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The Danian was distinguished by Desor in 1846 and ranged as the youngest
stage of the Cretaceous. In 1897 Grossouvre discussed the boundary hetween
Cretaceous and Tertiary. He concluded that the Danian must belong to the
Tertiary, and this problem of the Danian stratigraphical range is still as im-
portant today. But hitherto it seems difficult to draw far-reaching conclusions
or make mondial correlations on the basis of present paleontological and strati-
graphical knowledge. It now seems more necessary than it formerly appeared
to collect detailed material, both paleontological and stratigraphical in the
“type region”. (According to Troelsen 1956 the “type region” is the province
or region, from which the stratigraphical unit was originally described. Often
the type locality is not clearly defined, but in the “type region” the unit should
be well exposed and the rocks have characters resembling the original defini-
tion.)

According to the original introduction of the stage “Danian” by Desor, both
Faxe and Stevns Klint in Denmark are “type localities”. The type region will
include all Danian occurrences around Stevns Klint and Faxe in such exten-
sion as the facies has the same characters. Thus, the Swedish side of the Ore-
sund, which is the boundary between Denmark and Sweden, can also be con-
sidered to belong to the “type region” (see discussion on the range of the
Danian at the XXth Geological Congress 1956 in Mexico and the figure 1).

An enlargement for the quarry of Limhamn near Malmg, southern Sweden
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Fig. 1. Distribution of the Danian in Denmark and Sweden.

(see fig. 2), has allowed very detailed stratigraphical and paleontological
studies. This research was made possible by the kind permission of Skanska
Cement AB, who supported the author in many ways during the work in their
quarry. Therefore I wish to express here my sincere thanks to disponent G.
Laurell, ing. R. Troell and ing. T. Andersson, all of the Skanska Cement AB
Limhamn.

Mrs. P. Brotzen has kindly assisted the author with the compilation of bibliog-
raphy for which I wish to express my sincere thanks. Miss M. Kendall, Ox-
ford has corrected the English of the manuscript and for her intensive and
careful work I thank her most heartily.

Odum in 1926 erected a fundamental stratigraphy for the Danish Danian,
based on different zone fossils, mainly on different varieties of the echinid
Tylocidaris vexillifera Schliiter. Spines of this Tylocidaris occur fairly abundant-
ly in the majority of localities of the Danian and in 1909 Briinnich-Nielsen had
already noted the possibility of using their variations for stratigraphical pur-
poses. But Odum was the first to describe the different shapes of the spines and
to name them as varieties, as follows:
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QUARRY._,

LI,

Fig. 2. The situation of the quarries at Limhamn and Klagshamn.
(Godkind for spridning den 21/9 1959 av Rikets allmdnna kartverk).

Seelandian

Younger Danian: Tylocidaris vexillifera forma 3

Older Danian: Tylocidaris forma a and y

Senonian

Ravn (1937) completed the description of these varieties of T'ylocidaris
vexillifera and distinguished Tylocidaris vexillifera Schliiter forma typica; var.
brinnichi; and var. abildgaardi. According to Ravn Tylocidaris vexillifera
forma typica and var. briinnichi belong to the forma 8 Odum; var. abildgaardi
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= forma a and y Odum. Briinnich-Nielsen gave a stratigraphy of the Danian
at a meeting of the Danish Geological Society in November 1936, but it was
first printed in January 1938. The Briinnich-Nielsen zonation was also based
on variations of Tylocidaris vexillifera, but he considered the former varieties
as new species. He gave following succession of zones:

Upper Danian 4) Tylocidaris vexillifera Schliiter, rev. Ravn
PP 3) » briinnichi Ravn
L ower Dafidn 2) » abildgaardi Ravn
1) » 6dumi Briinnich-Nielsen = forma y Odum

This stratigraphical distribution of the Tylocidaris species was also used by
Rosenkrantz (1937). Wind in 1954 attempted a paleontolegical and strati-
graphical revision of the T'ylocidaris spines of the Senonian and Danian, in-
troducing a new nomenclature and a new zonation. His results can be sum-
marized as follows:

CAMPANIAN Danian
Pachy-| Lower Upper
discus
a b c phc egger-
chalk | %889 | 1 I I | 1Iv |V
tom Lower | Lower | Middle] Upper| Upper
zone most most
Tylocid. clavigera clavigera
(Konig) . v 0 o v . S
Tylocid. clavigera ddumi =
T. gdumi RAVN . . . . - —— -
T. ramondi baltica = T. bal-
tica SCHLUTER . . . . = —_—
T. pomifer pomifer = T.
abildgaardi Ravn . . .
T. pomifer briinnichi = T.
briinnichi RavN . . . . ——
T. pomifer vexillifera = T.
vexillifera typica em. RAVN —
T. pomifer herupensis = T.
vexillifera typica RAVN

The entire section of the Danian could not be observed at any locality. The
different authors built up the succession of zones on several outcrops. However,
for several years (since 1956) the Danian has been exposed in the quarry at
Limhamn, from its base upon the uppermost Stevnsian to the lower part of
the Upper Danian. Thus it has been possible to collect the different “species”
of Tylocidaris spines at a single outcrop and to control there the succession
of zones and their facies.
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Fig. 3. The Limhamn quarry according to Henxnic 1899.

The Quarry at Limhamn

The occurrence of limestone south of Malmé was noted by Linné in 1750
and later dated by Hisinger (1828), Lundgren (1865), Johnstrup (1866),
Fischer-Benzon (1867), Hébert (1869), Dames (1881), Hébert (1882), Lund-
gren (1888), Jonsson (1884), Moberg (1884, 1885, 1888). In 1899 Hennig
published a monography of the Danian at Limhamn! with a map of the
quarry and 9 profiles. His map shows that this old quarry was situated more
or less in the middle of the present quarry. The depth was about five meters.
This quarry was called Annetorp Quarry in contrast to the small outcrops
and pits to the north and west, which were collectively called the Limhamn
Limestones.

All noted old outcrops near Malmé are at present covered by buildings or
are filled up. Only the quarry at Annetorp has been developed so that it now
extends over an area of about a half km? (500 000 m?) with one axis of about
1 km in an east-west direction, the other of more than 600 m in a north-
south direction. The name Annetorp? Quarry is no longer used, instead it is
called “Skéanska Cement’s Kalkbrott” or “Kalkbrottet vid Limhamn” (The
Limestone Quarry at Limhamn). It is situated to the west, on the highway
from Limhamn to Klagshamn, 2 km south of the port of Limhamn, or about
6 km south of the central station of Malmé. During the years 1910—1927
there existed another quarry about 500 m north of the present one, and this
also was called Limhamn Quarry. It was filled in with earth and is now used
as playing field at Limhamn. Fossils may be found which were labelled and

1 Limhamn was formerly a village. Now it is incorporated as a suburb of Malmé.
2 Annetorp is an old name of a former estate; some estate houses north of the present quarry
have preserved the name.
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Fig. 4. Map and section of the Limhamn Quarry 1958.

described “from Limhamn” before 1930, and which came from some of the
small, old outcrops west or north of the recent quarry; consequently, all fossils
from the region of the recent quarry were before 1930 labelled “Annetorp”. A
detailed section of the quarry, and its correlation with other Danian occur-
rences had already been given in the author’s publication: Flintrdnnans och
Trindelrdnnans geologi, with summary in German, in 1940.

In 1954 the quarry was deepened, so that its present floor lies about 80
meters below the soil surface. The old floor at —20 m is scheduled to be dug
in three deeper steps of —40 m, —60 m and —80 m. The main working
wall should go more or less from north to south, and the quarrying will be
carried out from west to east until the entire old quarry floor is broken up.
The quantity of limestone which will be usable according to this schedule will
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be about 30 million m3. At present, work is being carried out on the floor at
—40 m across the entire breadth of the quarry, the next, at —60 m is in
course of development, with an east wall and a south wall, while the fourth,
at —80 m is like the foregoing, but much smaller (see fig. 4, 5 and pl. 3).

In 1956 the floor at —60 m was reached, and there the base of the Danian
was visible. Since 1956 the underlying stage has been exposed. At present, the
following section can be studied in the quarry:

Quaternary 1—15 m
Upper Danian 12—20 m
Middle Danian 40—50 m
Lower Danian 8—12 m
Stevnsian 20 m

The Stevnsian

The term Stevnsian was introduced by the author in 1945 for the upper
part of the Maastrichtian in the Danish-Swedish syncline. Its lower part was

called Moenian.?

The Maastrichtian at Maastricht in Holland is formed as local facies but
the guide fossils of the type-locality characterize this stage clearly. The guide
ammonites is Scaphites (Hoploscaphites) constrictus Sow. s. str., which also oc-
curs both in the Moenian and Stevnsian of the Danish and Swedish syncline.
It may even be that other fossils restricted to the type Maastrichtian occur in
the Baltic region. Thus, there seems to be no doubt that the Moenian and
Stevnsian can be correlated with the Maastrichtian of Maastricht but only in
sensu lato. The great difference in thickness of the sediment and especially
the differences in the facies of Maastricht and Scandinavia hinder a detailed
correlation of both sections. (Note that at Hollviken the Maastrichtian with
its typical fossils reaches a thickness of 530 m. Brotzen 1945.) The terms
Upper, Middle and Lower Maastrichtian are used in different regions as local
ones with very different stratigraphical value. In the type region it is not

3 In 1945 the author derived he terms from the Danish localities Stevns- and Moens Klint,
where the characteristic formations are exposed, and named the two substages Moenian
(Moenien) and Stevnsian (Stevnsien). Odum in 1953 criticized in an exhaustive note these
terms from the linguistic point of view. He wanted a latinization of Mo6n (not Méen) and
Stevns as Meonium or Meonian and Stefnium or Stefnian. Using this “modern” Latin nobody,
including Danish geologists and paleontologists will recognize the very well-known Danish
type-localities. The method of deriving stratigraphical names from the original national names
of the localities is very common. In this particular case it seems unhappy to introduce the
name Stefnian, which resembles “Stephanian’ from the upper part of the Upper Carboniferous
too closely.

The Danish name of the island of Mén until the year 1920 was spelled Méen, according to
maps of Denmark; at least in 1917 in Priors Lomme Atlas 6ver Danmark 10de Udgave, Kében-
havn 1917 — therefore Méenian and not Ménian. A correct decision concerning the spelling
of Stevnsian or Stevnian is very problematical. Stevns can be genitive and would be derived
from Stevn. In the type-region, only the genitive occurs as “the Peninsula of Stevns Klint”
and “Stevns fyr”. A locality Stevn is situated in the northern part of Denmark, where no
Stevnsian occurs. Therefore the substage should be named Stevnsian and not Stevnian or
Stefnian.



10

FRITZ BROTZEN

Fig. 5. View of Limhamn Quarry seen from West to East (see also pl. 1).
A = — 20 m floor. B = — 40 m floor. C = — 60 m floor. The arrow = the road to the — 80 m floor.
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Fig. 6. Stevnsian and the base of the Danian (BiI). Limhamn Quarry, wall on the east-

side below the floor -60 m.

The boundary Stevnsian'Danian is here irregular with preformed corrosion holes. At the
left side of the figure a fault is shown in the Stevnsian not continuing into the Danian.

possible to distinguish between an Upper, Middle or Lower Maastrichtian.
Discussion of a zonation of the Maastrichtian based on belemnite species
seems hitherto to have resulted in correlations between regions with Stevnsian
and Moenian facies, but not definitely in correlations with the type region
(see Jeletzky, Birkelund, Naidin). The differences between the stratigraphical
ranges of the chalk at Moen and Stevns had already been noted by Richter in
1935. In 1937 Troelsen gave a zonation of the Danish chalk with Scaphites
constrictus, in which the layers of Moen lie at the base and the chalk of Stevns
at the top of his section. The Moenian and Stevnsian substages in the Baltic
region are well distinguished from each other by their fossils. To the Moenian
are restricted the foraminifera: Reussella pseudospinulosa Troels., Gavelinella
costata Brotzen, Pseudovalvulineria gracilis (Marsson), Pulvinulinella alata
(Marsson), Bolivinoides miliaris Hiltermann, Bolivinoides laevigata Marie,
Bolivinoides delicatula Cushman. Restricted to the Stevnsian are: Bolivinoides
peterssont Brotzen s. str., Bolivinoides doreeni Fin., Dorothia bulletta (Cars.)
Pseudouvigerina cimbrica (Troels.), Pseudouvigerina rugosa Brotz., Eponides
Jrankei Brotz.
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According to Birkelund 1957 Belemnella lanceolata s. str. and its variations
and Belemnella occidentalis and its variations are restricted to the Moenian,
Belemnella casimirovensis and mainly Belemnitella junior are characteristical
for the Stevnsian. The problem of the limitation of the two substages is not
solved. The type localities Moens Klint and Stevns Klint show only parts of the
entire section. But the outcrops are in facies and fauna characteristic of the
stages. In the complete section of the well at Hollviken the Stevnsian will reach
from — 48 m to — 300 m, so long as Bolivinita peterssoni is observed, the
Moenian occurs from —300 m to —595 m.

The chalk exposed in the quarry at Limhamn contains the typical foraminif-
eral fauna of the Stevnsian, and in all layers including the uppermost, Scaphi-
tes constrictus occurs. Except for microfossils, other fossils are fairly rare. The
author found: Baculites sp. very badly preserved, T'ylocidaris baltica (on the
top the Stevnsian), Echinocorys ovata rare, Pecten sp. — The chalk is fairly
hard, its layer 0,75—2,00 m thick, and intercalated by grey clayish layers of
0,10—0,30 m thickness. Flint nodules are here and there of the characteristic
black colour, which are known in Sweden as “the Upper Senonian flints”.
But many of them are grey, or generally grey with an irregularly black centre.
The petrographical character of the chalk differs from that at the type locality,
Stevns Klint in Denmark, where bedding is indistinct. The chalk occurrences
east of Malmd, near Tullstorp and Husie belonging to a deeper part of the
Stevnsian, likewise do not show this characteristic bedding. Otherwise the
same bedding was observed in cores from deep drillings south of Malmo be-
tween Skanoér and Ostratorp (see Brotzen 1945 and 1950).

It may be that the bedding disappeared when the chalk was exposed for a
long time, (during the entire Quaternary) as at Stevns Klint or east of Malmo.
In such regions as at Limhamn or on the coast of South Western Scania (be-
tween Skandr, Trelleborg, Ostratorp) the Stevnsian chalk is covered at least
by 20 metres of limestones of the Danian and there its primary structure is
best preserved. There are even certain local differences in facies in the upper-
most Stevnsian. Near Trelleborg it contains fewer flint nodules and the chalk
is whiter than at Skanor or Limhamn. Pseudotextularia elegans Rz. charac-
terizes the upper 12 m and demonstrates that at Limhamn too this subzone is
the uppermost in the Stevnsian as Troelsen (1937) and Brotzen (1938 and
1945) noted in other places in Denmark and Sweden. The deepest exposed
beds contain numerous specimens of Pseudouvigerina rugosa Brotzen. There-
fore the entire section belongs to the zone of Pseudouvigerina rugosa. A short
list of foraminifer species of the chalk is given in the table p. 13. The number
of species is very large, but during recent years foraminifer species from the
uppermost Cretaceous have often been incorrectly determined, and it would
be useless to give here a long list of foraminifera which would merely add to
the existing confusion. The list therefore contains only names according to their
original determination.
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Table 1. Foraminifera from the junction between the Stevnsian and Danian
in the quarry at Limhamn

Stevnsian Danian
504132143
Ammodiscus cf. cretaceus (REUSS) . . . . . . . . . . .. X
Orbignyna ovata (Hag) . . . . . . . . . . . .. X | X | x]|X
Spiroplectammina semicomplanata (Cars) . . . . . . . . [ X | X|X[X[X
» cretosa CUSHM. . . . « + « &« o+ » « o | XX X
» fexuosa (REuss) . . . . . . . . . . [ X|IX]|X
» sp. (aff. mexiaensis LaL) . . . . . . . . X | %
Verneuilina limbata CusH. . . . . . . . . . . . . . X X
» Spe b o i B Tt W @ b e R X
Eggerella procera n. spt . . . . . . . . . . .. .. X
» tribullata (v. He) . . . . . . . . . . . . . . |X|X]|X
Messina trochoides (REUSS)' . . . . . . . . . . . . . .|X X
Gaudryina aff. rugosa (D°ORrB) . . . . . . . . . . . . |X|X[X[X
» danica M. SP. . & ow @ ocewE R ¥ W 5 WEG B0 W W X | X
Heterostomella stephensoni CusH. . . . . . . . . . . . . X
Tritania SP. v o o oo e i & % 0% %o @ @ % % omons o ow g X
Dorothia bulletta (CARs.) . . . . . . . . . « . . .. .|X X | %
» irregularis (MARSSON) . . . . . . . . . . . . X | X | X
Marssonella turris (D°ORB) . . . . . . . . . . .« . .« | X|X|X]|X]|X
Plecting solida; n. Spl .. v & 53 w5 % & & 7% a0 & ow w )X | X X} XX
»  clava MArRssoN . . . . L ... L L. L. | XX X
»  ruthenica (REUSS) . . . . . . . . . . . . .. X | x
Arenobulmina obliqgua (D°ORB) . . . . . . . . . . .. X | x| x]|Xx
» conica MARIE . . . . . . . . . .. .. .|X X
» sphaerica MARIE & 5 wcove w0 w m % sevar &8 o# % X ] X X
» obesa (REUSS) . . . . . . . . . . ... .|X|X]|X
Ataxogyroidina variabilis (D’OrB) . . . . . . . . . . .| X|X|X
» globosa (v. He) . . . . . . . . . . . . [ X|X|X]|X]|X
Lagena simplex (REUss) . . . . . . . . . . . . X X
»  apiculata (REUSS) . . . 2w w o ow o e W os ow ow | X X
» amphora—c_ylmdrzca MARIE G ow oW N B oW @ oW W om X X | X
»  gradata n. spl . . soia wowon B s e woa | XXX X X
»  sulcatiformis Poz + URBy. G 2 5 & 4 %0 8 % & 5 X X
» asabella (DORB) . . . . « . . v v v v v v . .| X X | X
» hispida REUSS . . . . . . . . .. .. ... X
Dentalina gracilis DORB . . . . . . . . . . . . .. .| X|X]|X]|X
» catenula (REUSS) . . . . . . . . . . . . .. X X
» sulcata NILSSON .+ 5 0 copoms 5 o o o omeomg o o X X | X
» sp. S e w S 6 B SDoeT a W W G TEAe kO
Nodosaria vela:coemzs CUSH R R RN R B4
» affinis REUSS . & 5 % w o av &0 % % % mas 5 % w ] X
Svenia megalopolitana (ReUss) . . . . . . . . . . . . .|X
Planularia sp. 1 . « w o i aomoms & o ow w oo @8 9 IX
Saracenaria navicula (D’ORB) . . . . . . . . . . . . .|X
Astacolus sp. . . SRR R owmia e unwewna]X
Lenticulina rotulata LAMARCK . . . . . . . . . . .. .|x|x|x|[x]|x]?
» comptoni SOW . . . . . . . . . ... .. L XXX X]|X
Robulus discus BROTZ. . . . . . . . . . . . . .. .. X | X | X
»  midwayensis PLom. . . . . . . . . . . . ... PIx|x
»  Sp.. WIS W R OF OB M G @ %
Neoflabellina reticulata (REUSS) « e wow oo oow @ | XX
Palmula robusta BrRoTz. . . . . . . . . . . . . . ... X
Frondicularia linearis FRANKE . . . . . . . . . . . . .|X
» biformis MARSSON . . . . . . . . . . . .|X X | X | x bl B¢
» affinis MARSSON. & & i St § & o W Wf o & 3 X
Globulina lacrima REuss . . . . . . . . . . . . . . .|X X X | X | X
» cf. gibba D’ORB % & w w et 50 & i % w fen & & X | X | X|X]|X
Guttulina trigonuloides n. spr . . . . . . . . . . . . .|X|X X | X X

X X X

X X X
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Guttulina sp. 1 . . . . . . . . . ..
» SP: 2 e v e e m 3 0
» aff. problema D’OrB. . . . . .
» aff. spicaeformis Roem. . . . . .
» aff. hantkeni Cusu. 4+ Oz. . . .
» ) T T
Sigmoidella cretacea n. spt w2 @ W &
» Sp. « e e e s
Pyrulina cylmdrozdes (REUss) B EEEER
Ramuling sp. sp. & & v 5 % /ey 4t % x » %

» sp. 1. . ..o oo L
Polymorphina sp. . . . . . . . . . . .
Buliminella laevis (BEISSEL) . . . . . . .
Bulimina pseudoacuta MARIE . . . o v

» cacumenata CUsH. -+ PARKER ‘

Bolivinoides reissi n. nom.
(= B. draco—dorreeni Re1ss 1954) . . . .

Bolivinoides wicheri n. nom. = B. draco f. gigantea

1949 . o« R
Bolivinoides peter.rsom Brorz. w3 .

» paleocenica Brorz. . . . . . .
Bolivina tegulata (REuss) . . . . . . . . "

» » incrassata REuss . . . v oW e
Reussella minuta (MARSSON) . . . . . . .

» curvisuturata Brotz.. . . . . . . £
Virgulina n. sp.. . . £ 0w E R D EEE R 4
Pseudouvigerina rugosa BROTZ SR E i %

» cristata (MARSSON) . . . W
Giimbelina sp. sp. . R LR T 3
Pseudotextularia acervulinoides (EGGER) . . R
Gimbelitria sp. . . . . . . . . . . . . . .
Nodosarella sp. 1 . . . . . . . . . .. 5

» sp. 2 . ‘ Yow oo e W s
Ellipsonodosaria plummeme Cusn. . . Y

» alexanderi CusH. -+ TODD i Y

Cornuspira (?) serpuloides (SCHACKO) . . . . . .

» subornata (Brotz.) . . . . . . 2

» recta (BROTZ.) . il ¥ 5 & s
Spirillina vivipara (EHRENBERG) . . . . . ..
Nonionella cretacea Cusn. . . . . . . . . .

» robusta Pruom. . . . . . . . . . .
Rosalina. sp. 1 aiwi w w5 swcms & w0 % 5 . .
Conorbina conula Brotz. . . . . . . . . v
Discopulvinulina binkhorsti (REUSS) %o g 3
Pullenia cretacea CusH. . . R E L BN 2

» reussi CUsH. + Toop . . . . . FC

» marssont » » & ow oA @ w B

» angusta » » iE R Wow

» cf. jarvisi CusH. . . . . . . . .

Valvulineria n. sp. 1. . . . . . . . . . . . ..
» laevis BroTZ. . . . . . . o owow o
Gyroidinoides pontoni BrRoTz.. . . . . .
» SP. . ww v s wowm s m owe 8w

» sp. 2 (G. girardana CusH. non REUss)
Anomalinoides preacuta n. sp. 1) ow o

» neutrica n. sp. 1) . . . .

Gavelinella pertusa (MARsSSON) . . . . . = 5

» SP- w o wow o SN FOE OGN

Stevnsian Danian
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Stevnsian Danian

5|4|3|2|1 41321

Stensioina pommerata Brorz. .
Eponides sp. 1

» sp. 2

» sp. 3

» sp. 4

» sp. 5 . v W e e
Cibicides beaumontiana (D’OrB)

» bosqueti (M ARsSON)

» aff. bosqueti (MARsSON)

» voltziana (D’ORB)

» constricta (v. Hac)
Phanerostomum sp.

» axperum EHRs.
Biglobigerinella sp. . . .
Rugoglobigerina cf. cretavea (D ORB) C e e e e e ?
Globigerina sp. . e e e e e e e X
Globigerina cf. pseudobullozdes PLom. . ... ?lx
Globotruncana lapparanti BroTz. ;

» cf. stuarti (DE LaPP) o ¥

» cf. caliciformis (DE LAPP) . wra o 5 w o
Lamarckina n. sp. . .

Alabamina dorsoplana Brorz.

Osangularia lens BroTz. .

Pulsiphonina eklundi (BroTz.) R R

Quadrimorphina sp. 1 . . . . . . . . . . . . ... .|X
» sp. 2 X

X X X

X
X
X

X X X XXX X
XX XX XX
XX XX XX X X X
XX XX XX X
X X X
X
X X X X
XX X XXXX
X X X

X X X
&
(2%}
X

X X

X X

X X X

X X
X X X

X

X

X X X

1 The new and characteristic species and genera will be described and figured in the near
future.

The base of the Danian

The junction between the Stevnsian and Danian is distinct with regard to
both fauna and facies. This border is well known at Stevns Klint in Denmark
where the two stages, the chalk and the Danian were already distinguished by
Desor 1848. In 1764 Abildgaard described the Stevns Klint section and in
modern times Rosenkrantz in 1937 and 1938 (here also the main references)
published the stratigraphy of this classical locality. In Sweden the junction
Stevnsian and Danian was not exposed before 1956, but well known from
many drill holes (Brotzen 1938, 1940, 1942). At Limhamn it was for the first
time possible to study the geology of the base of the Danian exposed in
Sweden (see fig. 6). The junction follows more or less the — 60 m floor in the
quarry and lies more or less in a plane, with a slight dip to the south except for
some narrow depressions up to 3 m deep, resembling small valleys. Such a
valley reaches into the surface of the chalk (see fig. 5). An undisturbed section
between the Stevnsian and the Danian is observed as follows:
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Numbers of Metres
samples
L.L.1—DA'l grey, soft bryozoan limestone with many
flint nodules, irregularly embedded. Fos-
sils common:
Brissopneustes danicus SCHL.
Echinocorys sulcatus GOLDF.
Tylocidaris Gdumi RavN
Danian » abildgaardi RavN
» windi n. sp. . . . . . . .. 0,55
DA 2 dark grey, soft limestone, finely bedded . 4+ 0,15
DA 3 grey clayish chalk with flint nodules . . 0,30
DA 4 greyish-yellow-white limestone very hard
with flint nodules . . . . . . . . . . 0,35
MA 1 chalk moderately hard . . . . . . . . 0,30
MA 2 chalk, less hard with flint nodules . . . 0,60
MA 3 chalk moderately hard with large flint
Stevnsian nodules. Large worm-borings . . . . . 0,30
MA 4 chalk, soft, with large flint nodules. . . 0,50
MA 5 chalk, moderately hard, with grey and
black flints. Hoploscaphites constrictus . . 1,10

The fauna, especially the foraminiferal fauna changes suddenly between
the layers DA 4 and MA 1. Even the petrographical character is different. All
the chalk, even the hardened layer at the top (MA 1) is microscopically ex-
tremely fine grained, with bryozoans not rare, but petrographically they are
unimportant. In the layers above MA 1 the bryozoan fragments are dominant.
Thin sections show under the microscope that even if the bryozoan fragments
are not distinguishable macroscopically, as in the hard bottom layer DA 4
they are dominating. Small depressions and very indistinct boreholes in layer
MA 1 are filled with material from the Danian bryozoan limestones. It seems
that the hardness of MA 1 is the result of a secondary process connected with
interruption in sedimentation, and that even the corrosion of the surface must
be caused of this process. It seems that corrosion and corrosion processes con-
tinued during the first part of the Danian, and the hard limestone of DA 4
shows the same characters as the layer MA 1. This is quite well illustrated by
the 2—3 metre sinkings in the surface of the Stevnsian, where also the bed
DA 4 is destroyed and younger sediments belonging to DA 1 fill the de-
pressions (see fig. 5).

The change of foraminiferal fauna is given in table 1. The arenaceous
species are dominant in the Stevnsian but rare in the Danian and occur only
at its base. The same species of Lagenidae are present throughout the few
metres at and below the junction. Buliminidae, Bolivinidae, Giimbelinidae and
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related genera are restricted to the Stevnsian. Guttulinae are common both
in the uppermost Stevnsian and in the lowermost Danian, but some species
are newcomers in the Danian. Stensidina pommerana and Globotruncana
species are restricted to the layers below the junction.* Some new Discorbis
species occur only in the Danian. Globigerina and related species are extremely
rare and small in this part of the section. They belong to triloculine types as
G. daubjergensis Bronnimann and G. trivialis Subb., which already begin to
occur in the upper part of the Stevnsian.

At 10 m below the junction, and again, at about 3 m above it in the
Danian, Globigerina species are not so rare as in the region of the junction
itself. The average diameter of Globigerina in the deeper part of the Stevnsian
and the upper part of the Lower Danian is about 0,3 mm. In the Stevnsian
Biglobigerinella species occur, and in the uppermost part extremely small speci-
mens of triloculine Globigerinae, with diameters less than 0,09 mm. In the
Danian begin the groups® Globigerina daubjergensis, Globigerina pscudo-
bulloides and Globigerina compressa.

The Lower Danian: Zone of Tylocidaris 6dumi Briinnich-Nielsen

In 1938 the author introduced the term Lower Danian for deeper parts of
drill-hole sections in Sweden and correlated it with the lower and partly the
middle unit of the Danish Danian according to Rosenkrantz 1937. In 1957
Sorgenfrei (Lexique de stratigraphie internat. vol. I, part 2 d.) called the
same units number 1, and 2. Wind, 1954 (see p. 6.) named five zones of
the Danian. It seems that his zone I and II can be correlated with the author’s
Lower Danian. According to Rosenkrantz and Sorgenfrei the unit 1 begins
with a few centimetres of clay — the “Fish Clay Formation” — and a hard
limestone of 0—1 m, the “Cerithium Limestone Formation”. Above the
“Cerithium Limestone Formation” in unit 2 follow, according to Rosenkrantz
the three T'ylocidaris zones: Ty. 6dumi, T'y. abildgaardi, T'y. briinnichi; Sorgen-
frei (1957) does not mention these zones. The author’s “Lower Danian” was
known only from drillholes. It was characterized by its bryozoan limestones
and its poor foraminiferal fauna. At Limhamn the lower part of the Danian
1s limited both petrographically and paleontologically. It begins with the bed
¢ WicHer (1953) and other German stratigraphers could not find Stensidina pommerana in the
upper part of the Maastrichtian. They distinguished a zone without Stensidina. Quite apart
from the impossibility of using the lack of occurrence of a fossil as a character of a stratigraphical
unit, Stensidina occurs throughout the 500 m of the Maastrichtian in Sweden, both in the
Moenian and the Stevnsian, including the uppermost beds below the Danian.

Horker in 1957 (Foraminif. d. Oberkr.) found that in his Lower and Upper Maastrichtian
Stensidina  altissima HoFKER occurs, and that Stensidina pommerana disappear already in the
Lower Maastrichtian. He noted that Stensigina does not occur in the deep between — 50 to
260 m in the well at Hollviken in Sweden. This is an important mistake, because St. pommerana
is found rarely in all layers of this depth. On the other hand this species occurs often in this
part sparsely. Stensidina esnehensis NAKADY in contrast to Horker’s opinion 1956 and 1957
was never found in the Maastrichtian in Sweden or Denmark.

5 It seems that the Paleocene globigerina species represent only certain especially local types,
which are possibly restricted to stratigraphical units. This is demonstrated by the very variable

shape in the figures given by LoeBLicH and collaborators in 1957. Before a revision of these
variations is completed, it is practical to name them in a broad sense as “sensu lato’ or as

groups.
2--591255. SGU, ser C 571. Brotzen
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DA 4, which may be correlated with the Cerithium Limestone in Denmark.
Above this bed follow several limestone layers of which loose bryozoan-frag-
ment limestone beds dominate over the hard layers. Flint nodules occur in all
beds. Tylocidaris dumi Brunnich-Nielsen, T'yl. abildgaardi Ravn and Tylo-
cidaris windi n. sp. are found in these layers — rarely in the hard base, but
fairly commonly in the other layers. It is of stratigraphical value that all these
three species occur together and are often found only a few centimetres apart.

Hitherto, no secondary fossils from the Stevnsian, including foraminifera
and coccoliths, have been found in the lowermost Danian. Other fossils of
the Lower Danian have already been named in the foregoing chapter. Apart
from the Tylocidaris species, Echinopneustes sulcatus seems to be restricted
to the Lower Danian of Denmark and Sweden as Ravn noted already in 1928.
Terebratules, crinoids, asteroids and echinids are not rare.

The characteristic sediments of the Lower and Middle Danian at Limhamn
are built in general of bryozoan fragments (see fig. 7 and pl. 3). Abildgaard,
in his description of the geology of Stevns Klint, had already figured the undu-
lations of the limestone beds of the Lower Danian, which Rosenkrantz in 1937
interpreted as reef bedding (Rosenkrantz 1937, Brotzen 1938 and 1956; see
also Hadding 1941). The expression “reef” for the structures of the Danian is
not fully correct, because these elevations of the sea bottom never reached to
the surface of the sea. The term bioherm for the reefy mounds in the seas used
by Cumings and Shrock (1928) will be more useful than reef. It is planned to
give a detailed description of the bioherm structures at Limhamn in another
paper. Here only their main characters will be noted. In the Lower Danian
at Limhamn, small ridges of limestone begin to develop above the basal bed,
lying more or less north-west to south-east. Individual layers increase in thick-
ness towards their centres, and new beds occur on top of such ridges. Cores of
ridges may be irregularly bedded, or all bedding may have disappeared, but at
the margins of the core bedding is perfectly preserved. The spaces between
the ridges are irregularly filled with material removed from the tops of the
ridges. Coral limestones are developed on the margins of the bryozoan bioherms
(figs. 5, 6, 7, 8 and pl. 3). New ridges begin on the sides of the older gener-
ation of ridges. It should be noticed that coral limestones occur only on the
flanks of the ridges, thus being comparable with fringing reefs on recent atolils.
It seems that each group of bioherms finished with more or less massive lime-
stone beds on their top. These limestones form a final surface on which a new
cycle of bioherms begins.

The bioherms of the Lower Danian = zone of Tylocidaris dumsi are slightly
undulated, and the angles at their margins are of a few degrees (up to 10°).
The ridges are flat. Coral limestones (or possibly more correctly, corralline
limestones) have not been observed in the Lower Danian.f

¢ SORGENFREI (1957) in Lexique Stratigraphique introduced the new term “Corallian lime-
stone” as a “Rock Term” applied as a formation-name, for the lower part of his zone 2.
“Corallian” has long been reserved for a stage of the Upper Jurassic containing other rocks
besides limestone. Hence, it is confusing to use the term “Corallian Limestone Formation”
for a formation in the Danian.
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Fig. 8. Limhamn Quarry: East wall between — 20 m and — 70 m. Coral limestones or
muddy limestones on the flanks of the bioherms. B = broken material for production, K =
coral limestones, M = muddy or compact limestone. Compare fig. 5, p 10.

The compact limestone beds on top of the first series of bioherms cannot
be followed over all the exposed part of the quarry, but the new series of bio-
herms has a character distinctly different from the lower ones. The boundary
between the Lower and Middle Danian at Limhamn is therefore very well
marked. The thickness of the Lower Danian varies from 8—15 m, and on the
average will be about 10 m. At present the Lower Danian is exposed all over
the —60 m floor.

Correlations between the section at Limhamn and the profile at Stevns
Klint in Denmark are not difficult. Rosenkrantz in 1937 figured and described
the details of the sections on this cliff. It seems that the uppermost bed of the
Stevnsian has been destroyed by some means and a so-called “grey chalk”
(Graakrid) completes the preserved sediments of the chalk. In depressions in
its irregular surface lies a greyish chalk with derived fossils from the Stevnsian;
this is the so-called “Fish Clay” (fiskler), so named on account of the many
teeth and bone-fragments of fishes. According to Rosenkrantz 1932 and 1939
the surface below the “Fish Clay” is often hardened, and “Fish Clay” beds do
not occur regularly between the “Grey Chalk” and the following beds. Accord-
g to Rosenkrantz (1937 and 1939) and Sorgenfrei (1957) the “Fish Clays”
are the beginning of the Danian and the hardened beds are the preserved top
of the Stevnsian. On top of the “Fish Clay” or sometimes directly on the
Stevnsian follows a hard limestone bed called the Cerithium Limestone. This
hard limestone contains a fauna of typical Danian character (Rosenkrantz
1939). Its thickness varies from a few centimetres to one metre. About 10—
15 m higher up bryozoan limestones have been deposited, described schematic-
ally by Rosenkrantz. At its base, Rosenkrantz observed locally an indistinct
conglomerate. Thus a correlation between the Danish and Swedish sections
should be made as follows:
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DENMARK SWEDEN

deepest beds of bryozoan limestones  deepest beds of bryozoan limestones

local basal conglomerate not observed
“Cerithium Limestones” hard basal limestone
,Fish Clay’” only locally present not observed hitherto

Stevnsian hardened beds of the uppermost chalk

The Middle Danian: Zones of Tylocidaris rosenkrantzi n. sp. and
Tylocidaris briinnchi Ravn

On the top of the compact limestones representing the youngest beds of
the Lower Danian new groups of bioherms begin. Over this second a third
group of bioherms is developed and both together are united as the Middle
Danian. The author named Middle Danian different bryozoan and coralline
limestones well distinguished by facies and fauna from the Upper Danian
limestones (Brotzen 1938 etc.). It was known in Sweden from drill-hole sec-
tions as well as from the quarry at Limhamn. Its thickness could locally reach
more than 100 m. The new exposure at Limhamn demonstrated that the two
groups of bioherms are distinguished by different T'ylocidaris species. In the
lower one occurs Tylocidaris rosenkrantzi n. sp. The higher group contains
only varieties of spines of T'ylocidaris briinnichi Ravn.

Both zones are of more or less the same pertrographical character. Rosen-
krantz (1937, 1939), Sorgenfrei (1957) take both groups as one unit, “nr 2”.
It seems that Wind (1954) does not differentiate between these zones (zone
IIT = Middle Danian).

The lower group has a thickness up to 30—35 m and the upper one can
reach the same thickness, but is generally less. In both groups the bioherms
form a system of high and long ridges, generally extending from the north-
west corner of the quarry to its south-east corner. All the ridges are built up
of a very variable system of small growth-centres of bryozoan fragment lime-
stone. In some soft limestones beds of flint nodules occur. All the types of
bedding described before occur in both zones. Lenses of a hard and dense
limestone have grown on the flanks of the ridges, often characterized by corals.
But the corals are not the dominant element of these rocks, although they
give the rock a specific aspect distinguishing it from the bryozoan limestones.
Often the corals are weathered and are therefore preserved only as casts.
These coral limestone lenses are not very large. Their diameter may range
from 1—20 m and their height from a half to 10 m. Fossils, apart from bryo-
zoans and foraminifera, are not abundant. Echinocorys sulcatus, some terebra-
tula species and crinoids are not rare. Also Gryphea, group Gr. vesicularis can
be found in all beds. Gastropods are generally preserved in the coral lime-
stone. By systematic collection of fossils it is possible to get a large number
of species from the Middle Danian, especially from the coral limestone. But
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in general the picture of the entire fauna of the Middle Danian is uniform,
and the state of preservation of the dominant bryozoans is poor. It may be
noted that Crania brattenburgicus (Schlotheim) already occurs? in the lower
part of the Middle Danian.

The lower zone is well exposed in the Limhamn quarry in the upper part
of the walls over the —60 m floor, and partly over the —40 m floor. The
north-south walls show transverse sections through the main ridge and its
deposition. Sections in other directions are difficult to understand. In their
central cores the limestones are harder than at the margins, and often crudely
bedded. Coral limestones occur rarely in the central part but are more com-
mon on the sides of the ridges. Towards their margins the ridges become
gradually fine-bedded, with intercalated soft and hard limestones and even
flint nodules becoming more common at the edges than at the centre.

On the north as well as on the south flanks of the main structure the bedding
becomes more regular and horizontal. But on the core margins the dip of the
beds may reach an angle of 30°.

The upper group of bioherms is characterized by Tylocidaris briinnichi and
can be studied over and under the —20 m floor. The boundary between the
T. rosenkrantzi and T. briinnicht zone is not always distinct. There occur
often one or several compact limestone beds, similar to those which divide the
Lower and Middle Danian bioherms. It seems that at several places these top
beds were destroyed before the sedimentation of new bioherms began. The last
group of bioherms achieve their greatest thickness over the crest of the lower
ridge and reach there a maximum height of about 30 m, easily observed in
the north-west corner of the quarry. Transverse sections are exposed on the
west and east walls of the quarry over the —20 m floor. Coralline limestone
lenses are more common in this group than in the older one. On the margin
of the main ridge they occur commonly and are preserved on the northern
flank. Quarrying has removed them from the southern side of the main ridge,
where they were clearly visible during the time before 1940. At present the
southern wall of the quarry is too far from the flank region with coral lime-
stones and therefore they occur rarely in this section. Sections figured by
Hennig show their situation on both sides of the main ridge. The fauna seems
to be richer in the T'ylocidaris briinnichi zone than in the older ones. Tere-
bratula, Gryphea, Dromiopsis and Echinoides occur abundantly. Galathea can
be found occasionally. Crania brattenburgicus occurs throughout the entire
zone. Echinocorys sulcatus is common, but Echinocorys obliquus rare. Crinoids
and asteroid plates and parts are not rare. Higg in 1940 noted from Annetorp
and Limhamn:

Pleurotomaria niloticiformis Schlotheim, Emarginula coralliorum Lundgren, Trochus sp.,
Patella sp., Eocypraea bullaria Schlotheim, Palaeocypraea suecica Schilder, Palaeocypraea
spirata Schlotheim, Polynices (Lunatia) sp., Crepidula sp., Metacerithium selandicum Lund-
gren, Tenagodus ornatus Lundgren, Scala (Acrilla) elegans Ravn, Tritonium (Sassia) faxense

7 Crania brattenburgicus (ScHroT.) generally known as Crania tuberculatus NiLssoN revised by
G. CarwussoN 1958.
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Ravn, Tritonium (Lampusia?) subglabrum Ravn, Tudicla sp., Siphonalia ravni n. sp., Hagg,
Scaphella faxensis Ravn, Volutomitra quinqueplicata Ravn, Admete? biplicata Ravn, Clavatula
(Surcula) faxensis Ravn, Arca (Acar) forchhammeri Lundgren, Arca (Acar) tenuidentata
Hennig, Arca (Cucullaea) crenulata Lundgren, Arca (Isoarca) obliquedentata Lundgren,
Glycymeris sublenticularis Ravn, Limopsis obesa Ravn, Brachyodontes (Septifer) lineatus Sow.,
Lima (Ctenoides) holzapfeli Hennig, Lima (Mantellum) densestriata Hennig, Pecten (Chlamys)
tesselatus Hennig, Pecten (Camptonectes) monotiformis Hennig, Pecten (Syncyclonema) nilssonia
Goldfuss, Amussium inversum Nilsson, Spondylus danicus Ravn, Spondylus dutempleanus
D’Orb., Spondylus faxensis Lundgren, Ostrea canaliculata Sow., Ostrea hippopodium Nilsson,
Ostrea reflexa Ravn, Ostrea vesicularis Lam., Isocardia faxensis Lundgren, Cardium schlotheimi
Lundgren, Cardium (Protocardia) vogeli Hennig, Pholadomya clausa Hennig, Cuspidaria
sp. Nautilus bellerophon Lundgren, Nautilus (Hercoglossa) danicus Schlotheim, Nautilus
(Hercoglossa) fricator Beck. Crania brattenburgicus (Schl.), Crania brattenburgicus var. transversa
Lundgren, Crania (Isocrania) ignabergensis Retzius var. costata Sow., Rhynchonella incurva
Schlotheim f. typica, Rhynchonella incurva Schlotheim var. faxensis Posselt, Carneithyris
carnea Sowerby, f. typica, Carneithyris carnea Sowerby var. incisa v. Buch, Chatwinothyris
lens (Nilsson), Gibbithyris subrotunda (Sowerby) f. typica, Neoliothyrina fallax Lundgren f.
typica, “Terebratula’® mobergi Lundgren, Terebratulina striata Wahlenb. var. chrysallis
Schlotheim, Terebratulina striata var. striatula Mantell, Megathiris koeneni Briinnich-
Nielsen.

Nearly all these species are found in the Middle Danian. It seems that
Hercoglossa danica (Schl.) is restricted to the Middle Danian and especially
to its upper part.

The foraminiferal fauna is much richer in species than the lower zone in
the Middle Danian. Munthe published several foraminifera from the Danian at
Limhamn (1896), but according to the usage at that time the species were
determined in a very broad sense and their exact stratigraphical position is not
given. The foraminifera species hitherto published by the author (1940, 42, 45,
48) from the Middle Danian are as follow:

Ataxophragmoides frankei Brotz. Cibicidoides constricta (v. Hag).
Marssonella oxycona (Rss) Cibicides voltziana (D’Orb.)
Arenobulimina sp. sp. » beaumontiana (D’Orb.)
Eggerella sp. » aff. lobatulus (W & 1)
Siphonodosaria sp. » hemisphaera (Rss)
Bolivina selmensis Cush. Anomalinoides danica (Brotz.)
Bulimina plena Brotz. Anomalinoides aff. acuta (Pl.)
Spirillina vivipara Ehr. = C. taylorensis Brotz.

» recta Brotz. Karreria fallax Brotz.

» subornata Brotz. Alabamina dorsoplana (Brotz.)
Conorbina conula Brotz. Osangularia lens Brotz.
Pullenia aff. americana Cush. Pulsiphonina eklundi (Brotz.)
Rosalina aff. ystadiensis Brotz. Coleites reticulosus Pl.
Discorbis binkhorsti (Rss) Globigerina triloculinoides Pl.
Valvulineria, laevis Brotz. Globigerina daubjergensis Bronn.
Gyroidina mitida (Rss) Globigerina pseudobulloides Pl.
Gavelinella bullata Brotz. Globigerina compressa Pl.
Eponides aff. lunata Brotz. Hastigerina n. sp. = Globigerinella aspera (Ehr).

»  frankei Brotz.

The foraminiferal fauna of the Middle Danian is much richer than noted
here, especially in the occurrence of several arenaceous species and many
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Lagenidae, and in particular, the Polymorphinidae begin in the Middle
Danian with many new genera and species.

A detailed correlation of the Swedish Middle Danian with the Danish se-
quence is difficult. It seems that in the famous quarry of Faxe, one of the
type-localities of the Danian of Desor, there occurs a fauna similar to that of
the Tylocidaris briinnichi zone at Limhamn. It is possible that there the
upper part of the Tylocidaris rosernkrantzi zone may also be preserved. Odum
11926) ranged this occurrence in the upper Middle Danian. Sorgenfrei (1957)
placed the corallian limestone interbedded in the bryozoan limestone at Faxe
at the base of his division “2” of the Danian, which should be correlated with
the upper part of our Lower Danian, or the lower part of our Middle Danian.
These differences in the Middle Danian on both sides of the Oresund may
possibly have a tectonical background.

In the sections drilled south of the Malmé region, near Skanér and Trelle-
borg the presence of the Tylocidaris dumi zone could always be observed, but
it seems that there the T'ylocidaris rosenkrantzi zone has disappeared and
that the 7. briinnichi zone follows directly above the Lower Danian. Thus the
possibility also exists that in certain regions of Denmark, especially on See-
land and near Faxe the lower part of the Middle Danian was not deposited,
or that it was destroyed after deposition. The conglomerate at the base of
the Middle Danian, noted by Rosenkrantz (1938) confirms the impression
that in Denmark there is a break in sedimentation between the Lower and
Middle Danian. North of Malmé the Middle Danian increases to more than
100 m in thickness (Brotzen 1942). A change of facies and an increase in
its thickness is also observed towards the south-east, where the bryozoan lime-
stone changes to fine grained limestones. Typical examples of changing of
sediment and facies are the little quarries and outcrops near Smygehuk (=
Ostratorp). There occur well-bedded grained limestones intercalated with
many flintlayers with Tylocidaris briinnichi and Tyloc. herupensis. The layers
belong to the zones of the highest Middle and lowest Upper Danian, in a facies,

lacking at Limhamn.

The Upper Danian: Zone of Tylocidaris herupensis Wind

The Upper Danian in Sweden was described by the author in 1938 and
correlated with the zone of Tylocidaris vexillifera var. typica Ravn in Den-
mark according to Brinnich-Nielsen (1938) and Rosenkrantz (1938). It was
divided into a lower and an upper part: the sections published in 1940 showed
that the first is exposed at Limhamn, the second at Klagshamn south of Lim-
hamn. At the top of the upper part there the Paleocene is exposed (Holst and
Gronvall 1907 and Brotzen 1948).

Generally the Middle and Upper Danian in Sweden are well distinguished
by their sediments and fauna (see Brotzen 1948). In the Upper Danian, from
the base to its top continuously bedded hard and soft limestone beds are
intercalated with flint-beds, or strata with irregular flint-nodules. The number
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of flint-beds increases from the base to the top. The characteristic bioherm
building of the Lower and Middle Danian does not occur in any part of the
Upper Danian either at Limhamn or other Swedish localities. The flint-beds
or strata with flint-nodules may increase in numbers as well as in thickness.
A few kilometres south of Limhamn at Klagshamn the flint-beds predomina-
ted over the limestone and were a hindrance to the modernisation of the
quarry, which was filled with water in 1940. Certain flint-beds there reach a
thickness of 2 m. On the south coast of Scania at Smygehuk (formerly Ostra-
Torp), Upper Danian also occurs and there the flint-beds are more numerous
than the limestone layers.

Bryozoans occur in all layers of the Upper Danian, but in the rocks they
are never a predominant element as in the Middle and Lower Danian. Ror-
dam (1897) in his fundamental sedimentological analysis of the rocks of the
Danian has introduced the term “coccolith’ limestone”. According to him
certain soft limestones of the Danian contain a large number of coccolith
elements, which could be isolated by washing. Such fossils occur also in other
Cretaceous sediments and it was possible to isolate coccoliths from Stevnsian
chalk and from all horizons of the Danian. After Rérdam’s publication very
different limestones of the Danian were called coccolith-limestones.3

The limestones of the Upper Danian in Sweden are fine grained, partly
harder beds, partly loose rocks. Such fine grained limestones, especially the
loose ones were studied by Roérdam and called coccolith-limestone. This term
was later used for many dense limestones of the Danian, generally without
microscopical control. Thus “coccolith limestone” were named from ditferent
parts of the sections, and the hard limestone at the base of the Danish Danian
the “cerithium limestone” was also called coccolith limestone; possibly there-
fore that coccoliths do not occur there or are extremely rare! Many of the
loose limestones of the Upper Danian are easy to wash, when they have been
exposed for some years. In their finest residues-below 0,01 mm a great number
of coccolith elements occur, like those described by Rérdam. The majority
belong to a new species Cribrosphaerella danica n. sp.?

8 Publications in the languages of small nations are easily neglected outside their home countries,
and the name Roérdam is relatively unknown because he writes in Danish generally with sum-
maries in French. But all his important sedimentary petrographical work, with its exhaustive
descriptions of rare and heavy minerals in the sediments is nearly forgotten in Scandinavia
and his homeland. Not one of these papers is named in the reference list of the section on Den-
mark in the 1957 volume of the stratigraphical lexicon, but his petrographical terms “bryo-
zoan limestone” and “coccolith limestone’ were long time used as stratigraphical units of the
Danish and Swedish Danian.

2 A description of the coccoliths of the Swedish Danian is in preparation. The main element
in the Upper Danian is

Cribrosphaerella danica n. sp.
Textfig. 7.

Oval, the margins with variable numbers of knots, between 18—24, generally 24. Central
plate irregularly perforated, between margin and central plate a dividing zone, long axis
10—18 u and short axis 8—11 p. Margins breadth 2—2,5 u.

This new species is related to Cribrosphaerella ehrenbergi (ArcH), which was figured originally
1912 in different figures (pl. VI figs. 19—20). The first one is regularly perforated in the cen-
tral part. Such types are also noted by Gorka 1957, who measured a long axis of 6 ux and
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7 8

Fig. 9. Cribrosphaereclla danica n. sp. Limhamn Quarry; lower part of the Upper Danian.
Phas-microscope 2 000 x.

the numbers of perforations as 29 in the central part. From this type the new species is
well distinguished by the irregularity of the pores on the central part, their lower numbers
and the size of the margins divisions. The second type figured by ARCHANGELSKY is much
larger and its long axis is possibly 12 . Its margin is more or less of the same shape as that
of the new species. A dividing zone occurs in the Russian and the Swedish specimens. In the
Swedish ones this zone is smaller than in the Russian species. The perforations of the central
part are regular and smaller in the Russian species, than in the new one. Small plates with
a diameter of only 7 u occur besides the large specimens and these are of the same shape as
the large ones.
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Fig. 10. Upper Danian grained limestons, Klagshamn Quarry. A - generally large crystallized

background, few parts cof muddy limestone containing coccoliths. Ioraminifera occurring

both in crystallized as well in muddy masses. 100 x. B. = Muddy limestone with coccoliths

and few isolated larger calcite crystals, large foraminifera occurring in the muddy masses.

100 x.C & D. = Residue of wasized sample containing calicite crystals, spongia needles and
foraminifera 50 x.

It seems that inorganic elements are more characteristic than coccoliths for
the Upper Danian limestones. The loose limestones contain mainly small nee-
dles of calcite. In the softer limestones which intercalate the hard beds, these
loose crystals give the impression that the limestone is a fine sand in which
calcite grains occur instead of quartz grains. Therefore Rosenkrantz in 1938
and Brotzen in the same year used the term “limestone sand”, which is not
quite correct, but the term sand can also be used as foraminiferal sand or mol-
lusc sand. It is difficult to find a correct term for this rock. A great number of
foraminifera and small shell fragments are embedded between the calcite
crystals and the fine grained ooze of small crystals and coccoliths among the
Jarger crystals. It seems that the calcite crystals are congenetic with the sedi-
ment and therefore the terms crystalline limestone or crystal-grained lime-
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stone can also not be used. A term for these limestones used to be Saltholm
Limestone, after the type locality, the island of Saltholm east of Copenhagen.
Saltholm Limestone was used partly as a petrographical term und synonymous
with coccolith limestone, partly as a stratigraphical unit. Therefore the use of
this term is questionable if errors are to be avoided. Grained limestone from
the Upper Danian or loose grained limestone seems to be a correct deter-
mination of this characteristic rock of the Swedish Upper Danian. In 1957
Troelsen used the term Calcarenite. This name was suggested by A. W. Grabau
for a “Limestone or dolomite composed of coral or shell sand or sand derived
from the erosion of older limestones”. The term by itself is derived from the
latin for lime and sand. It is terminologically identical with our “Limestone
sand”. But according to the suggestion of Grabau it means another type of
rock, different from the Upper Danian one.

The fauna changes suddenly between the Upper and Middle Danian. A
superficial study shows immediately the rarity of bryozoans in the Upper
Danian. Echinocorys sulcatus disappears in the upper part of the Upper Danian
and Echinocorys obliguus occurs frequently. The species of crinoids and
asteroids are different (Wienberg-Rasmussen 1952). The foraminiferal fauna
is characterized by the dominance of Globigerina. Many foraminiferal species
occurring here do not occur in the Middle Danian or are rare there. Such
species continue into the Paleocene. Species noted in the list on p. 23 from the
Middle Danian which occur rarely or are lacking in the Upper Danian are:

Bulimina plena Br.
Spirillina subornata Br.

Species rare in the Middle Danian and common in the Upper Danian are:

Karreria fallax Rh.
Coleites reticulosus Pl.

New in the Upper Danian are:

Ataxophragmoides frankei Br. . . . . . . . . . . . . .. ... . Br. 1948 p. 36
Pseudoclavulina anglica Cush. . . . . . . . . . . . . . . . ... » » 37
Gaudryina of faujasi (Rss.) » s w o oo % % 050 2 % & % S % W% % 5 » » 38
Robulus discus Br. . . . . . . . . . . . ... .. » » 42
Astacolus paleocenicus Br. . . . . . . . . .. .. ... ... .. » » 43
Citharina plummoides Br. . ' & o 4 v o v v w e w8 v % w5 & E e » » 45
Palmula aff. elliptica Nilss. . . . . . . . . . . . . . . . . . . . Br. 1937
Sigmomorphina soluta Br. . . . . . . . . . . . . . . .. .. L. 1948 » 53
Bulimina paleocenica Br. . . . . . . . . . . . . . . . . .. .. » » 61
Pyramidina curvisuturata (Br.) . . . . . . . . . . . . . . . ... 1940 » 29
1948 » 62
Angulogerina europaea Cush. & Edw. . . . . . . . . . . . . .. » » 69
Elphidiella prima (Ten Dam) . . . . . . . . . . . . . . ... » » 70
Cibicides sahlstromi Br.. . . . . . . . . . . . . . . . . .. .. » » 85
Coleites danicus Br. . . . . . . . . . . . . .. .. ... ... » » 113

The foraminiferal fauna of the Upper Danian contains many more species,
especially Polymorphinidae, Lagenidae and Buliminidae. In general the fora-
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miniferal fauna of the Upper Danian is more ciosely related to the Paleocene
than to the Middle Danian association of genera and species.

At Limhamn the Upper Darian shows best in the southern wall. There the
regular bedding of the Upper Danian can be seen and it reaches a thickness
of 10—15 meters. The greatest thickness of this unit has been observed in the
southwestern corner of the quarry. All layers dip slightly to the south or
southwest. One or two layers of dark greenish clayish limestone in the south
wall of the quarry (see Brotzen 1940) contain fossils from the Middle Danian,
which have been redeposited there. These layers can be considered as a
bottom conglomerate of the Upper Danian. The fact that Middle Danian
fossils occur in different parts of the Upper Danian demonstrates a successive
transgression. In the western wall, and even better, in the eastern wall it is
possible to follow the transgression of the Upper Danian over different beds
of the Middle Danian. The main ridge of the Middle Danian bioherm was
at that time a real reef, or barrier, reaching above sea level. These reefs or
barriers were successively submerged during the first period of the Upper
Danian, from both the southern and the northern directions. Besides Middle
Danian fossils there are also foraminifera and other small fossils from the
Stevnsian and Moenian redeposited in the Upper Danian. Already earlier the
occurrence of these fossils had been regarded as evidence of tectonic movements
at the end of the Middle Danian and the beginning of the Upper Danian.
During this time the Maastrichtian in the region of the Romeledsen west of
Malmé was raised, and it was already being destroyed during this movement,
since it came above sea level (Brotzen 1945).

The steep walls and the mechanical method of quarrying hinder the col-
lecting of fossils from the Upper Danian at Limhamn. It has hitherto been
impossible to find Tylocidaris spines there. Therefore the author was very
surprised to discover some characteristic spines of this species in the collection
of D’Orbigny in the paleozoological department of the Muséum d’Historie
Naturelle at Paris, labelled Scania, Sweden. The possibility exists that the labei-
ling is a mistake and that these fossils came from Denmark. But the localities
from which these large spines are known were few and not exposed during
D’Orbigny’s time. The only locality open in Denmark was Saltholm and there
the spines are generally of smaller size. But during D’Orbigny’s time, the Upper
Danian was exposed in many small quarries around Malmé, and it is not
impossible that the fossils came from such a quarry. This seems to demonstrate
that the guide fossil of the Upper Danian in its typical form occurs also in
Sweden. On Saltholm these spines occur fairly commonly in the same facies
of grained limestone as known from Limhamn. At Herfélge, south of Copen-
hagen this fossil may be found in a bryozoan facies. This helped to form the
opinion that in the marginal part of the transgressions of the Upper Danian
sea the facies changes from the bryozoan limestone to the grained limestones.
It is possible that in the central part of the Danian sea as in the basin in
Denmark the bryozoan limestone facies continued into the uppermost beds.
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The development of the Tylocidaris species and the stratigraphical
range of the Danian

The genus T'ylocidaris is known from the entire Cretaceous, possibly also
occurring in the Jurassic. The species from the Danian seems to be closely
related to T'ylocidaris clavigera (Kon.) from the Campanian and Maastrich-
tian. The relation between 7. clavigera (Kon.) and 7. édumi Br.-Nielsen
was noted by Ravn and Wind. It was considered by Wind that the other
species of the Lower Danian, T. abildgaardi, belongs to a same group as 7.
pomifer (Boll). But the stratigraphical range of 7. pomifer (Boll) is uncer-
tain; it may be that it occurs in the Maastrichtian and that it may be an
ancestor of Tylocidaris abildgaardi, which is abundant in the Lower Danian
and occurs rarely in the lower part of the Middle Danian at Limhamn. In
Denmark both of these T'ylocidaris species may be found together (according
to Wind 1954), but generally T. édum: begins earlier than 7. abildgaardi,
which is a good indicator of a younger zone of the Lower Danian in Den-
mark.

In the second group of bioherms Tylocidaris rosenkranizi is the successor
of Tylocidaris édumi and it is the last species of the group of Tylocidaris
which are related to Tylocidaris clavigera.

Already in the deeper beds of the Lower Danian there occurs Tyl windi
n. sp. which is the first species with “crowned” spines. With this species begin
the most characteristic Tylocidaris forms of the Danian. From the upper part
of the Middle Danian this group occurs alone. All the “crowned” spined
species are related to Tylocidaris vexillifera Schluter. The figures given by
Schliiter show the characteristic spines with wings, but their origin is
doubtful. According to Schliiter they are known only from the Baltic-chalk
with Belemnitella mucronata and from the Stevns klint. In his summary
Schliiter listed T'ylocidaris vexillifera from the Upper Senonian, but not from
the Danian! The specimens fig. 4 Schliiter resemble Tylocidaris é6dumi but
imperfect and differ in many details. The figure 3 shown belongs to a type
hitherto unknown from the type Danian. Thus it is uncertain in which way
Tylocidaris vexillifera is related to our Danian species. The crowned spines
belonging to T'yl. windi occur in the Lower Danian rarely, they are small and
their crowns indistinct. In the second bioherm at Limhamn such spines were
found occasionally abundantly. Their adult-size is larger than before, their
crowns distinct, but the wings remain small. This species is Tylocidaris ravni
n. sp. a direct successor of Tylocidaris windi. As noted before from the
next higher zone, in the third group of bioherms, only spines with distinct
crowns and wings are known. They belong to Tyl. briinnichi Ravn and differ
from the foregoing in the larger size of their spines, the larger crowns with
their broad and distinct wings. In certain beds the spines of Tylocidaris
briinnichi are very common, generally they can be found as well in bryozoan
as in coralline limestones. In the basal clays of the Upper Danian at Lim-
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hamn, Tylocidaris briinnichi is replaced and the spines are broken, rolled and
eroded.

The last species of Tylocidaris in the Danian is Tyl. herupensis Wind. In
lower beds of the Upper Danian the spines are similar to T'yl. brinnichi. They
are of the same size and their wings are only slightly larger than on 7. briin-
nichi spines. Such forms occur commonly at Saltholm in layers some metres
above the Middle Danian limestones. Large spines with long plates on their
ends will be found at Herfolge in Denmark and are the last development of
this group. As in the case of the first Tylocidaris spines in the Danian some
of the large spines of Tyl. herupensis occur without crown or wings. In the
Swedish Upper Danian Tylocidaris herupensis is extremely rare and there are
only a few specimens to demonstrate that in the Swedish Upper Danian also
only this species of the Tylocidaris group occurs.

Fig. 11 shows the distribution and development of the spines of T'ylocidaris
in the Swedish Danian, without reference to their distribution in the Danish
Danian. It seems that in Denmark the development is more or less the same
as in Sweden. T. abildgaard: is in Denmark confined to a special zone and
the zone with T. rosenkrantzi has not been distinctly distinguished there in the
lower part of Middle Danian. In the quarry of Faxe and from Klostergaard
Wind observed a group of Tylocidaris spines, in many ways similar to
Schliiter’s species which Wind described as Tyl. pomifer vexillifera Schluter
and figured a wide variety of them. According to Wind they occur on the
highest part of the Middle Danian, directly below the zone of Tyl. herupensis.
Specimens of such types are found at Klagshamn and are included by the
author in Tylocidaris herupensis Wind (see the paleontological description).

The table 2, p. 33 gives the stratigraphy of the Danian at Limhamn and
Klagshamn.

At least a few words of discussion are necessary on the correlation problems
of the Danian. A correlation table of the Upper Danian and the Paleocene
was published by the author in 1948 and has not changed much through
papers published during recent years. At the XXth Intern. Geol. Congress
at Mexico City Troelsen and the author gave lectures on the world wide cor-
relation problems of the Danian. Both reached independently of each other
the same conclusion that the Danian is a well characterized stage between
the uppermost Cretaceous and the Paleocene. Based on observations in Scan-
dinavia we included the Danian in the Cretaceous as in the original definition
of Desor: “Desor pense des lors qu’il faut envisager le calcaire de Faxoe, la
craie corallienne et le lambeau pisolitique de Laversine et de Vigny, comme un
étage particulier de la Craie, le plus récent de tous.” In the discussion at the
Mexico congress both Troelsen and the present author could give evidence for
this opinion.

In 1953 Subbotina published a monography on Globigerina and Globoro-
lalia fauna of the Russian Danian and Paleocene, the stratigraphical results of
which in general fit well with the distribution of these genera in Sweden.

In 1957 Troelsen published a paper, “On some planktoric foraminifera of
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Table 2. The Danian section in the Malmo region

clays, greensand and conglom-
erate
PALEOCENE

unconformity

The Klagshamn greyish grained limestones and
Limestones flint beds with abundant oc-
currence of Echinocorys obliquus.

about 20 m

yellow grained limestones and
flint beds. Echinocorys sulcatus
UPPER DANIAN Tyl. herupensis The Limhamn  common and Echinocorys ob-
zone Limestones liquus rare.
about 20 m

conglomeratic basal clay beds

unconformity

central ridge hard and middle
hard bryozoan limestones;
Bioherm Group marginal sediment well bed-

Tyl. briinnichi I1I ded  bryozoan limestones.
zone ° “Fore reefs” of coralline lime-
stones.
15—20 m
unconformity

MIDDLE DANIAN

top beds of dense limestone

central ridge with dense and
badly bedded bryozoan lime-
stones; lenses of coralline lime-
stones on the flanks of the
central part; well bedded bryo-
zoan limestones marginally

30—35 m

Tyl. rosenkrantzi  Bioherm Group
zone 1T

unconformity

top beds of dense limestone

fairly loose bryozoan limestone

8—12 m
LOWER DANIAN Tyl. odumi Bioherm Group
zone I basal hard limestone bed

unconformity

STEVNSIAN chalk

bl

the type Danian and their stratigraphic importance.” There he has a new

idea of the stratigraphical range of the type Danian. This new point of view
3—591255. SGU, ser C 571. Brotzen
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Troelsen built up on 6 samples from different localities of the Danian in Den-
mark and Sweden and only studied 4 Globigerina species. The paper is full
of mistakes of fundamental importance. Danian sediments were also laid down
in Poland and therefore the Danian sea was connected with the sea of the
Crimean Peninsula. This is in contradiction to his opinion that the Danian
must be united with the Montian of West Europe. All common geological con-
clusions are reached without such knowledge of modern biology of the bot-
toms of oceans as the occurrence of benthonic organisms interpreted as a
character of well aerated bottom water. A wonderful example of knowledge
of the Paleocene of Denmark and Sweden is the statement that “true plank-
tonic foraminifera have not been found, except for some specimens, which
from their appearance must be assumed to have reworked from the Danian
rocks.” Besides the regular occurrence of a rich “planktonic fauna” meaning
Globigerina and related genera (which cannot be planktonic ones) in many
sediments of the Paleocene of Denmark as well in the Seelandian and in the
Kertminde sediments a study of original samples of Maglehem could be of
value for Mr. Troelsen. The author published in 1948 the Paleocene of Magle-
hem, where the Globigerina species occur in a frequency of 40—50 % of
toraminiferal fauna, based on countings of more than 3 000 specimens. There
occur many species, lacking in Swedish and Danish Danian, but well known
from the Russian Paleocene according to Subbotina and also observed by the
author in many samples of the Paleocene of Denmark. The author is at the
time not able without finishing the researches on these species to give here
some specific names. The problems of nomenclature are not solved definitely
as for instance the large group of “Globigerinella” cannot be determined be-
fore a revision of the entire genus is finished. It should be of great value to
know how Troelsen came to the conclusion that the occurrence of “Globi-
gerinae in the Kerteminde marl of Denmark has not been confirmed,” with-
out studying the samples named in my paper 1948 p. 29, which are stored
in the Geological Survey of Denmark at Charlottenlund, Copenhagen. It is
a very common mistake on the part of paleontologists, to assume that fossils
not found hitherto could exist and to use this not demonstrated fact for strati-
graphical correlation. This mistaken assumption is used by Troelsen to solve
the stratigraphical correlation between the type Danian and the Midway
formation. “In as much as all these species (named by Brotzen 1948) have
aragonite tests and therefore could not possibly have been preserved in lime-
stone of the Danskekalk formation, although they may conceivably have lived in
the area in the late Danian time.” Apart from the main point of the argu-
ment, it seems to be funny that the foraminifera of the species named by
Brotzen with aragonite tests are very well preserved in Maglehem limestones
of Paleocene age and yet, could not possibly have been preserved in the Danian
limestone (see list of foraminifera in Maglehem limestone in Brotzen 1948,
where extremely thin tests of Lamarckina naheolensis are prefectly pre-
served).

In this connection it is very problematical whether the determinations of
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the four Globigerina species studied are correct. But the author does not wish
to make the same mistake of Troelsen, who added a question-mark on Globi-
gerina triloculinoides Plummer, in Brotzen 1948 without studying the originals.
I think it is of value in connection with the discussion of the stratigraphical
range of the Danian, to note that the author already in 1940 published the
frequency of Globigerina in the Swedish Danian and observed: “Hierunter
(Globigerina sp. sp.) finden sich Arten, die denjenigen aus der Midway-For-
mation nahe stehen. Also Globigerina pseudobulloides Plummer 1926, Globi-
gerina triloculinoides Plummer 1926, Globigerina compressa Plummer 1926.”
In the same publication is mentioned that the middle part of the Upper Danian
1s characterized by a maximum of Globigerina with a frequency up to 31 %.

For the discussion it may be of value that Troelsen noted the absence of
Globorotalia in the Seelandian. This genus occurs both in the Seelandian and
higher beds of the Paleocene of Denmark, not irestricted to Globorotalites
lobata Brotzen = Globorotalia lobata (Brotzen) only, but also species related
with “Acarinina” pseudotopilensis Subbotina and others.

Even Loeblich and Tappan in 1957 (a and b) studied some samples of
the Swedish and Danish Danian which resulted in world-wide correlation of
the Danian. The important new results for correlating the Calcaire piso-
lithique and the Danish-Swedish Danian (noted already by Desor 1846 and
before him by de Beaumont) are based on two foraminifera which should
have a vertical distribution from the Lowermost Danian to the Eocene (ac-
cording to the same authors in the same paper!). The correlation between the
Danish-Swedish Danian with the type Montian is based also on two “plank-
tonic” foraminifera in common in one sample of Mons and some sample from
the Danian. With the same methods the correlations of the Paleocene were
fullfilled, on a world-wide scale. Apart from the good descriptions and figures
of “planktonic” foraminifera by Loeblich and Tappan, their stratigraphical
correlation of the Danian lacks all background for a discussion.

I wish to conclude: 1) The Swedish and Danish Danian lies
always on the highest layers of the Maastrichtian, the
uppermost Stevnsian.

2) On the uppermost Danian, the Klagshamn lime-
stones, follows the lowermost Paleocene, the Seelan-
dian. The Seelandian is faunistically and petrograph-
ically well distinguished from the Danian.

3) Conglomerates, composed of hard parts of the
Stevnsian flint, phosphorites, and fossils are not
known on the base of the Danian; locally some fossils
from the Stevnsian occur in claysih beds on the base
of the type Danian. The break between Stevnsian and
Danian is not of importance (in facies and fauna).

4) The Seelandian begins always with a well marked
conglomerate, containing Danian flints, phosphorites,
and replaced Danian fossils. The break between the
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type Danian and Seelandian is larger and moredistinct
than the break between the Stevnsian and the Danian
(in facies and fauna).

5) The Seelandian in Denmark and Sweden contains
a foraminiferal and mollusc fauna different from the
type Montian. The same foraminiferal fauna is known
trom Paleocene in Central Poland (Brotzen-Pozaryska
1957) and from the Paleocene of Russia (Subbotina
1953).

6) On the Seelandian in Denmark follows Paleocene
containing a rich foraminiferal fauna, hitherto not
studied in detail. This fauna seems to be similar to
that of Middle and Upper Paleocene in England and
West Europe.

7) The entire fauna of the Danian is characterized
Ly the lack of some important groups of Cretaceous
fossils, but many others of Cretaceous fossil groups
continue into the Danian. Tertiary fossil groups begin
sparsely in the Danian. A definitive decision on the
range of the Danian into the Cretaceous or the Terti-
ary is impossible only on the fauna known hitherto.

8) The difference of fauna between the Maastrich-
tian and the Danian seems to be not larger than be-
tween theCampanian and the Maastrichtian. The num-
ber of ammonite genera and species diminishes suc-
cessively from the Campanian to the Maastrichtian
and they will have disappeared in the Danian.

9) Comparisons between Danian and Montian
faunae show that the Danian seems to be older than
the Seelandian and Montian.

10) A unification of Danian and Montian based on
faunistical and geological characters is impossible.

11) To range the Danian with the Cretaceous or the Tertiary is only
a question of convention

12) In my opinion no fundamental evidence has been
adduced which will necessitate changing the classical
range of the Danian as the youngest stage of the
Cretaceous to the oldest stage of Tertiary.
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Paleontological notes
On the spines of Tylocidaris

In 1892 Schliiter erected the new species Tyl. vexillifera, according to
Schliiter “vexilifera”, of which only the spines were known. The spines should
be found in white chalk with Belemnitella mucronata and at Stevns Klint
(Denmark). But the original locality is doubtful (see p. 30). Later on different
spines from different occurrences of the Danian were noted under the same
name. The stratigraphical distribution according to Odum, Ravn, Briinnich-
Nielser, Rosenkrantz and Wind has already been discussed on p. 30. All the
authors, who described these T'ylocidaris spines, have not hesitated to base on
them different species. Odum, who distinguished the different shapes of spines
in the different zones called them “formae” of Tylocidaris vexillifera Schluter.
Odum’s “formae” were replaced by Ravn as variations of Tylocidaris vexillifera
Schliiter. This procedure seems not to be fully correct, because these variations
include a wide variety of shapes, well distinguished from the type of Schliiter.
In accordance with the convention that the shape of the spine is a character
of different species Briinnich-Nielsen used the varietal names of Ravn as new
species names. Wright in his monograph on British Fossil Echinodermata
(1864—82) did not adapt this usage. His studies on Cidaris clavigera Konig,
which seems to be closely related to the Tylocidaris species of the Danian,
demonstrated that it would be difficult to determine a species on its spines
alone. He demonstrated that the spines of Tylocidaris clavigera (Kénig) in
their original position vary strongly and according to him a researcher must
be careful in founding species of Cidaris (or Tylocidaris and other related
genera) on spines alone. Brinnich-Nielsen and others found a regularity in the
occurrence of certain groups of spines in different zones of the Danian in
Denmark and Sweden, and in the occurrence of the same variations of spines
in the same stratigraphical position in different localities, which justified the
use of different species names. The author accepts for the stratigraphical pur-
poses the naming of the different varieties of spines as different species.

For several years, certain paleontologists have used a trinomenclature with-
out giving an exact definition of this procedure. The zoological use of tri-
nomenclature is restricted to geographical races or to subspecies representing
geographical varieties. Usually it will be difficult to distinguish geographical
races on fossils, which are generally more or less badly preserved parts of
animals. It would seem that if it is possible to distinguish the characters of one
fossil from another and to diagnose them by their characters, even when they
are very closely related then it must be possible to give them species names,
and a trinomenclature will be not necessary. In cases where it is difficult to
distinguish the characters of fossils, a trinomenclature likewise will not help to
show the relationship or the differences of fossils. Wind in his valuable paper
1954 used trinomina for the different species of T'ylocidaris of the Danian in
order to demonstrate the relationship of certain species. This procedure has
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here not been accepted. The different groups of spines are here described as
species even if all these species are some way related to Schliter’s Tylocidaris
vexillifera. Neither of the spines figured by Schliiter is characteristic of the
varieties of spines occurring in the Danian. Ravn tried to place them in his
Tylocidaris vexillifera (Schliter) forma typica Ravn, which Briinnich-Nielsen
restricted to Tylocidaris vexillifera Schliter from the highest zone of the
Danian. But none of Ravn’s 15 figured varieties from Herfdlge, Upper Danian,
can be compared with Schliiter’s specimens from the Maastrichtian. In the
same way, Wind’s attribution of Tylocidaris vexillifera Schliiter to T. pomifer
vexillifera (Schliter) is impossible. Wind figured 22 specimens from the upper-
most Danian at Klostergaard, Faxe and Herfolge, which differ from the origi-
nal types. Therefore the author is forced to abolish Tylocidaris vexillifera
Schliiter from the Danian fauna.
For the description of the spines the following terms are used:

body = the general club shaped part of the spine

neck = the smaller stalk of the spine

crown = large tubercles or wings on the apex of the spine
articulation = proximal part of the spine, which communicated with
the test.

The species occurring in the different zones of the quarry at Limhamn vary
very widely. Small specimens of spines show few characters, and they cannot
be attributed to a species as Wind already pointed out in 1954.

Tylocidaris 6dumi Briinnich-Nielsen
Pl. 1, Figs. 15—19, 24—30, textfig. 12a—c.

1923. Tylocidaris vexilifera, ScHLUTER? JEssEN og Opum, DGU R.II, No. 39,
p- 23, pl. II, fig. 23.

1926. » » » Opum, DGU. R. II, No. 45, p. 160,
forma y pl. I, fig. 3a, 3b, 3c, 3d.
1928. » » ScuLTER  Ravn, K.D.V.S. Ad. 9, R. I, p. 35,
var. abildgaardi pl. 1V, fig. 27.
1938. Tylocidaris odumi BronnicH-Ni1ELseN, DGFM. Bd. 9,
p. 126.
1954. Tylocidaris clavigera ddumi Winp, DGFM. Bd. 12, p. 481, Pl
(BRUNNICH-NIELSEN) XIII, fig. 1—10. 59—63.

There are two types of spines, one slender and cylindrical, slightly tapering
to its ends, the other club shaped with a rounded apex, body slightly tapering
to the neck. The neck of neither type sharply distinguished from the body.
Surface of the body and the neck with numerous longitudinal ridges, denti-
culated or build by coalescence of conical tubercles. Apex without crown or
larger tubercles.

The slender type: (pl. 1 fig. 24) the body is elongate, more or less cylindric-
al, the largest diameter 1/3—1/4 of the total length; apex hemispherical
or subacute. Body indistinctly distinguished from the neck, slightly tapering
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to the neck Extreme cylindrical types are given by Wind 1954, pl XIII fig.
5, and 9. They are often broken and entire specimens occur rarely. Observed
length at Limhamn 18 mm, at Nyvang Gaard, Denmark 21 mm. Intermediate
type: Elongate, slender spines, with a short, indistinctly limited body, the diam-
eter of which seldom exceeds that of the neck, neck long, slightly tapering to
the articulation. This type occurs rarely at Limhamn, seems to dominate at
Kagstrup, Denmark, typical specimens figured by Odum pl. I fig. 3a, 3b, Wind
1954 pl. XTIT figs. 2, 3, 4, 6, 7, 59, 60, 61, 63 and here pl. 3, figs. 26 and 27.
Length 20 mm and more. Club shaped type: pl. 3 fig. 28, 29, 30, Odum pl. I,
fig. 3c, Ravn pl. IV, fig. 27, Wind pl. XIII, fig. 1, 10, 62. Body slightly tapering
to the neck. The diameter of the body 2—3 times that of the neck, its length
varies from 1/2—3/4 that of the spine, the apex hemispherical, subhemi-
spherical or indistinctly acute. This type is the common one and the most
characteristic for the species and for its stratigraphical zone.

On all types of spines the tubercle-ridges are narrow and their bases are in
contact. The diameter on the bases is about 0,07 mm. The figures (textfig. 12)
show that small isolated rounded cones from the apex downwards coalesce in
ridges. Towards the neck the tubercles are isolated. Coalescence of the individ-
ual cones to form massive ridges without isolated peaks occurs rarely. Many
specimens of this species are rolled and their sculpture eroded, thus they loose
the original prickly surface. In such cases it seems that indistinct ridges run
over the spines. Near the apex all ridges are tapering. On the neck the ar-
rangement of cones in ridges is indistinct and they are distributed irregularly.

Relationship: Schliiter in 1892 noted, that spines figured by Abildgaard in
1759 are characterized by the lack of wings or crowns, which mark his Tylo-
cidaris vexilifera spines. Indeed, the figures of Clavulae Echinorum pl. IITa
and b show types which must belong to the species here described. His figures
c—f are well characterized as the second species — Tylocidaris abildgaardi —
from the same stratigraphical zone.

Wind noted a close relationship between T'ylocidaris 6dumi and Tylocidaris
clavigera (Konig), resulting in his trinomen Tylocidaris clavigera édumi.
Already the figures of Konig in Mantell's Geology of Sussex 1822, pl. XVII
are of very different general shape. Wright in 1868, who gave a review of the
different spines of Tylocidaris clavigera demonstrates other variation of spines
in general as observed in Tylocidaris édumi. In Tylocidaris clavigera except in
the cylindrical and slender spines the bodies and necks are well distinguished
from each other. Types with bodies constricted in their medial portion are
common in 7. clavigera and absent in 7. édumi (Textfig. 13). The most
distinct difference between these two species is the fine tubercle ridges in the
Danian species, and the larger and fewer denticulate ridges in T'ylocidaris
clavigera. The species occurring together in the same zone is Tylocidaris abild-
gaardi Brunnich-Nielsen, which is well distinguished by its smaller adult size,
by its globular body, by the more prominent cones or tubercles.

Tylocidaris rosenkrantzi n. sp. described in the following pages, is closely
related to T'yl. 6dumsi, but is distinguished by its larger spines, its main club-
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Fig. 12. Tylocidaris 6dumi Br.-N. Limhamn Quarry Bioherm I.
Specimen a. = pl. 1, fig. 30, 7 X

» b. » » » 28, »
c. » » » 26, »

» d. » » » 30, »
e

.= » » » 30, 12 x

shaped type has fusiform bodies, tapering to the apex and to the neck, its
longitudinal ridges are more solid, and their number always fewer than on
Tylocidaris 6dumsi spines of the same size.

Occurrence. Tylocidaris 6dumi Br.-Nielsen occurs already in the first layers
of the Danian on the top of the Stevnsian at Limhamn. Generally spines occur
in all the loose limestones, but they are never abundant. In the loose limestones
all fossils are broken and also the spines are seldom entirely preserved; to-
gether with the spines isolated plates of Cidaris tests will be found. It is im-
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Fig. 13. Tylocidaris clavigera Koen. Vaux Eclusier (Somme), Criel (Scine), Senonian 2 X.
Specimens from the collection of the Museum National d’Histoire Naturelle Paris, France.

possible to decide to which species the isolated plates of the test belong. In
the middle part of the Lower Danian the spines are more abundant. The
number of loose limestone beds becomes fewer in the upper part of the Lower
Danian, where hard layers are dominant. Therefore isolated fossils and also
spines are very rare in these beds. In the second group of bioherms this species
i1s not found, even though other echinid spines occur more commonly there
than in the Lower Danian. Even below the Danian in the Stevnsian chalk of
Limhamn not a single T"ylocidaris 6dumi spine has hitherto been observed.

According to Wind this species occurs abundantly in the Lower Danian of
Denmark. Already Abildgaard in 1759 has observed it at the type locality of
the Danian at Stevns Klint, but he remarked its occurrence also from the
uppermost chalk at Stevns Klint. The same vertical distribution is also noted
by Wind from Stevns Klint and from Nyvang Gaard in Jutland.

A holotype of this species was hitherto not designed. The author proposes
that the specimens figured by Odum pl. I fig. 3a—d should be the originals
for the species and fig. 3b the holotype. Odum named them T'ylocidaris Schlii-
ter forma 7. Locality of the types is Barmer L.

Tylocidaris abildgaardi Ravn
PL 1, figs. 1—14; pl. 2, fig. 1; textfig. 14a—Tf.

1926. Tylocidaris vexilifera SCHLUTER forma a Opum DGU R. II, No. 45,
p- 159, pl. 1, fig. la—-1h.

1928. » » » var. abild- Ravn, K.D.V.S. Afd. 9, R.
gaardi I, p. 35, pl. IV, fig. 26,
28—35.
1938. » abildgaardi RavN BronNicH-NIELSEN DGFM.
Bd. 9, p. 126.
1954. » pomifer pomifer (BoLL) Winp, DGFM. Vol. 12, p.

483, pl. XIII, fig. 11—24.
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Spines small, length in general less than 15 mm. Body and neck well distin-
guished, body globular, seldom shaped with slightly tapering to its ends. Apex
hemispherical or slightly acute, without crown or wings. Longitudinal ridges
of single tubercles or cones, which may here and there coalesce to form massive
ridges. The cones are acute, well preserved relatively tall. On the apex the
size of tubercles does not diminish, but near the neck and on the neck the
arrangement of tubercles is irregular and no distinct ridges are visible. The
diameter of the body is 2—4 times that of the neck, between 4—6 mm.

Remarks: This is the only species of Tylocidaris from the Danian of which
a test is known together with spines in their original position, figured by Ravn
on pl. IV, fig. 35. It shows that all preserved spines are more or less of the
same shape. This slight variation of the spine types is also well demonstrated
by the figures of Odum and Ravn. The globular body is dominant, and spines
with olive shaped bodies, or those in which the apex is acute as in figurs 1f,
1g, 1h, by Odum; figs. 16, 18 and 20 by Wind and here on pl. 1, figs. 11, 13
and 14 occur rarely. Aberrant shapes with more cylindrical body as pl. 1 fig.
12, are extremely rare. Even the tubercles and the tuberculated ridges vary
only slightly. On well preserved specimens the cones are more prominent and
the lines more widely spaced than in Tylocidaris 6dumsa.

Relationship: Wind in 1954 believed, that the spines of this Tylocidaris had
already been described and figured by E. Boll in 1846 (Geognosie der deutschen
Ostseelander, Neubrandenburg) as Cidaris pomifer, p. 145 pl. 2, fig. 3. It
seems that this fossil may belong to Ravn’s Tyl. abildgaardi, but this is very
uncertain. Boll’s fossils were found in chert boulders, possibly from the chalk
of Maastrichtian age. Boll distinguished already between fossils in boulders
of the chalk and the Fax6 formation of the Danian. Schliiter in 1892 p. 55
considers it possible that the Boll’s species could belong to his Tylocidaris
vexillifera, which also occurs in the Baltic chalk but not in the Danian
limestone. Boll’s figure is very poor and does not allow certain conclusions.
According to the figure the size of the spine and the body resemble those of
Tylocidaris abildgaardi, but its thin neck differs very much from the Lower
Danian species. According to Boll’s other figures of fossils on the same plate
it seems that the thin spine and globular body are real observations and not
schematic drawings. All his other figures are perfect in proportions, in the
molluscs, echinids, spongae as well as the foraminifera. Therefore the author
gains the impression that Cidaris pomifer Boll is a well distinguished species
and not synonymous with Tylocidaris abildgaardi Ravn. A trinomen for T.
abildgaardi or T. pomifer is not necessary, both are well distinguished.

Abildgaard in 1759 gave on pl. III fig. 4 a typical picture of a Tylocidaris
abildgaardi spine, with its characteristic shape and its longitudinal tuberculated
ridges. It is more difficult to decide if the spine in fig. 4c—e also belongs to
the same species.

The general shapes of this species, including both its tuberculate ridges and
the tubercles of the neck, is similar to that of the spines of Tylocidaris sdumi
Br.-N., which, even in the typical form of the apex, lacks crown or wings.
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Fig. 14. Tylocidaris abildgaardi Ravn. Limhamn Quarry
Bioherm I.

Specimen a. pr. 1001 7 X
b. » »

c. » 1004 »

d. » 1001 12 x

e. » 1003 12 x

£ » 1004 7 x f
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Fig. 15. Tylocidaris rosenkrantzi n. sp. Limhamn Quarry, Biolcrm II.
Specimen a. Pl 2 fig. 25 7 x
b. » » » 22 »

The two species differ in the size and shape of the bodies, so that they are
easy to distinguish.

According to Smisser (1935) there occur in the Maastrichtian at Geulern
and in the Montian at Mesvin and Ciply, spines described as Balanocidaris
hardouini Desor. It would be of great stratigraphical value to study these
spines carefully. It seems that the types of these spines with granular surfaces
may belong to T. abildgaardi or it is possible that 7. abildgaard:i is identical
with Desor’s species.

Occurrence: According to Odum, Ravn, Briinnich-Nielsen, Rosenkrantz and
Wind this species occurs in the lower part of the Danian. Odum noted its
occurrence in his two lower zones A and B, where Tylocidaris édumi and T.
abildgaardi occur together. Briinnich-Nielsen and Rosenkrantz assert, that both
species occur in different zones, of which 7. édumi is restricted to the lowest
and T. abildgaardi to the upper part of the lower Danian. The distribution
table by Wind shows that T'. abildgaardi is restricted to his middle part of the
Lower Danian, where the occurrence of T. 6dumi ended.

At Limhamn this species is very common in all layers of the Lower Danian
(the first group of bioherms). It is always associated with a few spines of 7.
ddumi. In the lower part of the second group of bioherms there occur very
rarely spines of the same size as 7. abildgaardi, without crowns or wings, the
body of which is olive-shaped and not globular. Their tuberculation also varies
from that of the typical ones and they have nct the longitudinal ridges of
tubercles. It is possible to attribute these aberrant forms with some reservations
to T. abildgaardi (pl. 2 fig. 1).

Holotype: A holotype has not hitherto been selected. The author proposes
to choose the specimen figured in pl. I fig. 1a by Odum 1926 as holotype.
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Tylocidaris rosenkrantzi n. sp.

Pl 2, figs. 17—36, textfig. 15a—b.

Spines large, length in adult between 15 to 2C' mm. Shape varies from
cylindrical, slender and long type to club-shaped forms. In all spines the
diameter greatest near the middle of the bodies. Bodies slightly tapering to
their ends. Apex rounded, hemispherical or complanate, longitudinal ridges
tuberculated or denticulated, solid beginning at the apex often ending near
the middle of the bodies, or running near to the neck. On other specimens on
the lower part of the bodies and on the necks the ridges disappear and only
tubercles occur. Bodies slightly tapering to the necks; diameter of necks about
1/3—1/2 those of the bodies. The longitudinal ridges have a breadth of 0,5—
1 mm.

Remarks: These spines vary extremely. There are two extreme types, the
elongate slender, with a tall body and the claviform one with large body.
The elongate slender type is nearly fusiform, slightly tapering to its ends, on
the apex complanate or nearly hemispherical. Such types (see pl. 2 fig. 25)
resemble Tylocidaris édumt spines as pl. 1, fig. 24, their swelling is more
distinct. The medium types are club-shaped, their bodies short, olive-shaped,
the length of the necks is the same as the bodies or generally longer than the
bodies; their apex complanated and hemispherical. This type occurs most
commonly (pl. 2, figs. 17, 18, 19, 20, 21, 31, 32, 33, 34, 35, 36). Many of
them show a slight enlargement of individual longitudinal ridges near the
apex. These may represent rudimentary wings, which are characteristic of the
other groups of spines in the Danian, as Tyl. windi, Tyl. ravni, Tyl. briinnichi
and Tyl. herupensis. Such rudimentary wings are visible in pl. 2 figs. 22, 30
and 36. The other extreme of this species is the most characteristic, relatively
large, fusiform bodies tapering to both ends, length of bodies twice their diam-
eter, maximum diameter near middle of body, length of neck approximately
equal to length of bodies, its diameter about half the diameter of the bodies.

Relationship: This species is closely related to 7. 6dumt but is well distin-
guished by its fusiform bodies, distinctly tapering to its ends, and the strong
longitudinal solid ridges, all characters lacking in 7. édumi. The size and the
other characters are so different that confusion with the small spines of T.
abildgaardi and their globular bodies will be impossible.

Occurrence: Spines of this species are restricted to the lower part of the
Middle Danian and they occur at Limhamn in the second group of bioherms.
In the middle part of the bioherm they occur more abundantly than in its
lower and upper part.

Holotype: Pl. 2, fig. 22. Collection S. G. U.

The species i1s named in honour of Prof. A. Rosenkrantz, Copenhagen, to
whom we owe thanks for his valuable studies of the stratigraphy and paleon-
tology of Danish and Greenlandian Danian.
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Fig. 16. Tylocidaris windi n. sp. Limhkamn Quarry.
Bioherm I
Specimen a = pl. 1 fig. 23
b= »1 » 22
Tylocidaris ravni n. sp. Limhamn Quarry. Bioherm II
Specimen ¢ = pl. 2 fig. 14.
d=» 2 » 12.
Tylocidaris brinnichi Ravn, Limhamn Quarry.
Bioherm III
Specimen e = pl. 1 fig. 37
All figs 7 X
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Tylocidaris windi n. sp.

PL 1, figs. 2023, textfig. 16a—b.

Spines of middle size, length about 10—20 mm, diameter 5—6 mm. The
bodies are broadly rounded to the neck, and tapering to the apex. Largest
diameter generally near the neck in the lower third of the length. Crown very
small, only slightly winged, longitudinal ridges near the apex. The longitudinal
ridges over the body denticulated, strongly elevated, running from the apex
to the lower part, often lines of tubercles near the neck.

Remarks and relationship: These spines are the first with crown and wings
occurring in the sections of the Swedish Danian. They reach a slightly larger
size than Tylocidaris abildgaardi but never the size of T. 6dumi, which both
occur in the same zone. The bodies of the spines vary in their shapes, and
the majority have the broadly rounded body on the neck-end and the slowly
tapering form to the distal end. The tubercle ridges are less regular than in 7.
ddumi, but the tubercles are of the same size. One amongst all the specimens
studied has strong ridges, denticulated and its shape is also different from the
common ones (fig. 22). All spines of the species are characterized by the small
crowns. Some (2—4) of the ridges on the apex become higher, more massive
and form wings. The height and length of the wings is small, and between
them other tubercle ridges continue to the apex without changing form or
size. This species has the significant shape of the body of the spines, which
will be a constant character of all the related species in the younger zones of
the Danian. Tyl. windi is distinguished from the geologically younger species
with wings and crowns by the small crown and the fine tuberculation.

Lambert in 1911 and Smisser in 1935 figured the spine of Balanocidaris
schliitert Lamb, which in all details resembles Schliiter’s Tyl. vexillifera. The
German and the Belgian species occur in chalk, and the Belgian one certainly
in the Maastrichtian. The Belgian species in particular has spines which possess
a rudiment of a crown and it seems to be related to the crowned species of the
lower-most Danian.

Occurrence: Tylocidaris windi n. sp. occurs rarely in all beds of the Lower
Danian at Limhamn.

Holotype and name: The holotype is the spine figured in pl. 1 fig. 23, in
the collection of the Swedish Geological Survey. The species is named to honour
of Mr. J. Wind, Aarhus, Denmark, who is one of the most enthusiastic ex-
plorers of the Danish Cretaceous.

Size of the holotype: height of the body 8,9 mm.

largest diameter 6,1 mm.

Tylocidaris ravni n. sp.

Pl 2, figs. 2—16, textfig. 14c, d.

Diagnosis: Spines of medium size, length between 11—16 mm, diameter 6
—7 mm. Body and neck well distinguished. Bodies partly olive- and often onion-
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shaped. Crowns distinct on the apex, small; wings numerous 3—38, often crenu-
late and denticulate, rarely smooth.

Remarks: To this species belong two groups of spines, the first group is
characterized by small bodies (pl. 2, fig. 2—9), the length of which varies
from 5—7 mm, and with a diameter from 4 to 4,5 mm. The bodies of these
spines are more or less olive-shaped, the crowns built up high by a few, narrow,
longitudinal dentate ridges (pl. 2, figs 5—9). The second group possesses
bodies with length and diameter of which are nearly equal, the largest diameter
near the base, the apex acute, the crown low, the wings generally many (4—
8). Except for the highest part, which has dentate ridges, the bodies are cov-
ered with lines of tubercles and not ridges. The length of the bodies varies
from 15—20 mm and their largest diameter from 12—16 mm.

Relationship: It is possible that the group of spines, restricted to a certain
geological zone, may belong to the species 7. briinnichi. But it is difficult
to decide exactly which of the figures of Ravn pl. IV fig. 16—25 is the holo-
type. The stratigraphical range of the Aggerbergsgaard locality is very un-
certain, Odum (1928) described this locality as belonging to the younger
Danian, zone C. The size of the spines according to Ravn is larger than that
of the specimens from the second bioherm at Limhamn and it seems according
to the figures that the most characteristic types of the new species (fig. 11—
16) do not occur in the second bioherm. In my opinion the species Tyl. briin-
nichi Ravn differs from 7. ravni n. sp. in the occurrence of short broad bodies
with short crowns and many wings in the new species. Wind takes the short
bodies and the long neck as characters of his Tylocidaris pomifer Brinnichi
(Ravn) = Tylocid. vexillifera var. brinnichi Ravn. A comparison of the new
¢pecies and the figures given by Ravn and Wind is given in the following table:

T. briinnichi T. briinnichi T. ravni n. sp.

(according to RAVN) (according to WiND) olive-shaped onion-shaped

length breadth length  breadth length breadth length breadth
11 : 55 mm 10 : 6 mm 7,5: 4 mm 9,5: 7 mm
10 : 7,5 » 10 - 5 » 7 4 » 8,5: 6,5 »
85: 6,5 » 9 : 4 » 5,913 4 » 8 : 7 »
8,5: 6,5 » 8 : 5 » 55: 4 » 7,5: 6 »
8 : 55 » 7 : 5 » 55: 3,7 » 6,5: 6,5 »
8 : 45 » 3,5: 3 » 55: 3.5 » 6 : 6 »
7 : 6 » 503 »
6 : 4 »
43: 3 »
2,7: 2 »

The measurements of 7. briinnichi Ravn in the table show the general pro-
portions which are common from bioherm III at Limhamn. In contrast, the
specimens figured and described by Wind have proportions similar to 7. ravni
n. sp. and they have even the same olive-shaped bodies. Accerding to Wind
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his T'ylocidaris briinnichi (not Ravn) partly occurs together with 7. clavigera
6dumi Wind. The author imagines that the spines which occur together with
T. pomifer briinnichi Wind do not belong to T. clavigera 6dumi Wind, but
are related to 7. rosenkranizi n. sp. In this case also the geological distribution
supports the opinion that Tylocidaris pomifer briinnichi Wind belongs to the
T. ravni n. sp. The broad types of T. ravni n. sp. are closely related to the
geologically older species 7. windi n. sp. The elongate types introduce an
evolution of older species to the dominant species in the next zone: T'. briin-
nicht Ravn.

Occurrence: T'. ravni occurs through the entire zone of T'. rosenkrantzi and
is at Limhamn restricted to the second group of bioherms. Holotype pl. 2, fig.
14, coll. SG.U.

Tylocidaris briinnichi Ravn

Pl. 1, figs. 31—38; textfigs. 16e, 15a—d.

1928. Tylocidaris vexillifera var. briinnichi Ravy, K.D.V.S. Ad. 9, R. I,
p. 35, pl. IV. fig. 18, 19, 22, 23.

1937. » briinnichi, RAVN BrunnicH-NIELSEN DGFM. Bd.
29, p. 126.

Bodies of the spines globular to olive-shaped, always with distinct crowns,
length in adult between 13-—15 mm, crowns often low, but generally one or
two millimetres high, maximum 5 mm high. Strong longitudinal ridges run
over the bodies, with and without tubercles, rarely the ridges disappear and
only tubercles are present on the base of the bodies. The crown is built up
of 3—5 wings.

The spines are more uniform than in other T'ylocidaris from the Danian.
The distinct crowns, the crude longitudinal ridges, the olive-shaped bodies
distinguish the species well from the others.

Relationship: The limitation of this species is difficult and also the problem
of the holotype. Odum in 1926 figured spines from 6 localities as T'ylocidaris
vexillifera forma f. Certainly there are different species from different parts
of the Upper Danian. An aberrant type is his figures 2h and 2i, which should
be named separately and for which I propose the name Tylocidaris (?) hilmari
n. sp. (to honour Dr. Hilmar Odum).

It seems, that Odum’s fig. 2c—2h can be united with Ravn’s Tylocidaris
vexillifera typica, and therefore even with Tylocidaris pomifer vexillifera Wind.

Ravn figured spines from two localities — Aggerborggaard and Saltholm as
Tylocidaris vexillifera var. briinnichi, which all possess olive-shaped bodies and
tuberculated ridges. Some of his figures show the typical distinct crowns also,
in which the wings are not very distinct. His figures 16, 21 and 25 are not
crowned; they are small, and such small spines often occur without crown and
wings. It is not easy to recognize the geological range of the occurrence of the
types of this species (Tyl. vexillifera Schliiter, var. briinnichi Ravn = Tylo-

4—591255. SGU, ser C 571. Brotzen
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a b c d

Fig. 17. Tylocidaris aff. briinnichi Ravn.
Saltholm island. Transition Middle-Upper Danian
a, b, briinnichi types with three winged crowns
¢, d, transition types T. briinnichi—T. herupensis 3 X.

cidaris briinnichi Ravn according to Briinnich-Nielsen). Figures 16—21 are
speciments from Saltholm. On the island of Saltholm occur two different zones
of the Danian section (Brotzen 1940). The upper one is easily correlated with
the Limhamn Grained Limestones both by its petrographical character and the
faunal elements. There occurs Tylocidaris herupensis Wind the guide fossil of
the Upper Danian. This zone is exposed in quarries on the north side of the
island. Many fossils in older collections and descriptions of Saltholm limestones
have given evidence that in the southern part of the island occur bryozoan
limestones with a fauna similar to the upper part of the Limhamn bryozoan
limestones. But hitherto it was not possible to decide which parts of the Lim-
hamn section are to be correlated with these bryozoan limestones. The figures
given by Ravn must come from the bryozoan limestones at Saltholm and
certainly not from the Upper Danian. They are all, including those from the
second locality Aggersborggaard different from the new species T'. ravni. Typ-
ically onion-shaped bodies are not figured. They are more intermediate types
than the specimens found at Limhamn in the bioherm III, figured "here on
pl. 1 fig. 31-—38. Ravn has not designed a holotype. The most characteristic
specimen is given in his fig. 20, showing the olive-shaped body and a three-
winged distinct crown. Therefore the author will propose that the original to
pl. IV, fig. 20 in the collection of the Mineralogical and Geological Museum
of the University at Copenhagen should be the holotype of Tylocidaris briin-
nichi Ravn emend. Briinnich-Nielsen.

The relationship of Tylocidaris pomifer briinnichi (Ravn) figured by Wind
(1954) pl. XIII fig. 25—31 is not entirely clear. The possibility exists that
the figured specimens belong to the new species T'ylocidaris ravni n. sp. (see
p- 48). That demonstrated the close relation between 7. ravni and T. briin-
nichi and on the other hand the difficulty of determining isolated spines.

On the northern side of Saltholm island (Denmark) the author collected in
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the Limhamn grained limestone zone specimens of an unusual shape of
Tylocidaris briinnichi. They are in general similar to the main types, but are
distinguished by extremely high crowns with three wings (see textfig. 17 a, b).

It seems that these types will be found the uppermost part of the bioherm
II1 of the Middle Danian and occur also in the lower part of the Upper
Danian in the Limhamn grained limestones. A spine of this type was found
together with two specimens of Tylocidaris cf. herupensis Wind at Ostratorp.
This occurrence of these spines makes it possible to range the outcrops at
Ostratorp on the south coast of Scania in the uppermost Tylocidaris briinnichi
zone or the lowermost part of the zone with Tylocidaris hevupensis.

Occurrence: Tylocidaris briinnicht Ravn occurs in the third bioherm at
Limhamn. Aberrant specimens are restricted to the uppermost part of this
zone and are also found as rare ones in the lowermost beds of the Upper
Danian. Typical specimens occur very abundantly and often they are rede-
posited from the upper beds of the bioherm III in the clayish layers at the
base of the Upper Danian. Atypical spines are known from Ostratorp on the
southern coast of Scania.

Tylocidaris herupensis Wind

Textfig. 18, 19.
1926. Tylocidaris vexillifera ScHLUTER forma 8 Opum DGU, R. II, nr. 45.

(partim) p. 159, pl. I fig. 2c—g.

1928. » » SCHLUTER Iypica Ravy KDVS. Afd. 9, R. I,
p- 32, pl. IV, fig. 1—15.

1954. » pomifer herupensis Winpo DGFM. Bd. 12, p. 84,

pl. XIII, fig. 55—58.

Wind in 1954 erected a new species, characterized by its large size with
simple and large bilateral wings. The types he figured vary in the shape of
the wing but are more uniform than other Danian T'ylocidaris spines. These
characteristic fossils were already known by Odum in 1926, but certainly mixed
up with similar spines. A very divergent type figured by Odum was named
Tylocidaris hilmari n. sp. (see p. 49). Besides the winged types Odum figured
two specimens from the same locality as the winged ones and one from another
locality with large bodies, but without wings. These two different types were
also figured by Ravn in 1928, which were altogether from one and the same
locality (Herfélge). Really it seems not possible to distinguish between the types
with and without the lateral wings and the collection contains all transitions
between the different types. The types without wings possess onion-shaped
bodies. The arrangements of the tubercles are clearly visible in the figures by
Ravn and this species never has longitudinal ridges. The tubercles are isolated,
they may be arranged in longitudinal lines, but no coalescence is observed. In
extremely large specimens the number of tubercles diminishes and may dis-
appear entirely from parts.
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_ Fig. 18. Tylocidaris herupensis Wind
Ostratorp Quarry. Transition Middle-Up-
per Danian. 3 X

It is an interesting fact that according to Wind these large unwinged spines
occur at Klostergaard, accompanied by three-winged atypical specimens of
Tylocidaris Driinnichi, which occur abundantly at Faxe. Wind distinguished
these types from Tylocidaris herupensis as Tylocidaris pomifer vexillifera. On
account of all that is noted earlier in connection with Tylocidaris vexillifera
Schlitter (see p. 30 and p. 37) it is impossible to use the species name “vexil-
lifera” for any Danian type. But I think that Wind is right to separate the
carlier types of Tylocidaris herupensis, in such layers where winged spines are
not present. The spines from Sweden are too rare and the figures of Wind
are too poor to erect a new species. Thus I determine the few Swedish findings
as Tylocidaris herupensis Wind. The importance of Wind’s observations, that
a separate group of Tylocidaris occurs at Faxe, will be clear from the following
stratigraphical conclusions. All stratigraphers of the Danian, Briinnich-Nielsen,
Rosenkrantz, and Sorgenfrei seem to range the classical occurrence of Faxe
in the Middle Danian. According to Rosenkrantz the coralline limestone at
Faxe is characterized by Tylocidaris abildgaardi Ravn. Ravn, on the contrary,
did not name a single specimen of Tylocidaris abildgaardi from Faxe, but only
T. herupensis with aberrant shapes as described by Wind, and T. briinnichi.
Wienberg-Rasmussen in 1950 ordered the occurrence of Faxe to the Middle
Danian, but there occurs according to him Ceramaster granulatus and Pyci-
naster danicus both from Upper Danian. According to Ravn’s and Wind’s
observations it seems that at Faxe Middle Danian with coralline limestones
occurs as well as overlaying beds belonging to the lower part of the Upper
Danian, characterized by aberrant types of Tylocidaris briinnichi, and early
types of Tylocidaris herupensis.

At Limhamn none of the 7. herupensis types has hitherto been observed.
Two well preserved spines of the onion-shaped type without wings were found
by the author at Ostratorp, accompanied by Tylocidaris briinnichi aberrant
types with three large wings (see textfig. 18). These three-winged types of
spine range the outcrops of Ostratorp to the uppermost Middle Danian, or
lowermost Upper Danian.

The occurrence of two typical winged spines of Tylocidaris herupensis in
the collection of D’Orbigny is described in detail on page 29 and the pos-
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Fig. 19. Tylocidaris herupensis, Wind.

“Scania’ possible Malmé—Limhamn. Up-

per Danian. Coll. D’Orb. (Mus. Nat. Hist.
Nat. Paris) about 2 X.

sibility of their origin from Limhamn is there demonstrated. These two speci-
mens (textfig. 19) do not differ from the winged types of Herfélge, Denmark,
and are best compared with figures 6 and 15 pl. IV by Ravn. Their tubercu-
lations are indistinct and large parts of the surface are smooth. It is uncertain
if the surface is badly preserved or if it is in the original condition.

Occurrence: Typical specimens of Tylocidaris herupensis Wind seem to be
restricted to the Upper Danian. The possibility exists that early types without
wings already occur in the uppermost layers of the Middle Danian.

Holotype: Wind, who erected this species and distinguished it from related
ones has not named a holotype. His own figures show the characters of the
species, but are too poor to show details. The originals of Wind are not de-
posited in a public collection and it will often be difficult to study them.
Therefore the author proposes as holotype the figured specimen in pl. IV fig.
15 from the limestone of Herfolge in Ravn (1928), deposited in the collection
of the Mineralogical and Geological Museum of the University at Copenhagen,
Denmark.

Summary

South of Malmé in Southern Sweden an important section of the Danian
1s visible in the quarry of Limhamn. Below the Danian occurs the uppermost
part of the Stevnsian. The Stevnsian is a chalky formation in the Baltic region
and ranged to the upper part of the Maastrichtian. The Danian is divided
into four zones, characterized by different species of urchins, all belonging to
the genus Tylocidaris. Different species of Tylocidaris are found in the same
zone, but none of them occurs in two zones. The three lower zones are devel-
oped as bioherms and the dominating element of these are fragments of bryo-
zoa. In the first group of bioherms occur T'ylocidaris 6dumi Br.-N., Tylocidaris
windi n. sp., Tylocidaris abildgaardi Ravn. The last named species is possibly
an exception from the rule, that a T'ylocidaris species does not occur in two
zones. Aberrant types of Tylocidaris abildgaardi are seldom observed in the
zone Il = the zone of Tylocidaris rosenkrantzi n. sp., the typical species of
this zone. A new species Tylocidaris ravni n. sp. is found fairly common
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together with Tylocidaris rosenkrantzi and is restricted to the zone II. The
next zone, the highest of the bioherm groups, is characterized by Tylocidaris
briinnichi Ravn and there only this species is observed. Above the bioherm III
begins a stratum of well bedded limestones with layers of flint or flint nodules.
From these layers no Tylocidaris specimens are known hitherto. But such
limestones are well known from other localities, south of Limhamn at Klags-
hamn and at Ostratorp. In the lower part of this series occurs a specialized
species of Tylocidaris briinnichi and a new species the Tylocidaris herupensis
Wind. The last occurs generally alone in the highest zone. A table of the sec-
tion at Limhamn is given on page 33.

The author’s point of view on the stratigraphical range of the Danian is
given in 12 paragraphs on page 36: “In my opinion, no fundamental evidence
has been adduced, which necessitates changing the classical range of the Dan-
ian as the youngest stage of the Cretaceous to the oldest stage of Tertiary.”

The different species of Tylocidaris in the Danian are on page 37 ff revised
and described. This list of foraminifera from the boundary Stevnsian-Danian
shows that only few of the Stevnsian foraminifera continue to occur in the
Danian and new species begin to be present immediately in the lowermost
layer of the Danian.

Bibliography of the Danian and Paleocene

Hitherto a bibliography of the Cretaceous-Tertiary boundary has been lack-
ing. Muller in 1939 published a bibliography on the Paleocene and Eocene of
Northern and Central Europe, including the Danian. The actuality of the
problem of the boundary of the two eras made it necessary to compile a new
and mondial bibliography, especially from the point of view of getting a
complete literature on the geology and paleontology of the type region, for
discussions on the limitation of the Cretaceous and correlation of the Danian.
Through the last fifty years the geological range of the Danian has often been
discussed. It was never united with the Maastrichtian but often with the
Paleocene. Therefore this bibliography has been extended to the Paleocene, but
the rich literature of the Maastrichtian was not considered.

Danian and Paleocene are named and discussed in many papers, often
hidden in description of maps or in notes of very local geological interest. Both
formations were often determined as Upper Cretaceous or Eocene. All thesc
facts hindered compilation of a complete list of publications on this matter.
Therefore the author will be grateful for all aid in filling the gaps of the
following list.

ABBREVIATIONS

CCF = Contributions from the Cushman Foundation for Foraminiferal Research.
CCL = Contribution Cushman Laboratory for Foraminiferal Research.
DGFM = Meddelelser fra Dansk Geclogisk Forening.

DGU Danmarks geologiske Undersogelse.
GFF = Geologiska Foreningens i Stockholm Férhandlingar.
SGU = Sveriges geologiska undersokning.

KVA = Kungliga Svenska Vetenskapsakademien. (Swedish Acad. Sci.).
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Figs. 1—14.
Figs. 15—19.
Figs. 20—23.
Figs. 24—30.
Figs. 31—38.

Pl 1

Tylocidaris abildgaardi, Ravn. Limhamn Quarry. Bioherm group I.
Tylocidaris 6dumi Br. Nielsen. Limhamn Quarry. Bioherm group I.
Tylocidaris windi n. sp. Limhamn Quarry. Bioherm group I.

Tylocidaris 6dumi Br. Nielsen. Limhamn Quarry. Bioherm group I.
Tylocidaris briinnichi Ravn. Limhamn Quarry. Bioherm group III.

All figures enlarged about 2x (1,94:1,00.)
The originals are deposited at the Geologial Survey of Sweden.






PL 2

Fig. 1. Tylocidaris of abildgaardi Ravn. Limhamn Quarry. Bioherm group II.
Figs. 2—16. Tylocidaris ravni n. sp. Limhamn Quarry. Bioherm group II
Figs. 17—36. Tylocidaris rosenkrantzi n. sp, Limhamn Quarry. Bioherm group II.

All figures enlarged about 2 X (1,94:1,00).
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Limhamn Quarry. Northern wall with the lower and middle Danian.

Stratigraphical interpretation and bioherm features see textfig. 7.
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