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The Nasi³ów sec tion rep re sents the up per most part of the Mid dle Vistula River sec tion, a clas si cal Pol ish ex tra-Carpathian
Cre ta ceous sec tion, and gives ac cess to the Cre ta ceous–Paleogene (K-Pg) bound ary in ter val. De spite many pa pers that
have been pub lished so far, our newly col lected data shed new light on the com plete ness of biostratigraphic and sed i men tary 
re cords of the K-Pg at that site. The Nasi³ów sec tion en com passes the up per Maastrichtian re gional XII and XIII foraminiferal
as sem blage zones and the lower Danian P0?-Pa stan dard plank tonic foraminiferal zones. The K-Pg bound ary is placed at
the top of a phos phatic layer. The grey marly chalk unit, never be fore sub jected to ex am i na tion of biostratigraphically im por -
tant taxa, dis plays blooms of guembelitrids point ing to the up per most Maastrichtian (XIII foraminiferal as sem blage Zone) as
well as of plank tonic and ben thic foraminifers of a re duced test size. Such foraminiferal dwarf ism is com monly ob served near
the end of the Cre ta ceous and in ter preted as a re sponse to the Deccan vol ca nism (pos si ble 2nd phase) that caused cli mate
changes and ocean acid i fi ca tion. The ter mi nal Maastrichtian age of the marly chalk unit is ad di tion ally sup ported by an acme
of the dinoflagellate cyst Palinodinium grallator, to gether with Tallasiphora pelagica and Disphaerogena carposphaeropsis.
The “Greensand”, a dis tinct glauconite-quartz sand unit, con tains ex clu sively ter mi nal Maastrichtian plank tonic foraminifers
and dinoflagellate cyst as sem blages. In di vid ual spec i mens of Danian age are in ter preted to be ei ther an ef fect of con tam i na -
tion or were translocated down by bur row ers into the Greensand. The low er most por tion of the Siwak (in for mal
lithostratigraphic unit) dem on strates an early Danian age based on the co-oc cur rence of the com mon plank tonic foraminifers 
Globoconusa daubjergensis, Guembelitria cretacea, Muricohedbergella monmouthensis, M. planispira, Planoheterohelix
globulosa, Parvularuglobigerina extensa and Par. alabamensis. The last oc cur rence of Palynodinium grallator and the first
oc cur rences of Carptella cornuta and Senoniasphaera inornata, re corded di rectly above the phos phatic layer, sup port the
same age as sign ment. The new palaeomagnetic data can not prove remagnetization at the bound ary in ter val, in con trast to
pre vi ous re search which gave sup port to a hi a tus in the crit i cal in ter val.
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INTRODUCTION

The Nasi³ów sec tion, cen tral Po land (Fig. 1) con sti tutes one
of the clas sic K-Pg bound ary sites of the cen tral Eu ro pean
epicratonic ba sin, pro vid ing in sight into the pos si ble na ture of
one of the larg est and most se vere mass ex tinc tions in the his -
tory of life (e.g., Toon et al., 1997; Schulte et al., 2010). The
aban doned quarry at Nasi³ów gives ac cess to ~30 m of the up -
per Maastrichtian and Danian de pos its, with the K-Pg bound ary
in ter val in the mid dle por tion of the quarry (Fig. 2). The
Kazimierz Opoka – an in for mal lithostratigraphic unit of the late
Maastrichtian age is mainly com posed of opoka (= si li ceous
chalk/lime stone with biogenic sil ica). The Siwak – an other in for -

mal lithostratigraphic unit of the early Danian age is rep re -
sented by gaize (= si li ceous lime stone with detrical quartz,
glauconite and clay). Both units are sep a rated by dis tinct
glauconitic quartz sand unit – the Greensand (Fig. 2).

Dur ing de cades of re search on sedimentology (Po¿aryska,
1952; Krach, 1981; Machalski and Walaszczyk, 1987; Hansen
et al., 1989; Machalski, 1998), magnetostratigraphy (Hansen et 
al., 1989), and the palae on tol ogy of dif fer ent fos sils such as
foraminifers (Po¿aryska, 1965; ¯arski et al., 1998), sponges
(Œwierczewska-G³adysz and Olszewska-Nejbert, 2006), dino -
fla gellate cysts (Hansen et al., 1989), bel em nites (Keutgen et
al., 2017), bi valves, gas tro pods and ammonites (Krach, 1981;
Abdel-Gawad, 1986; Machalski and Walaszczyk, 1987, 1988;
Machalski, 1998, 2005a, b, 2012) and echinoids (Machalski
and Jagt, 2018), the po si tion of the K-Pg bound ary at Nasi³ów
has been var i ously in ter preted and placed at dif fer ent lev els
within the bound ary in ter val. It was drawn at the top of the
Kazimierz Opoka unit (Po¿aryska, 1965, 1967; Krach, 1974,
1981; B³aszkiewicz, 1980; Hansen et al., 1989; Machalski,
1998; Œwierczewska-G³adysz and Olszewska-Nejbert, 2006;
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Fig. 1A – lo ca tion of the K-Pg site at Nasi³ów in Eu rope; B – Po land with the ex tent of the Up per Cre ta ceous de pos its in
ex tra-Carpathian Po land (af ter Po¿aryski, 1974, sim pli fied); C – sim pli fied geo log i cal sketch map of the Nasi³ów and Kazimierz

Dolny area (af ter Po¿aryska, 1952, sim pli fied)

Fig. 2A – gen eral view of the Nasi³ów Quarry show ing the Kazimierz Opoka at the base, Greensand in the mid dle and the Siwak unit
at the top, the ar row in di cates peo ple for scale; B – Greensand di vided into 1 m2 fields for de tailed ex am i na tion for dif fer ent pur -
poses, 10-litre bucket for scale; C – de tails of the lower por tion of the Greensand, black ar rows in di cate frag ments and shards rep -
re sent ing the rem nants of the marly chalk [unit III]



Machalski and Jagt, 2018), at the base of the phos phatic layer
(Machalski and Walaszczyk, 1987), at the top of the phos phatic
layer (Radwañski, 1985, 1996; Abdel-Gawad, 1986) or above
the phos phatic layer within the gaize part of the Siwak unit
(Kongiel, 1935; Po¿aryski, 1938; Putzer, 1942). Based on var i -
ous data and as sump tions, sev eral sedimentological sce nar ios
have been pro posed (e.g., Po¿aryska, 1952, 1965; Krach,
1974, 1981; Machalski and Walaszczyk, 1987; Hansen et al.,
1989; Machalski, 1998; Œwierczewska-G³adysz and Olszew -
ska- Nejbert, 2006; Machalski and Jagt, 2018).

The fau nal data, es pe cially those sup port ing the Danian
age of the Greensand (e.g., Po¿aryska, 1965; Krach, 1974,
1981; ¯arski et al., 1998; Machalski, 1998, 2005a, b;
Œwierczewska-G³adysz and Olszewska-Nejbert, 2006; Machal -
ski et al., 2016; Machalski and Jagt, 2018), in ad di tion to the
palaeomagnetic data of Hansen et al. (1989), were crit i cal to the 
in ter pre ta tions and to plac ing the K-Pg bound ary, by many au -
thors, at the top of the Kazimierz Opoka unit ter mi nated by the
in tensely bur rowed hard ened lime stone. This im plies a con sid -
er able hi a tus span ning the lat est Maastrichtian and the ear li est
Danian (for dis cus sion, com pare Hansen et al., 1989;
Machalski, 1998, 2005a; Machalski and Jagt, 2018). Such a
strati graphic in ter pre ta tion re sulted in the de vel op ing of a com -
plex sed i men tary model across the K-Pg bound ary at Nasi³ów,
in clud ing ex hu ma tion, ero sion, omis sion, re work ing, and
phosphatization events (com pare e.g., Hansen et al., 1989;
¯arski et al., 1998; Machalski, 1998, 2005a, b; Œwierczewska-
G³adysz and Olszewska-Nejbert, 2006; Racki et al., 2011;
Machalski et al., 2016; Machalski and Jagt, 2018). By con trast,
Radwañski (1985), Abdel-Gawad (1986), and Machalski and
Walaszczyk (1987) con sid ered that the Greensand is lat est
Cre ta ceous in age.

The emerg ing dis crep an cies in de fin ing the age of the
Greensand be tween par tic u lar au thors were caused by the fact
that ei ther Maastrichtian or Paleocene fau nal el e ments were
con sid ered to be of pri mary im por tance in the fi nal con clu sions.
Con se quently, the Danian/Montian in ter pre ta tion of the age of
the Greensand as sumed the re de pos ited char ac ter of the lat est 
Maastrichtian fauna into this unit. Ac cord ingly, de pend ing on
what age is in ter preted for the Greensand for what ever rea -
sons, a dif fer ent sedimentological model would be adopted as a 
con se quence.

Con sid er ing the above age-dis crep an cies, the aim of our
stud ies was to de velop a re vised strati graphic scheme for the
Nasi³ów suc ces sion in te grat ing both biostratigraphic
(macrofossils, foraminifers, and dinoflagellate cysts) and
palaeomagnetic (magnetostratigraphic) data. Spe cial at ten tion
is paid to a pre cise age-as sign ment for the marly chalk [unit III],
de pos its never pre vi ously sub jected to ex am i na tion of
biostratigraphically im por tant forms, as well as to the
Greensand. The age in ter pre ta tion of par tic u lar units within the
bound ary suc ces sion is a pre req ui site for the proper un der -
stand ing of the set of pro cesses ac tive dur ing the K-Pg times at
Nasi³ów and, in con se quence, to pro pos ing a re li able
sedimentological sce nario. Our ap proach shows that the
Nasi³ów suc ces sion is much more com plete than hith erto
thought, most likely with only the P0 foraminiferal zone miss ing,
thus con sti tut ing one of the most com plete K-Pg sec tions in this
part of Eu rope.

GEOLOGICAL SETTING

The Nasi³ów sec tion is sit u ated at the left bank of the Wis³a
River, cen tral Po land, op po site the town of Kazimierz Dolny.
The sec tion is lo cated within the Bor der Synclinorium, NE of the
Mid-Pol ish Anticlinorium (Fig. 1), which is in ter preted as the in -

verted part of a for mer Dan ish-Pol ish Trough (e.g., Po¿aryski,
1974).

The ex posed suc ces sion is here sub di vided into six units la -
beled I to VI (Fig. 3). Unit I cor re sponds to the Kazimierz Opoka
(Figs. 2A and 3), an up per Maastrichtian in for mal
lithostratigraphic unit which is com posed of opoka with
~65–70% of CaCO3 and oc ca sional marly in ter ca la tions. It is
ter mi nated by a 0.5–1.0 m thick in tensely bur rowed yel low ish
hard ened lime stone [unit II] (Fig. 3), which con sti tute a well-de -
vel oped in cip i ent hardground (un der stood ac cord ing to Ken -
nedy and Gar ri son, 1975). The up per, un even sur face of the
hard ened lime stone is over lain by a non-indurated, soft,
white-grey marly chalk [unit III]. The bur rows pen e trate both the
marly chalk and the hard ened lime stone usu ally to ~30–40 cm
down, how ever, this fea ture can vary mark edly. In the marly
chalk, the CaCO3 con tent slightly de creases by com par i son
with the Kazimierz Opoka unit to ~58% (Fig. 3).

Higher up in the sec tion, there is a dis tinct, 20–50 cm-thick
glauconitic quartz sand unit [unit IV] – Greensand (Figs. 2
and 3). The Greensand rep re sents an eas ily rec og niz able
sedimentological unit within the K-Pg in ter val. This unit is trace -
able across the en tire Nasi³ów Quarry over a dis tance of
~400–500 m, in ad di tion to be ing pres ent in a nearby es carp -
ment of the Wis³a River (e.g., at Bochotnica and Kamienny Dó³,
2 km dis tant co eval K-Pg sec tions). The Greensand is pre dom i -
nantly com posed of an gu lar quartz grains, glauconite, and
microfossil tests in a marly ma trix. By com par i son with units II
and III, the CaCO3 de creases sharply to ~15%, whereas the
amounts of glauconite, quartz, and clay min er als in crease to
~85%. Such con tents of par tic u lar in gre di ents are char ac ter is tic 
of the whole Greensand unit (Fig. 3). The grain-size dis tri bu tion
within the Greensand is uni form and does not show any trend
ei ther down- or up wards.

Shards of marly chalk, thus of li thol ogy cor re spond ing to
unit III (Figs. 2C and 3), are a sig nif i cant com po nent of the
Greensand, be ing usu ally an gu lar in shape. The larg est frag -
ments, up to 15 cm, are con cen trated in the lower por tion of the
Greensand, whereas the small est, cen ti me ter-sized or smaller,
oc cur up to the top of the unit, marked by the phos phatic layer
(Fig. 3). No marly shards were noted above the phos phatic
layer. Ad di tion ally, well-rounded quartz peb bles, up to 2.5 cm
across, al though rare, were col lected mainly from the lower por -
tion of this unit.

The fauna of the Greensand is rich and di verse; how ever, it
is var i ously pre served, with some of the forms be ing filled with
opoka/marly-chalk-like sed i ment not cor re spond ing to the host
li thol ogy of the Greensand. Al though much of the fauna is
fragmentarily pre served, in clud ing the most prom i nent com po -
nent, bel em nites, some very well fos sil ized brachi o pods with
com plete brachidia and bel em nites with thin and del i cate al ve o -
lar walls were also noted within this unit.

The top of Greensand is marked by a ~5–10 cm thick phos -
phatic layer [unit V] (Fig. 3). It is com posed mainly of phos phatic 
frag ments of sponges, not in fre quently show ing an gu lar shapes 
and sharp edges. While the lower bound ary of the phos phatic
layer is some what dif fuse into the un der ly ing Greensand, the
up per bound ary is rather sharp; how ever, this can change from
place to place.

The “irid ium layer” has not yet been rec og nized in the
Nasi³ów sec tion, al though the pres ence of irid ium fall-out is in di -
cated by a small en rich ment in Ir-Pl and rare earth el e ments
(= REEs) de tected within the Greensand both at Nasi³ow and
the co eval sec tion at Bochotnica (Hansen et al., 1989).

The Greensand [unit IV] to gether with a phos phatic layer
[unit V] is over lain by the Siwak unit [VI] – the Danian in for mal
lithostratigraphic unit, which is rep re sented by gaizes with dis -
tinct beds of lime stone (Fig. 3). Just above the phos phatic layer
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(= in the low er most Siwak unit), a dis tinct de crease in quartz
and glauconite con tent by ~20% is ob served to gether with an
in crease in silt and clay con tent by a sim i lar amount (Fig. 3).
The CaCO3 con tent starts to slowly and grad u ally in crease from 
~15% in the phos phatic layer to 24% just be low the first lime -
stone layer, ~1 m above; in the first lime stone layer the CaCO3

con tent in creases mark edly to ~55–60% (Fig. 3). Within this in -
ter val, i.e. from the phos phatic layer to the first lime stone bed in
the Siwak unit, small cm-size phosphorites have also been de -
tected (e.g., Machalski, 1998).

FORMER STUDIES

Po¿aryska (1965) gave the first strati graphic ac count based 
on foraminifera around the K-Pg bound ary. Based on the bore -
hole ma te rial, three subsurface for ma tions were dis tin guished
by her, i.e. the “¯yrzyn Beds” (up per Maastrichtian), the
“Sochaczew Beds” and the “Pu³awy Beds” (Danian). Po¿aryska 
cor re lated the Greensand at Nasi³ów with the subsurface
“Sochaczew Beds. The pres ence of opoka/chalk-like shards
within the Greensand was as sumed to rep re sent a pre vi ously

pres ent, now eroded away, up per most Maastrichtian unit as -
signed by her to the �¯yrzyn Beds�.

Non-cephalopod macrofauna from around the K-Pg in ter val 
at Nasi³ów and nearby lo cal i ties were stud ied by Krach (1974,
1981). He noted the allochthonous char ac ter of the Cre ta ceous
fau nal as sem blage from the basal glauconitic sand stone with
phosphorites, rep re sented by mixed macrofossils com ing from
dif fer ent biotopes cha ot i cally dis trib uted within the glauconitic
sand, with part of the fauna com ing from sublittoral en vi ron -
ments, whereas other fau nal items were trans ported from the
deeper part of the ba sin. Sim i larly to Po¿aryska (1965), Krach
as sumed a Paleocene age for the Greensand and ad di tion ally
com bined the Greensand and over ly ing Siwak into one
transgressive depositional cy cle.

Radwañski (1985, 1996) based on the oc cur rence of typ i cal
Maastrichtian cepha lo pods, i.e. Scaphites constrictus, to the
very top of the hardground and Belemnella kazimiroviensis to
the top of the phos phatic layer, placed the K-Pg bound ary at the 
top of the lat ter unit.

Abdel-Gawad (1986) pro vided an ad di tional com par a tive
study of non-cephalopod molluscs (sca pho pods, gas tro pods,
and bi valves) of the Mid dle Vistula Val ley, in ad di tion to re con -
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Fig. 3. De tails of the study sec tion at Nasi³ów

A – gen er al ized sec tion of the bound ary in ter val; B – cm-scale de tailed lithological log of the K-Pg in ter val, sam ples for dinoflagellate
cysts are la beled by B-pre fix, sam ples for foraminifers are la beled with x-pre fix, mag nets – sam ples for palaeomagnetism; 

C – percentage amount of selected components



struct ing the depositional en vi ron ment dur ing the Late Cre ta -
ceous and the K-Pg tran si tion.

Machalski and Walaszczyk (1987) rec og nized three groups
of fos sils within the Greensand, i.e. (1) phosphatized
Maastrichtian, (2) unphosphatized Maastrichtian, and (3) a
Danian as sem blage. The up per Maastrichtian fos sils infilled by
glauconitic sand stone as well as those in a very good state of
pres er va tion were con sid ered as in dig e nous. The Danian as -
sem blage was found to be un evenly dis trib uted within the
Greensand with the ma jor ity of spec i mens re ported from the
phos phatic layer (cf. Fig. 3), and only a few, mainly bur row ing
Nucula and Cucullaea, be neath. Machalski and Walaszczyk
(1987) pro posed four stages of Greensand for ma tion: (1)
hardground for ma tion fol lowed by sub se quent de po si tion of the
Greensand and the ad di tional car bon ate unit; (2) a halt in de po -
si tion, early ce men ta tion along with the ac tiv ity of bur row ers
(stages 1 and 2 are lat est Maastrichtian); (3) ero sion of the car -
bon ate unit and for ma tion of a re sid ual lag (ex pressed as the
phos phatic layer) along with phosphatization dated to the early
and/or mid dle Danian; (4) de po si tion of the gaizes of the Siwak
unit cou pled with mot tling of the sed i ment by infaunal ac tiv ity
lead ing to in tense bioturbation of the Greensand dur ing late
Danian time. The spotty and patchy oc cur rence of the Danian
fos sils to gether with mainly bur row ing bi valves be low the phos -
phatic layer was thought to prove their sec ond ary in tro duc tion
into the Greensand by infaunal ac tiv ity. Ac cord ingly, based on
these over all char ac ter is tics, the K-Pg bound ary was placed at
the top of the Greensand and, to be pre cise, at the base of the
phos phatic layer.

Hansen et al. (1989) pro vided the first dinoflagellate cyst
stud ies from the Nasi³ów sec tion and as signed the hard ened
lime stone (the in cip i ent hardground) [unit II] to the Palinodinium
grallator Zone of lower al beit not low er most Maastrichtian age
due to the lack of the lat est Maastrichtian spe cies Thalasiphora
pelagica. The basal Siwak unit (= above the phos phatic layer)
was con sid ered to be of early al beit not low er most Danian age
and was ten ta tively cor re lated with the in ter val ~10 m above the
K-Pg bound ary in the Dania Quarry (Den mark). He ar gued for
remagnetization from the 30N to 29R palaeomagnetic chron
just above the phos phatic layer. Trace el e ment stud ies showed
a small irid ium en rich ment in the Greensand in both the Nasi³ów 
and neigh bour ing Bochotnica sec tions. He sug gested that dis -
so lu tion was re spon si ble for re mov ing pre vi ously pres ent units
(now gone): i.e. glauconitic chalk (proved by fos sil in fill ings), the
K-Pg beds, in ad di tion to an equiv a lent of the Dan ish Cerithium
Lime stone of ear li est Danian age. The for mer pres ence of the
lat ter unit, has been pos tu lated based on bel em nite al ve oli infills 
sim i lar to the orig i nal Cerithium Lime stone. Hence a con sid er -
able hi a tus was sug gested for the K-Pg beds at Nasi³ów.

¯arski et al. (1998), based on foraminiferal and macrofaunal 
ev i dence, quoted a Danian age for the Greensand and the
over ly ing Siwak unit from the Kamienny Dó³ lo cal ity (a co eval
K-Pg site in the Nasi³ów area). They also re ported sev eral soft
and hard lime stone clasts within the Greensand layer.

Machalski (1998) pro posed a re con struc tion of the
depositional his tory at the K-Pg tran si tion at Bochotnica and
Nasi³ów based on a de tailed taphonomic anal y sis and ques -
tioned the pres ence of a late Maastrichtian hardground at the
top of the Kazimierz Opoka. Three fos sil as sem blages within
the Greensand and over ly ing phos phatic layer were dis tin -
guished, be ing char ac ter ized by macrofossils of the
Maastrichtian, Paleocene, and un known ages. The Maastrich -
tian fos sils with at tached pieces of soft opoka (bel em nites, bi -
valves) were re corded solely from be low the phos phatic layer.

The ma jor ity of the sup posed Paleocene fauna came from
around the phos phatic layer and up wards in the sec tion, be -
sides deep-bur row ing bi valves of the gen era Nucula and
Cucullaea.

The sedimentological sce nario pro posed by Machalski
(1998; very sim i lar to that of Hansen et al., 1989), as sumed the
de po si tion of: (1) si li ceous lime stone (= opoka); (2) slightly
glauconitic car bon ate mud (up per Maastrichtian); (3) a K-Pg
clay layer en riched in Ir; (4) the equiv a lent of the early Danian
Cerithium Lime stone known from Den mark and else where; (5)
an ero sional ep i sode dur ing the Danian, lead ing to the de struc -
tion of units 2–4 to gether with the up per part of the opoka (1). In
such a sce nario, the bur row ing event took place al ready in the
Danian, be ing pre ceded by ex hu ma tion of older de pos its, its
sub se quent ero sion, de po si tion of glauconitic sand (= Green -
sand) and for ma tion of the re sid ual lag, cur rently ex pressed as
a phos phatic layer. Bur row ing ac tiv ity on the sea-floor, com -
bined with a slow sed i men ta tion rate of the Greensand which
fills the bur rows, re sulted in the for ma tion of the “pseudo-brec -
cia” at the top of the Kazimierz Opoka unit (cf. also Machalski
and Walaszczyk, 1987) formed in a man ner pro posed ini tially
by Ken nedy and Gar ri son (1975). The pres ence of sup pos edly
mixed Maastrichtian and Danian fau nal as sem blages and the
as sumed lack of in situ Maastrichtian fos sils within the
Greensand layer, led to the con clu sion that the Greensand
should en tirely be in ter preted to rep re sent the basal,
transgressive depositional cy cle of an early, al beit not ear li est
Danian age (cf. also Hansen et al., 1989). Con se quently, the
K-Pg bound ary has been placed at the junc tion of the Kazimierz 
Opoka and Greensand.

Œwierczewska-G³adysz and Olszewska-Nejbert (2006) re -
ported two sponge as sem blages from the Greensand and over -
ly ing phos phatic layer. Out of 26 sponge spe cies, 12 turn out to
be un known from the un der ly ing Kazimierz Opoka. Sur pris -
ingly, all the sponge forms rec og nized turn out to be solely
Maastrichtian. Based on two dif fer ent sponge as sem blages
mixed within the phos phatic layer, an ad di tional lat est
Maastrichtian stage of ero sion was pro posed.

Keutgen et al. (2017) ana lysed bel em nites of the
Belemnella kazimiroviensis group. He found no dif fer ences in
the com mu ni ties from the Kazimierz Opoka and the over ly ing
Greensand. Most of the bel em nites were found to be re de pos -
ited from the up per Maastrichtian de pos its for merly pres ent,
now gone, at Nasi³ów or around this site. Of note is the re cord of 
an ammonite Hoploscaphites constrictus cf. crassus found in
the Greensand, pre served as an im pres sion on a re worked
pycnodontid oys ter shell, sug gest ing that ero sion must have cut 
down into de pos its older than the up per most Maastrichtian.

Machalski and Jagt (2018) ana lysed mem bers of three
echinoid as sem blages oc cur ring to gether in the Greensand in
the Kazimierz Dolny area. The as sem blages were char ac ter -
ized by dif fer ent stages of pres er va tion (phosphatized and
unphosphatized) and dif fer ent ages: (1) late Maastrichtian, (2)
pre sum ably early Danian, and (3) prob a bly youn ger, mid dle to
late Danian. They con sid ered the Greensand as a con densed,
transgressive unit with mixed fau nas of dif fer ent ages and prov -
e nance. Ad di tion ally, those au thors dis cred ited the pres ence in
the Nasi³ów area of an equiv a lent of the Danian Cerithium
Lime stone, pos tu lated to be for merly pres ent and now gone (cf.
Hansen et al., 1989; Machalski, 1998). This was based on the
fact that all the phosphatized moulds of echinoids in ter preted as 
Danian in age are com posed of phosphatized glauconitic sand -
stone, which is mark edly dif fer ent from the clas sic Cerithium
Lime stone.
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MATERIALS AND METHODS

Foraminiferal and dinoflagellate cyst biostratigraphy, as well 
as palaeomagnetic mea sure ments, have been stud ied across
the K-Pg in ter val of the Nasi³ów sec tion.

Palaeomagnetism. For palaeomagnetic stud ies, 20 core
sam ples and four hand sam ples were col lected from 5 sam ple
sites stud ied (for pre cise lo ca tions within the sec tion see Fig. 3). 
From each sam ple, a min i mum of 2 spec i mens were cut and all
spec i mens were ana lysed in the Geo phys i cal Lab o ra tory of the
Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute. The
NRM mea sure ments and de mag ne ti za tion ex per i ments were
car ried in a mag net i cally shielded space (a low-field cage, Mag -
netic Mea sure ments, UK, which re duces the am bi ent geo mag -
netic field by ~95%). Nat u ral rem nant mag ne ti za tion (NRM)
and mag ne ti za tion dur ing the de mag ne ti za tion pro ce dures
were mea sured on a JR–6A dual-speed spin ner mag ne tom e ter 
(AGICO, Brno). Af ter nat u ral rem nant mag ne ti za tion (NRM)
mea sure ments, both al ter nat ing field de mag ne ti za tion (AFD)
and ther mal de mag ne ti za tion (THD) were ap plied. The AFD
de mag ne ti za tion pro ce dure was car ried out from 5 to 100mT, in 
5mT steps, us ing a shielded demagnetizer (MOLSPIN, UK).
The ther mal de mag ne ti za tion pro ce dure was carrid out from
100 to 500°C in 50°C steps. Sam ples were heated us ing a
non-mag netic oven MMTD1 ther mal demagnetizer (Mag netic
Mea sure ments, UK). Af ter each step of THD, the mag netic sus -
cep ti bil ity (MS) was mea sured to con trol and de tect po ten tial
thermo-mag netic changes in the rocks. Mag netic sus cep ti bil ity
was mon i tored with a KLY-2 bridge (AGICO, Brno). For anal y -
sis of com po nents of mag ne ti za tion, RemaSoft soft ware
(AGICO, Brno) was used.

Sam pling pro ce dure for the microfossils. Due to the na -
ture of the ex po sure of the K-Pg bound ary in ter val at Nasi³ów
and the ease of con tam i nat ing the sam ples with ma te rial fall ing
from above, a spe cial pro ce dure was ap plied to avoid risk of
con tam i na tion of ma te rial rich in e.g. Danian foraminifers. This
was es pe cially im por tant in sam pling from the Greensand since 
its age is of cru cial im por tance. When tak ing sub se quent sam -
ples, we placed a spe cial con struc tion sep a rat ing the pro file
from the en vi ron ment to pre vent ac ci den tal con tam i na tion. Dur -
ing this pro ce dure, dis pos able tools were used; i.e., each touch
of the pro file or ground by the tool re sulted in the need to take a
new tool. Both clean tools and bags were kept locked up with out 
con tact with the ground or sec tion. The col lected sam ples were
packed into dou ble bags. Be fore be ing opened in the lab o ra -
tory, they were washed be fore the con tents were fur ther pro -
cessed.

Foraminifers. Twelve sam ples (la beled x1 to x12) were
ana lysed for foraminifers. Washed res i dues were ob tained by
us ing the liq uid ni tro gen method (Remin et al., 2012) and then
washed un der run ning wa ter through a >70 µm sieve. Quan ti ta -
tive anal y sis of ben thic foraminiferal as sem blages has been
con ducted for sam ple x3 based on 250 spec i mens picked from
a rep re sen ta tive split. Foraminifers are abun dant and well-pre -
served in all of the other lithological units stud ied as well as in
the Greensand. In or der to avoid any doubts as to the qual ity
and pu rity of the sam ples col lected, an ad di tional set of sam -
ples (12 sam ples) was taken from the cen tral part of the
Nasi³ów quarry, ~200 m from the first lo ca tion, in ac cor dance
with the pro ce dure de scribed above.

Dinoflagellate cysts. For dinoflagellate cysts, 9 palyno -
logical sam ples (la beled B1-B4, B4’-B5’, B5-B7) have been
ana lysed. Each of the 50-gram-sam ples was treated with 37%
HCl and 40% HF to re move car bon ates and sil i cate min er als.
Fi nally, the or ganic res i due was neu tral ized on a 15 mi crom e ter

di am e ter sieve and con densed by heavy liq uid (ZnCl2, 2 g/cm3)
sep a ra tion. The palynological as sem blages are char ac ter ized
by good pres er va tion. Two slides per sam ple were ex am ined. In 
most cases, palynomorphs were counted up to 300 spec i mens
per sam ple. Mi cro pho to graphs were taken us ing a Nikon
Eclipse E-600 mi cro scope equipped with phase con trast and a
dig i tal cam era.

RESULTS

MAGNETOSTRATIGRAPHY

Al most all spec i mens (Fig. 3) were char ac ter ized by very
low nat u ral rem nant mag ne ti za tion (NRM) rang ing from 30 to
100 ´ 10–6 A/m and mag netic sus cep ti bil ity val ues in a range
from 18 to 68 ´ 10–6 SI.

Al ter nat ing field de mag ne ti za tion brought no im por tant
mag ne ti za tion de crease. This in di cates that the high-coercivity
com po nent pre dom i nates in the rocks ana lysed (an ex am ple of
this be hav ior is shown on Fig. 4B). Dur ing ther mal de mag ne ti -
za tion, in 40% of the spec i mens, a rapid de crease in NRM oc -
curred be tween 100 and 150°C which, to gether with weak mag -
ne ti za tion and high-coercivity mag netic be hav ior, might in di cate 
the pres ence of goethite. In 60% of the spec i mens, stepwise
de mag ne ti za tion brought ran dom changes in the mag netic in -
ten si ties of spec i mens and di rec tions (for ex am ple see Fig. 4D). 
A rapid in crease in in ten si ties was ob served above 300°C. Also, 
mag netic sus cep ti bil ity in creased af ter heat ing at 350°C
(Fig. 4E) and sam ples changed their col our from white-yel low to 
red. This in di cated the gen er a tion of new mag netic phases cor -
re spond ing prob a bly to the trans for ma tion of goethite to he ma -
tite (e.g., Dekkers, 1988).

Only two spec i mens – N01.1 and N04.1 (Fig. 4A, C) – be -
haved stably dur ing de mag ne ti za tion up to 500°C. The
stepwise ac qui si tion of the iso ther mal rem nant mag ne ti za tion
(IRM) and ther mal de mag ne ti za tion of a com pos ite IRMs ac -
quired along 3 per pen dic u lar axes (Lowrie, 1990) in di cates that
the mag netic sig nal is con trolled by low-coercivity mag netic
min er als (prob a bly mag ne tite).

The char ac ter is tic rem nant mag ne ti za tion (ChRM) cal cu -
lated in both spec i mens from the range from 100 to 300°C
shows shal low neg a tive in cli na tions and dec li na tion (Fig. 4A,
C). How ever, these val ues are dif fer ent from the ones ex pected
Cre ta ceous and Paleogene di rec tions (D/I= 8/60 for nor mal and 
D/I = 187/-58 for re versed po lar ity; e.g., Plasota et al., 2015)
and can not be in ter preted as a pri mary un dis turbed com po nent. 
Fur ther more, the di rec tions and mag netic char ac ter is tics ob -
tained are un re peat able in other spec i mens, even in those cut
from the same sam ple.

BIOSTRATIGRAPHY

The chronostratigraphy of par tic u lar units is based here
solely on biostratigraphically im por tant groups, i.e. foraminifers, 
dinoflagellate cysts, bel em nites, and ammonites (Fig. 5).

In all of the sam ples stud ied, foraminifers are abun dant with
good test pres er va tion; how ever, in the Greensand they are
less fre quent and of ten have bro ken or in com plete tests. The
two sets of sam ples cho sen for the foraminiferal stud ies gave
al most equiv a lent re sults, as re gards both qual i ta tive and quan -
ti ta tive out put; there fore, these re sults were summed and are
shown as set x1–x12 in all the fig ures. Se lected foraminiferal
spe cies are shown in Fig ures 6 and 7. In most of the sam ples,
dinoflagellate cysts are abun dant and quite di verse, show ing

6 Zbyszek Remin et al. / Geo log i cal Quar terly, 2021, 65: 45

https://gq.pgi.gov.pl/article/view/23558


Zbyszek Remin et al. / Geo log i cal Quar terly, 2021, 65: 45 7

s
el

 p
m

a
s 

d
et

c
e l

e
s f

o 
st

ol
p 

yti
 s

n
e t

ni 
g

n i
s

a
er

 c
ni 

hti
w r

e
ht

e
 g

ot 
s

m
ar

 g
 ai

d 
dl

e
vr

e
dji

Z 
d

n
a 

s
n

oi t
c

e j
or

p 
ci

h
p

ar
 g

o
e r

et
S .

4 .
gi

F

 :
el

 p
m

a
s 

ni 
n

oi t
a

 zi t
e

 n
g

a
 m

e
d l

a
 mr

e
ht 

g
n ir

u
d 

s
n

oi t
c

e ri
d f

o 
n

oi t
c

e j
or

P
 

A
 ;

1-
4

0
N 

–
 

B
 ;

1
2-

1
N 

–
 

C
 ;

1-
1

0
N 

–
 

D
 ;

d
et

a l
u

 cl
a

c 
s

a
w 

M
R

h
C 

e
ht 

C 
d

n
a 

A 
s

el
 p

m
a

s r
of ,

2-
1

0
N 

–
 

E
s

ei t ili
 bi t

p
e

 c
s

u
s 

cit
e

 n
g

a
m 

–
 

s
u

 sr
e

v
s

el
 p

m
a

s 
d

et
c

e l
e

s f
o t

ol
p 

er
u t

 ar
e

 p
m

et



good pres er va tion of or ganic walls. Se lected spe cies, out of
over 60 taxa rec og nized, are il lus trated in Fig ures 8 and 9 and
all are listed in Ta ble 1. The ma jor ity of the forms stud ied con sti -
tute a typ i cal mid-lat i tude, bo real as sem blage. The scarce oc -
cur rence of Danian dinoflagellate cyst spe cies, i.e. of Carpatella 
cornuta and Senoniasphaera inornata in sam ples B4 and B4’,
co in cides with an ev i dent de creas ing pres er va tion ra tio re -
flected by phys i cal dis in te gra tion of spec i mens, sug gest ing re -
work ing caused most likely by bioturbation.

HARDENED LIMESTONE – AN INCIPIENT HARDGROUND [UNIT II]

The hard ened lime stone rep re sent ing an in cip i ent
hardground [unit II] yielded the fol low ing plank tonic foramini -
fers: Archaeoglobigerina blowi Pessagno, Globigerinelloides
multispinus (Lalicker), Gl. prairiehillensis Pessagno,
Guembelitria cretacea Cushman, Muricohedbergella
delrioensis (Carsey), M. planispira (Tappan), Planoheterohelix
globulosa (Ehrenberg), P. navarroensis Loeblich, P. striata
(Ehrenberg) and Rugoglobigerina pennyi Brönnimann. In gen -
eral, the plank tonic foraminiferal as sem blage is dom i nated by
biserial heterohelicids (abun dance >80%) whereas
Guembelitria forms com prise ~10% of the as sem blage. Such a
com po si tion in di cates the re gional Zone XII (sensu Dubicka
and Peryt, 2012), which cor re sponds to the up per part of the
Hoploscaphites constrictus crassus ammonite Zone (cf.
Machalski, 2005b, 2012; Machalski et al., 2016; see
Walaszczyk et al., 2016 for an over view; Figs. 5 and 9).

Stratigraphically im por tant dinoflagellate cysts re corded in
unit II, di ag nos tic for the up per Maastrichtian, are rep re sented

by Palynodinium grallator and Thalassiphora pelagica. P.
grallator oc curs com monly in sam ples B1–B4’; its last oc cur -
rence is re corded in sam ple B5’, thus within the lower Danian,
as de fined here (= low er most Siwak unit, above the phos phatic
layer; Fig. 10), where it is ex tremely rare. In turn, T. pelagica,
the lat est Maastrichtian marker spe cies, is en coun tered al ready 
in the low er most sam ple stud ied B-1 [unit II] (Fig. 10), al though
it is very rare, as in other north Eu ro pean sec tions (com pare
SchiÝler and Wil son, 1993; SchiÝler et al., 1997).

MARLY CHALK [UNIT III]

The marly chalk [unit III] (sam ples x2 and x3; Fig. 10)
yielded the fol low ing plank tonic foraminiferal spe cies:
Archaeoglobigerina blowi Pessagno, A. cf. bosquensis Pessa -
gno; Globigerinelloides multispinus (Lalicker), Gl. prairiehill -
ensis Pessagno, Globotruncana arca (Cushman), Guembelitria 
cretacea Cushman, Muricohedbergella delrioensis (Carsey),
M. planispira (Tappan), Planoheterohelix globulosa
(Ehrenberg), P. navarroenis Loeblich, P. striata (Ehrenberg),
Rugoglobigerina hexacamerata Brönnimann, R. milamensis
Smith and Pessagno, and R. rugosa (Plummer) (Fig. 10). In
gen eral, the plank tonic foraminiferal as sem blage of unit III is
dom i nated by biserial heterohelicids and triserial guembelitriids. 
Trochospiral taxa with glob u lar cham bers (Rugoglobigerina,
Archaeoglobigerina) and keeled forms (Globotruncana) oc cur
only spo rad i cally and their abun dance os cil lates around a cou -
ple of per cent. Ben thic foraminifers from the marly chalk are
rep re sented by Bolivina incrassata (Reuss)  (8%), Cibicides
ventratumidus Myatlyuk (3%), Cibicidoides bembix (Marsson)
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Fig. 5. Global and re gional biostratigraphic sub di vi sion of the up per Maastrichtian and lower Danian

Dinoflagellate cyst events de fined as first or last oc cur rence of par tic u lar spe cies (af ter Brinkhuis et al., 1998): P. –
Palynodinium, T. – Thalassiphora, S. – Senoniasphaera, C. – Carpatella, D. – Damassadinium, B. – Belemnella, H. c. –

Hoploscaphites constrictus
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Fig. 6. SEM im ages of plank tonic foraminifers from the marly chalk [unit III] and the GQSU

1a–c – Rugoglobigerina milamensis Smith and Pessagno, sam ple x2; 2 – Planoheterohelix globulosa (Ehrenberg), sam ple x2; 3a, b –
Globotruncana arca (Cushman), sam ple x2; 4a, b – Rugoglobigerina rugosa (Plummer), sam ple x2; 5 – Globigerinelloides prairiehillensis
Pessagno, sam ple x2; 6 – Rugoglobigerina hexacamerata Brönnimann, sam ple x2; 7a, b – Archaeoglobigerina cf. bosquensis Pessagno,
sam ple x2; 8 – Globigerinelloides multispinus (Lalicker), sam ple x2; 9 – Planoheterohelix striata (Ehrenberg), sam ple x2; 10 – Guembelitria
cretacea Cushman, sam ple x2; 11 – Planoheterohelix globulosa (Ehrenberg), sam ple x2; 12 – Muricohedbergella delrioensis (Carsey), sam -
ple x2; 13a–c – Muricohedbergella holmdelensis (Olsson), sam ple x4; 14 – Guembelitria cretacea Cushman, sam ple x4; scale bars – 100 µm
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Fig. 7. SEM im ages of plank tonic foraminifers from the basal Siwak unit at Nasi³ów

1 – Globoconusa daubjergensis (Brönnimann), sam ple x5; 2 – Globoconusa daubjergensis (Brönnimann), sam ple x8; 3a, b – Globoconusa
daubjergensis (Brönnimann), sam ple x8; 4 – Parvularugoglobigerina alabamensis (Liu and Olsson), sam ple x5; 5a, b – Parvula -
rugoglobigerina alabamensis (Liu and Olsson), sam ple x4; 6a, b – Parvularugoglobigerina alabamensis (Liu and Olsson), sam ple x8; 7 –
Parvularugoglobigerina extensa (Blow), sam ple x5; 8a, b – Planoheterohelix globulosa (Ehrenberg), sam ple x5; 9a, b – Planoheterohelix
navarroensis Loeblich sam ple x8; 10a–c – Muricohedbergella monmouthensis (Olsson), sam ple x8; 11a–c – Muricohedbergella
monmouthensis (Olsson), sam ple x8; 12a, b – Muricohedbergella planispira (Tappan), sam ple x8; 13a, b – Muricohedbergella delrioeinsis
(Carsey), sam ple x8; scale bars – 50 µm
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Fig. 8. Se lected up per Maastrichtian and lower Danian dinoflagellate cysts from the KTB in ter val at Nasi³ów

A – Palynodinium grallator Gocht, 1970, sam ple B4; B – Glaphyrocysta perforata Hultberg and Malmgren, 1985, sam ple B6; C – Fibrocysta
axialis (Eisenack, 1965) Stover and Evitt, 1978, sam ple B2; D – Spiniferites ramosus (Ehrenberg, 1838), sam ple B4’; E –
Kleithriasphaeridium truncatum (Benson, 1976), sam ple B1;  F – Cordosphaeridium exilimurum Davey and Wil liams 1966, sam ple B5; G –
Spiniferites cornutus (Gerlach, 1961), sam ple B1; H – Thalassiphora pelagica (Eisenack, 1954), sam ple B1; I – Tasmanites sp., sam ple B2;
J – Disphaerogena carposphaeropsis, sam ple B3; K – Damassadinium californicum, sam ple B7; scale bar – 30 µm
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Fig. 9. Se lected up per Maastrichtian and lower Danian dinoflagellate cysts from the KTB in ter val at Nasi³ów

A – Carpatella cornuta Grigorovich, 1969, sam ple B5; B – Senoniasphaera inornata (Drugg, 1970), sam ple B5; C – Palaeoperidinium
pyrophorum (Ehrenberg, 1838 ex Wetzel, 1933), sam ple B4; D – Deflandrea galeata (Lejeune-Carpentier, 1942), sam ple B5; E – Carpatella
cornuta Grigorovich, 1969, sam ple B4’; F – Hystrichosphaeridium tubiferum (Ehrenberg, 1838), sam ple B2; G – Areoligera senonensis
Lejeune-Carpentier, 1938, sam ple B1; H – Palaeocystodinium golzowense Al ber ti, 1961, sam ple B5’; I – Achomosphaera ramulifera
(Deflandre, 1937), sam ple B3; J – Cerodinium speciosum (Al ber ti, 1959), sam ple B3; K – Rigaudella apenninica (Corradini, 1973), sam ple
B4; L – Eisenackia circumtabulata Drugg, 1967, sam ple B7; scale bar – 30 µm



(10%), C. succedens (Brotzen) (7%), Gavelinella sahlstroemi
(Brotzen) (18%), Osangularia sp. (5%), Praebulimina parvula
(Brotzen) (12%), Pyramidina sp. (13%); the other taxa com -
posed ~20%.

Within this unit, the dinoflagellate cysts as sem blage is sim i -
lar to that rec og nized in the un der ly ing hard ened lime stone [unit 
II] (Fig. 10). Only the pres ence of Disphaerogena carpo -
sphaero psis con sti tutes an im por tant dif fer ence.

GREENSAND [UNIT IV] AND THE PHOSPHATIC LAYER [UNIT V]

The Greensand [unit IV] dis played ex clu sively Up per Cre ta -
ceous plank tonic foraminifers such as Archaeoglobigerina
blowi Pessagno, Globigerinelloides prairiehillensis Pessagno,
and Cre ta ceous–Paleogene tran si tional forms – the so-called
di sas ter op por tun ist spe cies such as Guembelitria cretacea
(~7% of the as sem blage), Muricohedbergella planispira
(Tappan) (~6%) and heterohelicids i.e. Planoheterohelix.
navarroensis (~2%) and P. globulosa (~72%) (Fig. 10). Thus
the Greensand is dom i nated by mostly the same plank tonic
foraminifers as rec og nized in the two un der ly ing units, i.e. the
hard ened lime stone [unit II] and the marly chalk [unit III], how -
ever, they are less fre quent and ex hibit a worse state of pres er -
va tion. In ter est ingly, the up per part of the Greensand (sam ple
x5; Fig. 10) yielded ad di tion ally one or two spec i mens of low er -
most Danian spe cies: Parvularuglobigerina alabamensis (Liu
and Olsson), Parvularuglobigerina extensa (Blow), and
Globoconusa daubjergensis (Brönnimann).

The dinoflagellate cyst as sem blage from the Greensand is
gen er ally sim i lar to that rec og nized in the two un der ly ing
lithological units (II and III; Fig. 10), with the ex cep tion of the first 

and mas sive ap pear ance of Glaphyrocyata perforata (cf.
Table 1). As in the case of the foraminifers, sin gle spec i mens of
typ i cally Danian dinoflagellate cysts, Carpatella cornuta and
Senoniasphaera inornata, were also found in sam ples B-4
and/or B-4’ (Fig. 10), thus di rectly within the lim its of the phos -
phatic layer [unit V] or just be low (Fig. 10).

SIWAK [UNIT VI]

The mas sive ap pear ance of the lower Danian foraminifers
starts just above the phos phatic layer (sam ple x7; Fig. 3) with
ab so lute dom i na tion by Globoconusa daubjergensis (~45% of
the as sem blage). Higher in the sec tion (sam ples x8–x12) this
spe cies con sti tutes up to 70% of the as sem blage. Spe cies of
the ge nus Parvularugoglobigerina (P. extensa and P. alaba -
mensis) constituate up to 26%. They are ac com pa nied by
co-oc cur ring up per Maastrichtian sur vi vors i.e. G. cretacea
(~8 to 2% de creas ing up wards), Muricohedbergella mon -
mouth ensis (Olsson) (11% to 5% de creas ing up wards),
Planoheterohelix. globulosa (Ehrenberg) (22 to 10% de creas -
ing up wards). Other spe cies, such as M. planispira (Tappan)
and P. navarroensis (Loeblich), are less com mon.

The most in dic a tive dinoflagellate cyst marker spe cies for
the lower Danian are Carpatella cornuta, Senoniasphaera
inornata, and Damassadinium californicum. The first spe cies
con sti tutes ~5%, the sec ond spe cies ~10% of the as sem blage
in sam ple B-5, just above the phos phatic layer [unit V], thus
within the low er most part of the Siwak unit (Fig. 10); D.
californicum has its FO in sam ple B7, ~80 cm above the K-Pg
bound ary as de fined here and it is very rare (Fig. 10).
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Fig. 10. Ranges of se lected plank tonic foraminifers and dinoflagellate cysts

The K-Pg bound ary is marked by the blue line



14 Zbyszek Remin et al. / Geo log i cal Quar terly, 2021, 65: 45

 Sam ple B1 B2 B3 B4 B4’ B5’ B5 B6 B7

1 Achomosphaera ramulifera 13  14  12     

2 Achomosphaera sagena 9 19 5  6    9

3 Alterbidinium acutulum  2  1      

4 Areoligera coronata 19    18 23 15  21

5 Areoligera senonensis 17    15 20 12   

6 Areoligera spp.          

7 Batiacasphaera spp. 8 11        

8 Caligodinium spp.        2 1

9 Carpatella cornuta    1 1  16   

10 Cerodinium spp. 2  12  8     

11 Cerodinium speciosum 16  21 17  21  17  

12 Cerodinium wardenense        2  

13 Cleistosphaeridium spp.        12 3

14 Cordosphaeridium exilimurum       7   

15 Cordosphaeridium fibrospinosum 7 6 6  14  5  4

16 Cordosphaeridium inodes 6 4 5  11  8   

17 Cordosphaeridium spp.       2  4

18 Cribroperidinium ventriosum    1 3     

19 Cribroperidinium wetzelii  2 1       

20 Damassadinium californicum         2

21 Deflandrea galeata      1 4  3

22 Disphaerogena carposphaeropsis  6 3       

23 Eisenackia circumtabulata 5 8   6  9 5 4

24 Exochosphaeridium bifidum      4  5  

25 Exochosphaeridium truncigerum 1  2 1      

26 Fibrocysta axialis 12 18  5 9 22 17 6 9

27 Glaphyrocysta perforata    23 17 9 19 27 28

28 Glaphyrocysta semitecta 6  8 10 11 5  6 12

29 Heterosphaeridium spp 9 11 3 22 12 2 3 5 3

30 Hystrichosphaeridium salpingophorum 1 2        

31 Hystrichosphaeridium recurvatum  6 15   12  11  

32 Hystrichosphaeridium tubiferum 33 36 29 48 21 26 41 61 49

33 Hystrichostrogylon spp.     2 4    

34 Isabellidinium cooksoniae     1     

35 Kleithriasphaeridium truncatum 1   2      

36 Kleithriasphaeridium loffrense 2    2     

37 Lanternosphaeridium reinhardtii       2  2

38 Minisphaeridium spp.         3

39 Oligosphaeridium com plex 47 54 62 55 29 41 32 65 59

40 Operculodinium centrocarpum   1     6 3

41 Palaechystrichophora infusoroides 2         

42 Palaeoperidinium pyrophorum 8 6 12 35 18 15 24  12

43 Paleocystodinium golzowense    15  13  18 7

44 Palynodinium grallator 19 27 26 16 14 2    

45 Pervosphaeridium multispinum 5 6 2  7 8 7 4  

46 Phelodinium magnificum   1  3     

47 Riculacysta pala  3 9 11      

48 Rigaudella apenninica 11 15 17 8 11   20 6

49 Samlandia sp. 1 2        

T a  b l e  1

Fre quency of dinoflagellate cysts in the sam ples stud ied; counts up to 300 spec i mens per sam ple



INTERPRETATION AND DISCUSSION

MAGNETOSTRATIGRAPHY

The first and the only palaeomagnetic data from the Nasi³ów 
sec tion were pro vided by Hansen et al. (1989). He ar gued for
remagnetization from the 30N to 29R palaeomagnetic in ter val
just above the phos phatic layer. How ever, the pro ce dures and
re li abil ity of the magnetostratigraphic mea sure ments ex e cuted
by Hansen et al. (1989) can be ques tioned. They ap plied only
al ter nat ing field de mag ne ti za tion tech niques and re sults as a
ba sis for in ter pre ta tion were ob tained only from the 10 mT level
of de mag ne ti za tion, which brings an other ques tion, whether the 
di rec tions ob tained are sta ble and pri mary? Un for tu nately,
petromagnetic re sults as well as dec li na tions, sta tis tic data
such as the a95 semi-an gle at 95% con fi dence level, and K –
pre ci sion pa ram e ter were not pro vided.

Our stud ies showed that al ter nat ing field tech niques failed
in the sam ples ana lysed, and dur ing ther mal heat ing the
thermomagnetic changes de stroyed the pri mary mag ne ti za tion. 
We con sider that magnetostratigraphy can not be treated as a
re li able strati graphic tool for the Nasi³ów sec tion, mostly due to
the very weak mag ne ti za tion of the sam ples ana lysed and the
large abun dance of goethite. The lat ter can not serve as an im -
por tant mag netic car rier, but as an un sta ble antiferromagnet; it
fre quently de stroys the palaeomagnetic re cord dur ing heat ing
pro ce dures (e.g., Gubbins and Herrero-Bervera, 2007, and ref -
er ences therein).

Sum ma riz ing, these ques tions un der mine the re li abil ity of
sta ble, pri mary di rec tions ob tained by Hansen et al. (1989) and
ac cord ingly, un der mine their palaeomagnetic re sults. Our
palaeo- and petromagnetic in ves ti ga tions showed that no sta -
ble pri mary or sec ond ary mag netic di rec tion can be iden ti fied in
the sam ples analysed (even in spec i mens cut from the same
sam ple). Con se quently, the du ra tion of the hi a tus, sup pos ing to
en com pass the lat est Maastrichtian and ear li est Danian, as in -
ter preted from magnetostratigraphic data, can not be dem on -
strated in the light of new data.

BIOSTRATIGRAPHY

HARDENED LIMESTONE – AN INCIPIENT HARDGROUND [UNIT II]

The pres ence of the zonal in dex dinoflagellate cyst spe cies
T. pelagica in di cates that at least the up per 20 cm of hard ened

lime stone can be at trib uted to the up per most Maastrichtian
T. pela gica Subzone of the P. grallator Zone of Hansen (1977)
(Figs. 5 and 9). Such a strati graphic po si tion is also shown by
the acme of P. grallator in sam ples B1–B4’ (Fig. 10), which is
char ac ter is tic of the top most Maastrichtian in the Bo real Realm
and cor re sponds to the T. pelagica Subzone (e.g., SchiÝler and 
Wil son, 1993). Other spe cies such as Hystrichosphaeridium
tubiferum, Oligosphaeridium com plex, and Spiniferites
ramosus oc cur abun dantly in all sam ples stud ied (B1–B7; Ta -
ble 1).

The first dinoflagellate cyst data from the Nasi³ów sec tion
were pro vided by Hansen et al. (1989). He did not re port the
very last Maastrichtian biozonal spe cies, T. pelagica, and
hence, up to now, the hard ened lime stone has been con sid ered 
to be up per, al beit not the up per most Maastrichtian (e.g.,
Hansen et al., 1989; Machalski, 1998). Con se quently, it was
sug gested that the high est lev els of the Maastrichtian are miss -
ing in cen tral Po land. In the light of the new dinoflagellate cyst
data this point of view can not be up held.

Be sides the age-di ag nos tic spe cies of foraminifera
(Dubicka and Peryt, 2012) and dinoflagellate cysts, the hard -
ened lime stone yielded the late Maastrichtian bel em nites of the
Belemnella kazimiroviensis group (e.g., Keutgen et al., 2017),
as well as ammonites, i.e. fre quent Hoploscaphites constrictus
crassus (£opuski), rare Menuites ter mi nus (Ward and Ken -
nedy) and Sphenodiscus binckhorsti (Böhm) (Machalski, 1998,
2005a, b).

MARLY CHALK [UNIT III]

The com po si tion of the foraminiferal as sem blage from the
marly chalk, es pe cially the bloom of guembelitriids (e.g.,
Abramovich et al., 1998; Pardo and Keller, 2008; Dubicka and
Peryt, 2012; Machalski et al., 2016) in di cated an up per most
Maastrichtian po si tion for the marly chalk, of re gional as sem -
blage Zone XIII (Dubicka and Peryt, 2012), which cov ers the
up per most part of the H. c. crassus and the en tire H. c. johnjagti
ammonite zones (Figs. 5 and 9; also Machalski et al., 2016).
More over, the plank tonic and ben thic foraminiferal taxa re -
corded in this unit are char ac ter ized by a re duc tion in spec i men
size (dwarf ism). Intraspecies size re duc tions (Lilliput ef fect) of
plank tonic (Keller and Abramovich, 2009; Tantawy et al., 2009;
Punekar et al., 2014a, b) and ben thic foraminifers (Machalski et 
al., 2016) are typ i cally ob served near the end of the Cre ta ceous 
and in ter preted as a re sponse to the Deccan vol ca nism (pos si -
bly the 2nd most ex ten sive phase), caus ing cli mate changes
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50 Senegalinium spp.   1 2      

51 Senoniasphaera inornata     2 6 21   

52 Spiniferites cornutus 2  5 3    7  

53 Spiniferites ramosus grp. 23 48 35  30 48 39  42

54 Surculosphaeridium spp. 2  5 18 3 7    

55 Tanyosphaeridium regulare  1  3  2    

56 Tanyosphaeridium spp.     5  9   

57 Tanyosphaeridium xanthiopyxides 3 7        

58 Tectatodinium rugulatum       1 3  

59 Thalassiphora pelagica 7   2 9 6 7 11 14

60 Tricodinium castanea        2  

61 Trithyrodinium evitti    1  3  3  

62 Xenascus ceratoides 3         

63 Hafniasphaera cryptovesiculata        2  

Tab. 1 cont.



and ocean acid i fi ca tion (e.g., Punekar et al., 2014a, b; Schoene 
et al., 2015). Such high-stress en vi ron men tal as sem blages of
foraminifers were re cently de scribed by Machalski et al. (2016)
from the Lechówka sec tion near Che³m, SE Po land (~100 km
from Nasi³ów). These small (fre quently less than one-third of
their nor mal adult size) forms oc cur in the Lechówka sec tion in
the lower part of the lo cal marly unit D, which is placed en tirely
in the up per most Maastrichtian, just be low the bound ary clay
(Machalski et al., 2016). Sur pris ingly, the ben thic foraminiferal
as sem blage from the ~30(?) cm thick marly unit D of the
Lechówka sec tion (cf. Machalski et al., 2016) is very sim i lar to
that from the marly chalk [unit III] cur rently rec og nized at
Nasi³ów. Ac cord ingly, both marly units at Nasi³ów [unit III] and
Lechówka (unit D) seem to cor re spond to each other, rep re -
sent ing equiv a lents of the ter mi nal Maastrichtian de pos its,
which can be at trib uted ei ther to the up per most part of the H. c.
crassus or most likely to the H. c. johnjagti ammonite Zone
(Fig. 11).

The marly chalk yielded a sim i lar dinoflagellate cyst com po -
si tion as did the un der ly ing hard ened lime stone [unit II]
(Fig. 10). The im por tant dif fer ence is the pres ence of the typ i -
cally lat est Maastrichtian Disphaerogena carposphaeropsis.
This spe cies has its first oc cur rence in the lat est Maastrichtian
(e.g., Benson, 1976; Brinkhuis and Zachariasse, 1988) and to -
gether with P. grallator and T. pelagica can serve as a good
proxy for the ter mi nal Maastrichtian age of the marly chalk
(Figs. 8 and 9). Ad di tion ally, this unit has yielded bel em nites of
the Belemnella kazimiroviensis group re cently ana lysed by
Keutgen et al. (2017).

The white-grey marly chalk [unit III] over lies an un even sur -
face of the hard ened lime stone [unit II] (Fig. 3) and oc curs also
in clasts dis persed within the over ly ing Greensand (Fig. 3).
Clasts of such li thol ogy, to gether with the in fill ings of bel em nite
al ve oli and brachi o pod shells, com prise a well-known com po -
nent of the Greensand and have been pre vi ously re corded by
sev eral au thors (e.g., Po¿aryska, 1965; Machalski and
Walaszczyk, 1987; Hansen et al., 1989; ¯arski et al., 1998;
Machalski, 1998, amongst other). The brecciated char ac ter of
the white-grey marly chalk, es pe cially in the lower por tion of the
Greensand, has been in ter preted as a strongly brecciated
cover of the in cip i ent hardground formed dur ing bur row ing that
was tak ing place al ready in early or even mid dle Danian times
(Fig. 3; “pseudo-brec cia” of Machalski, 1998). Con se quently,
this marly-chalk-like li thol ogy, al though def i nitely youn ger, was
con sid ered as an ap prox i mate time-equiv a lent of the hard ened
lime stone, and pos si bly for that rea son never sub jected to a
sep a rate biostratigraphic ex am i na tion of widely ac cepted,
stratigraphically im por tant taxa.

GREENSAND [UNIT IV] AND THE PHOSPHATIC LAYER [UNIT V]

The dom i na tion of al most ex clu sively up per Maastrichtian
foraminifers in the Greensand, sim i lar to that rec og nized in the
un der ly ing marly chalk and in cip i ent hardground, in di cates the
up per most Maastrichtian po si tion of the Greensand and the re -
gional as sem blage Zone XIII (Dubicka and Peryt, 2012).

The same ter mi nal Maastrichtian age of the Greensand can 
be worked out based on the dinoflagellate as sem blage. Since
the Greensand clearly orig i nates from re work ing of older de pos -
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Fig. 11. Biostratigraphic sub di vi sion of the Nasi³ów sec tion

For re gional and global zonation see Figure 5; the K-Pg bound ary at the top of the phos phatic layer is marked by the blue line; ar rows
in di cate first (ar row up) and last (ar row down) oc cur rences of se lected dinoflagellate cyst spe cies
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its (the pres ence of chalk-like shards float ing in the Greensand
and the pres ence of fauna of dif fer ent ages and prov e nance),
the com mon oc cur rence of G. perforata (8% of the as sem -
blage), which first ap pears in the up per most Maastrichtian (e.g., 
Brinkhuis and Zachariasse, 1988), and its lack in the un der ly ing
marly chalk (Fig. 10 and Ta ble 1), im plies that de pos its slightly
youn ger then the marly chalk were pre vi ously also pres ent at or
out side the Nasi³ów area. Those de pos its were sub se quently
washed out and re de pos ited as the Greensand, form ing a ter -
mi nal Maastrichtian dinoflagellate cyst as sem blage rich in G.
perforata.

In ter est ingly, the up per por tion of the Greensand yielded a
very few spec i mens of typ i cally Danian foraminifers and
dinoflagellate cysts. This, at first glance, would sug gest a
Danian age for the up per por tion of the Greensand; how ever,
be cause this unit is bioturbated at least to some de gree, those
few in di vid u als might have been sec ond arily in tro duced into the
Greensand, translocated down wards by bur row ers dur ing
bioturbation, or rep re sent sim ple con tam i na tion dur ing the sam -
pling pro ce dure, which can not be ex cluded. This is sup ported
by a worse state of pres er va tion of foraminiferal tests and
dinoflagellate cysts, which might sug gest re work ing. Ad di tion -
ally, such mix ing of foraminifers dur ing bioturbation is a com -
mon phe nom e non and should be ex pected, rather than the lack 
of such an ef fect.

Since the age of the Greensand is crit i cal for the over all un -
der stand ing of the K-Pg sec tion at Nasi³ów, the pres ence of
sup posed Paleocene macro- and microfaunal as sem blages
sug gest ing its Danian age re quires ad di tional com ment. Es pe -
cially so, given that the ter mi nal Maastrichtian age of the
Greensand, as based on new foraminifers and dinoflagellate
cyst re sults, con tra dicts the opin ion of its Danian age fa voured
pre vi ously by sev eral au thors (e.g., Po¿aryska, 1965; Krach,
1981; Hansen et al., 1989; ̄ arski et al., 1998; Machalski, 1998,
2005a, b, 2012; Œwierczewska-G³adysz and Olszewska-
Nejbert, 2006; Racki et al., 2011; Machalski et al., 2016;
Machal ski and Jagt, 2018).

Po¿aryska (1965) as sumed the Danian age of the
Greensand based on its cor re la tion with the subsurface
“Sochaczew Beds”, sug gest ing that the “¯yrzyn Beds” of lat est
Maastrichtian age are ab sent from the Nasi³ów sec tion. How -
ever, the sam ples stud ied di rectly from the sur face ex po sures
at Nasi³ów or Bochotnica lack pre cise lo ca tions within the sec -
tion, and there fore the ex act prov e nance of the foraminifers
stud ied re mains un clear.

Krach (1981) sug gested that the whole Greensand and
over ly ing Siwak should be in ter preted as one depositional cy cle
(Krach, 1981) of Paleocene (Montian) age. How ever, Krach
(1981) nei ther de fined pre cisely how he un der stood his
glauconitic sand stone nor the over ly ing Siwak. On the other
hand, Krach (1981) em pha sized that the lower por tion of his
glauconitic sand stone is char ac ter ized by an allochthonous Up -
per Cre ta ceous fau nal as sem blage which is fol lowed up wards
by a Paleocene one.

By con trast, Radwañski (1985, 1996), Abdel-Gawad
(1986), and Machalski and Walaszczyk (1987) for dif fer ent rea -
sons and based on dif fer ent sedimentological con cepts, ar gued 
for the Maastrichtian age of the Greensand. Radwañski (1985)
placed the bound ary at the top of the phos phatic layer based on
the strati graphic dis tri bu tion of scaphidids and belemnitelids, as 
did Abdel-Gawad (1986). Machalski and Walaszczyk (1987) re -
ported a Danian macrofauna from the Greensand, al though
only from the phos phatic layer, im me di ately be low this level or
above, form ing patchy oc cur rences. Those were in ter preted to
show their sec ond ary in tro duc tion into the Greensand by
infaunal ac tiv ity. The only ex cep tions were bur row ing bi valves

con sid ered as Danian of the gen era Nucula and Cucullaea,
which most likely pen e trated slightly deeper into the Green -
sand. Al though those au thors placed the K-Pg bound ary within
the Greensand, par tic u larly at the base of the phos phatic layer,
the sug gested Maastrichtian age of the Greensand is con sis -
tent with our new biostratigraphic data pre sented herein.

¯arski et al. (1998) con sid ered the Greensand to be Danian
in age, based mainly on the foraminifera. How ever, the low est
oc cur rence of the typ i cal Danian form re ported by him, i.e.
Globoconusa daubjergensis, has been re corded from just
above or within the main phos phatic layer. Hence, the data of
¯arski et al. (1998) dem on strate only the Danian age of the
Siwak, thus the unit start ing from the phos phatic layer up wards. 

Machalski and Jagt (2018), based on echinoid as sem -
blages from the Greensand, sus tained the con cept of its
Danian age, con sid er ing it as a con densed, transgressive unit
with mixed fau nas of dif fer ent age and prov e nance. The rec og -
nized echinoid as sem blages were dated from the late
Maastrichtian to late Danian, how ever, no def i ni tions for the
lower, mid dle and up per Danian were pro vided. Since most of
the phosphatized echinoids were found ex-situ, their ex act
prov e nance within the bound ary in ter val is un known – in fact
those loose spec i mens might come both from the Greensand
or over ly ing Siwak. In ad di tion, the “prob a bly youn ger” as sem -
blage (i.e. up per Danian) con sists of two forms (four spec i -
mens) that were only ten ta tively as signed to a spe cies level, be -
ing char ac ter ized by a kind of “ghost pres er va tion” with few or
no de tails avail able. Sim i larly, as in the case of the
phosphatized as sem blage, in the “prob a bly youn ger” as sem -
blage only one spec i men holds a pre cise lo ca tion within the
sec tion, which is not the Greensand, but the lower por tion of the 
Siwak (0.2 m above the phos phatic layer; cf. Machalski and
Jagt, 2018). Our new biostratigraphic data in di cate that this
spec i men is of lower Danian age – not as ad vo cated by Machal -
ski and Jagt (2018) be ing of mid dle or even up per Danian.
Sum ma riz ing, in the light of the lack of pre cise lo ca tions for
most of the echinoids ana lysed and the un cer tain age of the
“prob a bly youn ger” echinoid as sem blage (mid dle to up per
Danian), this ma te rial can not pre tend to be age-di ag nos tic for
the Greensand – the most im por tant unit within the bound ary in -
ter val.

Ad di tion ally, tak ing into ac count all the new biostratigraphic
data and re de pos ited char ac ter of the macrofauna within the
Greensand, the ques tion, whether all the forms con sid ered
Paleocene in age are re ally of that age, is rea son able and
should be asked. We have to bear in mind that we know lit tle or
noth ing about the fau nal com po si tion of the high est lev els of the 
Maastrichtian suc ces sion, for merly pres ent and cur rently
eroded, sup ply ing the Greensand with macrofaunal as sem -
blages un known from the un der ly ing Kazimierz Opoka. It may
be spec u lated that at least part of the sup posed Paleocene
macrofauna, hav ing, in fact, no in de pend ent age con trol, may
sim ply come from the eroded part of the ter mi nal Maastrichtian
se quence.

Sum ma riz ing, the for mer ex pla na tion of the above con tra -
dic tory age-data of the Greensand, i.e. the sec ond ary in tro duc -
tion of some sup posed Danian fos sils by infaunal ac tiv ity, pro -
posed by Machalski and Walaszczyk (1987) was sub se quently
re jected by Hansen et al. (1989) and Machalski (1998), and fol -
lowed by all sub se quent au thors who as sumed a Danian age of
the Greensand (e.g., Hansen et al., 1989; ¯arski et al., 1998;
Machalski, 1998, 2005a, b, 2012; Œwierczewska-G³adysz and
Olszewska-Nejbert, 2006; Racki et al., 2011; Machalski et al.,
2016; Machalski and Jagt, 2018). The in fer ence of a Danian
age of the Greensand brings, how ever, sev eral prob lems and in 
our opin ion has the fol low ing draw backs, listed be low.
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How can one ex plain the al most com plete ab sence of di ag -
nos tic Danian foraminifers and dinoflagellate cysts and a dom i -
na tion by up per Maastrichtian and tran si tional Ma astri cht -
ian/Danian forms in the Greensand, if one as sumes its Danian
age? Their com po si tion within the Greensand would rather be
ex pected to be op po site, as is the case  just above the phos -
phatic layer where Danian forms are abun dant and di verse.
Why is the sup posed Danian macrofauna not dis persed
through out the Greensand? If a Danian age for the Greensand
is as sumed, this could be ex pected. By con trast, the most
macrofauna con sid ered as Danian were re corded from around
the phos phatic layer, form ing patchy oc cur rences. How can
one ex plain the pres ence of mixed up per Maastrichtian fau nal
as sem blages from dif fer ent (deep and shal low) biotopes within
the Greensand and phos phatic layer (cf. Krach, 1981)? The
same is true for the deep and shal low ma rine sponge as sem -
blages mixed to gether in the phos phatic layer (Œwierczewska-
G³adysz and Olszewska-Nejbert, 2006). How can one ex plain
that within the sponge as sem blage from the Greensand and
phos phatic layer, solely Maastrichtian forms were rec og nized
(Œwierczewska-G³adysz and Olszewska-Nejbert, 2006)?
These draw backs can eas ily be avoided if a Maastrichtian age
is ac cepted for the Greensand.

K-PG BOUNDARY AND BASAL SIWAK [UNIT VI]

We place the K-Pg bound ary at the top of the phos phatic
layer, thus at the base of the Siwak unit (Figs. 10 and 11) for the
fol low ing rea sons.

The foraminifera spe cies, es pe cially the mas sive bloom of
Globoconusa daubjergensis, which start just above the phos -
phatic layer, in di cate (Figs. 3 and 10) a very early Danian age,
i.e. the stan dard foraminiferal Pa Zone (Fig. 5; see Olsson et
al., 1999; Wade et al., 2011) or P1a Zone (Fig. 5; see Keller et
al., 1995, 2002, 2008, 2012; Punekar et al., 2014a, b). This spe -
cies con sti tutes ~ 45% just above (3–5 cm) the top of the phos -
phatic layer, ris ing to ~ 70% a dozen or so cen ti me ters higher.

Ac cord ing to the up per Maastrichtian–Danian global
zonations (e.g., Hansen, 1977; Powell, 1992; Wil liams et al.,
2004), Carpatella cornuta was con sid ered to be the ear li est
Danian marker. How ever, more re cent pa pers by Slimani and
Toufiq (2013) and AçÏkalÏn et al. (2015) dis credit Carpatella
cornuta as a re li able biomarker for the def i ni tion of the K-Pg
bound ary since its FO is slightly youn ger. Senoniasphaera
inornata, con sis tently pres ent in sam ple B-5, in di cates equally
well a low er most Danian age. In most zonal schemes, its FO
cor re sponds to the low er most Danian (Brinkhuis et al., 1998;
Wil liams et al., 2004; Slimani et al., 2010; Slimani and Toufiq,
2013; AçÏkalÏn et al., 2015).

An ad di tional age de ter mi na tion of the Siwak unit can be de -
rived from the co-oc cur rence of Carpatella cornuta and
Palynodinium grallator in sam ple B-5, thus from di rectly above
the phos phatic layer (Figs. 5 and 10). The LO of the lat ter spe -
cies is placed within the low er most Danian, as is the FO of the
for mer one (Wil liams et al, 2004; Slimani and Toufiq, 2013;
AçÏkalÏn et al., 2015). This again sug gests a low er most Danian
age for the low er most por tion of the Siwak (Figs. 5 and 10).

Up to now, the age of the Siwak [unit VI] has been var i ously
in ter preted, be ing re garded as Danian or even Montian in age
(for a re view see Machalski and Walaszczyk, 1987; Machalski
1998). Hansen et al. (1989), based on remagnetization above
the phos phatic layer and dinoflagellate cysts, in ad di tion to the
pos tu lated pre vi ous pres ence of an equiv a lent of the Cerithium
Lime stone based on infills in bel em nite al ve oli, con sid ered the
basal Siwak as be ing of lower, al beit not low est Danian age.
This con cept has been adopted in all sub se quently pa pers
(¯arski et al., 1998; Machalski, 1998, 2005a, b, 2012; Œwier -

czew ska-G³adysz and Olszewska-Nejbert, 2006; Racki et al.,
2011; Machalski et al., 2016). De spite ex ten sive field work at
Nasi³ów, check ing hun dreds of bel em nite al ve oli, noth ing re -
sem bling the Cerithium Lime stone has been found by us.
Machalski and Jagt (2018) de nied the pres ence in the Nasi³ów
area of an equiv a lent of the Danian Cerithium Lime stone, pos -
tu lated to be for merly pres ent and now gone (cf. Hansen et al.,
1989; Machalski, 1998).

There fore, in the light of the new biostratigraphic data, these 
formed in ter pre ta tions can no lon ger be up held and the time
gap, if any, is re stricted cur rently to the P0 foraminiferal zone
only (Figs. 5, 9 and 10). This in di cates a much shorter du ra tion
of the hi a tus than pos tu lated pre vi ously and makes the Nasi³ów
sec tion one of the most com plete K-Pg bound ary sites in this
part of Eu rope, one which in cludes di verse Cre ta ceous and
Paleogene ev i dence.

CONCLUSIONS

Based on the re sults de scribed above, the six lithological
units of the Nasi³ów sec tion rep re sent age as sign ments as fol -
lows: 

1. The Kazimierz Opoka [unit I] be longs to the Belemnella
kazimiroviensis bel em nite Zone, the Hoploscaphites
constrictus crassus ammonite Zone, the P. grallator
dinoflagellate Zone, and the foraminiferal as sem blage
Zone XII of Dubicka and Peryt (2012). All in di cate its up -
per Maastrichtian age (Fig. 11).

2. The hard ened lime stone [unit II] can be safely placed
into the B. kazimiroviensis bel em nite Zone, the H. c.
crassus ammonite Zone, the T. pelagica Subzone of the 
P. grallator dinoflagellate Zone, and the foraminiferal as -
sem blage Zone XII. All in di cate an up per most
Maastrichtian age (Fig. 11).

3. The marly chalk [unit III] can be placed into the B.
kazimiroviensis bel em nite Zone, the up per part of the H.
constrictus crassus or H. c. johnjagti ammonite Zone,
the T. pelagica Subzone of the P. grallator dinoflagellate 
Zone, and the up per part of the re gional foraminiferal
as sem blage Zone XIII of Dubicka and Peryt (2012). All
in di cate its ter mi nal Maastrichtian age (Fig. 11).

4. The Greensand [unit IV], to gether with the over ly ing
phos phatic layer [unit V], al though clearly re worked,
con tains el e ments from the very last lev els of the
Maastrichtian (in clud ing those not known from un der ly -
ing units), thus from the B. kazimiroviensis bel em nite
Zone, the H. c. crassus and H. c. johnjagti ammonite
Zones, the T. pelagica Subzone of the P. grallator
dinoflagellate Zone, and the up per part of the re gional
foraminiferal as sem blage Zone XIII. All in di cate its very
ter mi nal Maastrichtian age (Fig. 11).

5. The low er most part of the Siwak [unit VI], thus the unit
start ing from the phos phatic layer up wards, rep re sents
foraminiferal Pa, or al ter na tively P1a Zone in di cat ing its
lower Danian age, with most likely only the P0
foraminiferal Zone miss ing.

The K-Pg bound ary at Nasi³ów is in ter preted here at the top
of the phos phatic layer. Al though the phys i cal break is ev i dent,
the biostratigraphic data show that the K-Pg bound ary in ter val
at Nasi³ów is al most com plete within the lim its of biostrati -
graphic res o lu tion, in clud ing the pres ence of ter mi nal Maastri -
chtian and lower Danian microfossils.

The phys i cal gap in the crit i cal in ter val is con nected with an
ero sional event, which af fected at least part of the very ter mi nal
Maastrichtian de pos its rep re sented by the grey marly chalk, the 
rem nants of which are still pre served within pock ets in the un -
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even sur face of the hardground and as shards dis persed within
the Greensand. There are also rem nants of pos si bly even
youn ger de pos its than the marly chalk, which is in ferred from
the ter mi nal Maastrichtian dinoflagellate cyst spe cies
Glaphyrocyata perforata known from the Greensand and not
known from e.g. the grey marly chalk and un der ly ing de pos its.
This time gap is, how ever, be low the avail able biostratigraphic
res o lu tion.

The new palaeomagnetic in ves ti ga tions showed that no sta -
ble pri mary or sec ond ary mag netic di rec tion could be iden ti fied
in the sam ples analysed; there fore, magnetostratigraphy is
found to be an un re li able strati graphic tool for the Nasi³ów sec -
tion. Ac cord ingly, the palaeomagnetic data do not prove the
remagnetization at the bound ary in ter val, an in ter pre ta tion in
con trast with pre vi ous re search and in line with the new
biostratigraphic data (foraminifers and dinoflagellate cysts).
The pres ence and du ra tion of the hiatal event cov er ing the up -
per most Maastrichtian and low er most Danian, such as pre -
dicted based on the pre vi ous palaeomagnetic data, and sup -
posed remagnetization in the crit i cal in ter val, can not be dem on -
strated and re mains in con flict with the new biostratigraphic re -
sults we ob tained.

The “irid ium layer”, so far not rec og nized in the Nasi³ów sec -
tion, most likely cov ered the Greensand just af ter post-Cre ta -
ceous times and sub se quently dif fused down wards or was di -
luted by win now ing by bot tom cur rents. The pres ence of irid ium
fall-out is in di cated by small en rich ments in Ir-Pl and REEs
within the Greensand (Hansen et al., 1989). Such be hav iour,
i.e. down wards remobilization of Ir-Pl REEs, has been re cently
dem on strated in sec tions on both sides of the At lan tic Ocean,
in clud ing the Lechówka sec tion in East ern Po land, ~100 km
east of Nasi³ów (Racki et al., 2011; Machalski et al., 2016) and
on the New Jer sey At lan tic Coastal Plain (Landman et al., 2012, 
2014). The for mer pres ence of an irid ium layer at Nasi³ów is

even more ev i dent if tak ing into con sid er ation that, in the
Lechówka sec tion, both the K-Pg geo chem i cal spike and
spher ules have been re cently rec og nized (Racki et al., 2011;
Brachaniec et al., 2014; Machalski et al., 2016). The lack of a
dark or ganic-rich K-Pg bound ary clay en riched in irid ium and
other REEs, which usu ally cor re sponds to foraminiferal P0
Zone known in more com plete K-Pg sec tions world wide (e.g.,
Molina et al., 2006, 2009), is the most likely cause of why the P0 
zone has not been de tected in the Nasi³ów sec tion.

The new biostratigraphic and palaeomagnetic data de -
scribed herein in di cate an al most com plete re cord of the
Nasi³ów suc ces sion and sug gest the ter mi nal Maastrichtian
age of the Greensand. In con se quence, a new
sedimentological sce nario may be en vis aged. It should ex plain
the de vel op ment of the anom a lous Greensand and the pres -
ence within it of mixed macrofaunal as sem blages com ing from
dif fer ent, deep, and shal low biotopes, thus com ing from dif fer -
ent parts of the ba sin, in ad di tion to, not in fre quently, in her ently
con tra dic tory taphonomic data. This sce nario will be pub lished 
else where.
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