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The Danian-Selandian boundary at Svejstrup is characterized by an abrupt facies change from a pure li-
mestone to a terrigeneous marl. The top of the Danian limestone is an intensively burrowed abrasion sur-
face. The Selandian deposits are initiated by a conglomerate of glauconitized and phosphatized limestone
pebbles. Although the boundary at Svejstrup is very similar to the nearby section at Hvallgse, the time in-
terval included in the hiatus at Svejstrup is greater than at Hvallgse. The coccoliths and dinoflagellates in-
dicate different ages for the top of the Danian. It is also shown that the Danian sequences in the Harre and
the Viborg 1 borings include strata younger than in any prevxously descnbed Daman sections. At both of
these localities a number of coccoliths and a dinoflagellate, Spinidini spinatum, hitherto only re-
corded from the Selandian, occur in the Danian limestone. The top of the Danian at Harre and Viborg 11is
of upper NP4 or lower NP5 age. The calcareous nannofossils of the lower Selandian are completely domi-
nated by reworked Cretaceous forms, whereas reworked dinoflagellates are extremely rare. This dif-
ference is probably due to oxidation of the Cretaceous dinoflagellates during reworking. Two new species
of dinoflagellates from the Paleocene are described.

E. Thomsen and C. Heilmann-Clausen, Department of Palaeoecology, University of Aarhus, DK-8000 Ar-

hus C, September 21, 1983.

In recent years the only outcrop in Denmark re-
vealing the Danian-Selandian boundary has been
the limestone quarry at Klintholm, Fyn. In addi-

“tion to Klintholm, detailed biostratigraphical
studies have been carried out only on sections at
Lellinge and Hvallgse and on a boring (TUBA
13) in the Copenhagen area (Hansen 1977,
Perch-Nielsen & Hansen 1981).

The locality at Svejstrup (NH 584615), NW of
Randers, is located about 17 km NW of the previ-
ously exposed boundary section at Hvallgse (fig.
1). The section was briefly described by @dum
(1926), and Gry (1935) included samples from
Svejstrup in his investigation of the Selandian
clastic sediments of Denmark. The pit was aban-
doned about 1950. In this article a brief descrip-
tion of a new excavation is presented and on the
basis of calcareous nannofossils and dinoflagel-
lates, the biostratigraphical position of the se-
quence is compared with the section at Klintholm
and with three borings from central Jylland:
Harre, Viborg I and a boring at the classical lo-
cality of Hvallgse (fig. 1).

The Danian Stage has been variously defined

over the years (Hansen 1970, Hardenbol & Berg-
gren 1978, Thomsen 1981), but there is no gen-
eral agreement as to the position of the upper
boundary of the stage. In this paper we include in
the Danian Stage all sediments of typical Danian
facies (limestones and marly limestones) that
were deposited in continuation of the limestone
exposed in the lower boundary type-section at
Stevns, and which predate the base of the Se-
landian marl as defined by Rosenkrantz (1924).

The section at Svejstrup

As in all previously described sections of the Da-
nian-Selandian boundary, the section at Svej-
strup is characterized by an abrupt facies change
from nearly pure limestones to marls and clays.
The top of the limestone is an abrasion surface,
overlain by clastic sediments with a basal con-
glomerate.

The Danian limestone (units A and B in fig. 1)
is a soft, unconsolidated, yellowish white, sandy
calcisiltite. It consists mainly of well preserved
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Fig. 1. I. The Danian-Selandian boundary section at Svejstrup. The units A-E are described in the text. Samples shown with a dot are
examined for calcareous nannofossils and dinoflagellates. Samples shown with an open circle are examined for calcareous nannofos-
sils only. Q: Quaternary sand. I1. Map of Jylland and Fyn showing the position of the investigated localities (Svejstrup: NH 584615).

calcareous nannofossils and foraminifera. Macro-
fossils are scarce and only irregular echinoids,
bryozoans and serpulids are regularly seen. Con-
spicuous, more or less vertical, rows of nodules
of dark flint seem to be related to burrows.

The limestone can be subdivided into two units
separated by a 1 mm thick, slighty undulating,

black and white layer of unknown composition.
The upper unit (B) which is 10-15 cm thick is in-
tensively burrowed, and only small remnants of
the original limestone are preserved. At the
boundary layer between units A and B the den-
sity of burrows decreases rapidly, although bur-
rows are still prominent in the upper part of unit
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Fig. 2. The top of the Danian limestone at Svejstrup. Vertical section through unit A from the horizontal section shown on fig. 3 to
near the bottom of the section (cf. fig. 1). Bar scale 20 cm.

A (fig. 2). Several burrows can be traced to the
base of the exposure about 75 cm below the top
of the limestone.

The burrows are filled with a glauconitic marl
and several generations of burrows can be distin-
guished on the basis of their glauconite content.
Two types of burrows, both resembling Thallasi-
noides can be distinguished. Burrows of the most
common type, which are between 0.5 and 1.0 cm
in diameter, have random orientation, but in
horizontal sections large circular features are oc-
casionally visible (fig. 3). Branching is irregular
and there are no clear structures in the fill. Bur-
rows of the second type are between 1,5 and 5 cm
in diameter, most of them in the range of 2 to 3
cm. Their orientation seems to be predominantly
horizontal, and internal structures have not been
observed.

The base of the Selandian marl is a 7-15 cm
thick conglomerate composed of 0.5-5 c¢m large,

rolled, glauconitized and phosphatized, lime-
stone pebbles. Some of the pebbles can be re-
cognized as moulds of irregular echinoids, gas-
tropods, and corals. A few of the pebbles served
as a substrate for oysters. The conglomerate con-
tains, especially in its lowermost part, numerous
specimens of the terebratulid brachiopod Carnei-
thyris lens. The brachiopod shells are crushed but
otherwise well-preserved. The matrix is a sandy
grey, glauconitic marl. The conglomerate grades
upwards into a less glauconitic, grey marl (unit C
on fig. 1). Unit C is referred to the Lellinge
Greensand.

From 10 to 45 cm above the base of the con-
glomerate the marl is highly brecciated and
shows no visible primary sedimentary structures.
The lower part of unit C is folded and contains
angular fragments of soft Danian limestone and
pebbles similar to those in the basal conglomer-
ate. This layer is followed by a horizon with up to
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Fig. 3. Horizontal section of the Danian limestone in the uppermost part of unit A a few centimeters below the boundary to unit B (cf.
fig. 1). The section shows the distribution and the shape of the burrows. Note the circular arrangement of burrows near the centre of
the photograph. Bar scale 20 cm.

5 cm thick lenses of well-sorted, yellow, Qua-
ternary sand (Q in fig. 1).

The folded “conglomerate” is clearly not in
situ. It seems to consist of parts of the basal con-
glomerate mixed with limestone fragments from
the top of the Danian limestone. The presence of
lenses of Quaternary sand at the same general
level suggests that the conglomerate is a result of
glacio-tectonical disturbance.

Above the upper part of unit C the sequence
seems undisturbed. The light grey marl of unit C
is sharply overlain by the dark grey marl of unit
D which contains numerous 1-2 mm thick hori-
zontal, or sub-horizontal burrows resembling
Chondrites. The burrows are filled with a sedi-
ment similar to the marl of unit E above. Unit E
is a light grey marl with several up to 30 cm thick,
slightly darker layers. Units D and E are referred
to the Kerteminde Marl. The Palaeocene se-
quence is overlain by about 3 m of Quaternary
glacial sediments.

Calcareous nannofossil stratigraphy

The coccolith distribution in the Danian and Se-
landian of Denmark has been investigated by
Perch-Nielsen (1969a, 1969b, 1971b, 1979a,
1979b) and Romein (1979). Perch-Nielsen
(1979a) identified ten subzones in the Danian
(D1-D10) and two in the Selandian (S1-S2). The
subzonal boundaries are based on the first occur-
rences of species. A simplified version of the
Perch-Nielsen (1979a) zonation is adopted here
(fig. 4).

The Chiasmolithus danicus Subzone is modi-
fied to include the interval from the first occur-
rence of C. danicus to the first occurrence of
Neochiastozygus modestus. The subdivision of
this interval into two subzones, D5 and D6, is not
used, because of the difficulty of distinguishing
the index species of D6 (Prinsius tenuiculum)
from the index species of D4 (Prinsius dimor-
phosus).
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Fig. 4. Correlation of the investigated sections on the basis of calcarcous nannofossils and dinoflagellates. Dots indicate rare occuren-
ces. The calcareous nannofossil zones used in this study and the equivalent subzones of Perch-Nielsen (1979a) are shown on the left.

The Neochiastozygus modestus Subzone is
modified to include the interval from the first oc-
currence of N. modestus to the first occurrence of
Neochiastozygus saepes. This interval was subdi-
vided into subzones D7 and D8, but the Prinsius
martinii Subzone (D8) was difficult ot recognize.
P. martinii evolves gradually from P. dimor-
phosus. Both species are small, and in light mi-
croscopy it is very difficult to define the first ap-
pearance of typical P. martinii. Furthermore,
SEM examination of material from several bor-
ings in the Danish area (e.g. the Hvallgse boring)
shows that P. martinii and Neochiastozygus
saepes, index species of subzone D9, appear at
approximately the same level.

Perch-Nielsen (1979a) subdivided the Lower
Selandian into two subzones: the Neochiastozy-
gus perfectus Subzone (S1) and the Toweius se-
landianus Subzone (S2). This subdivision is not
maintained since both species are present from
the base of the Selandian in all the investigated
sections. Toweius selandianus, together with
larger forms of the same genus, is very common
in many samples. They are all considered to fall

within the morphological range of Toweius per-
tusus (Sullivan) Romein (plate 1). The upper
boundary of the Neochiastozygus perfectus Sub-
zone is not defined.

Only the dominant and the stratigraphically
important species were registered.

The three samples of Danian limestone from
Svejstrup which were investigated (fig. 5) contain
a rich and mostly well preserved nannofossil
flora. All samples can be assigned to the Neo-
chiastozygus modestus Subzone because of the
presence of the index fossil, while Neochiastozy-
gus saepes is absent (fig. 4). Other important spe-
cies are listed in figure 5. Reworked Cretaceous
coccoliths are absent.

The nannofossil flora of the Selandian marl is
generally well preserved, especially in the lower
part. However, from the base to the top of the se-
quence the proportion of reworked Cretaceous
nannofossils increases rapidly from less than 1%
to more than 99,5%.

Samples SV3 (from a Selandian burrow in the
Danian limestone), SV6, and SV7 contain sev-
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Fig. 5. Distribution of calcareous nannofossils and zonal assignment for the Danian-Selandian boundary section at Svejstrup.

eral stratigraphically important species: Neo-
chiastozygus perfectus, Toweius pertusus, Chias-
molithus bidens and large forms of Prinsius mar-
tinii. The samples SV8-SV11 are poor in non-
Cretaceous coccoliths, and of the species men-
tioned above only C. bidens has been found. The
Selandian marl sequence can be assigned to the
Neochiastozygus perfectus Subzone.

It should be noted that the limestone pebbles
in the basal conglomerate of the Selandian con-
tain a nannofossil flora similar to that of the un-
derlying limestone.

A boring 50 m W of the classic boundary locality
at Hvallgse has produced a continuous core
across the boundary, from the lowermost Selan-
dian marl.to 71.5 m into the Danian limestone.
The samples from the lowermost 31 m contain
Chiasmolithus danicus while Neochiastozygus
modestus is absent (fig. 4). The interval can
therefore be assigned to the Chiasmolithus dani-
cus Subzone. N. modestus has its first appearance
38.5 m below the boundary while the earliest
Neochiastozygus saepes occur 9 m below the
boundary. Since. Chiasmolithus bidens is absent,

the top of the Danian at Hvallgse can be assigned
to the Neochiastozygus saepes Subzone.

The Selandian marl contains a flora that is very
similar to that in the lowermost Selandian at
Svejstrup, and it can be placed in the Neochiasto-
zygus perfectus Subzone.

At Klintholm the sequence comprises 2 m of Da-
nian bryozoan limestone overlain by about 1 m of
Selandian marl. Samples from the limestone con-
tain Chiasmolithus bidens and large forms of
Prinsius martinii, while Neochiastozygus perfec-
tus is absent. The samples are therefore assigned
to the Chiasmolithus bidens Subzone (fig. 4). The
marl contains the index species of the Neochias-
tozygus perfectus Subzone.

The Harre boring produced a continous core
across the Selandian-Danian boundary 1.1 m into
the Danian limestone. The basal Selandian is an
olive grey marl while the upper part of the Da-
nian is a light grey, sandy calcisiltite with flint-
bands. The top of the Danian limestone is
marked by an unconformity and is intensively
bioturbated. Three additional samples were from
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1.6 m below the boundary, and from a bryozoan
limestone 12.6-13.1 m and 13.6-14.0 m below
the boundary.

The bryozoan limestone samples contain a
rich, moderately well preserved flora with Chias-
molithus bidens and large forms of Prinsius mar-
tinii (pl. 1). Neochiastozygus perfectus and To-
weius pertusus are absent and the samples there-
fore belong to the Chiasmolithus bidens Subzone.
Samples from the sandy calcisiltite 0.4 m, 1.1 m,
and 1.6 m below the boundary contain few, but
well preserved, coccoliths. The species include
Chiasmolithus bidens, Neochiastozygus perfectus
and Toweius pertusus (pls. 1, 2), and the samples
can be assigned to the Neochiastozygus perfectus
Subzone (fig. 4). ‘

The lowermost 1 m of the Selandian contains
numerous, well preserved nannofossils. Upwards
the preservation is poorer and the proportion of
reworked Cretaceous coccoliths increases. Sam-
ples 0.1 m and 0.4 m above the boundary include
Neochiastozygus perfectus, Toweius pertusus and
Chiasmolithus bidens. The basal Selandian can
therefore be assigned to the Neochiastozygus per-
fectus Subzone.

Two samples were available from the Danian of
the Viborg I core. Bacause of poor recovery the
exact positions of the samples relative to the
boundary are uncertain, but both are definitively
from the Danian, probably from the uppermost
two meters of the Danian limestone (Flagler
1940, Dinesen, Michelsen & Lieberkind 1977).
The samples consist of a hard, light olive grey,
sandy calcisiltite, rather similar to the uppermost
Danian at Harre. There was no recovery from
the lowermost 20 m of the Selandian.
Calcareous nannofossils are exteremely rare
and poorly preserved in the Danian limestone.
The presence of Neochiastozygus perfectus and
Chiasmolithus bidens indicates that the top of the
Danian in Viborg L is of the same age as the top
Danian of the Harre boring and should be re-
ferred to the Neochiastozygus perfectus Subzone

(fig. 4).

Dinoflagellate cyst stratigraphy

The dinoflagellate cysts in the Danian limestone
of southern Scandinavia are well known from the

works of Morgenroth (1968), De Coninck (1975),
Hansen (1977, 1979a, 1979b, 1980), and Kjell-
strom & Hansen (1981). Dinoflagellates from the
Selandian marl of Sweden have been described
by De Coninck (1975) and from Denmark by
Hansen (1977, 1980). The present study is only
concerned with species that are stratigraphically
important with respect to the Danian-Selandian
boundary.

Danian

The two samples from the Danian at Svejstrup
are quite similar with respect to dinoflagellate
content (figs 6, 7 and pls. 4-7). Although the in-
dex species itself was not found, the Danian at
Svejstrup can confidently be correlated with the
lower part of the Hafniasphaera cryptovesiculata
Subzone of Hansen (1977). Hafniasphaera gra-
ciosa, which is present at Svejstrup, has previ-
ously been reported only from the H. cryptovesi-
culata Subzone and younger sediments (Hansen
1977, 1980). The occurence of Hystrichokolpoma
bulbosum and Spiniferites cornutus and the ab-
sence of Palaeocystodinium, exclude an age
younger than the early part of the zone.

The presence of typical Ceratiopsis striata (pl.
5, fig. 3) in sample SV2 is stratigraphically signifi-
cant. This occurence is the earliest representation
of the species in Denmark.

In his study of the dinoflagellates from the Da-
nian of Denmark Hansen (1977) found the genus
Palaeocystodinium only at Klintholm and
Hvallgse. He concluded that the two localities
were younger than any other locality investi-
gated. They were both referred to the upper part
of the H. cryptovesiculata Subzone.

In the present study Palaeocystodinium austra-
linum (pl. 3, figs 4-6) is found in the uppermost
Danian at Klintholm and Hvallgse, thus indica-
ting a younger age than at Svejstrup (fig. 4).

Ceratiopsis striata appears at Hvallgse in a
sample 10.4 m below the top of the Danian (pl. 5,
figs 1, 2). This sample belongs to the same cal-
careous nannoplankton subzone (the Neochiasto-
zygus modestus Subzone) as the Danian at Svej-
strup. :

The uppermost Danian limestone in the Viborg I
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Fig. 6. Distribution of stratigraphically important dinoflagellates and zonal assignment for the Danian-Selandian boundary section at

Svejstrup.

and Harre borings contains not only Ceratiopsis
striata and Palaeocystodinium australinum but
also Spinidinium densispinatum (fig. 4). S. densi-
spinatum has not previously been found in the
Danian limestone. It is present in the Selandian,
where it has been recorded in the basal part at
several localities by Hansen (1980). Similar speci-
mens were illustrated by De Coninck (1975) in
his study of the basal Selandian at Klagshamm
(Sweden).

The samples from the Viborg I and the Harre
borings show that the range of S. densispinatum
spans the Danian-Selandian boundary, and that
the Danian limestone in these two borings is
younger than the Danian at other previously de-
scribed localities.

The Danian limestone in Viborg I represents
the last common occurrence in Denmark of a
number of characterstic dinoflagellates, e.g. Da-
nea californica (previously D. mutabilis), Go-

. nyaulacysta wetzelii, Cyclapophysis monmouth-
" ensis and Hystrichostrogylon coninckii sp. nov.
(pl. 7, figs 9-12).

Selandian

The stratigraphic distribution of selected species
in the Selandian at Svejstrup is shown in fig. 6. A
marked floristic change coincides with the Da-
nian-Selandian hiatus. However, most of the spe-
cies appearing in the Selandian at Svejstrup are
already present in the topmost Danian strata at
Viborg I and Harre (fig. 4). Only Ceratiopsis spe-
ciosa, Thalassiphora delicata and Alisocysta cf.
margarita have not been observed in the Danian
of these two borings. Their ranges therefore
seem to be exclusively post-Danian. At Svejstrup
T. delicata is very rare and only one specimen of
A. cf. margarita was found. Both species are
common in the higher parts of the Selandian,
above the Kerteminde Marl (fig. 4).

The last occurrence of Ceratiopsis striata, Pa-
laeocystodinium australinum and Palaeoperidi-
nium pyrophorum has been used in the North
Sea as an indicator of the top of the Danian (Ioa-
kim 1979, Knox, Morton & Harland 1981). How-
ever, all three species are frequent at several lev-
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els in the Selandian at Svejstrup (fig. 7), Viborg I
and Harre. In the Viborg I boring their last oc-
currence is in the upper Selandian, 52 m above
the Danian-Selandian boundary and near the
boundary between the so-called “grey, slighty
calcareous, clay” and the Holmehus Clay (de-
fined by Dinesen, Michelsen & Liberkind 1977).

Quantitative distribution

The relative abundances of dinoflagellates in the
section at Svejstrup is shown on fig. 7. The Se-
landian assemblages fluctuate widely in composi-
tion and differ from the Danian assemblages with
respect to the dominating species. The abun-
dance of the closely related genera Areoligera
and Glaphyrocysta in the basal Selandian, where
they may constitute about 70% of the total plank-
tic assemblage, is particularly noteworthy. In the
overlying samples, Palaeoperidinium pyropho-
rum, Palaeocystodinium australinum and Cera-
tiopsis speciosa become frequent in that se-
quence. A similar dominance of Areoligera and
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Fig. 7. Relative abundance of organic-walled microplankton
across the Danian-Selandian boundary at Svejstrup.

1: Spiniferites + Achomosphaera + Hafniasphaera. 2: Areoli-
gera + Glaphyrocysta. 3: Hystrichosphaeridium + Oligospha-
eridium. 4: Cordosphaeridium + Lanternosphaeridium. 5:
Membranosphaera sp. A De Con. 1975. 6: Gonyaulacysta wet-
zelii. T: Palaeoperidinium pyrophorum. 8: Palaeocystodinium
australinum. 9: Ceratiopsis speciosa. 10: Other dinoflagellates
+ acritarchs.
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Fig. 8. Estimated percentage of Cretaceous to total calcareous
nannofossils in the Selandian at Svejstrup, Harre, Hvallgse,
and Klintholm.

Glaphyrocysta in the basal Selandian was ob-
served at Hvallgse and Harre, and has also been
described from several Danish localities by
Hansen (1980).

The vertical change in the composition of dino-
flagellate assemblages in the Selandian at Svej-
strup probably reflects increasing water depth
during the early phase of the Selandian trans-
gression.

Reworking

In the lowermost few centimeters of the Selan-
dian marl at Svejstrup and Harre, calcareous
nannofossils reworked from the Cretaceous make
up only a few percent of the flora. However,
their proportion increases rapidly upwards, and
about 3 m above the Danian-Selandian boundary
they constitute more than 99 percent of the flora
(fig. 8). The Cretaceous coccoliths are extremely
well preserved, especially in the lower part.
Abundant Nephrolithus frequens indicate that the
reworked nannofossils are of Late Maastrichtian
age.

In the Danian, calcareous nannofossils from
the Cretaceous are rare. None were observed in
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the limestone at Svejstrup, and in the calcisiltite
at Harre they constitute only about 1 percent of
the flora.

In contrast to the calcareous nannofossils, re-
worked dinoflagellates seem to be rare in the Se-
landian. Only a few Chatangiella sp. and one
specimen of Odontochitina cf. costata are almost
certainly reworked from the Cretaceous.

According to Wilson (1971) the Upper Creta-
ceous chalk contains about 500 dinoflagellate
cysts per gram of sediment. In the Selandian marl
an estimate of 8000 cysts per gram seems realis-
tic. A sample from the basal Selandian in Copen-
hagen contained approximately 10000 cysts per
gram (Hansen 1980) while 6000 cysts per gram
were found by us in a sample from the upper part
of the Selandian in the Viborg I boring.

Calcium carbonate makes up about 60% of the
marl at Svejstrup (Gry 1935). If we assume, as in-
dicated by the calcareous nannofossils, that it is
all reworked, then each gram of Selandian marl
should contain about 0.6 g of Cretaceous chalk
with about 300 dinoflagellate cysts. Three to four
percent of the 8000 dinoflagellates per gram of
marl should therefore be reworked. Although
such calculations are subject ot a large margin of
error it is evident that a measurable proportion of
reworked cysts would be expected.

The question now is whether possible re-
worked Cretaceous dinoflagellates can be distin-
guished from the Selandian cysts. While the
Creataceous element of the calcareous nanno-
plankton is readily distinguished from the Terti-
ary element, due to the marked extinction at the
Cretaceous-Tertiary boundary, many of the dom-
inant dinoflagellate species in the Selandian were
also frequent in the Upper Cretaceous. These in-
clude Spiniferites spp., Areoligera spp., Hystri-
chosphaeridium tubiferum, and Oligosphaeri-
dium complex.

Nevertheless, several distinct species present in
the Upper Cretaceous have not been observed in
the Selandian marl. In fact, as mentioned above,
only a few specimens of two species which be-
came extinct before the beginning of the Selan-
dian have been found. Considering that tens of
thousands of Selandian cysts have been exam-
ined, this strongly suggests that the dinoflagel-
lates brought into the Selandian sea with re-
worked Upper Cretaceous chalk were removed
during, or before, transportation.

The most likely process capable of removing
the dinoflagellates, and not the calcareous nan-
noplankton, is oxidation. It is well known that or-
ganic-walled dinoflagellate cysts may be com-
pletely destroyed by oxidation, as seen, for ex-
ample, in many red marine clays.

The general composition and preservation of
the terrestrially derived component of the par-
ticulate organic matter in the Selandian marl
strongly indicate that it has been oxidized and
mechanically degraded. Fragile plant remains,
such as fragments of leaf cuticles, are remarkably
scarce. Most of the allochthonous organic par-
ticles consist of fusinite (charcoal) and unstruc-
tured inertinite grains which are highly resistant
and may be recycled several times. Furthermore,
in polished sections many of the inertinite grains
show fine desiccation cracks and reduced reflec-
tion in a thin outer zone. Such rims have been as-
cribed to low temperature oxidation (Chandra
1982).

A problem that should also be considered in
relation to reworking concerns the calcareous
nannoplankton thought to be of Selandian age.

- These coccoliths could be reworked from the Da-

nian since the lowermost Selandian and the up-
permost Danian at Harre and probably also Vi-
borg I, contain the same species.
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Fig. 9. Relative abundance of Chiasmolithus bidens and Cru-
ciplacolithus tenuis across the Danian-Selandian boundary in
the Harre boring.
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However, this is probably not the case. Firstly,
the calcisiltite at the top of the Danian in the
Harre and the Viborg I borings contains only a
few coccoliths while they are very abundant in
the lowermost Selandian. Secondly, the various
species are present in distinctly different propor-
tions below and above the boundary. This is, for
example, shown by the relative abundance of
Chiasmolithus bidens and Cruciplacolithus tenuis
(fig. 9). In the Danian, C. bidens is more com-
mon than C. tenuis, while the latter completely
dominates in the Selandian. The two species are
of approximately the same size, and the different
relative abundances cannot be explained by se-
lective transportation. It should be noted, how-
ever, that the sample taken 5 c¢cm above the
boundary is intermediate between typical Selan-
dian and Danian samples. This is probably due to
mixing in the lowermost Selandian.

Discussion

As in all previously decribed sections in Den-
mark, the Danian-Selandian boundary at Svej-
strup is an unconformity, marked by an abrupt
facies change from limestone to marl.

The biostratigraphical position of the top of
Danian and the base of the Selandian at Svej-
strup, and at four other boundary sections in
western Denmark, has been investigated on the

basis of calcareous nannofossils and dinoflagel-

lates. The two groups indicate that the time gap
represented by the hiatus varies widely between
localities. The age of the earliest Selandian is ap-
parently the same in all sections, so the variation
is due to different ages of the top of the Danian.

Independent evidence from the calcareous
nannofossils and the dinoflagellates shows that
the top of the Danian is oldest at Svejstrup, suc-
ceeded by Hvallgse and Klintholm. The youngest
Danian is found in the Viborg I and the Harre
borings. :

In the calcareous nannofossil zonation the Da-
nian at Svejstrup belongs to the Neochiastozygus
modestus Subzone while at Hvallgse and Klint-
holm it is referred to the Neochiastozygus saepes
and Chiasmolithus bidens Subzones respectively.
In the Viborg I and the Harre borings the top of
the Danian is assigned to the Neochiastozygus
perfectus Subzone.

23 D.GF.33

Within the same upper Danian sequence a
number of dinoflagellates appear: Ceratiopsis
striata appears in the N. modestus calcareous
nannofossil Subzone, Palacocystodinium australi-
num appears in the N. saepes Subzone, and
Spinidinium densispinatum appears in the N. per-
fectus Subzone.

In the calcareous nannofossil zonation the Se-
landian marl in all localities belongs to the Neo-
chiastozygus perfectus Subzone. Therefore, both
the top of the Danian and the base of the Se-
landian belong to the same coccolith subzone in
the Harre boring. The same species are found be-
low and above the boundary.

Among dinoflagellates the boundary at Harre
and Viborg I marks the last common occurence
of a number of characteristic Maastrichtian and
Danian species: Danea californica, Gonyaula-
cysta wetzelii, Cyclapophysis monmounthensis,
and Hystrichostrogylon coninckii sp. nov. In the
basal Selandian Ceratiopsis speciosa, Thalassi-
phora delicata, and Alisocysta cf. margarita make
their first appearance in the Danish area.

Quantitatively, the lower Selandian is charac-
terized by a rapid succession of dominant species
of dinoflagellates. The lowermost 1 m is domi-
nated by the closely related Areoligera and Gla-
phyrocysta. Higher in the sequence Palaeoperidi-
nium pyrophorum Palaeocystodinium australi-
num, and Ceratiopsis speciosa become frequent.

A problem that has received much attention is
the age of the top of the Danian in Denmark,
which is the type area of this stage (Hansen 1968,
1970, Hardenbol & Berggren 1978, Perch-Niel-
sen 1979a, Romein 1979). The correlation of the
Upper Danian and the Lower Selandian to the
Standard Zonation of Martini (1971) is somewhat
problematical, because the index species of NP4
(Ellipsolithus macellus) and of NP5 (Fasciculithus
tympaniformis) are missing in the Danish area.

In their absence we have to rely on correlation
with sections where both the local Danish index
species and the index species of the Standard Zo-
nation are present. Sections that fullfil this re-
quirement are the Nahal Avdat section in Israel
and the Caravaca section in Spain (Romein
1979). Borrings from the Deep Sea Drilling Pro-
ject also provide useful information.

In the Nahal Avdat and Caravaca sections in-
vestigated by Romein (1979), Toweius pertusus is
the first representative of the genus Toweius. In
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Fig. 10. Hystrichostrogylon coninckii sp. nov., camera lucida drawings. A: paratype MGUH 16153, dorsolateral view. B: same in ven-
trolateral view. C, D: holotype, dorsal and ventral view. E, F: paratype MGUH 16154, dorsal and ventral view. Identified paraplates
are shown. i

B

Fig. 11. Thalassiphora inflata sp. nov., camera lucida drawings. A, B: MGUH 16156, dorsal and ventral view. C, D: holotype, dorsal
and ventral view. E, F: dorsal and ventral view of specimen from sample SV 1, Svejstrup. Identified paraplates are shown. ¢ = para-
cingulum. -
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both sections it appears approximately at the
same time as Fasciculithus tympaniformis which
is the index species of NP5.

However, in several DSDP borings, at Site 119
in the Bay of Biscay (Perch-Nielsen 1971a), at
Site 356 on the Sio Paulo Plateau (Perch-Nielsen
1977), at Site 384 near the Grand Banks (Okada
& Thierstein 1979), and at Site 387 on the West-
ern Bermuda Rise (Okada & Thierstein 1979),
species of the genus Toweius occur at deeper lev-
els. They first appear in NP4 and become com-
mon in the upper half of the zone. The specimens
are in all cases identified as T. craticulus, but the
illustrations indicate that they fall within th mor-
phological range of Toweius pertusus as accepted
in this paper.

The presence of T. pertusus suggests that the
top of the Danian in the Harre boring cannot be
older than the upper part of NP4, and may pos-
sibly be of NP5 age. This conclusion is strongly
supported by the distribution of Chiasmolithus
bidens. In the Nahal Avdat and the Caravaca sec-
tions C. bidens appears in the upper part of NP4,
shortly below T. pertusus. In the Harre boring C.
bidens also appears before T. pertusus, occuring
in the bryozoan limestone 12.5-14 m below the
boundary.

Neochiastozygus perfectus, may also be useful
in correlation with other areas. In the Harre bor-
ing it appears in the uppermost 1.6 m of the Da-
nian. In the DSDP boring, at Site 356 on the Sao
Paulo Plateau, N. perfectus occurs in the upper
part of NP4 and lower part of NP5. In the Harre
boring it is also common in the lowermost Se-
landian samples.

Perch-Nielsen (1979a) suggested an age corre-
sponding to NP5 for the lowermost Selandian of
Denmark on the basis of the same species dis-
cussed above,
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Dansk sammendrag

Som alle hidtil beskrevne granser mellem danien og selandien
er grensen ved Svejstrup karakteriseret af et brat skifte fra en

23

lys kalk til en gralig mergel. Fra kalkens eroderede overflade
udgar talrige Thallasinoides lignende gravegange, som er fyldt
med et sediment, der meget ligner selandien mergelen. Merge-
lens bundlag bestir af et konglomerat af glauconitiserede og
fosfatiserede kalkrullesten indlejret i en sandet glaukonitrig
mergel.

Ved hjalp af coccolitter og dinoflagellater er den biostrati-
grafiske placering af grenselagene ved Svejstrup sammenlignet
med tilsvarende lag ved Hvallgse, Klintholm, samt i Viborg I og
Harre boringerne. Resultaterne viser, at selandien mergelens
basislag overalt har samme biostratigrafiske alder, mens alde-
ren af den underliggende kalk varierer fra lokalitet til lokalitet.
ZEldst er kalken ved Svejstrup. Derefter fglger Hvallgse og
Klintholm i nevnte rekkefglge. Yngst er kalken i Viborg I og
Harre boringerne. Toppen af danien kalken i Viborg I og Harre
kan korreleres med den gverste del af NP4 eller den nederste
del af NP5 i standard coccolit-zoneringen af Martini (1971).

Appendix

Systematic palaeontology
(Claus Heilmann-Clausen)

Class Dinophyceae Fritsch 1929

Order Peridiniales Haeckel 1894. .

Family Gonyaulacaceae Lindeman 1928.

Genus Hystrichostrogylon Agelopoulos 1964 emend. Stover &
Evitt 1978.

Hystrichostrogylon coninckii sp. nov.
Fig. 10, pl. 7, figs 9-12.

1971 ?Spiniferites sp. Wilson: 1265; pl. 4, figs 1-4.
1975 Spiniferites sp. A De Coninck: 332; fig. 3F,G,H.

Derivation of name. Named in honour of Jan De Coninck,
Rijksuniversiteit Gent.

Diagnosis. The endocyst is subspherical. Dorsally the peri-
phragm is closely appressed to the endophragm. On the ventral
side a large pericoel separates the much expanded periphragm
from the endophragm. The line of separation between endo-
phragm and periphragm follows approximately the ambitus of
the endocyst. In ambital view the pericyst is subcircular with
the endocyst placed in a central position. The pericoel commu-
nicates with the exterior through a large hole in the mid-ventral
part of the periphragm.

Wall layers are thin and smooth. Gonal and intergonal pro-
cesses are present. The distal endings of processes are usually
bi- or trifurcate. Where the pericoel is present underneath, the
processes are reduced in length and often only the bi- or tri-
furcate endings are present.

Paratabulation is expressed as a precingular archaeopyle Tep-
resenting paraplate 3'' and as parasutural lines and processes
on the periphragm. The parasutural features are most distinct
on the dorsal surface and clearly indicate the paraplates 4’ and
1’, 2"'-5", 2c-5¢ (6¢c), 3'*'-5'""(6"""), 1'"** and ps. The ventral
hole in the periphragm intersects the paracingulum, which is
otherwise continuous. The parasulcus therefore is partly in-
cluded in the ventral hole in the periphragm.

Holotype. Fig. 10, C, D, pl. 7, figs 9, 10. MGUH 16152, Eng-
land finder coordinates T 27/1.

Dimensions: Endocyst length = 30 pum, breadth = 28 ym.
Pericyst length = 50 pm, breadth = 52 um.

Type locality and type stratum: Denmark, Sve]strup, Danian
limestone, sample SV1.
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Plate 1.

Figs 1-18. Toweius pertusus. Allillustrated specimens are from the Harre boring. Figs 1-6 and 9-16 are from the Danian, 0.4 m below
the Danian-Selandian boundary. Figs 7,8 and 17, 18 are from the Selandian, 0.10 cm above the boundary. Figs 1-8 are oblique distal
views. Figs 9-18 are oblique proximal views.

Figs 19-21. Prinsius martinii, distal views. Harre boring, 12.6-13.1 m below the Danian-Selandian boundary.

All figures 6500 X.
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Plate 2.
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Figs 1, 2. Neochiastozygus perfectus, oblique distal views. Harre boring, 0.4 m below the Danian-Selandian boundary. Figs 3, 4. Chi-
asmolithus bidens. Fig. 3. Oblique distal view. Fig. 4. Oblique proximal view. Harre boring, 0.4 m below the Danian-Selandian boun-

dary.
All figures 6500 x.

Paratypes. Fig. 10A, B. MGUH 16153, coordinates 1.25/4.
Fig. 10E, F, pl. 7, figs 11, 12. MGUH 16154, coordinates F25/4.

Discussion. Hystrichostrogylon coninckii sp. nov. differs from
H. membraniphorum Agelopoulos 1964 and H. holohymenium
Islam 1983, in the position of the pericoel and in the presence of
a large hole in the periphragm in the parasulcal area.

Occurrence. Upper Maastrichtian, The Netherlands-Belgium
(Wilson 1971). Danian and basal Selandian, Sweden (De Con-
inck 1975). Danian and Lower Selandian, Denmark. Barto-
nian, Belgium and Southern England (Jan De Coninck, pers.
comm. 1984).

Genus Thalassiphora Eisenack & Gocht 1960 emend. Gocht
1968.

Thalassiphora inflata sp. nov.
Fig. 11, pl. 7, figs 3-8.

Derivation of name. Latin, inflatus, with reference to the in-
flated appearance of the peripragm in most of the epicyst.

Diagnosis. The endocyst is ovoid. The periphragm is closely
apressed to the endophragm except in the apical, ventral and
lateral parts of the epicyst and on the ventral part of the post-

cingular zone where wall layers are widely separated by a prom-
inent pericoel. The pericoel communicates with the exterior
through a large hole in the mid-ventral part of the periphragm.
Wall layers are thin and smooth. Low indistinct processes may
be present in the ventral part of the hypocyst. A few spines may
be present along the paracingulum. A long spine-shaped pro-
tusion of the paracingular suture is present in the right margin
of the ventral hole in the periphram.

Paratabulation is expressed as a precingular archaeopyle rep-
resenting paraplate 3'', and as parasutural lines or low ridges,
indicating the paraplates 1’4" and most of the paracingulum.
Other faint lines on the expanded part of the periphragm may
possibly represent parasutures, irregular features or folds in the
flexible wall. The ventral hole in the periphragm intersects the
paracingulum which is otherwise continuous. A parasulcus is
therefore wholly or partly included in the ventral hole in the pe-
riphragm.

Holotype. Fig. 11C, D, pl. 7, figs 5, 6. MGUH 16155, England
finder coordinates W 30/4.

Dimensions: Endocyst length = 32 um, breadth = 30 um.
Pericyst length = 48 um, breadth = 54 um.

Type locality and type stratum: Denmark, Svejstrup, Ker-
teminde Marl, sample SV 8.

Paratypes. Fig. 11A, B, pl. 7, figs 3, 4. MGUH 16156, coor-
dinates O 35/2. P1. 7, figs 7, 8. MGUH 16157, coordinates R 40/
3.
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Plate 4.

Figs 1, 2. Trigonopyxidia ginella, Svejstrup, sample SV8.

Figs 3, 4. Alisocysta cf. margarita, specimen in different foci, Svejstrup, sample SV11.

Figs 5, 6. Hystrichokolpoma bulbosum, specimen in high focus (ventral side) and low focus (dorsal side), Svejstrup, sample SV1.
Figs 7, 8. Caligodinum amiculum, Svejstrup, sample SV11.

Figs 9, 10. Hystrichosphaeridium? palmatum, specimen in high and low focus, Svejstrup, sample SV1.

Figs 11, 12. Hysterichospaeridium? palmatum, specimen in high and low focus, Svejstrup, sample SV1.

Figs 13, 14. Hystrichosphaeridium? palmatum, specimen in high and low focus, Svejstrup, sample SV2.

All figures 500 x.

Plate 3.

Figs 1-3. Ceratiopsis speciosa, Svejstrup, sample SV9. Figs 4-6. Palaeocystodinium australinum, Svejstrup, samples SV9, SV9 and
SV11, respectively.

All figures 500 X.
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Plate S.

Figs 1, 2. Ceratiopsis striata, specimen in high (dorsal) and low (ventral) focus, Hvallgse boring, 10,4 m below the Danian-Selandian
boundary.

Fig. 3. Ceratiopsis striata, Svejstrup, sample SV2.

Figs 4, 5. Spinidinium densispinatum, Svejstrup, sample SV3.

Fig. 6. Palaeoperidinium pyrophorum, Svejstrup, sample SV8.

Figs 7-9. Hafniasphaera graciosa, Svejstrup, sample SV1.

Fig. 10. Gonyaulacysta wetzelii, specimen in ventral view, Svejstrup, sample SV1.

Fig. 11. Gonyaulacysta wetzelii, specimen in antapical view, Svejstrup, sample SV1.

All figures 500 x.




Plate 6.
Fig. 1. Cyclapophysis monmouthensis. Note precingular archaeopyle and small apical horn surmounted by process. Svejstrup, sample
Sv2.

Fig. 2. Cyclapophysis monmouthensis. Note isolated antapical process. Svejstrup, sample SV1.

Fig. 3. Danea californica, Svejstrup, sample SV1.

Fig. 4. Impagidinium sp. I, high (posteroventral) focus, Svejstrup, sample SV11.

Figs 5, 6. Impagidinium sp- 1, specimen in high (dorsal) and low (ventral) view. Note subtriangular paraplate 6’ and strongly offsct
paracingulum. Svejstrup, sample SV8.

Figs 7, 8. Thalassiphora pelagica, specimen in low (dorsal) and high (ventral) view. Note the large ventral hole in periphragm. Svej-
strup, sample SV1.

All figures 500 x.
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Discussion. Thalassiphora inflata sp. nov. resembles 7. delicata
Williams & Downie. It is distinguished on the absence of per-
icoel in the antapical area and furthermore by a different posi-
tion of the ventral hole in the periphragm. In 7. delicata the
hole represents paraplate 1’ according to Eaton (1976) and
Manum (1979). T. inflata shows affinities also to the genus Lo-
phocysta Manum, since the percoel in Lophocysta is only devel-
oped over a limited part of the endocyst. T. inflata differs, how-
ever, in the presence of a large hole in the periphragm in the
parasulcal area.

Occurrence. Danian and Lower Selandian, Denmark.

Type depository

The type material is lodged in the type collection of the Geo-
logical Museum, @ster Voldgade 5-7, DK-1350, Copenhagen,
Denmark.
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