss), Pseudo-
uvigerina cristata (Marsson) and Bolivinoides giganteus
(Hilterman & Koch), all of which indicating the Up per
Maastrichtian (see Gawor-Biedowa, 1992; Beniamovskii &
Kopaevich, 2002; Fig. 10).

Bolivinoides giganteus (Hilterman & Koch) is re garded 
by Gawor-Biedowa (1992) as the in dex spe cies of the nom i -
nal subzone, which cor re lates to the up per part of the Up per
Maastrichtian in the Pol ish Low land (Fig. 10). In the Che³m
quarry, B. giganteus co-oc curs with macrofauna and micro -
fauna in dic a tive of the lower part of the Up per Maastrich-
tian, thus its range should be ex tended down ward to the
Lower-Up per Maastrichtian bound ary (Fig. 10).

COM PAR I SON OF PLANK TONIC
FORAMINIFERAL AS SEM BLAGES FROM 

THE CHE£M SEC TION AND THE
MID DLE VISTULA RIVER VAL LEY

A com par i son of ranges of plank tonic foraminiferal
spe cies re corded in the Che³m sec tion with those from the
Mid dle Vistula River Val ley makes it pos si ble to cor re late
the Che³m sec tion to the “clas si cal” Mid dle Vistula River
Val ley sec tion. How ever, the dis tri bu tion of plank tonic
foraminifers de pends on the depth of the wa ter col umn in
the ba sin (this spe cially ap plies to deep-dwell ing morpho-
types such as Globotruncana and Contusotruncana).

The plank tonic foraminiferal as sem blages from Luci-
mia (Mid dle Vistula River Val ley) com prises the first spec i -
mens of Guembelitria cretacea, which co-oc curs with rep -
re sen ta tives of Heterohelix and Globigerinelloides (G. mul-
tispinus last oc cur rence in the sec tion), whereas Globotrun-
cana and Globotruncanella are lack ing (Fig. 11). The as -
sem blages from Chotcza com prise the last Globotruncana,
as so ci ated with Globotruncanella petaloidea and rep re sen -
ta tives of Heterohelix and Globigerinelloides, whereas
Guembelitria cretacea is lack ing (Fig. 11). It is re mark able
that in the Che³m suc ces sion, the heterohelicids in crease in
abun dance up ward, Globigerinelloides are abun dant throu-
ghout the en tire sec tion ex cept of its up per most part where
they show a re mark able de crease, and Globotruncana oc -
curs only in the lower part of the suc ces sion (level V, pr.
V.8-V.10 and level VI, pr. VI.1) (Fig. 3). These changes of
plank tonic foraminiferal as sem blages per fectly match that
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Fig. 9. The oc cur rence of plank tonic foraminifers in the Mid dle Vistula River Val ley sec tion (af ter Peryt, 1980) and in the Che³m
quarry sec tion, plot ted against the macrofaunal zonation (af ter B³aszkiewicz, 1980) and show ing the in ferred strati graphi cal po si tion of
the lat ter sec tion
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Fig. 10. Cor re la tion of con ven tional bel em nite zones and ben thic foraminiferal zones, and ranges of se lected spe cies of ben thic
foraminifers

Fig. 11. Abun dance (%) curves of se lected gen era within the plank tonic foraminifer as sem blages re corded in var i ous out crops of the
Mid dle Vistula River Val ley (af ter Peryt, 1980) and in the Che³m quarry sec tion (this pa per)



in ter po lated for the Mid dle Vistula River Val ley be tween
the villages of Chotcza and Lucimia (Figs 11, 12).

The Mid dle Vistula River Val ley sec tion is not equally
well ex posed through out, and most part of the Belemnitella
ju nior Zone is cov ered by youn ger de pos its. It seems likely
that the in ter val of the Che³m sec tion is not ex posed in the
Mid dle Vistula River Val ley. On the other hand, a very sim -
i lar pat tern of changes in plank tonic foraminiferal as sem -
blages in both the Che³m sec tion and the Mid dle Vistula
sec tions en able us to sug gest that the suc ces sion ex posed in
the quarry cor re sponds to the cov ered in ter val be tween
Chotcza and Lucimia (Fig. 12).

IN TE GRA TION OF
BIOSTRATIGRAPHICAL DATA

The ranges of ben thic foraminifers of the Che³m sec tion 
lo cate this sec tion in the Gavelinella danica/Brotzenella
praeacuta Zone of the Eu ro pean Bo real prov ince as well as
in the Anomalinoides pinguis Zone set for the Pol ish part of
the Eu ro pean Bo real prov ince (Fig. 10). The ranges of ma-
crofauna lo cate the Che³m sec tion in the lower part of the
Up per Maastrichtian.

The ranges of plank tonic foraminifers and the cor re la -
tion with the Mid dle Vistula River Val ley sec tion lo cate the
Che³m sec tion within the mid dle part of the B. ju nior Zone
(Figs 8, 9). If the range of the B. ju nior Zone in Po land is
shorter than in West ern Eu rope (Christensen, 1996) and
spans the lower part of the zone (Jeletzky, 1951; Birkelund,
1957; Surlyk, 1970), the in ter val of the Maastrichtian suc -

ces sion lo cated be tween Chotcza and Lucimia (Mid dle
Vistula River val ley) falls in the low er most part of the Up -
per Maastrichtian, i.e. in the Belemnitella ju nior-Spyrido-
ceramus tegulatus Zone. There fore, the bound ary be tween
the Rugoglobigerina pennyi and Guembelitria cretacea
zones would also fall within the Belemnitella ju nior-Spyri-
doceramus tegulatus Zone (Fig. 7).

CON CLU SIONS

Ben thic foraminifers and macrofauna in di cate that the
chalk sec tion at Che³m quarry rep re sents the lower part of
the Up per Maastrichtian, i.e., Gavelinella danica/Brotz-
enella praeacuta Zone or the Anomalinoides pinguis Zone,
based on ben thic foraminifers, and the Belemnitella ju nior-
Spyridoceramus tegulatus Zone based on ammonites, bel -
em nites and bivalves.

Plank tonic foraminifers make it pos si ble to lo cate the
stud ied sec tion slightly above the bound ary of the Rugoglo-
bigerina pennyi and Guembelitria cretacea  zones

The biostratigraphical cor re la tion of the Che³m quarry
sec tion and the “clas si cal” Mid dle Vistula River Val ley sec -
tion in di cates that the equiv a lent in ter val of the for mer sec -
tion is not ex posed in the Mid dle Vistula River Val ley, and
that it would oc cur be tween the vil lages Chotcza and Lu-
cimia within the lower part of the Belemnitella ju nior Zone
sensu B³aszkiewicz (1980), i.e., within the Belemnitella ju -
nior-Spyridoceramus tegulatus Zone sensu Schulz & Schmid 
(1983) (the low est part of the Up per Maastrichtian).
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