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PREFACE

This Part II is closely attached to Part I, published in 1966, and originally
was intended to be published together with Part I. For economic reasons it
proved impossible to carry out this plan.

After the manuscript of both parts had been written, H.-J. ANDERSON’s
great paper “Die miocdne Reinbek-Stufe in Nord- und Westdeutschland und
ihre Mollusken-Fauna” was published. Most of the species of molluscs oc-
curring in the Danish Hodde Formation have been described and pictured in
this work. Unfortunately it has only to a limited extent been possible for me
to consider ANDERSON’s work, but I have inserted it in the lists of synonyms
in question and have, with ANDERSON as my source at the mention of the
distribution of the species in question, stated that they occur in the Reinbek-
Stufe of Northern Germany.

In the preface to Part I an account has been given of the history of the
investigations, and in the same place the persons are mentioned who have
been of importance to the genesis of the work and the collaborators who in
various ways have assisted me.

With special reference to Part II it should be pointed out that Mr. CHR.
WESTERGAARD has taken the photos for the plates, Mrs. RIGMOR BORG has
drawn the figures in the text, and Mrs. KIRSTEN SPERLING has typed the manu-
script. The translation has been made by Cand. mag. NieLs HAISLUND, and
at the proof-reading I have also in the case of this volume received valuable
assistance from my wife, Mrs. INGER BANKE RAsMUSSEN, Cand. mag. I take
the opportunity once again to thank these helpers.

The Danish manuscript was finished in March 1965 and the English trans-
lation in May 1967.

Hellerup, 1st June 1967.
LEIF BANKE RASMUSSEN
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ABSTRACT

In this volume there are descriptions of 45 pelecypod species or subspecies, 5 scaphopod
species, 107 gastropod species or subspecies, and 3 pteropod species from the marine
Younger Miocene formations in Denmark. Most of the species have been pictured on a
total of 27 plates.

The following four species have been described as new ones:
Solariella jutensis

Asthenotoma ravni

Diaphana moerchi

Spiratella gramensis

In Part I of the present work (published in 1966), furthermore, the following three
species from the formations investigated were described as new ones: Astarte (Goodallia)
esbjergensis, Hinia slieswicia, and Neoguraleus seethensis. These three species and Sipho-
nodentalium cf. lobatum (SOWERBY) are important species which on account of their
importance for the biostratigraphical discussion had to be mentioned in Part I.

Apart from the species which are considered new ones, all the other molluscan species
have been described before. However, many species have only been mentioned rather
briefly in early palaecontological works. For uniformity’s and documentation’s sake the
species have been described in great detail. Exceptions are some of the species mentioned
previously (RASMUSSEN 1956). Some of the species pictured in the work of 1956 have not
been pictured in the present work. In the case of some species, however, there seemed to
be reason for offering a new and better picture.



ABBREVIATIONS USED IN THIS VOLUME

def. = defective (c)ompl. = complete

sh. = shell f. = figure

(fr)agm. = fragment(s) pl. = plate

r = right valve(s) u. = umbo(nal region)
] = left valve(s) d. = double valve(s)



PALAEONTOLOGICAL PART

INTRODUCTION

The contents of molluscs in the Hodde Clay and the Gram Clay are com-
paratively high, and highest in the Gram Clay. Unfortunately nearly all the
molluscs (especially the gastropods and the pelecypods with both valves intact)
are full of pyrite, which will gradually spoil a large number of them.

Many of the shells were rather well preserved when found. In the drill
samples there were, however, a majority of defective shells and fragments.
An intimate knowledge of many years’ standing as regards the morphology
and variation of the species is necessary for pleading a certain proficiency in
the identification of minor fragments.

By identification of species I here especially understand the one which can
be established within the area of the Danish Miocene. Determination according
to species which have been set up outside the North Sea Basin will often be
uncertain, as it is sometimes necessary to know the variation within the pop-
ulations of each basin. In this field there is still much work to be done.

In the present work, the final object of which is an elucidation of the varia-
tion of the molluscan faunas and their application for a bio-zonation in the
Younger Miocene clay series within the Danish part of the North Sea Basin,
no special importance has been attached to a statistical comparison with the
populations of other basins. On the other hand, I have made a point of offering
a description and a picture of each single species, even though the species in
question has previously been described from other basins or from other forma-
tions in the North Sea Basin. This is first of all to be motivated by a demand
for a certain uniformity in the treatment of the species for the sake of the
general impression, but also in the fact that many of the species which have
previously been described from the same formations, were only described in
German or Danish. It has also been a contributory fact that to the user of
the work it will be an advantage to find descriptions of all the species in one
and the same book.

The pictures preferably comprise other species than those which were
pictured in my work of 1956, but in several cases new pictures have been
given of some of these species, i.a. because better specimens have been provided
later.

The grouping of genera into subgenera often seems to be artificial or even
rather unfounded, and considering the fact that even the genera often are
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more relevant to an artificial labelling system than to a natural grouping
determined by nature itself, [ have preferred not to classify into subgenera in
most cases.

Importance has especially been attached to the specific identification within
the Danish part of the North Sea Basin and within the vertical series of Younger
Miocene clay sediments. It must therefore be expected that there may be
taxonomic deviations from the norm which perhaps might be discovered after
a lengthy investigation into the research history of the groups of species.

As to the special problems within each group of molluscs, reference is made
to the introductions of the section in question. Here I shall only add a few
remarks on the sections in the descriptions of the species.

List of synonyms. In the lists of synonyms only the papers used by me have
been adduced, and no attempt has been made at completeness. In the case of
the species of which T have given a list of synonyms in my previous work
(1956), a reference to this work is understood. In these cases there is in the
present work only a short list of synonyms, beginning with a reference to my
previous work and otherwise as a rule only containing later publications about
the species in question.

After the name of each author his paper is cited with a highly abbreviated
title, often only a single word. (This abbreviation may be found in parenthesis
in the list of literature after the complete title.)

Original diagnosis. In general the original diagnosis is quoted only of the
species which have not been mentioned in SORGENEREI 1958 and RASMUSSEN
1956, as it is considered unnecessary to repeat it in these cases. Some very
old publications containing original diagnoses have not been available from
Danish libraries.

Type material. Information about type material, locus typicus, stratum typi-
cum, age, and depository has first of all been adduced in connexion with the
new species, but also in the case of most species for which an original diagnosis
has been adduced.

Material. In this section a complete list is given of the localities and levels
from which material of the species in question is available. After each of these
units the number of shells (or valves) and fragments is given, as well as a
brief characterization of the condition of the shells.

Sometimes — e.g. in the case of all pelecypods and scaphopods — the number
of individuals is indicated which the remnants in question are estimated to
represent.

Description. In general a detailed description of each species is given. In cer-



11

tain cases, in which only very fragmentary material is available, however,
reference is made to the descriptions in the literature cited.

Variations. In the case of certain species observations of their variations are
communicated in a special section.

Remarks. Most comments on the species are given in the section “Remarks”,
which i.a. includes information about relations to other species, special in-
formation about circumstances of finding, corrections of previous views, etc.

Measurements. In the case of most species the dimensions of one or more
shells are adduced, besides measurements of other morphological units. In the
individual cases information about the dimensions, however, must be taken
from the legend of the plate on which the species is pictured.

Distribution. The distribution of the species is indicated according to the
basins of deposits, and within these according to (1) time intervals (Oligocene,
Miocene, etc.), (2) countries, and (3) formations. The name of the author from
which the information has been adduced, is then added in parenthesis.

DESCRIPTIONS OF SPECIES

PELECYPODA

The pelecypods are the group of molluscs represented by the largest number
of individuals in the Hodde Clay as well as the Gram Clay. The number of
species, however, is considerably lower than that of the gastropods.

The state of preservation is often good in all thick-shelled species, but the
large number of thin-shelled forms are known almost only in a fragmentary
state. Often the fragments of the latter shells are placed on a cast consisting
of pyrite, so it is possible to receive a good impression of the exterior of the
valve, but often one is prevented from studying the hinge and the interior.

As to the systematic arrangement, the one used by ANDERSON (1959 and
1964), GLIBERT (1945), and SORGENFREI (1958) has been followed. It corre-
sponds mainly to the systematics in J. THIELE’s “Handbuch der systematischen
Weichtierkunde” (1935), but often other generic names have been used in the
present work, mostly in conformity with the nomenclature used by ANDERSON
(loc. cit.).

The morphological terms for parts of the shells are those ordinarily used.
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ORDO: TAXODONTA NEUMAYR 1883
FAMILIA: NUCULIDAE D’ORBIGNY 1844

Genus: Nucula LAMARCK 1799
(Type: Arca nucleus LINNE 1758)

Nucula georgiana SEMPER in RAVN 1907

1956. Nucula (Nucula) georgiana SEMPER in RAVN — RAsSMUSSEN, South Jutland, p. 28,
PL L. f. 1a,b:

Material. In nearly all the localities with Gram Clay remnants of valves of
Nucula were found. The great majority of these originate from very small
individuals, which could not be determined to species. On the other hand,
all remnants of large individuals can with certainty be identified with N. geor-
giana RAVN. Presumably the majority of the small individuals are young
valves of this species.

In the following list of localities all remnants of Nuculidae have been con-
sidered. In the lists of analyses (see Part I, Tables 1-66) the great majority
are entered as Nucula sp.

Gram Clay.

Skerum Molle (clay pit), Lillelund (73.88), Lille Spabak (lignite pit), Muldbjerg (83.377),
Kodal (84.763, 84.766), Fjaldene (84.238), Spjald (83.104, 83.127), Randbzk (83.591,
83.597, 83.602), Muldbjerg (83.1006), Kodal-Fjaldene (84.1749), Videbak (84.1748, 84.313,
84.358, 84.417, 84.456, 84.492, 84.493, 84.525, 84.1727), Mpltrup Brickworks (clay pit),
Lille Torup (85.379), Gjellerup (85.380), Frolund (85.383), Gjedstrup (85.861), Snejbjerg
(85.775), Bording (86.177), Brande Brickworks (clay pit), Drantum (104.1241), Nyholm
(104.1166), Leding (93.155), Alkarsig (clay pit), Lenborg (102.55), Forsom Brickworks
(clay pit), Odderup (clay pit), 103.150), Harkes (clay pit), Albzk Eng (102.59), Hesselho
(113.121), Hauge (clay pit), Tending (clay pit), Hoddemark (Karlsgarde Canal, section),
Grede (Karlsgarde Canal, section), Stenderup (113.36), Esbjerg (130.59, old clay pits and
outcrop on the beach), Made Brickworks (clay pits), Strandgard Brickworks (clay
pit), Gerding (old clay pit), Brostrup (141.224), Tiset (141.244), Holleskov (132.46b),
Ravning (clay pit), Hjortvad (141.178), Lintrup (132.140), Sender Hygum (141.270,
141.260, 141.261, 141.273), Rodding (141.76, 141.242, 141.243), Vester Lindet (141.246),
Gram (141.277), Spandetgard (clay pit), Spandet (150.184), Tonder (166.398), Broders-
mark (166.351b), Sad (167.4, 167.445), Rends (167.236).

Description. The valves are often large and comparatively thick-shelled, but
brittle, for which reason complete valves are rare. They are obliquely oval,
lengthened anteriorly, and form an acute angle posteriorly. The anterior dorsal
margin, is slightly convex and considerably longer than the posterior dorsal
margin, which is directed steeply down towards the rear end of the ventral
margin.

In the middle the dorsal margin forms a short, flat, convex curve. The
ventral margin is regularly curved and, if anything, flatly convex.
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The umbo is opisthogyrate. The prodissoconch is small and smooth. It
was only preserved on a valve from Brodersmark (cf. the measurements).
Area is almost heart-shaped, rather short and broad, bounded by a faint
furrow and a faint edge. The lunula is narrowly lanceolate and rather in-
distinct.

The valves are rather highly convex, especially in the umbonal region.

The exterior is covered by numerous concentric furrows, which are rather
indistinct, but demarcate more or less prominent, though mostly faint, con-
centric folds, which on many valves are irregular and abrupt. Furthermore,
there are numerous very fine and thin radial striae, the number of which on
the present valves, the quite small as well as the quite big ones, is about 56
to 67 (counted as the number of notches on the ventral margin).

The hinge consists of two rows of uniform, pointed, highly prominent teeth
on both sides of the comparatively small, very obliquely placed, oblong tri-
angular ligament pit below the umbo. The number of teeth increases by the
age of the animal (cf. the table of measurements). The two rows of teeth form
an obtuse angle to one another. It does not, however, seem to exceed 100°.

The interior is highly nacreous. The adductor impressions are deep and
conspicuous. The anterior one is triangular, only the upper side, however,
being straight and the lower one forming a highly convex curve. The posterior
adductor impression is considerably smaller and narrower, but is of almost
the same shape. The upper part of the valve shows several other small, irregular
scars for muscular attachments. The pallial line is situated somewhat within
and almost parallel to the ventral margin, which is provided with numerous
small ridges. The interval between each two of these corresponds to the end
of a radial rib.

Measurements. Only a small number of valves in the present material are so
well preserved that it has been possible to measure them. The following meas-
urements, however, give an impression of the dimensions of the large valves,
which belong to the true N. georgiana sensu stricto, as well as the quite small
shells, which can only tentatively be referred to this species.

Number of teeth

Locality: Length in  Height in Thickness in in front of  behind Number of

mm. mm, mm. umbo radial ribs

Skerum Meglle

Right valve 21.5 16.3 6.0 30 9 56
Esbjerg

Right valve 16.6 12.4 4.9 26 2 64
Maéde. Strandgard Brickworks

Right valve 16.8 13.6 4.6 26 11 67
Ravning

Right valve 21.5 16.3 6.0 30 9 56

- 14.8 11.6 4.0 22 9 58

- 16.5 13.3 53 28 11 56
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Number of teeth
Length in  Height in Thickness in in front of behind Number of

Locality: mm. mm. mm. umbo radial ribs
Left valve 20.8 16.0 5.6 23 ? 53
- 14.8 11.4 4.2 ? ? 56
Double valve 14.6 11.5 8.1 52
- 17.5 13.6 9.5 54
Gram Brickworks
Left valve 20.3 16.1 5.9 31 12 54
- 17.2 13.3 4.9 ? ? 57
= 17.5 14.2 5.3 25 11 59
Double valve 14.7 12:5 8.6 58
= 20.0 16.4 12.0 ?
Brodersmark (166.351b)
24-25 m.
Right valve 3.9 3.2 0.7 13 4 64
Hygum (141.261)
13-19 m.
Left valve 2.3 1.9 0.6 10 5 62
- 1.3 1.1 0.3 7 60
Right valve 1.9 1.4 0.4 9 4 54
- 1.1 0.8 0.3 5 2-3 ?

Remarks. The importance of the number of radial ribs for the distinction of
the various species of Nucula has been demonstrated by SORGENFREI 1958
(see especially fig. 5, p. 42 in that work). According to his examinations the
number of radial ribs in N. nucleus (L.) is between 40 and 60, in N. nitida
SowERBY between 60 and 90, mainly, however, between 74 and 76, and in
N. cromata SORGENFREI between 55 and 80.

In order to fully realize the identity of a Nucula population with or its
relation to the three species mentioned above, as well as to N. Jeffreysi
BELLARDI, it will be necessary to make countings of the radial striae (or ribs).
The very small number of well-preserved valves of N. georgiana at my disposal
has not been sufficient to clarify the relation of this species to those mentioned.
The number of radial striae is, however, clearly higher than that on N. nucleus,
and therefore it is improbable that N. georgiana should be a subspecies of this
species, as has been suggested by HINSCH (cf. RASMUSSEN 1956, p. 28, where,
as regards the relations between N. georgiana and N. nucleus, the statements
have been inverted. By a regrettable oversight this was not corrected by me
before the printing).

For the time being N. georgiana must be kept as an independent species.
Among the small Nucula valves in the material from the Gram Clay there
may be other species, which, however, it has not been possible to verify be-
cause of the state of preservation, which does not permit a determination to
species of the fragments from the Hodde Clay, either.

Valves somewhat larger than the dimensions indicated above have been
observed in situ in the Gram Clay in the eastern clay pit of Mdde Brickworks.
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Sometimes they lay rather close together in a fairly well-defined layer, but
were so defective that they could not be removed.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Glimmerton
at Morsum KIiff (RAvN), Breklum, Blunk,? Schmalfeld, Lieth, Langenfelde, Teufels-
briicke, Heiligengeistfeld, Elbtunnel, and Liineburg (see RASMUSSEN 1956, p. 113).

FAMILIA: NUCULANIDAE H. & A. ADAMS 1858

Genus: Nuculana LAMARCK 1799
(Type: Leda pernula MULLER 1779)

Nuculana westendorpi (NYST in NYST & WESTENDORP 1839)

1839. Trigonocoelia Westendorpii — NysT & WESTENDORP, Nouv. rech. prov. Anvers,
p. 405, PL 2, f. 17.

1907. Leda Westendorpi NYST sp. — Ravn, Jylland, p. 259 (55), PL. I, f. 12.

1914. Leda Westendorpii NYsT sp. — Grirp, Itzehoe, p. 6.

1916. Leda Westendorpi NYST sp. — NORREGAARD, Esbjerg, p. 11.

1925. Leda (Ledina) Westendorpi NystT — KAUTskY, Hemmoor, p. 24, Pl. 2, f. 15, 16.

1942. Leda (Ledina) westendorpi (NysT) — ISPEERT, Mioz. Taxodonten, p. 28, PI. 1, f. 6.

1942. Leda (Ledina) westendorpi (NysT) — HEERING, Oligoc. Taxodonten, p. 19, Pl II, f.
12-14.

1945. Leda westendorpi NYST sp. — GLIBERT, Mioc. Belg. I, p. 26, PL. I, f. 5a, b.

1958. Leda (Ledina) Westendorpii (NYST & WESTENDORP) — SORGENFREI, Middle Mioc.,
p. 54, PL. 3, f. 9a—c.

1959. Nuculana (Nuculana) westendorpi (NYST in NYST & WESTENDORP) — ANDERSON,
Untermiozin, p. 73, Pl 13, f. 4a—c.

1964. Nuculana (Nuculana) westendorpi (NYST in NysT & WESTENDORP) — ANDERSON,
Reinbek-Stufe, p. 127.

Material. Hodde Clay.

Leding 93.155 31 m.: 2 def. sh. and 2 fragm. (2)
- - Unknown depth: 2 def. sh. and 2 fragm. (4)
Lenborg 102.55 213 =22.3 m.: 1 fragm. (1)
Odderup 103.150 24.8 -25.6 m.: 2 fragm. (1)
Gram 141.277 32.30-32.70 m.: 1 def. sh. (1)
- - 33.05-33.40 m.: 4 fragm. (1)
- - 34.25-34.70 m.: 2 fragm. (1)
- - 34.70-35.00 m.: 1 def. sh. and 6 fragm. (1)
- - 35.00-35.30 m.: 5 fragm. (1)
= - 35.30-35.70 m.: 5 fragm. (1)
Hajstrup 174194’ : 1 fragm. (1)
- 194-214" : 5 fragm. (1)
- 214'-234" A 1 def. r., 1 def. 1., 4 fragm. (2)

Description. Very few fragmentary shells and small fragments of this charac-
teristic species are available. The material corresponds completely to the
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valves from Shell Bed I at Hoddemark and from the Arnum Formation,
from which reference is made to SORGENFREI's description and picture (1958).

Distribution.

North Sea Basin. Oligocene. Holland: Upper (HEERING). — Miocene. Denmark: Arnum
Formation (SORGENFREI). North Germany: Vierland-Stufe (GrRipp, ANDERSON), Hemmoor-
Stufe (KAuTsky, DITTMER), Reinbek-Stufe (ANDERsON). Holland: Middle (ISPEERT).
Belgium: Horizon de Houthaelen, Anversien (GLIBERT).

Nuculana pygmaea (MUNSTER in GOLDFUSS 1837)
Plate I, figs. 1-4

1956. Leda (Jupiteria) pygmaea (MUNSTER) — RAsMUSSEN, South Jutland, p. 29, PL I,
f. 2a, b.

1958. Leda (Jupiteria) pygmaea (MUNSTER) — SORGENFREI, Middle Mioc., p. 51, Pl 2,
f. 8a-b.

1959. Nuculana (Jupiteria) pygmaea (GRAF zu MUNSTER) — ANDERSON, Untermiozin,
p. 77, PL. 13, f. 3a—c.

1964. Nuculana (Jupiteria) pygmaea (MUNSTER) — ANDERSON, Reinbek-Stufe, p. 128.

Material. Hodde Clay.

Leding (93.155), Lenborg (102.55), Odderup (103.150), Made Brickworks (Eastern clay
pit), Gram (141.277), Hygum (141.215), and Hajstrup (167.235).

Gram Clay.

Skerum Moplle (clay pit), Aulum (74.321), Kodal (84.770), Randbzk (83.597, 83.602),
Brejning Kro (83.197), Muldbjerg (83.1006), Kodal-Fjaldene (84.1749), Videbak (84.1748,
84.358, 84.456, 84.483, 84.525, 84.1727), Moltrup Brickworks (clay pit), Lille Torup
(85.379), Tvarmose (85.381), Frolund (85.383), Gjodstrup (85.861), Snejbjerg (85.775),
Bording (86.177), Brande Brickworks (clay pit), Drantum (104.1241), Nyholm (104.1166),
Store Langkjer (104.1158), Hjortsballe (105.320), Skjerris garde (104.1165), Leding (93.155),
Alkersig Brickworks (clay pit), Lenborg (102.55), Forsom Brickworks (clay pit), Odderup
(103.150), Harkes (clay pit), Albek Eng (102.59), Hesselho (113.121), Hauge (clay pit),
Tending (clay pit), Hodde (113.33a), Made Brickworks (eastern clay pit), Senderskovgard
(132.34), Brostrup (141.224), Rojbel (141.194), Tiset (141.244), Holleskov (132.46b),
Ravning (clay pit), Hjortvad (141.178), Lintrup (132.140), Sender Hygum (141.170,
141.260, 141.261, 141.273), Redding (141.75, 141.76, 141.241, 141.242, 141.243, 141.247),
Vester Lindet (141.246), Gram (141.277), Spandetgard (clay pit), Tender (166.398),
Brodersmark (166.351b), Sed (167.4, 167.445), and Rends (167.236).

Description. Valves small, more or less oval. The smallest valves short, the
larger valves mostly somewhat protracted posteriorly.

The anterior dorsal margin slightly curved. The posterior dorsal margin
often a little protracted into a short pointed proboscis. This character is most
conspicuous on valves more than 2 mm. in length. The ventral margin regularly
curved. The dorsal margin slightly curved.

The umbo nearly in centre position, opisthogyrate. No area or lunula.
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The surface of the valves smooth and glossy. The growth lines are faintly
visible as concentric lines.

The hinge is taxodont, consisting of a number of uniform, rather pointed,
projecting teeth on both sides of the umbo. Under the umbo there is a deep
ligament pit, the outline of which is shaped like an equilateral trapeze.

The interior of the valves is smooth. The pallial line is parallel to the ventral
margin, often demarcating a deeper part of the valve, but is just as often
indistinct. The adductor impressions are distinct. The anterior one is rela-
tively large and rounded. The posterior one is small and oval.

The species has been thoroughly described in the quoted works by SORGEN-
FREI and ANDERSON.

Remarks. In the younger horizons of the Gram Clay N. pygmaea is the domi-
nant species. Its valves in these strata — and in the Gram Clay on the whole —
are generally somewhat smaller than the valves from the Arnum Formation
and the Lower Miocene boulders of Northern Germany (cf. the measurements
published by SORGENFREI and ANDERSON, in relation to those below).

Thus only 2 out of 45 well-preserved valves from Spandetgard were more
than 2 mm. in length. These two valves are also the only ones in the material
which have a distinctly protracted posterior end. The other valves are com-
paratively short and have a more convex ventral margin than is generally seen
in the material of the Arnum Formation.

The only specimen from Gram found in the collections of the Mineralogical
Museum in Copenhagen when RAVN (1907, p. 261) examined the material of
Tertiary molluscs of the museum, was of the short form, a fact which probably
explains why the valve was referred to Portlandia Philippiana NYST sp. The
determination (according to RAVN’s remarks on the species) seems to be sup-
ported on material from the Upper Miocene Glimmerton (Mica Clay) of
Langenfelde (Germany), which presumably by GOTTSCHE was labelled as
P. Philippiana.

The oblong typical form is pictured on Plate I, figs. 1 and 3, while the short
form is seen on the same plate, figs. 2 and 4.

Measurements. Five double valves from Spandetgard have the following
measurements:

Length: Height: Thickness:
1.5 mm. 1.2 mm. 0.7 mm.
1.3 - 1.0 - 0.7 -
1.4 - 1.1 - 0.7 -
1.4 - .1 - 0.7 -
1.1 - 0.8 - 0.6 -

The largest of the valves from Spandetgird measures 3.0 mm. in length
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and 2.3 mm. in height. The smallest one measures 1.1 mm. in length and 0.8
in height.

The average of measurements of 50 valves from the same locality shows a
length of 1.5 mm. and a height of 1.2 mm.

These values seem to correspond very well to the dimensions of shells from
the other Gram Clay localities, from which there are numerous valves of this
species available.

Distribution.

North Sea Basin. Oligocene. Denmark: Upper (HARDER). North Germany: Middle
(v. KOENEN 1867), Upper (SPEYER-V. KOENEN 1884). Holland : Upper (HEERING). — Miocene.
Denmark: Klintinghoved Clay (SORGENFREI), Arnum Formation (SORGENFREI), Hodde
Formation, Gram Formation. North Germany: Vierland-Stufe (Gripp), Hemmoor-Stufe
(KauTsky), Reinbek-Stufe (ANDERSON), Glimmerton (GottscHE 1876: P. Philippiana).
Holland: Middle (IsspeerT). Belgium: Horizon de Houthaelen, Anversien (GLIBERT). —
Plio-Pleistocene. England: Coralline Crag (Woop). — The species is probably identical
with Leda tenuis PHiLIPPI, which occur in the Recent Atlantic Ocean, the seas around
Great Britain and in the Mediterranean.

Genus: Yoldia MOLLER 1842
(Type: Leda hyperborea (LovEN), ToRELL 1859)

Yoldia glaberrima (MUNSTER in GOLDFuUSS 1837)

1956. Yoldia (Yoldia) glaberrima (MUNSTER) — RASMUSSEN, South Jutland, p. 30.

1958. Yoldia glaberrima (MUNSTER) — RASMUSSEN, Sad, p. 7, PL. I, f. 1a, b.

1958. Yoldia glaberrima (MUNSTER) — SORGENFREI, Middle Mioc., p. 59, PI. 4, f. 11a-b.

1959. Yoldia (Yoldia) glaberrima (Graf zu MUNSTER) — ANDERSON, Untermiozin, p. 79,
Pl 13, f. Sa—c.

1964. Yoldia (Yoldia) glaberrima (MUNSTER) — ANDERSON, Reinbek-Stufe, p. 129.

Material. Hodde Clay.
Leding (93.155), Lenborg (102.55), Hodde (113.33a), Gram (141.277).

Gram Clay.

Skerum Mplle (clay pit), Brejning Kro (83.197), Muldbjerg (83.1006), Kodal-Fjaldene
(84.1749), Videbxk (84.1748), Lille Torup (85.379), Snejbjerg (85.775), Bording (86.177),
Brande Brickworks (clay pit), Drantum (104.1241), Nyholm (104.1166), Odderup (103.150),
Harkes (clay pit), Stenderup (113.36), Made Brickworks (eastern clay pit), Tiset (141.244),
Holleskov (132.46b), Ravning (clay pit), Hjortvad (141.178), Lintrup (132.140), Sender
Hygum (141.170, 141.260, 141.261, 141.273), Redding (141.75, 141.76, 141.242, 141.247),
Vester Lindet (141.246), Gram (141.277), Spandetgard (clay pit), Spandet (150.184),
Tender (166.398), Brodersmark (166.351b), Sed (167.4, 167.445), and Rends (167.236).

Remarks. All the specimens available consist of fragments, with the exception
of two defective valves found in a lump of clay collected in the clay pit of
Brande Brickworks.
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The appearance of the fragments shows that they belong to a smooth Yoldia,
which can hardly be any other than the Y. glaberrima which is so frequent
in the Miocene deposits of the North Sea Basin.

Reference is made to the thorough descriptions of the species in SORGENFREI
(1958) and ANDERSON (1959).

Distribution.

North Sea Basin. Oligocene. Denmark: Upper (HARDER). North Germany: Upper
(GORrGES). Holland : Upper (HEERING). — Miocene. Denmark: Klintinghoved Clay (SORGEN-
FREI), Arnum Formation (SoRGENFREI), Hodde Formation, Gram Formation. North
Germany: Vierland-Stufe (Gripp), Hemmoor-Stufe (KAuUTsky), Reinbek-Stufe (ANDERSON),
Glimmerton at Langenfelde (GotTscHE), Lineburg (MULLER), Elbtunnel (HorN) and
Morsum Kliff, Sylt (RavN). Holland : Middle (IsspEerT). Belgium: Horizon de Houthaelen,
Anversien (GLIBERT). — Pliocene. Germany: Morsum Kliff, Limonitsandstein (Gripp 1922),
Bredstedt (H.-L. HECK).

FAMILIA: ARCIDAE GRAY 1840

Genus: Bathyarca KOBELT 1891
(Type: Arca pectunculoides Scaccui 1834)

Bathyarca pectunculoides (SCACCHI 1834)

1856. Arca pectunculoides ScaccHr — S. V. Woob, Crag Moll. II, p. 79, PL. X, f. 3a-b.

1863. Arca pectunculoides SCACCHI — JEFFREYS, Brit. Conch. II, p. 171, V (1869), Pl. XXX,
f. 3.

1867. Arca pectunculoides ScAccHI — WEINKAUFF, Conch. Mittelm. I, p. 201.

1892. Arca pectunculoides ScaccHl — LEHMANN, Dingden I, p. 211, PL. IV, f. 4.

1898. Arca pectunculoides ScaccHl — BucQuoy, DAUTZENBERG & DoLLFus, Roussillon,
11, p. 802.

1907. Arca (Bathyarca) pectunculoides SCAcCHI — CERULLI-IRELLI, Fauna mal. mariana,
p. 110, P1. VII (V), f. 30.

1925. Bathyarca pectunculoides SCACCHI var. minutissima — KAUTsSKY, Hemmoor, p. 18,

BL2,f 1.

1934. Arca (Bathyarca) pectunculoides ScaccHI — JENSEN & SPARCK, Saltvandsmuslinger,
P 37,1 25.

1945. Arca (Bathyarca) pectunculoides ScaccHl — GLIBERT, Mioc. Belg. 1I, p. 42, PL. I,
f.11.

1957. Bathyarca pectunculoides ScaccHI sp. — GLIBERT, Pelecyp. I.R.S.N.B. Bull., T.
XXXIII, no. 9, p. 18.

1958. Bathyarca pectunculoides (SCACCHI) — SORGENFREI, Middle Mioc., p. 65.

1964. Bathyarca pectunculoides (SCACCHI) — ANDERSON, Reinbek-Stufe, p. 130, PL 1,
figs. 9a-b.

Material. Gram Clay.

Made Brickworks Eastern clay pit 1 defective left valve 1)
Gram 141.277 18.00-18.50 m.: 1 def. valve (1)
- - 19.00-19.50 m.: - 1)
= - 19.50-20.00 m.: - 1

2%
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Description. Very few fragmentary valves are available.

The specimen from Maide consists of an incomplete left valve comprising
the part around the umbo and the posterior hinge region as well as part of
the shell ventrally to these areas. The remnant of the valve is seated on a
lump of pyrite.

The umbo is prosogyrate. The surface of the valve is covered by numerous
fine, filamentous, radial ribs, crossed by numerous fine, filamentous concentric
ribs. At the intersections there are some very small knot-shaped elevations.
The intervals between the ribs are equally rectangular except for the part of the
shell below the margin of the hinge, where they are shaped as parallelograms.

The greater part of the hinge is covered by pyrite. Only the three strong
posterior teeth are seen, parallel to the margin of the hinge.

The fragments from Gram are also seated on pyrite and comprise corre-
spondingly smaller parts of the valve.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Gram For-
mation. North Germany: Hemmoor-Stufe (KauTtsky, DiTTMER), Reinbek-Stufe (ANDER-
soN), Glimmerton at Langenfelde (GortscHE 1876). Belgium: Anversien, Deurnien
(GLIBERT). — Plio-Pleistocene. Belgium: Scaldisien (GrLiBERT). England: Coralline Crag
(Woob). — Recent: Skagerak (300-700 m’s depth acc. to JENSEN & SPARCK).

Atlantic Region. Aquitanian Basin: Helvétien (CossMANN & PEYRoOT: B. polyfasciata
(S1sm.). — Recent: Atlantic Ocean from Greenland (PosseLt) and Spitsbergen to the coasts
of the British Isles (JEFFREYS), Morocco and the Mexican Gulf (JENSEN & SPARCK).

Mediterranean Basin. Miocene. Italy: Elveziano (Sacco). — Pliocene. Italy: Monte
Mario (CeErRULLI-IRELLI). — Recent: The coast off Gibraltar, Naples, the Aegean Islands
etc. (in deep water) (WEINKAUFF).

Poland: Miozin (FRIEDBERG: Arca pectunculoides SCACCHI var. minutissima KAUTSKY).

FAMILIA: LIMOPSIDAE DALL 1895

Genus: Limopsis SASSI 1827
(Type: Arca aurita BRoccHI 1814)

Limopsis aurita (BroccHr 1814)
Plate I, figs. 5 and 6

1956. Limopsis (Limopsis) aurita (BROCCHI) — RASMUSSEN, South Jutland, p. 31, PL I,
f. 3a, b.

1958. Limopsis aurita (BROCCHI) — SORGENFREI, Middle Mioc., p. 66.

1959. Limopsis (Limopsis) aurita (BROCCHI) — ANDERSON, Untermiozin, p. 87, Pl 13,
f. 8a-c.

1964. Limopsis (Limopsis) aurita (BRoCCHI) — ANDERSON, Reinbek-Stufe, p. 132.

Material. Hodde Clay.

Leding (93.155), Odderup (103.150), Grode (Karlsgarde Canal, Section), Made Brick-
works (northwestern clay pit, eastern clay pit), Gram (141.277), Hygum (141.215), Tonder
(166.398), and Hajstrup (167.235).
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Gram Clay.

Skaerum Molle (clay pit), Lillelund (73.88), Vinding (74.321), Lille Spabaek (lignite pit),
Spjald (83.127), Brejning Kro (83.197), Kodal-Fjaldene (84.1749), Videbzk (84.344,
84.1727), Moltrup Brickworks (clay pit), Gjedstrup (85.861), Vester Hogild (95.1510b),
Drantum (104.1241), Nyholm (104.1166), Store Langkjer (104.1158), Hjortsballe (105.320),
Leding (93.155), Alkarsig Brickworks (clay pit), Forsom Brickworks (clay pit), Odderup
(103.150), Hesselho (113.121), Hauge (clay pit), Karlsgarde Canal (unknown locality),
Hodde (113.33a), Esbjerg (130.59, clay pit and beach), Made Brickworks (eastern clay pit),
Strandgard Brickworks (clay pit), Lintrup (132.140), Sender Hygum (141.170, 141.260),
Rodding (141.75), Gram (141.277), Spandetgard (clay pit), Spandet (150.184), and Tender
(166.398).

Description. The valves are obliquely oval and become more oblique with age.
The margin of the hinge is almost straight or slightly convex, on both sides
of the umbo being protracted into mostly indistinct small auricles or ear-
shaped extensions. The anterior margin of the valve is highly convex. The
posterior margin of the older valves are lengthened downwards and are a little
more flatly convex. Both margins are evenly merged into the highly convex
ventral margin.

The umbo is small, conspicuous, situated a little in front of the axis of the
valve. Area is clearly demarcated as a triangular depressed part, the surface
of which is striated lengthwise. In the middle of area, immediately below the
umbo, the small triangular, sharply defined ligament pit is found.

The hinge consists of a number of teeth (5-9) on each side of the ligament
pit. It projects a little over the dorso-ventral plane, and the inmost ones are
vertically placed, while the outmost ones are more oblique. The central ones
are usually the largest, and mostly there is a tooth more in the posterior row
of the hinge.

The valves are evenly convex.

The exterior is comparatively smooth, but is densely set with concentric
growth lines, which, however, mostly demarcate numerous, more or less
distinct thickenings of the surface of the valve. Besides, it is possible by mag-
nification to see numerous radial striae, which, however, are only visible on
the passage above the concentric thickenings, where a number of very small,
mostly indistinct notches on these are often formed.

The interior is smooth. Mostly, however, there is a very indistinct and ir-
regular radial striation. As a rule the adductor impressions are distinct. The
anterior one is shaped like an oval cut lengthwise, the surface of which is
deeply depressed in the middle. The straight line which constitutes the de-
marcation towards the middle of the valve, often forms a projecting edge.
The posterior adductor impression is much larger and of the same form.

The ventral shell-margin is smooth.

Remarks. This species is very common in the Miocene of the North Sea Basin.
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In Denmark it seems to have diasppeared before the end of Upper Miocene
time.

In the Hodde and Gram Formations there are furthermore two Limopsis
forms: L. lamellata in the Hodde Clay and L. anomala in the Gram Clay.
Both of them are described below, but probably they are shells of L. aurita
with an appearance deviating in the case of each type. L. lamellata is presum-
ably only the juvenile form of L. aurita occurring in the Hodde Clay and
L. anomala the corresponding stage in the Gram Clay. See the remarks under
the two species.

Distribution.

North Sea Basin. Oligocene. Denmark: Upper (HARDER). Holland: Upper (HEERING).
— Miocene. Denmark: Klintinghoved Clay, Arnum Formation (SOrRGENFREI), Hodde
Formation, Gram Formation. North Germany: Vierland-Stufe (ANDERSON), Hemmoor-
Stufe (KAUTsKY), Reinbek-Stufe (ANDERSON), Glimmerton at Lieth, Langenfelde, Teufels-
briicke (GoTTscHE), Liineburg (MULLER). Holland : Upper (I5sPEERT). Belgium: Anversien
(GLIBERT). — Plio-Pleistocene. England: Coralline Crag (Woop). — Recent living in the
northern North Sea (JENSEN & SPARCK).

Atlantic Region. Aquitanian Basin: Tortonien (CossMANN & PEYROT: L. dumasi). —
Recent from the seas off Western Greenland to the Gulf of Mexico, the seas around the
Bermudas and from the Shetlands to Gibraltar (JEFFREYS).

Mediterranean Basin. Italy: Elveziano, Tortoniano, Piacenziano (SAcco), Monte Mario
(CerRULLI-IRELLI). Spain: Plaisancien (GiGNoux et Farrot). Cyprus: Pliocéne inférieur.
Syria: Mioceéne superieur, Pliocéne (DUBERTRET, VAUTRIN, KELLER, DAvVID). Algeria:
Plaisancien (DE LAMOTHE). — Recent (BucQuoy, DAUTZENBERG & DOLLFUS).

Limopsis anomala (EicHWALD 1830)
Plate I, figs. 8 and 9

1830. Pectunculus anomalus — EICHWALD, Nat. Skizze, p. 211.

1870. Limopsis anomala EXCHWALD — HORNES, Wienerbecken II, p. 312, Pl. XXXIX, f. 2-3.

1892. Limopsis anomala EICHWALD — LEHMANN, Dingden I, p. 214.

1898. Pectunculina anomala ExXCHWALD — Sacco, I Molluschi, XXVI, p. 41 (var. minuta,
p- 41, PL. X, f. 11-18).

1907. Limopsis (Pectunculina) anomala ExcHw. sp. — CERULLI-IRELLI, Fauna mal. mariana,
I, p. 122, Pl. XI (IX), f. 13-15. (var. minuta PHiL., p. 123, Pl. XI (IX), f. 16; var.
cancellata MicH., p. 123, PL. XI (IX), f. 17-18).

1912. Limopsis (Pectunculina) minuta (PHIL.). — CossMANN & PeyroT, Conch. Néog.
A.S.L.B. LXVI, 4 fasc. p. 321, PL. VII, f. 9-12.

1913. Limopsis anomala EICHWALD sp. — DOLLFUS et DAUTZENBERG, Bassin Loire, p. 364,
Pl. XXXIII, f. 1-10.

1914. Limopsis anomala Eicaw. — Gripp, Itzehoe, p. 7.

1925. Limopsis (Pectunculina) minuta PHIL. — KAuTsky, Hemmoor, p. 20.

1942. Limopsis anomala (EICHWALD). — ISPEERT, Mioz. Taxodonten, p. 59, Pl 4, f. 7-8.

1945. Limopsis (Pectunculina) minuta PHILIPPI sp. — GLIBERT, Mioc. Belg. I, p. 49, Pl. 11,
f. 3.

1958. Limopsis anomala (EXCHWALD). — SORGENFREI, Middle Mioc., p. 69, Pl. 4, f. 16a-b.
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1964. Limopsis (Pectunculina) anomala (EICHWALD) — ANDERSON, Reinbek-Stufe, p. 132,
Pl. 1, f. 13a-b.

Material. Gram Clay.

Muldbjerg 83.1006 6.0 — 7.0 m. 1 complete shell 1)
- - 7.0 — 8.0 m.: 3 def. sh. 2
- - 8.0 — 9.0 m. 3 complete sh., 3 def. sh. 3)
Videbak 84.1748 22.95-23.95 m.: 11 complete sh. 10 def. sh. (11)
= - 23.95-24.95 m.: 2 complete sh., 7 def. sh. (5)
- 84.358 7.2 -15.1 m.: 6 complete sh., 15 def. sh. (11)
- 84.417 2.2 —-15.0 m.: 1 def. sh. (@)
- 84.456 2.2 -15.0 m.: 2 complete sh., 6 def. sh. 4)
- 84.483 2.0 -10.8 m.: 3 complete sh., 4 def. sh. 4)
- 84.492 5.1 -15.5 m.: 5 def. sh. 3)
- 84.525 6.2 — 9.0 m.: 1 complete sh., 11 def. sh., 8 fragm. (3)
Lille Torup 85.379 16.8 —=20.0 m.: 24 complete sh., 47 def. sh.,
1 fragm. (36)
Tvarmose 85.381 21.0 -25.0 m.: 2 complete sh., 2 def. sh., 1 fragm. (2)
Frelund 85.383 9.2 -17.9 m.: 2 complete sh., 2 def. sh. 3)
Gjedstrup 85.861 54.0 m.: 2 complete sh., 2 def. sh. 3)
Snejbjerg 85.775  28.25-29.25 m.: 1 complete sh. ()
- - 29.25-30.25 m.: 1 def. sh. (1)
Brande Brickworks Clay pit : 1 small complete sh. (1)
Odderup 103.150 20.0 -21.0 m.: 1 complete sh., 7 def. sh., 1 fragm. (7)
Méade Brickworks Easternclay pit: 1 def. sh. and 1 complete sh. 2)
Gram 141.277 14.60-15.10 m.: 1 def. sh. (1)

- - 15.55-16.00 m.: 2 complete sh., 1 def. d, I fragm. (4)
- - 16.00-16.50 m.: 1 complete sh., 9 def. sh., 2 fragm. (6)

= - 16.50-17.00 m.: 7 complete sh., 12 def. sh. (10)
s - 17.00-17.50 m.: 17 complete sh., 21 def. sh.,

I complete d., 5 fragm. 22)
= - 17.50-18.00 m.: 1 complete sh., 1 def. sh. (2)

Description. The valves are almost circular, sometimes, however, slightly
obliquely oval. The margin of the hinge is rectilinear, protracted into small,
very short ears on both sides of the umbo. The anterior and posterior margins
of the valves are approximately equally convex, the posterior one, however,
sometimes being slightly less convex than the anterior one.

The umbo is small, situated approximately in the axis of the valve. Area
is shaped as on the preceding species. The ligament pit which is situated in
the middle of the area immediately below the umbo, is deep and shaped as
a somewhat narrower and more pointed triangle than on the preceding species.

The hinge is clearly differently developed on each side of the ligament pit.
The anterior row in the largest valves consists of two or three horizontal teeth,
whereas the posterior row has three or four vertical teeth.

The valves are rather highly convex.

The exterior is covered with close-set, more or less prominent, conspicuous
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and regular, concentric ribs intersected by numerous thin and fine, very distinct
radial filaments. Mostly, however, the concentric ribs are highly dominant.

The interior is smooth. The adductor impressions are often indistinct, but
show the same form and situation as those of the preceding species.

The inside of the ventral margin is crenulated. The upper part of the posterior
margin is often also crenulated, but with fainter ridges than the ventral margin,
and there is a short, smooth piece of shell-margin between the two rows of
ridges.

Measurements.
Length Height Thickness
Odderup 103.150 20.0 -21.0 m.: 2.8 mm. 3.1 mm. 0.9 mm.
Lille Torup 85.379 16.8 —-20.0 m.: 23 - 2.4 - 0.9 -
- - - 2.4 - 2.6 - 09 -
- - - 1.5 - 1.5 - 0.4 -
- - - 20 - 20 - 0.8 -
Snejbjerg 85.775 28.25-29.25 m.: 2.1 - 22 - 09 -
Brande (brickworks pit) 2.1 - 2.1 - 0.6 —
Maide Brickworks (eastern clay pit) 3.0 - 3.1 - 1.2 -
(Plate I, figs. 8 and 9)

Length Height Thithion g o DT CIURLL
Gram 141.277 17.00-17.50 m. 0.8 mm. 0.8 mm. 0.2 mm. 1 1
- - - 0.9 - 0.9 - 0.2 - 1 1
- - - 1.0 - 1.0 - 03 - 1 2
- - - 1.2 - 1.3 - 0.3 - 1 2
— - - 1.4 - 1.5 - 0.4 - 2 3
- - - 1.7 - 1.8 - 0.6 — 2 3
- - - 2.1 - 2.1 - 09 - 2 3
- - - 2.1 - 22 - 0.8 - 2 3
- - - 2.5 - 2.6 - 0.9 - 3 4

Remarks. SORGENFREI (1958, p. 70) remarks that L. anomala may only be a
variety of L. aurita, as the only difference between the two species seems to
be that the ventral margin is crenulated in the former and smooth in the latter.

Observations from the Limopsis material of the Gram Formation confirm
that there is a close connexion between the two forms. It is even probable
that L. anomala should only be considered a juvenile form of L. aurita, as all
small valves of Limopsis measuring less than 3 mm. in length and height, have
the character of L. anomala, i.e. first of all the crenulated ventral margin, but
also the close-set concentric folds and the radial striae.

All the Limopsis valves collected, with the exception of a few small speci-
mens (from Brande and Made), are large, typical L. aurita valves. In return
the small L. anomala valves are dominant in the drilling samples. This seems
to corroborate what has been said above, but it has not been possible to
provide a clear proof.
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Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Gram Forma-
tion. North Germany: Hemmoor-Stufe (KAauTsky), Reinbek-Stufe (ANDERSON). Holland :
Middle (IsspeerT). Belgium: Anversien (GLIBERT)

Atlantic Region. Loire Basin: Miocene Moyens (Faluns) (DoLLFUS & DAUTZENBERG). —
Aquitanian Basin: Burdigalien, Helvétien (CossMaANN & PeYrOT: L. minuta).

Mediterranean Basin. Ttaly: Elveziano, Piacenziano, Astiano (SAcco), Monte Mario
(CERULLI-IRELLI).

Vienna Basin. Austria: Baden Tegel (HORNES).
Poland: Miozin (FRIEDBERG).

Limopsis lamellata LEHMANN 1885
Plate I, figs. 7 and 10
1892. Limopsis lamellata — LEHMANN, Dingden I, p. 216, PL. 1V, f. 5.
1925. Limopsis (Pectunculina) lamellata LEum. — KAuTsky, Hemmoor, p. 20, Pl. 2, f. 7a, b.

1964. Limopsis (Pectunculina) lamellata LEHMANN — ANDERSON, Reinbek-Stufe, p. 134,
Pl. 1, f. 14a-b.

Original diagnosis: Not adduced. Muain features of the original description:
“Die Schale ist fast kreisrund, ziemlich stark gewolbt ————— die Oerschen
stehen beiderseits sehr wenig vor ————— Die Oberfliche der Klappen tragt
wenige, ziemlich weit von einander abstehende, starke, lamellenartig vorstehende,
konzentrische Rippen, welche von zahlreichen feineren Radialrippen durch-
schnitten werden, so dass ein deutliches Gitter mit ziemlich grossen, ldnglich
rechteckigen, in den Ecken mehr oder weniger knotigen Feldern entsteht.
————— Der Innenrand ist stets gekerbt und zwar meist vollstindig und ziem-
lich tief.” (LEHMANN 1892).

Type material. The holotype is the shell pictured by LEHMANN (loc. cit.). Locus
typicus: Dingden. Stratum typicum: Mica Clay. Age: Middle Miocene
(Reinbek-Stufe). Repository unknown.

Material. Hodde Clay.

Leding 93.155 27 -28 m.: 2 def. sh. 2)
- - Unknown depth: 1 complete sh., 2 def. sh. 3)
Lonborg 102.55 17.3 -18.3 m.: 1 fragm. (1)
— - 18.3 —-19.3 m.: 1 complete sh. (1)
Hodde 113.33a 18.5 -18.9 m.: 7 def. sh., 4 fragm. (5)
Brestrup 141.255 30.3 m.: 2 def. sh. )
Rodding 141.243 30 m.: 6 complete sh. (3)
Gram 141.277 27.50-28.00 m.: 1 complete sh., 14 def. sh., 17 fragm. (8)

- - 28.00-28.50 m.: 9 complete sh., 32 def. sh.,
1 complete d, 15 fr. (22)
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Gram 141.277 28.50-29.00 m.: 4 complete sh., 6 def. sh., 8 fragm. (5)
- - 29.00-29.50 m.: 1 complete sh., 14 def. sh., 7 fragm. (8)
= - 29.50-30.00 m.: 2 complete sh., 8 def. sh., 4 fragm. (5

- - 30.00-30.50 m.: 8 def. sh., 1 fragm. (4)
- - 30.95-31.35 m.: 2 def. sh., 1 fragm. (1)
- - 31.35-31.65 m.: 1 def. sh. (1)
- - 31.65-31.95 m.: 2 complete sh. (1)
- - 31.95-32.30 m.: 8 def. sh. “4)
- - 32.30-32.70 m.: 11 def. sh., 2 fragm. (6)
- - 32.70-33.05 m.: 3 def. sh., 1 fragm. (3)
- - 33.05-33.40 m.: 10 def. sh., 16 fragm. (6)
- - 33.40-33.80 m.: 2 def. sh., 2 fragm. 2)
- - 33.80-34.25 m.: 3 complete sh., 13 def. sh., 2 fragm. 9)
- - 34.25-34.70 m.: 28 def. sh., 11 fragm. (15)
Hajstrup 167.235 174"-194" 2 complete sh., 14 def. sh., 1 fragm. )
- - 214’-234" 3 complete sh., 9 def. sh. (6)

Description. The shells are circular when small and obliquely oval when larger.

Outline, hinge, and interior, for that matter, correspond to the appearance
and conditions in L. aurita. Therefore reference is made to the description of
this species and to the quotation of the original description.

The surface of the valve is on the exterior characterized by lamelliform
concentric thickenings intersected by numerous fine radial striae. The lamellae
asarule are less prominent on the young parts of the larger valves, which thus
become difficult to distinguish from L. aurita.

The ventral margin is crenulated on the small valves and smooth on the
larger ones.

Measurements. The following measurements of representative valves will give
the reader an impression of the dimensions of the material. The valves from
Leding and Hoddemark are the largest complete valves in the material, but
there are fragments of valves which were somewhat larger.

Length Height Thickness
Leding 93.155 Unknown depth 5.5 mm. 5.7 mm. 2.0 mm.
Rodding 141.243 30 m. 1.1 - 1.1 - 03 -
- - 30 m. 1.2 - 1.0 - (Plate I, fig. 7)
Gram 141.277  29.50-30 m. 1.0 - L0 - 03 -
= - - 08 - 08 - 02 -
Hoddemark Shell Bed 1 3.1 - 32 - (Plate I, fig. 10)

Remarks. Tt is doubtful whether it will be possible to maintain L. lamellata
as an independent species, as there seems to be even transitions to L. aurita.

The small valves from the Hodde Clay are clearly characterized by the
lamelliform concentric thickenings, which are not found on the small Limopsis
valves from the Gram Clay. The populations in the Hodde Clay thus can
easily be distinguished from that in the Gram Clay on the basis of the small
individuals (i.e. with a length and a height of less than 2 mm.), but the adult
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valves (length and height of more than 6 mm.) from the two formations cannot
be distinguished morphologically.

Therefore it is probable that L. lamellata should be considered a subspecies
of L. aurita. As, however, it has not been possible to verify this view by means
of the present material, L. lamellata is maintained as an independent species
in the present paper.

Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation. North Germany: Hem-
moor-Stufe (DITTMER), Reinbek-Stufe (ANDERSON).

Genus: Modiolus LAMARCK 1799
(Type: Mytilus modiolus LINNE 1758)

Modiolus phaseolinus (PHILIPPI 1844)
Plate V, fig. 1

1844. Modiola phaseolina — PuiLipp1, Enum. Moll. Siciliae II, p. 51, Pl. XV, f. 14.

1850. Modiola phaseolina PuiLippr — S. V. Woob, Crag. Moll. II, p. 59, PI. VIII, f. 4.

1853. Modiola phaseolina PuiLippi — ForBeEs & HANLEY, Brit. Moll. II, p. 186; 1V,
Pl. XLIV, f. 3.

1863. Mytilus phaseolinus PHiLIPPI — JEFFREYS, Brit. Conch. II, p. 118, V. (1869), P1. XXVII,
. 3

1867. Modiola phaseolina PHiLIPPI — WEINKAUFF, Conch. Mittelm. I, p. 218.

1878. Modiola phaseolina PuiLipp1 — NysT, Conch. Terr. Tert., p. 164, Pl. XVII, f. 6a-d.

1934. Modiola phaseolina PHILIPPI — JENSEN & SPARCK, Saltvandsmuslinger, p. 76, f. 57.

1945. Modiolus (Modiolula) phaseolinus PHiLIPPI — GLIBERT, Mioc. Belg. I, p. 53, PL. 11, f. 7.

1957. Modiolus (Modiolula) phaseolina PHiLiPPI — GLIBERT, [.R.S.N.B., Bull., T. XXXIII,
no. 9y, p- 19:

1959. Volsella (Modiolula) phaseolina (PHILIPPI) — ANDERSON, Untermiozin, p. 91, Pl. 14,
f. 2a, b:

1964. Modiolus (Modiolula) phaseolinus (PHILIPPI) — ANDERSON, Reinbek-Stufe, p. 135.

Original diagnosis. ““M. testa ovato-oblonga, gibba, laevigata; margine ven-
trali recto subsinuato, dorsali postico eidem subparallelo; cardine denti-
culato.” (PHILIPPI 1844).

Type material. The place where PHILIPPI’s type is kept is unknown. Thus also
its locus typicus and stratum typicum.

Material. Hodde Clay.

Gram 141.277 27.00-27.50 m.: 1 defective valve (1)
Gram Clay.

Brande Brickworks The clay pit Sample: 1 defective right valve (1)

Gram 141.277 17.00-17.50 m.: 1 double valve of a juvenile

individual [€))]
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Gram 141.277 17.50-18.00 m.: 1 fragment (1)

- - 18.50-19.00 m.: 1 double valve of a juvenile
individual (1)

- - 21.00-21.50 m.: 1 defective double valve (1)

Description. The specimens available are all juvenile.

The valves are oblong, obliquely oval, and thin. The dorsal margin is un-
symmetrically curved. The part situated in front of the umbo is short and
slightly convex. It forms a rounded angle to the almost straight anterior
margin of the valve. The part behind the umbo slopes steeply in an almost
straight line down towards the posterior margin of the valve, which is also
straight and seems to be parallel to the anterior margin. Below, both margins
in an even curve pass into the highly convex ventral margin.

The umbo is slightly prosogyrate and situated near the anterior part of the
dorsal margin, projecting a little beyond it.

The valves are evenly convex.

The surface is smooth. When highly magnified, it shows concentric, very
faint growth lines.

The interior and the hinge region were only visible on a fragmentary right
valve from Brande Brickworks, the other specimens being double valves on
a cast of pyrite.

The valve from Brande shows the following features:

Below the umbo the dorsal margin is thickened and provided with about
six fairly irregular elevations. The posterior dorsal margin is crenulated, being
decomposed into at least eleven (- a few more on the whole valve) parallelo-
gram-shaped, flat ridges, the intervals of which are shaped as very narrow
grooves. The ligament pit is groove-shaped and is found closely below the
dorsal margin, between this margin and a list-shaped thickening issuing from
the thickened dorsal margin under the umbo on both sides of it.

The anterior dorsal margin of the valve in question was broken off.

The adductor impressions and the ventral part of the valve were also in-
accessible to examination.

Measurements. Hodde Clay.

Length Height
Gram 141.277 27.00-27.50 m.: 1.1 mm. 1.4 mm.
Gram Clay.
Gram 141.277 17.00-17.50 m.: 0.9 - 1.1 -
Brande Brickworks The clay pit. Right valve 0.8 - 1.1 -

Remarks. Tt seems possible with certainty to refer the very small specimens
to this species, although their shape is shorter and broader than that of the
much larger valves pictured by GLIBERT and ANDERSON. All the other charac-
ters are in agreement with theirs.
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Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation, Gram Formation. North
Germany: Vierland-Stufe (ANDERsON), Hemmoor-Stufe (DitT™MER), Reinbek-Stufe
(ANDERSON). Belgium: Anversien, Deurnien (GLIBERT). — Plio-Pleistocene. Belgium:
Scaldisien (GLIBERT). England: Coralline Crag (Woob). — Recent (JENSEN & SPARCK).

Atlantic Region. Recent from the seas off northern Norway to the seas around Iceland
and the western coasts of Europe (JENSEN & SPARCK).

Mediterranean Basin. Italy: ? Pliocene at Palermo and Messina (WEINKAUFF),

FAMILIA: PINNIDAE

Genus: Pinna LINNE 1758
(Type: Pinna rudis LINNE 1758)

? Pinna sp.
Material. Gram Clay.
Tonding Clay pit Fragments (1)
Gram 141.277 6.90— 7.30 m. - (1)
- - 8.05— 8.50 m. - (1)
- - 8.50— 9.00 m. - (1)
- - 9.00- 9.50 m. - (1)
- - 9.50- 9.90 m. - (1)
- - 15.55-16.00 m. - (1)

Description. There are numerous fragments of a fairly large, very thin-shelled
and apparently quite flat-shelled pelecypod, the interior of which is nacreous.
A few of the fragments originate from the region around the margin of the
valve, which is seen to be slightly curved. Apart from very faint growth lines
the surface of the valve is smooth, but there are suggestions of very slight
folds parallel to the growth lines.

With some doubt the fragments are referred to the genus Pinna.

FAMILIA: PECTINIDAE LAMARCK 1801

Genus: Amussium (BOLTEN) RODING 1798
(Type: Ostrea pleuronectes LINNE 1758)

Amussium cf. woodi (NysT 1861)

1861. Pecten Woodi — Nyst, Crag noir d’Edeghem, p. 196.

1892. Pecten Gerardi NYST — LEHMANN, Dingden I, p. 201.

1893. Pecten Woodi NysT — LEHMANN, Dingden 1I, p. 290 (under P. Gerardi).

1916. Pecten (Amussium) n. sp. — NORREGAARD, Esbjerg, p. 9, f. 1.

1939. Amussium Woodi NyYsT — RoGER, Chlamys, p. 254 (under 4. Gerardi).

1940. Lissochlamys cfr. Gérardi NysT — SORGENFREI, Klintinghoved, p. 14 (and 93), P1. IV,
£ s
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1945. Amusium woodi NYST sp. — GLIBERT, Mioc. Belg. I, p. 88, PL. V, f. 3a—c.

1950. Pecten (Pseudamussium) corneus SOWERBY — HEERING, Mioc. Pelec. p. 14, Pl 1,
E. 14, 18; Pl. 2, f. 22.

1958. Pecten Gerardii NYST — SORGENFREI, Middle Mioc., p. 78, Pl. 5, f. 24.

1959. Amussium (Amussium) woodi (NYST) — ANDERSON, Untermiozén, p. 102, Pl. 14, f. 10.

1964. Amussium (Amussium) woodi (NYST) — ANDERSON, Reinbek-Stufe, p. 137, text-fig. 9.

Material. Gram Clay.

Fragments from the clay pits of Lille Spab®k, Hauge, and Made (eastern pit) and from
the bore-hole at Gram Brickworks (141.277), 14.60-15.10 m.

Description. There are few fragments of a large, smooth, very thin-shelled,
and only very slightly convex Amussium species. Broken valves have been
found a few times (the eastern clay pit of Made Brickworks, Lille Spabak, and
Hauge) in Gram Clay, with some of the fragments in situ, but it has never
been possible to preserve so many fragments that it has been possible to
reconstruct a whole valve.

On the surface of the fragments there are numerous very fine concentric
growth lines, and by magnification innumerable, very faint, close-set, some-
what irregular radial striae are seen.

Remarks. The fragments probably belong to the species which by SORGENFREI
has been termed Pecten gerardii and by ANDERSON Amussium woodi. The two
names perhaps — as supposed by GLIBERT and ANDERSON cover one and the
same species in the Miocene. GLIBERT (loc. cit., p. 89, note 182), considers
A. gerardi a Pliocene and A. woodi a Miocene species.

Here the name is preferred of the form in the Anversien of Belgium.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation, Gram Formation. North
Germany: Vierland-Stufe (ANDERsON), ? Hemmoor-Stufe (KAutsky: Lissochlamys cf.
Gérardi), Reinbek-Stufe (ANDERSON), Glimmerton at Elbtunnel (E. HORN: Pecten Gerardi).
Holland: “Miocene” (HEERING: Pecten (Pseudamussium) corneus). Belgium: Anversien
(GLIBERT).

Genus: Chlamys (BOLTEN) RODING 1798
(Type: Pecten islandicus O. F. MULLER 1776)

Chlamys tigerina (MULLER 1776)

1776. Pecten tigerinus — MULLER, Zool. Dan. Prodomus, p. 248, nr. 2993.

1778. Pecten tigerinus — MULLER, Zool. Dan. 1I, p. 26, PI. 60, f. 6-8.

1843. Pecten tigrinus MULLER — NysT, Coq. et Polyp., p. 303, Pl. XXIII, f. 4-10.
1850. Pecten tigrinus MULLER — Woob, Crag Moll. 11, p. 27, PL. V, f. 2a-g.
1892. Pecten Lamali var. NyST — LEHMANN, Dingden I, p. 202.
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1916. Pecten cfr. tigerinus MULLER — N@RREGAARD, Esbjerg, p. 8.

1925. Flexopecten tigrinus MULL. var. praecedens — KAuTsky, Hemmoor, p. 13.

1934. Pecten tigrinus MULLER — JENSEN & SPARCK, Saltvandsmuslinger, p. 64, f. 45.

1939. Chlamys tigrina MULLER — ROGER, Chlamys, p. 196, PI. 21, f. 11-21.

1945. Pecten (Pallium) tigerinus MULLER — GLIBERT, Mioc. Belg. I, p. 79, PL. V, f. 2a-n.

1950. Pecten (Flexopecten) tigerinus MULLER — HEERING, Mioc. Pelec., p. 14, PL. 1, f. 1-7,
fi 10-12; 15; 16; 19, PL.. 2, £ 29, Pl 8§, . 175-177, 191;

1957. Chlamys (Camptonectes?) tigerinus MULLER sp. — GLIBERT, I.R.S.N.B., Bull., T.
XXXIII, no. 9, p. 29.

1958. Pecten tigerinus MULLER — SORGENFREI, Middle Mioc., p. 77, PL 8, f. 23.

1959. Chlamys (Pallium) tigerina (MULLER) — ANDERSON, Untermiozin, p. 99, Pl. 14, f. 7.

1964. Chlamys (Pallium) tigerina (O. F. MULLER) — ANDERSON, Reinbek-Stufe, p. 142.

Material. Gram Clay.

Sed 167.445
91.00-91.50 m.: 2 posterior auricles of right valves and 17 small fragm. 2)
91.50-91.75 m.: 1 posterior auricle of a right valve

1 posterior auricle of a left valve and 2 small fragm. (1)
91.75-92.00 m.: 2 posterior auricles of right valves

1 anterior auricle of a right valve

1 anterior auricle of a left valve and 27 small fragm. (3)
92.00-92.25 m.: 3 posterior auricles of right valves

1 anterior auricle of a left valve

2 anterior auricles of right valves and 31 small fragm. 3)
92.25-92.70 m.: 1 posterior auricle of a left valve and 11 fragm. 2)

Description. As only fragments are available, reference is made to the descrip-
tions of the species in the literature quoted.

Among the fragments nearly all parts of the valves are represented: anterior
and posterior auricle, parts of the ventral margin and the rest of the surface
of the valve.

The fragments are from small, rather young individuals, which on the whole
have rather a faint sculpture. The anterior auricles have pronounced radial
folds. The posterior auricles are small, and posteriorly form an obtuse angle.
The surface of the valve is covered by innumerable filamentous radial striae,
which are intersected by numerous growth lines. Parts of the ventral margin
show many regular folds, which are striated longitudinally like their intervals.

Remarks. A comparison with recent valves from the Kattegat show so close
a similarity that there is no reason to make reservations as regards the de-
termination of the species.

Distribution.

North Sea Basin. Oligocene. Holland: Upper (HEERING). — Miocene. Denmark: Arnum
Formation (SORGENFREI), Gram Formation. North Germany: Untermiozin (ANDERSON),
Hemmoor-Stufe (Kautsky), Reinbek-Stufe (ANDERsSON), Glimmerton at Liineburg
(MULLER). Holland: “Miocene” (HEERING). Belgium: Horizon de Houthaelen, Anversien
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(GLIBERT). — Plio-Pleistocene. Holland (TEscH). Belgium: Scaldisien (GLIBERT). England:
Coralline Crag, Red Crag (Woob).

Atlantic Region. Recent off the coasts of western Europe from Finmarken (Norway)
to Portugal (JEFFREYS).

Mediterranean Basin. Italy: Piacenziano (SAcco).

Chlamys clavata (PoL1 1795)

1956. Chlamys (Peplum) clavata (PoL1) — RASMUSSEN, South Jutland, p. 32, PL. I, f. 5a, b.
1957. Chlamys (Peplum) clavatum PoL1 sp. — GLIBERT, [.R.S.N.B. Bull., T. XXXIII, no. 9,
p- 28, PL. I, f. 11a, b.

Material. Gram Clay.

Skerum Molle (clay pit), Videbak (84.1748), Brande Brickworks (clay pit), Drantum
(104.1241), Alkersig Brickworks (clay pit), Forsom Brickworks (clay pit), Hesselho
(113.121), Hauge (Gram Clay and Glauconite Clay), Teonding (clay pit), Hoddemark
(Karlsgarde Canal), Esbjerg (clay pit and beach), Made Brickworks (eastern clay pit),
Strandgard Brickworks (clay pits), Gerding (probably clay pit), Holleskov (132.46b),
Ravning (clay pit), Sender Hygum (141.260, 141.261), Gram (141.277), Spandetgéard
(clay pit), Brodersmark (166.351b), Sed (167.445), and Rends (167.236).

Description. Shells almost circular. Apical angle 96°-108°. Hinge margin
straight. Pallial line regularly semicircular. The umbo projects slightly beyond
the hinge margin. The right valve is highly convex. The left valve is flat or
slightly concave. The margins of the valves are sometimes somewhat intro-
flexed.

The auricles (only observed on left valves) are straight along the hinge
margin. The posterior one is slightly shorter than the anterior one and has a
concave margin. The anterior auricle has a straight margin at right angles to
the hinge margin. Both auricles are provided with narrow, distinctly set off
radial ribs which are intersected by numerous growth lines parallel to the
margins. The radial ribs are most distinct on the anterior auricle, their number
mostly being eight. The anterior auricle of the right valve according to the
literature has a deep byssal incision.

The sculpture of the valves consists of 5-6 large, broad, radial folds, which
increase in breadth towards the valve margin, in the proximity of which they
sometimes divide. In the intervals somewhat smaller, secondary folds are often
formed. The folds as well as the intervals between them are furrowed longi-
tudinally by numerous striae, which stand out more or less distinctly. In a
broad zone along the pallial line there are often a large number of radial
ribs of the third order, so that the valve suddenly gets a pleated appearance.

The growth lines are visible as concentric, more or less prominent and ir-
regular lines.
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The interior of the valves is nacreous, and the radial folds of the exterior
stand out very much in a negative view. The adductor impressions are not
visible on the specimens available.

Remarks. The greater part of the material from the Gram Clay consists of
very small fragments, thus in the case of the part originating from the drillings.

Peculiarly enough the species has not yet been shown to occur in the Plio-
cene deposits in the North Sea Basin. It is fairly common in the Mediterranean
Pliocene deposits and is recent in the Atlantic as well as the Mediterranean.
Its occurrence in the Sables de Deurne and the Sables de Diest of Belgium
has by GLIBERT & DE HEINZELIN (1955) and GLIBERT (1962) been interpreted
as an argument in favour of the view that these deposits were contemporaneous
with the Upper Miocene Glimmerton. The species does not occur in older
strata of the North Sea Basin.

EaMmEes & Cox (1956, p. 58) place Chlamys (Peplum) elongata (PoL1) sensu
ROGER 1939, p. 208 (with pictures belonging here) as a synonym of C. (Peplum)
inflexa (LAMARCK 1819). No particular grounds for this have been given.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Glimmerton
at Breklum (STruck 1908), Langenfelde (Pecten pes lutrae L. by GortscHE 1876), Elb-
tunnel (HorN 1912) and Nordlohne (Pecten septemradiatus by Gripp 1940a). — Mio-
Pliocene. Holland: Upper Miocene in the Peel district (SPAINK). Belgium: Sables de Deurne
and Sables de Diest at Berchem (GLIBERT).

Atlantic Region. Morocco: Pliocene (LECOINTRE). — Recent from the coasts of Portugal
to the Shetlands (ROGER).

Mediterranean Basin. Italy: Piacenziano, Astiano, Calabriano (SAcco, GiGNOUX). Syria:
Pliocene de Mandjila (RoGER). Algeria: Plaisancien (DE LAMOTHE). — Recent (Bucquoy,
DAUTZENBERG & DOLLFUS).

FAMILIA: LIMIDAE D’ORBIGNY 1847
Genus: Lima (CHEMNITZ 1784) BRUGUIERE 1792

Subgenus: Limatula S. Woob 1839
(Type: Pecten subauriculata MONTAGU 1808)

Lima (Limatula) subauriculata (MoNTAGU 1808)
Plate V, fig. 4

1808. Pecten subauriculata — MONTAGU, Test. Brit. Suppl., p. 63, PL. 29, f. 2.

1849. Lima subauriculata — FOorRBES & HANLEY, Brit. Moll. II, p. 263, PI. LIII, f. 4-5.
1850. Lima subauriculata MONTAGU — Woob, Crag Moll. I, p. 47, Pl. VII, f. 3a—c.
1863. Lima subauriculata MONTAGU — JEFFREYS, Brit. Conch. 11, p. 82, Pl. XXV, f. 3.
1870. Lima subauriculata MoNT. — HORNES, Wienerbecken I, p. 389, Pl. LIV, f. 6a-b.
1881. Lima subauriculata, MONTAGU — NysT, Conch. Terr. Tert, p. 158, Pl. XVII, f. 3a-d.
1898. Limatulata cf. subauriculata — Sacco, I Molluschi XXV, p. 17, PL. V, f. 10.
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1914. Lima (Limatula) subauriculata (MONTAGU) — CossMANN & PeyroTt, Conch. Néog.
A.S.L.B. LXVIII, 2 fasc., p. 157, PI. XXI, f. 20-21.

1934. Lima (Limatula) subauriculata MONTAGU — JENSEN & SPARCK, Saltvandsmuslinger,
p- 69, f. 51,

1945. Lima (Limatula) subauriculata MONTAGU sp. — GLIBERT, Mioc. Belg. I, p. 90, PI. II,
£ s

1950. Lima (Limatula) subauriculata (MONTAGU) — HEERING, Mioc. Pelec., p. 16, Pl 6,
f. 143-144.

1957. Limatula subauriculata MONTAGU sp. — GLIBERT, I.R.S.N.B., Bull., T. XXXIII, no.
9, . 8.

1964. Lima (Limatula) subauriculata (MONTAGU) — ANDERSON, Reinbek-Stufe, p. 143.

Material. Gram Clay.

Mide Brickworks. Eastern clay pit. Upper part of a shell

Gram 141.277 17.50-18.00 m.: 1 very defective double valve and the upper
part of another shell

- - 19.00-19.50 m.: The upper part of a shell

Description. The material is too fragmentary for a complete description. A
complete description may be found in the literature cited. As to the Miocene
valves, reference is made to GLIBERT’s description (1945).

From the Gram Clay only the upper parts of three valves are available,
showing the umbonal region, the hinge margin, the two auricles, which are
of the same size, but comparatively small, and the upper part of the convex
valve itself, with rather faint radial striae.

These parts are also seen on the defective double valve from Gram, which
furthermore gives a good impression of the slender shape of the shells and
situation of the axis at right angles to the rectilinear hinge margin. There are
also distinct traces of the large number of comparatively strong and broad
radial ribs on the ventral part of the valves. Otherwise the specimen mainly
consists of a cast of pyrite with remnants of the valves here and there. The
height is 7.5 mm. and the length 4.1 mm.

The shape and sculpture of the valves are in complete agreement with the
descriptions and the pictures of L. subauriculata.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Vierland-
Stufe (ANDERSON), Reinbek-Stufe (ANDERSON). Holland: Middle Miocene (HEERING).
Belgium: Anversien (GLIBERT). — Plio-Pleistocene. Holland (HEERING). Belgium: Scaldisien
(GLiBERT). England: Coralline Crag (Woob). — Recent (JEFFREYS).

Atlantic Region. Aquitanian Basin: Helvetien, Tortonien, (CossMANN & PEYROT). —
Recent from the coasts off Norway, Iceland, and the Canarian Islands, from the west coast
of Greenland and Florida (JENSEN & SPARCK).

Mediterranean Basin. Italy:? (SAcco). — Recent (JEFFREYS).

Vienna Basin. Austria: Steinabrunn, Grund (HOERNES).
Poland: Miozin (FRIEDBERG).
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ORDO: EULAMELLIBRANCHIATA
SUBORDO: HETERODONTA
FAMILIA: ASTARTIDAE GRAY 1840

Genus: Astarte J. SOWERBY 1816
(Type: Pectunculus sulcatus DA CosTA 1778)

Astarte gracilis v. MUNSTER in GOLDFuUSS 1837
Plate III, figs. 1-6.

1837. Astarte gracilis MUNSTER — GoOLDFUss, Petrefac. Germ. II, p. 194, Pl. CXXXV,
f. 4a—c.

1837. Astarte concentrica — GOLDFUSS, ibid., p. 195, Pl. CXXXV, f. 7a, b.

1892. Astarte concentrica (s.a.) — LEHMANN, Dingden I, p. 226.

1907. Astarte concentrica GOoLDFUss — RAVN, Jylland, p. 268 (64), Pl. I, f. 23.

1914. Astarte concentrica GoLpF. — GRripP, Itzehoe, p. 7, PL. I, f. 1-2.

1916. Astarte cfr. concentrica GOLDF. — NORREGAARD, Esbjerg, p. 13.

1925. Astarte concentrica GOLDF. & var. gracilis MUNST. — KAuTsky, Hemmoor, p. 25,
Pl. 2, f. 17-18.

1940. Astarte concentrica GOLDF. — SORGENFREI, Klintinghoved, p. 20, PL. IV, f. 8.

1944. Astarte concentrica GOLDF. — HEERING, Oberolig. Bivalv., p. 22, PL 8, f. 1-24,
Pl 9, f. 1-=2.

1944. Astarte gracilis GoLpFuss — HEERING, ibid., p. 23, P1. 9, f. 3-12.

1945. Astarte (Astarte) concentrica GOLDFUSs — GLIBERT, Mioc. Belg. I, p. 97, Pl. VI,
f. 2a-c.

1945. Astarte (Astarte) gracilis MUNSTER — GLIBERT, ibid. I, p. 99, PL. VI, f. 6a, b.

1950. Astarte concentrica GoLDFUSS — HEERING, Mioc. Pelec., p. 19, PL. 3, f. 50, 51, 55,
59-66; PI. 8, f. 194.

1950. Astarte gracilis MUNSTER — HEERING, ibid., p. 20.

1957. Astarte gracilis (MUNSTER) GOLDFUSS — GLIBERT, Rupél., Chattien, p. 22, PL II,
f. 3a-n.

1957. Astarte goldfussi HINSCH & praecursor n. s. sp. — GLIBERT, ibid., p. 24, Pl. I, f. 17;
Pl 111, f. 14, b.

1957. Astarte (Astarte) goldfussi HINscH — GLIBERT, [.R.S.N.B., Bull., T. XXXIII, no.
47, p. 5.

1958. Astarte cf. concentrica GOLDFUSS — SORGENFREI, Middle Mioc., p. 83.

1959. Astarte (Astarte) gracilis MUNSTER — ANDERSON, Untermiozin, p. 106-111, PI. 15,
f. 2a—c and 3a-e.

Original diagnosis: ‘‘Astarte testa convexa, ovato suborbiculari, umbonius
medianis prominulis, lunula late lanceolata, costulis crebis convexis, interstitiis

aequalibus planis, margine interno integro vel crenulato” (GRAF zu MUNSTER
1835).

Material. Hodde Clay.

The shells of this species have been referred to the specific name of goldfussi
HINSCH in the tables in Part I.

Leding 93,155 31 m.: 1 def. 1. (1)
Odderup 103.150 24.8 -25.6 m.: 4. def. 1, 4 fr. (4)
Grode. Karlsgarde Canal : 1 def. sh. (1)

3%
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Hodde

113.33a

18.5 -18.9 m.:

Maéde Brickworks. Northwestern pit

Rodding
Gronnebzk
Gram

Sender Hygum

Tonder
Hajstrup

Eastern pit

141.241
141.243
141.205
141.277

141.215
166.398
167.235

28.0 -33.0 m.:

30.0 m.:

20.0 m.:
26.00-26.50 m.:
26.50-27.00 m.:
27.00-27.50 m.:
27.50-28.00 m.:
28.00-28.50 m.:

28.50-29.00 m.:

29.00-29.50 m.:
29.50-30.00 m.:
30.00-30.50 m.:
30.50-30.95 m.:
30.95-31.35 m.:
31.35-31.65 m.:
31.65-31.95 m.:
31.95-32.30 m.:
32.30-32.70 m.:
32.70-33.05 m.:
33.05-33.40 m.:
33.40-33.80 m.:
33.80-34.25 m.:
34.25-34.70 m.:

34.70-35.00 m.:
35.00-35.30 m.:

35.30-35.70 m.:

26.2 -32.8 m.:

76 m.:
174’194

1 def: 1, 2 fi. 2)
3 complete | 3)
8 complete r, 9 complete 1, 7 def. r,

13 def. 1 25)
1 small fragm. 21
1 def. shell (1)
1 def. r, 1 def. 1, 1 fragm. 1)
1 fragm. (1)
1 def. 1, 4 fragm. (1)
1 def. r, 1 def. I, 6 fragm. (2)
3 def. r, 1 def. I, 13 fragm. (3)
3 def. 1, 3 def. r, 2 complete r,

2 complete 1, 23 fragm. (5)
1 smallr, S def. 1, 2 def. r,

16 fragm. (5)
5 def. r, 4 def. 1, 9 fragm. (5)
2 def. r, 3 def. I, 11 fragm. 3)
6 def. r, 2 def. 1, 6 fragm. (6)
2. def. r; 3 def. 1; 2 fragm, 3)
1 def. I, 2 fragm. (1)
1 def. r, 1 def. I, 3 fragm. (1)
1 def. r, 1 fragm. (1)
2 def. I, 8 fragm. 2)
1 def. r, 1 def. I, 15 fragm. (1)
2 fragm. (1)
2 def. r, 3 def. 1, 9 fragm. (3)
1 def. shell (1)
2 def. 1, 30 fragm. 3)
4 def. r, 6 def. 1, 2 def. shells,

9 fragm. @)
1 def. I, 2 fragm. (i )
1 small compl. I, 2 def. r, 1 def. 1,

21 fragm. (3)
1 small complete r, 2 def. r, 2 def. |,

3 fragm. (3)
Fragments @)
1 fragm. ()
5 fragm. 2

Description. (Mainly on the basis of material from Made Brickworks.)
Valves comparatively small, of varying form, often more or less oval-

triangular.

The anterior end is convex and often (Made) only insignificantly or not at
all protracted. It passes evenly into the slightly concave anterior dorsal margin.
The posterior dorsal margin is slightly convex and by an even, more highly
convex curve passes into the likewise convex ventral margin.

The umbo is small, prosogyrate, situated somewhat in front of the middle
of the longitudinal axis.

The convexity of the valves is varying. The population from Gram has
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rather flat valves, whereas that from Made has rather pronouncedly convex
valves.

The lunula is more or less depressed and bounded by a rounded margin.
Area is lanceolate and indistinctly bounded. Both the lunula and the area are
without any sculpture, apart from growth lines.

The hinge of the right valve is dominated by a large triangular cardinal
tooth (3b), which projects somewhat beyond the dorso-ventral plane. On
each side of this tooth there are two deep, triangular pits. In front of the
foremost one there is a long, narrow, and sharp-edged lateral tooth (AI)
parallel to the dorsal margin, from which it is separated by a narrow, deep
groove. Behind the posterior pit a distinctly oblique elevation is seen, which
constitutes a third tooth (5b). Behind this there is another long, narrow lateral
tooth, which constitutes the posterior dorsal margin and is difficult to distin-
guish from this.

On the left valve two strong, slender, projecting cardinal teeth on each side
of a deep triangular pit. The posterior one (2a) is a little fainter and smaller
than the anterior one (4b), which is also somewhat more pointed. In front
of this, there is a narrow pit and then there is a long sharp-edged anterior
lateral tooth, which is close to the dorsal margin. Within the posterior margin,
from which it is separated by a narrow groove, there is another slender lateral
tooth (P 1I).

The exterior is covered by many (20-28 on the valves from Made) strong,
regular, concentric ribs, the breadth of which corresponds more or less to the
intervals between them. On the largest of the valves (8§ mm. in length) they are
0.2 mm. broad.

The interior is smooth and has distinct adductor impressions, which are
more or less deep and, if anything, oval. They are of nearly equal size. The
pallial line is distinct and situated far within and parallel to the ventral margin.
This margin is either smooth or crenulated with up to thirty odd round ridges.

Measurements. The material from Made Brickworks is the only one containing
well-preserved valves which can be measured.

The largest of these valves (a right valve) measures in length: 8.9 mm.,
height: 7.6 mm., and thickness: 3.1 mm. For the smallest valve (a left valve)
the corresponding measurements are respectively: 5.0 mm., 4.3 mm., and

thickness of valve

1.3 mm. In 12 valves the indexof convexity is 31. 69 (i.e. - 100).
. length
. . ) number of ribs .
The index of ribs (i.e. — 100) could only be calculated in the
eng

case of 6 valves, in which it was 34.84.

Remarks. This species belongs to a group of closely related Astartidae, which
have often been united under the specific name of 4. concentrica GOLDFUSS,
with which A. gracilis MUNSTER has often been considered synonymous.
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HEeerRING and GLIBERT consider them to be two different species, and
KAUTSKY is of opinion that 4. gracilis is a subspecies of A. concentrica. GLIBERT
(1945, p. 99) considers valves with few, coarse ribs to belong to A. concentrica
and valves with many fine ribs to belong to A. gracilis. Cf. the same writer’s
views of the Belgian Oligocene forms (GLIBERT 1957a).

HinscH (1952, p. 157) calls attention to the fact that the specific name of
concentrica GOLDFUSS 1837 is invalid, as it was pre-occupied by CONRAD 1834.
Instead he suggests that the specific name should be changed into goldfussi.

Latest ANDERSON (1959, pp. 106-109) has thoroughly investigated this form
cycle and on the basis of variational statistics from investigations of material
from the Upper Oligocene (Chattien) at Kapellen, the Lower Miocene (Vier-
land-Stufe, “Holsteiner Gestein”) in Schleswig-Holstein, and the Middle
Miocene (Reinbek-Stufe) at Twistringen (Germany) divided the species A.
gracilis MUNSTER 1835 (= A. concentrica 1837 = A. goldfussi HINSCH 1952)
into the following subspecies according to the characters adduced:

(1) Astarte gracilis gracilis GRAF zu MUNSTER 1835.
Characters: Index of convexity below 25. Index of ribs between 30 and 35.
Occurrence: Chattien (Upper Oligocene) in Germany, Holland, and Bel-
gium.

(2) Astarte gracilis convexior ANDERSON 1959. (Plate III, figs. 5-6).
Characters: Index of convexity between 25 and 30. Index of ribs between
25 and 30.
Occurrence: Vierland-Stufe and Reinbek-Stufe in Germany.

(3) Astarte gracilis ventrosa ANDERSON 1959,
Characters: Index of convexity above 30.
Occurrence: Anversien in Belgium and Hemmoor-Stufe in Germany.

(4) Astarte gracilis goldfussi HINsCH 1952.
Characters: Index of convexity between 25 and 30. Index of ribs below 25.

It has not been proved that these subspecies are not actually ecologically
conditioned.

According to this principle of classification the material from Made should
be attached to the subspecies ventrosa as regards index of convexity, but to
gracilis as regards index of ribs.

The valves from Gram seem to have been a little flatter than the valves from
Made. Because of their fragmentary condition they cannot be measured. It
has, however, been possible to reconstruct a single valve so much that it can
be established that at any rate this specimen cannot be referred to the sub-
species convexior, of which I have collected many specimens at Twistringen
in Northern Germany. A valve has been pictured on Plate III, figs. 5 and 6.
This subspecies often has a completely rectilinear posterior dorsal margin, a
deeply depressed lunula, and a pointed umbonal region. The valve from Gram
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has a slightly convex posterior dorsal margin, a slightly depressed lunula, and
an obtuse umbonal region. Through these characters it shows close agreement
with the material from Made. A defective right valve from a depth of 27.00-
27.50 m. has an almost rectilinear posterior dorsal margin, but an only slightly
depressed lunula. A fragment of a right valve from the depth of 34.25-34.70 m.
has a completely rectilinear posterior dorsal margin, and two fragments of a
left valve and a right valve, respectively, have each a rather pointed umbonal
region, though not so pointed as on the shells from Twistringen.

The form from Made may be a special subspecies. So far, however, there
only seems to be reasons to refer the material from all the Hodde Clay to the
very variable species gracilis, the main character of which according to AN-
DERSON (1959a, p. 109) can be epitomized in the following diagnosis:

“Eine Art der Untergattung A. (Astarte) mit deutlich erhobenen konzen-
trischen Rippen, mit durchschnittlichen Rippenindexwerten unter 40, Konvek-
sitdtsindices zwischen 20 und 35.”

Distribution (of the species gracilis in sensu ANDERSON).

North Sea Basin. Oligocene. Denmark: Upper (RavN). North Germany: Chattien
(ANDERSON). Holland: Upper (HEERING). Belgium: Chattien (GLIBERT). — Miocene. Den-
mark: Klintinghoved Clay, Arnum Formation (SORGENFREI), Hodde Formation. North
Germany: Vierland-Stufe (ANDERsON), Hemmoor-Stufe (KAuTsky), Reinbek-Stufe (AN-
DERSON). Holland: Middle (HEerING). Belgium: Houthaléen, Anversien, Deurnien
(GLIBERT).

Astarte vetula PHILIPPI 1846
For lists of synonyms see the various subspecies.

Description. The valves comparatively large, obliquely triangular, slightly
lengthened anteriorly and truncated posteriorly. The anterior dorsal margin
slightly concave. The posterior dorsal margin slightly convex and forming an
obtuse angle with the posterior margin of the valve, which for rather a short
distance is almost at right angles to the ventral margin. This is more or less
convex, but may be rectilinear. The anterior margin of the valve forms a
highly convex curve and passes evenly into the anterior dorsal margin.

The umbo is prosogyrate, situated a little in front of the middle of the
longitudinal axis of the valve. The lunula is more or less heart-shaped, rather
deeply depressed, well-defined by a round edge. Area is lanceolate and also
distinctly bounded by an edge. Both lunula and area are without any sculpture
apart from growth lines.

The valves are more or less convex. The umbonal region can be considerably
convex.

The hinge of the right valve has a large, oblique, slender, triangular cardinal
tooth, which projects somewhat beyond the dorsoventral plane. At right angles
to this plane there are on the anterior side of the tooth 4-5 parallel, equidistant,
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mm 15

yekox

Avetula (by HINSCH 1952)
— Areimersi (Stortund)
& Aremersi (Gram and Ravning)
% Areimersi (Spandetgdrd)
T
a4 Acrollei  (Morsum KIiff, Sylt)

T 0
0 5 10 15 20 25mm Shell length

* Astarte vetula. Right valves. n=139. Made brickworks
A Astarte reimersi. Right valves. n=264. Made brickworks
o Astarte vetula. Wohltorf brickworks, Reinbek, North Germany

Fig. 1.

equally prominent lists. The pits on the side of the tooth are deep and triangular.
The anterior one is smaller than the posterior one, which is placed very ob-
liquely. In front there is a long lateral tooth, which may be a little curved.
It is placed parallelly to the shell margin and separated from this margin by
rather a deep groove. Behind the posterior triangular pit there is an oblique
region of the valve which downward rises into a small ridge. At a short distance
behind this ridge there is a posterior lateral tooth which is almost merged
with the posterior dorsal margin.

On the left valve the two cardinal teeth are of the same shape as the corre-
sponding pits on the right valve. The anterior lateral tooth is merged with the
dorsal margin and the posterior lateral tooth is separated from the dorsal
margin by a marked groove.

The exterior of the valve is covered by a greater or smaller number of con-
centric ribs. An obtuse carina passes from the umbo to the posterior corner
of the valve.

The interior shows distinct, often rather conspicuous impressions of the
adductors. The anterior one is reniform and highly depressed towards the
middle of the valve. The posterior one is more oval and slightly less depressed.
Both impressions are connected by a distinct pallial line, which runs parallelly
to the ventral margin, which is either crenulated or smooth.

Remarks. To the form cycle of this species are attached two forms which have
previously been considered independent species, viz. A. reimersi SEMPER in
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RAVN 1907 and A. rollei SEMPER in RAVN 1907. It is, however, only through
HiNscH’s investigations on the basis of variational statistics (1952) that it has
been possible to characterize the various forms in more detail. HiNscH did
not, however, at that time know about the occurrence at Made Brickworks,
where the Astarte population seems to take up a position intermediate between
the typical population of A. vetula from Wohltorf in Northern Germany and
the population of A. reimersi from Gram. Later (1958) HINsCcH has made good
this deficiency and described the populations from Méde and given prominence
to the conditions mentioned (on the basis of 36 valves, 16 of which could be
measured).

Fig. 1 shows the results of measurements of 139 valves of the Astarte vetula
population and 264 valves of the 4. reimersi population, both from the eastern
clay pit of Méade Brickworks. The ratios between length and height of the
valves as well as between length of valve and convexity (= thickness) are so
closely alike in the two populations that it is not possible to see any difference
between them in these relations. In 1952 it was demonstrated by HiNSCH that
the index of convexity of the valves was increased from the somewhat convex
A. vetula by way of the moderately convex A. reimersi to the rather flat 4. rollei.
The average values for the measurements in HINSCH (1952) and RASMUSSEN
(1956) are sketched in as the line y = k. x for each of the “‘species” in fig. 1.
All lines are within the area of distribution of the two Astarte populations of
Made.

The concentric ribs on the A. vetula population from Méade Brickworks
vary so much in number and strength that this otherwise very conspicuous
character on many valves cannot be distinguished from the rib sculptures on
the A. reimersi population. On the background of this fact it is, in my opinion,
no longer possible to maintain A. vetula, A. reimersi, and A. rollei as in-
dependent species, for which reason I describe them as three subspecies of
A. vetula PHILIPPL

Astarte vetula vetula PHILIPPI 1846

1845. Astarte vetula PHILIPPI — VOLGER, De agri Luneburgici, p. 35.

1846. Astarte vetula PHiLiPPI — PHILIPPI, Verzeichniss, p. 48, Pl. VIII, f. 3.

1847. Astarte vetula PHILIPPT — ZIMMERMANN, Reinbeck, p. 243.

1952. Astarte (Carinastarte) vetula PHiLiPPI — HiNscH, Leit. Moll., p. 149, P1. A, f. 1-2.
1956. Astarte (Carinastarte) vetula PHILIPPI — RASMUSSEN, South Jutland, Pl. IL, f. 4a, b.
1956. Astarte (Carinastarte) vetula PHiLIPPI — HINSCH, Maade, p. 468.

Original diagnosis. *““A. testa solida, inflata, ovato-triangulari, subaequilatera;

rugis concentricis regularibus exarata; interstitiis paullo latioribus, quam

rugae; lunula magna ovata, profundata; margine ventrali parum arcuato.
i,

Long 7""; alt. 6'"'; crass. 5%""" (PHILIPPI in VOLGER 1845).”
New diagnosis by HinscH 1952: “Eine Carinastarte mit ziemlich grosser
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Langserstreckung. Die Aussenseite trigt regelmdissige, kréftige Rippen mit
weiten Abstinden. Die Konvexitédt ist gross und der Ventralrand etwas ge-
kriitmmt. Lunula und Area sind deutlich asymmetrisch und ziemlich vertieft.”

Type material: PHILIPPI'S holotype has presumably been lost. HINSCH’s neo-
type is kept in the Geologisches Institut der Universitét in Kiel. Locus typicus:
Liineburg (Ziegelberg), North Germany. HINSCH’s neotype originates from
the clay pit of Wohltorf Brickworks near Reinbek, east of Hamburg. Stratum
typicum: Glimmerton. Age: Upper Miocene (Langenfelde-Stufe).

The population in the *‘Liineburg-Stufe”

Description. The valves of this population are characterized by the conditions
mentioned in HiNscH’s diagnosis: Strong, regular, concentric ribs. Great con-
vexity. Deep lunula. This type has not so far been recorded from Denmark.

Distribution.

North Sea Basin. Miocene. North Germany: Glimmerton at Wohltorf and Liineburg.

The population in the eastern clay pit of Mdde Brickworks
Plate II, figs. 6 and 7

Material. 257 complete right, 51 defective right valves, 250 complete left,
33 defective left valves, 41 complete double valves, 5 defective double valves,
61 right valves, 88 left valves, 12 double valves, 1 fragment (471).

Other finding-places in Denmark appear from the analysis tables (see Part I).
The features deciding the reference of the material to the same form as that
found at Made were exclusively the coarse ribs of the fragments and the signs
of a curved ventral margin.

Description. The population from the older beds of Gram Clay at Made
Brickworks contains valves of very varying characters: The rib sculpture is
mainly rather coarse, consisting of relatively few, rather broad ribs as in
A. vetula sensu stricto. The convexity is slight. Most valves are very flat and
considerably flatter than those of A. vetula sensu stricto from Wohltorf as
well as A. vetula reimersi. The ventral margin is mostly convex, rarely recti-
linear. Lunula not particularly deep.

Remarks. See under the remarks to the main species.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation.
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Astarte vetula reimersi SEMPER in RAVN 1907

1956. Astarte (Carinastarte) reimersi SEMPER in RAVN — RAsMUSSEN, South Jutland, p. 34,
PLLII, f. 1a, b.
1958. Astarte (Carinastarte) trigonata reimersi SEMPER in RavN — HinscH, Maade, p. 469.

Material. Gram Clay.

Complete valves and fragments were found in the following localities (see
Part I, Tables 15-66):

Skerum Moglle (clay pit), Lillelund (73.88), Vinding (74.329), Aulum (74.321), Lille
Spabxk (lignite pit), Grenbjerg (clay pit), Kjergarde (83.210), Muldbjerg (83.377,
83.1006), Kodal (84.763, 84.770), Fjaldene (84.233, 84.238), Spjald (83.104, 83.127),
Randbak (83.591, 83.597, 83.602), Brejning Kro (83.197), Kodal-Fjaldene (84.1749),
Videbak (84.1748, 84.288, 84.313, 84.344, 84.358, 84.417, 84.456, 84.483, 84.492, 84.493,
84.525, 84.1727), Moltrup Brickworks (clay pit), Timring (84.22), Lille Torup (85.379),
Gjellerup (85.380, 85.382), Frelund (85.383), Gjedstrup (85.861), Snejbjerg (85.775),
Bording (86.177), Vester Hogild (95.1510b), Fasterholt Plantage (95.849), Sandfeldbjerg
(clay pit), Brande Brickworks (clay pit), Drantum (104.1241), Nyholm (104.1166), Store
Langkjer (104.1158), Hjortsballe (105.320), Skjerris garde (104.1165), Leding (93.155),
Alkersig Brickworks (clay pit, 93.101), Lonborg (102.55), Forsom (clay pit), Odderup
(103.150), Oddum (lignite pit), Harkes (clay pit), Ostbek (103.152), Stenderup (113.36),
Albzk Eng (102.59), Hesselho (113.121), Hauge (clay pit), Tending (clay pit), Hodde
(Karlsgarde Canal), Grode (Karlsgarde Canal), Esbjerg (130.159, clay pit, beach), Made
Brickworks (eastern clay pit), Strandgard Brickworks (clay pit), Gerding (? clay pit),
Tobel (132.37), Hjerting (141.238), Brostrup (141.224), Rojbel (141.194), Tiset (141.244),
Arnum (150.25b), Henning (150.197), Holleskov (132.46b), Ravning (clay pit), Hjortvad
(141.178), Lintrup (132.140), Sender Hygum (141.260, 141.261, 141.273), Redding
(141.75, 141.76, 141.243), Vester Lindet (141.246), Gram (141.277), Spandetgard (clay pit),
Spandet (150.184), Tender (166.227, 166.398), Brodersmark (166.351b), Heds (167.234b),
Sad (167.4, 167.445), and Rends (167.236).

Description. The valves of this subspecies are characterized by the following
facts: there are numerous, rather fine, concentric ribs, which may sometimes
be a little blurred. There is a greater or smaller convexity. Mostly a less deep
lunula.

Remarks. There seems to be a certain difference between the Astarte popula-
tions from the beds of the Gram Clay which at Made are deposited immediately
above the beds with the above-mentioned A. vetula, and the populations in
the Gram Clay in the clay pit of Gram Brickworks. The former population
was previously found also in the old clay pits on the southeastern outskirts
of the town of Esbjerg and on the beach off Esbjerg Brickworks. It is charac-
terized by the valves constantly being provided with numerous fine, irregular,
concentric ribs, just as the size of the valves seems to be greater than that
of the valves from Gram Brickworks. The latter population is characterized
by having valves with many more or less fine concentric ribs, which are often
rather irregular and sometimes almost completely indistinct. There has not
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been any opportunity of examining the two, slightly different populations in
one and the same section.

A. vetula reimersi is very closely related to A. trigonata NYST (see RASMUSSEN
1956, p. 34, Table II, figs. 2a, b) from the Deurnien of Belgium and Holland.
This species has later been discussed again by GLIBERT (1957, I.R.S.N.B.
XXXIII, No. 47, p. 1 and picture ibid. Plate II, fig. 1). HinscH (1958, p. 469)
even goes so far as to consider reimersi a subspecies of trigonata. 1 prefer to
await the finding and examination of a whole trigonata population before
taking a decision on the particular relation of this Dutch-Belgian form to
reimersi. There is a possibility that the two forms are quite identical subspecies,
if so of A. vetula. The name of reimersi then must be discarded in favour of
the older trigonata.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Glimmerton
at Morsum Kliff (Ravn), Utersen (HinscH 1952), Fresenmoor (Hinsch 1952, Hohen-
worden (HinscH 1955), Aschendorf (HinscH in Gripp 1961), Wielen Z1 (HINSCH in
ELLERMANN 1963), North Sea oil test well ““Nordsee B2, Westdorf 2A, Jemgum 2, Bunde 2,
Holthusen 1, Wahn 101, Neusistrum 1, Fehndorf 2T, and Adorf (HinscH 1965). Holland:
Sand at Oploo, Bakel and Beers (SPAINK).

Astarte vetula rollei SEMPER in RAVN 1907

1907. Astarte Rollei SEMPER Ms. — RavN, Jylland, p. 270 (66), PL. 1I, f. 1.

1952. Astarte (Carinastarte) rollei SEMPER in RAVN — HiNscH, Leit. Moll., p. 151, PL. A,
f. 7a, b.

1958. Astarte cfr. reimersi SEMPER — RASMUSSEN, S@d, p. 7, PI. I, f. 2a, b.

Original diagnosis. Not given. Diagnosis by HinscH (1952): “Eine Carinastarte
von geringer Konvexitit und grosser Langserstreckung. Die Aussenseite ist
dicht und unregelmaissig berippt. Der Ventralrand ist schwach gekriimmt.
Der Abfall der Aussenseite hinter dem Kiel ist nicht sehr steil.”

Type material. The holotype is the left valve pictured by Ravn, PL II, fig. 1.
Locus typicus: Morsum KIiff. Stratum typicum: Mica Clay. Age: Upper
Miocene (Sylt-Stufe). Repository: The Mineralogical Museum of the Uni-
versity of Copenhagen.

Material. Only the following remnants of valves from Sad may, though not
with certainty, be referred to this subspecies.

Gram Clay.
Sad 167.4a about 70 m.: 1 compl. r and 1 fragm. 2)
- 167.445 90.30-91.00 m.: 1 def. r, 1 def. 1, 7 fragm. (2)

- - 91.00-91.50 m.: 12 def. r, 9 def. I, 10 fragm. (12)
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Sad 167.445 91.50-91.75 m.: 1 def. r, 1 def. | ?)
- - 91.75-92.00 m.: 3 fragm. 2)
- - 92.00-92.25 m.: 10 def. r, 3 def. I, 10 fragm. (10)
- - 92.25-92.70 m.: 16 def. r, 17 def. 1, 24 fragm. (17)
- - 92.70-93.00 m.: 4 def. r, 4 def. 1, 7 fragm. (6)

Description. This subspecies is, as adduced in HINSCH’s diagnosis, characterized
by its slight convexity and its slightly curved ventral margin.

The valve from the early drilling at Sed (167.4a) described by RASMUSSEN
1958 perhaps, because of its slight convexity, should be considered to belong
here. The same applies to the Astarte fragments from the later drilling (167.445)
at a depth of 90.30-93.00 m. It is evidently a case of flat valves, but it has not
been possible to make a sure determination.

Remarks. The population in the Mica Clay in Morsum Kliff contains many
valves which cannot possibly be distinguished from A. vetula reimersi, as they
have all the characters found in this subspecies.

Side by side with these valves there are various others with varying charac-
ters: curved ventral margin, slight convexity, more or less oblique forms,
slightly developed carina, etc. (Cf. pictures in HINSCH, /loc. cit., and in RASMUS-
SEN 1956, PL. 11, fig. 3a, b). The population as a whole, however, has a deviating
appearance in relation to the A. reimersi populations in the Gram Clay in
Denmark.

The other Astarte found in Morsum KIliff, 4. syltensis RAvVN, differs from
A. rollei by having a more rounded-off outline and by being comparatively
longer (see picture on PL II, figs. 1 and 2 in the present work). HinscH (1952,
p. 157) considers this species to be identical with the form from the Scaldisien
near Antwerp mentioned as Astarte sulcata MONT. by NystT (1843, p. 155,
PL 9, fig. 5).

Distribution.

North Sea Basin. Miocene. Denmark: ? Gram Formation. North Germany: Glim-
merton in Morsum KIiff (RAvN, HINSCH).

Astarte radiata NYsT & WESTENDORP 1839
Plate II, figs. 8 and 9

1839. Astarte radiata — Nyst & WESTENDORP, Nouv. rech. coq. foss. prov. d’Anvers,
p. 8, PL. I, f. 8.

1843. Astarte radiata Nyst & WESTENDORP — NysT, Coq. et polyp., p. 162, PL. IX, f. 8a, b.

1925. Astarte radiata Nyst & WESTENDORP — KAUTsky, Hemmoor, p. 25, PL. 2, f. 19,
20; 21-

1945. Astarte (Astarte) radiata Nyst & WESTENDORP — GLIBERT, Mioc. Belg. I, p. 102,
PL. VI, f. 3a-e.
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1950. Astarte radiata NysT & WESTENDORP — HEERING, Mioc. Pelec., p. 20, PL. 3, f. 45, 46.

1958. Astarte (B-Nicania) radiata Nyst & WESTENDORP — HINsCcH, Maade, p. 470.

1964. Astarte (Astarte) radiata NyYsT & WESTENDORP — ANDERSON, Reinbek-Stufe, p. 149,
Pl 3, f. 35a—c.

Diagnosis. NYST & WESTENDORP’s paper from 1839 has not been accessible
to me. NysT’s diagnosis 1843 (p. 162): ““A. testa trigono-orbiculata, trans-
versim striata; longitudinaliter radiata, natibus subacutis; lunula ovata, pro-
funda, laevigata; marginibus crenulatis.”

Material. Gram Clay.

Made Brickworks. Eastern clay pit: 47 compl. r, 3 def. r, 57 compl. |,

4 def. 1, 7 compl. d, 3 def. d (86)
Made. Strandgard Brickworks. Clay pit: 1 compl. 1, 2 def. I, 1 def. d (4)
Gram 141.277 18.00-18.50 m.: 1 small compl. r, 1 def. r, 1 def. 1 (2)
- - 20.00-20.50 m.: I small, compl. r, 1 greater def. |  (4)

Description. Valves comparatively small, rounded-triangular, little longer than
high. The form often varies a little as regards the ratio between length and
height. The anterior dorsal margin is very slightly concave and passes steeply
down towards the little protracted, short and highly convex anterior end. The
posterior dorsal margin is convex and curves into the likewise convex ventral
margin.

The umbo is prosogyrate, situated a little in front of the middle of the
longitudinal axis of the valve.

The lunula is oval and bounded by a distinct edge. The area is narrow,
lanceolate, and indistinctly delimited.

The valves are highly convex.

The hinge has the same appearance as those of the Astarte species described
above.

The exterior is covered by numerous (about 40-50) fine, close-set, concentric
ribs.

On the interior two adductor impressions are clearly seen. The anterior one
is, if anything, reniform, the posterior one is more oval. The pallial line is
parallel to the ventral margin, which is either smooth or crenulated (with
about 40-50 ridges).

Measurements. The largest valve (left valve) from Made measures: Length:
11.8 mm. Height: 10.3 mm. Thickness (convexity): 3.3 mm.

The smallest one (right valve) from the same locality: Length: 2.9 mm.
Height: 2.6 mm. Thickness: 0.9 mm.

A valve from Gram (141.277, 20.00-20.50 m.) shows the following dimen-
sions:

Length: 7.8 mm. Height: 7.5 mm. Thickness: 2.6 mm.
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For comparison reference may be made to the largest (a left valve) of the
valves which I have had at my disposal from Langenfelde (North Germany):

Length: 14.0 mm. Height: 11.8 mm. Thickness: 4.1 mm.

The material from Made on the whole consists of much smaller shells than
those available from Langenfelde.

Remarks. The radial bands or zones which are so characteristic of this species
and from which it is named, have not been observed in any of the valves avail-
able. This also applies to the material which I have borrowed from the Mine-
ralogical Museum (Copenhagen) and which originates from Langenfelde near
Hamburg.

These shells, for that matter, are in complete agreement with the shells from
Made, so that there can be no doubt that they belong to the same species.
Cf. furthermore HINSCH’s measurements and remarks (1958).

Distribution.

North Sea Basin. Miocene. Denmark: Albakhoved, unknown formation (RAvN), Gram
Formation. North Germany: Hemmoor-Stufe (KAuTsky, DITTMER), Reinbek-Stufe (AN-
DERSON), Glimmerton at Breklum, Lieth, Langenfelde, Teufelsbriicke, Elbtunnel, Reinbek
and Liineburg. Holland: Middle (HEERING). Belgium: Bolderien, Houthaleen, Anversien
(GLIBERT).

Subgenus: Goodallia TURTON 1822
(Type: Mactra triangularis MONTAGU 1803)

Astarte (Goodallia) angulata LEHMANN 1885
Plate II, figs. 3-4
1892. Astarte angulata — LEHMANN, Dingden I, p. 230, P1. 1V, f. 8.

1964. Astarte (Laevastarte) angulata LEHMANN — ANDERSON, Reinbek-Stufe, p. 150, Pl. 3,
f. 36a—c.

Original diagnosis. Not adduced. Main features of the original description
(LEHMANN, op.cit.): “Die Schale ist dickwandig, dreiseitig, in den Ecken
gerundet, mehr oder weniger schwach gewolbt, ungleichseitig ... Der Vorder-
rand ist bei beiden Klappen etwas nach innen ausgeschweift, so dass die vor-
dere Ecke etwas weiter ausgezogen erscheint als die hintere; der Hinterrand
ist geradlinig oder nur sehr wenig nach aussen gebogen; der Ventralrand
bildet einen sehr flachen, gleichférmigen Bogen. Die Aussenfliche der Klappen
ist bald in ihrer ganzen Ausdehnung glatt und nur mit sehr feinen Zuwachs-
streifen versehen ... Die Muskeleindriicke und die Mantellinie sind deutlich
ausgeprégt; der vordere Muskeleindruk ist nierenformig, der hintere oval . ..”

Type material. The right valve pictured by LEHMANN, op. cit., Pl. 1V, fig. 8,



48

is the holotype. Depository: unknown. Locus typicus: Dingden. Stratum typi-
cum: Micaceous, silty clay. Age: Middle Miocene, Reinbek-Stufe.

Material. Hodde Clay.

Leding 93.155 Unknown depth: 1 defective left valve

Lonborg 102.55 17.3 -18.3 m.: 1 fragment of 1 right valve

Gram 141.277 29.50-30.00 m.: 1 fragment of 1 right valve

Hajstrup 167.235 174'-194" : 1 small fragment

Made Brickworks. Eastern clay pit: 1 compl. right valve and | compl. left
valve

Description. The shell is small, rounded-off, subtriangular. The two available
valves from Made, however, are of the same length and height. Because of a
comparatively high hinge area the valves have rather a subtriangular appear-
ance. The same applies to a left valve from Leding. The rest of the material
is too fragmentary to give any information about the form of the shell.

The ventral margin is convex, but is a very little less rounded-off than the
following form, G. esbjergensis, which mostly is semicircular. Anteriorly and
posteriorly the dorsal margins form a slightly acuter angle with the ventral
margin than in G. esbjergensis. The posterior dorsal margin is slightly convex
and the anterior one is almost straight.

The umbo is small, prosogyrate.

The shell is moderately convex.

The lunula and the area are oblong lanceolate.

The exterior is smooth, that of the present valves somewhat corroded.

The hinge of the right as well as the left valve corresponds to that of the
next species, to the description of which the reader is referred (Part I, p. 181).

The interior is smooth. The adductor impressions are oval or reniform,
situated closely below the lower part of the hinge and connected with a distinct
pallial line parallel to the ventral margin. On the inside the ventral margin is
provided with 28-30 ridges.

Remarks. The present valves seem to be in between G. triangularis and G.
esbjergensis, having a comparatively more rounded-off form than the former
and being slightly more triangular than the latter. Perhaps both of them
belong to two subspecies of the same species.

Provisionally the valves from the Hodde Clay are referred to the species
from Dingden set up by LEHMANN, which is undoubtedly identical with the
species in the Hodde Clay.

Measurements. The two valves from Made measure:
Length: 2.8 mm., height: 2.8 mm., and thickness: 0.1 mm.

Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation. North Germany: Reinbek-
Stufe (ANDERSON).
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Astarte (Goodallia) esbjergensis RASMUSSEN 1966
Plate III, figs. 7, 8, and 9

1966. Goodallia esbjergensis nov. sp. — RASMUSSEN, Molluscan Faunas I, p. 181, fig. 96a—c.

Reference is made to the description in RASMUSSEN 1966.
A shell of the subspecies pseudo-ovata, only known from a bore-hole at
Sed (167.445) is pictured on Plate V, figs. 2-3, in the present paper.

FAMILIA: CARDITIDAE FERUSSAC 1821

Genus: Cardita BRUGUIERE 1792
(Type: Chama calcyculata LINNE 1758)

Cardita orbicularis (SOWERBY 1825)
Plate TV, figs. 1-4

1956. Cardita (Cyclocardia) orbicularis (SOWERBY) — RASMUSSEN, South Jutland, p. 40.
1959. Cardita (Cyclocardia) orbicularis (SOWERBY) — ANDERSON, Untermiozdn, p. 116,
Pl 15, f. 9a-d.

Occurrence. Gram Clay.

Skerum Molle (clay pit), Lillelund (73.88), Aulum (74.321), Kodal (84.770), Randbak
(83.597, 83.602), Brejning Kro (83.197), Muldbjerg (83.1006), Kodal-Fjaldene (84.1749),
Videbxek (84.1748, 84.344, 84.358, 84.417, 84.456, 84.483, 84.525, 84.1727), Mgltrup
Brickworks (clay pit), Lille Torup (85.379), Tvermose (85.381), Frelund (85.383), Gjed-
strup (85.861), Bording (86.177, 86.215), Vester Hogild (95.1510b), Drantum (104.1241),
Nyholm (104.1166), Hjortsballe (105.320), Skjerris garde (104.1165), Leding (93.155),
Alkarsig Brickworks (clay pit, 93.101), Lenborg (102.55), Forsom Brickworks (clay pit),
Odderup (103.150), @stbaek (103.152), Albzk Eng (102.59), Hauge (clay pit), Tending
(clay pit), Hodde (Karlsgarde Canal, 113.33a), Esbjerg (130.59, clay pit), Made Brick-
works (eastern clay pit), Strandgard Brickworks (clay pit), Holleskov (132.46b), Hjortvad
(141.178), Sgnder Hygum (141.260), Redding (141.76), Gram (141.277), Spandetgard
(clay pit), Spandet (150.184), Tonder (166.398), and Brodersmark (166.351b).

Description. The shells comparatively small. Outline almost circular. Anterior
dorsal margin short, slightly concave. Posterior dorsal margin relatively long,
slightly convex. The convex anterior and posterior margins pass imperceptibly
into the highly convex ventral margin.

The umbo is small, prosogyrate, situated approximately in the middle of
the longitudinal axis of the valve. Lunula is short, nearly heart-shaped, de-
pressed, poorly demarcated. Area is very small, lanceolate, clearly demarcated
by a rib.

The hinge of the right valve is dominated by a large, pointed, highly tilted,
triangular cardinal tooth (3b). On both sides of this there are narrow, deep,
triangular pits, the posterior one of which is considerably longer than the
anterior one. A small tooth is found immediately in front of the anterior pit.

4
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® Cardita orbicularis (SOWERBY ). Right valves.
Gram clay. Mé&de.

A Cardita chamaeformis (SOwERBY ).Right and left valves.
Hodde clay. Mdde.

Fig. 2.

Inside the anterior dorsal margin and parallel to it there is a nodular, very
short, narrow lateral tooth (AI), separated from the margin by a groove. The
posterior lateral tooth (PIII) forms a short, narrow elevation on the dorsal
margin.

On the left valve there is vertically below the umbo a narrow, triangular,
pointed tooth (2a), which projects a little beyond the dorso-ventral plane. It
is separated from the anterior dorsal margin by rather a deep groove. Behind
the tooth there is a deep, triangular pit, which is situated in front of a long,
narrow, highly tilted, list-shaped tooth (4b), which is almost parallel to the
posterior dorsal margin, from which it is separated by a narrow furrow. The
anterior lateral tooth (All) is short, situated on the dorsal margin at some
distance in front of 2a. The posterior lateral tooth (PII) is longer, narrow,
parallel to the dorsal margin, from which it is separated by a furrow. It forms
a continuation of 4b.

The exterior is covered by radial ribs to the number of 16-20. They increase
\
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® Cardita orbicularis (SOWERBY). Right valves.
Gram clay: Made.

A Cardita chamaeformis (SOWERBY). Right and left valves.
Hodde clay. Mdde.

Fig. 3.

regularly in breadth towards the ventral margin and are at the constriction
divided up into numerous rounded-off rectangular tubercles. The intervals
between the ribs are considerably narrower than the ribs and often numerous
growth lines are seen in these intervals.

The interior is smooth. The anterior adductor impression is reniform and
a little larger than the oval posterior one.

The ventral margin is crenulated with ridges corresponding to the ribs.

Measurements. The result of measurements of 100 right valves from the

eastern clay pit of Made Brickworks has been shown in the diagrams figs. 2,
3, and 4.

Length Height Convexity
(L) (H) (¢v]
The largest of these valves measures 9.0 mm. 9.5 mm. 3.6 mm.
The smallest of these valves measures 3.2 - 3.2 - 1.0 -

Remarks. C. tuberculata (v. MUNSTER), which occurs in the Oligocene strata,
is now considered a subspecies of C. orbicularis. The Cardita material from

4%
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Fig. 4.

Vierland-Stufe (ANDERSON) in North Germany and Houthaléen in Belgium
(GLIBERT) is also referred to this subspecies.

GLIBERT characterizes the subspecies tuberculata as follows: slighter con-
vexity, less orbicular contour, broader intercostal space, and less prominent

H
tubercles. — The diameter index of 100 valves was (T . 100) = 102.093 and

T
their index of convexity (T 100) = 32.743.

The typical orbicularis in the Anversien of Belgium is characterized by
GLIBERT as having: greater convexity, more orbicular contour, narrower inter-
costal space, and more prominent tubercles. — The diameter index of 100 valves
was 100.683 and the index of convexity was 36.212.

The valves of the population of Made are less orbicular than those of C.
tuberculata and just as much or more convex than those of C. orbicularis from
the Anversien. The diameter index of 50 valves was found to be 104.415 and
their index of convexity was found to be 37.198.
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From these figures it appears that the three populations are slightly different,
but hardly so much that they can be characterized as well-defined subspecies.

No variations were found among the valves from the Gram Clay. SEMPER
in an unprinted manuscript has named the form in the Upper Miocene Glim-
merton of North Germany C. bella, and under this name RAavN (1907, p. 267,
Pl. 1, fig. 20) described and pictured a valve from Esbjerg. Some valves from
Langenfelde (Hamburg) in the Geological Museum of the University of Copen-
hagen are labelled C. bella (from GOTTSCHE). In every respect they correspond
to the valves from Made.

Distribution.

North Sea Basin. Oligocene. Denmark: Upper (RavN: C. tuberculata (MUNsT.)). North
Germany: Middle (v. KoeNeN: C. tuberculata), Upper (GOrGES). Holland: Upper (HEk-
RING). — Miocene. Denmark: Arnum Formation (SORGENFREI), Gram Formation. North
Germany: Vierland-Stufe (ANDERSON), Hemmoor-Stufe (KAuTsky), Glimmerton (GoTT-
scHE). Holland: Middle (HEERING). Belgium: Houthaléen, Anversien (GLIBERT). — Plio-
Pleistocene. Holland : Diestien superieur, Scaldisien (TEscH, HEERING). Belgium: Scaldisien
(GLIBERT). England: Coralline Crag, Red Crag (S. V. Woob).

Cardita chamaeformis (SOWERBY 1825)
Plate 1V, figs. 5-8

1825. Venericardia chamaeformis — SOWerRBY, Min. Conch., V, p. 145, Pl. CCCCXC, f. 1.

1843. Cardita chamaeformis Sow. — Nyst, Coq. et polyp., p. 211, Pl. XVI, f. 7a, b, d.

1853. Cardita chamaeformis LEATHES' Ms. — S. V. Woob, Crag Moll. 11, p. 167, Pl. XV,
f. 3a-b.

1881. Cardita chamaeformis Sow. — Nyst, Conch. Terr. Tert., p. 205, Pl. XXII, f. 7a, b.

1892. Cardita chamaeformis Sow. — LEHMANN, Dingden I, p. 225.

1925. Pteromeris chamaeformis Sow. — KauTtsky, Hemmoor, p. 28, Pl. 3, f. 7a, b, 8a, b.

1945. Cardita (Cyclocardia) chamaeformis SOWERBY sp. — GLIBERT, Mioc. Belg. I, p. 128,
Pl. VI, f. 15a, b.

1964. Cardita (Cyclocardia) chamaeformis (SOWERBY) — ANDERSON, Reinbek-Stufe, p. 153,
Pl. 4, f. 39a—c.

Original diagnosis. “Convex, orbicular, with rather produced beaks; ribs
rugged, distant, about 14, hinge large” (SOWERBY 1825).

Material. Hodde Clay.

Leding 93.155 19 =27 fit.: 2 def. 1 (2)
- - 31 31 B 1 def, r, 1 def. 1 (2)
- - 28 -32 m.: 1 def. r, 1 fragm. (1)
- - Unknown depth: 1 def. r (1)

Lonborg 102.55 18.3 -19.3 m.: ?1 fragm. 1)

Odderup 103.150 24.8 -25.6 m.: 3 def. r, 4 def. 1, 1 small, compl. d,

11 fragm. (5)

Grode. Karlsgarde Canal: 1 sh. (1)

Made Brickworks. Northwestern pit: 3 sh. 3)
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Maéde Brickworks Eastern pit: 13 compl. r, 18 def. r, 21 compl. |,
6 def. 1, 1 compl. d (30)
Rodding 141.243 345 m.: ?1 fragm. (?1)
Grgnnebaek 141.205 20 m.: ?3 fragm. (1)
Enderupskov 141.196 35 m.: ?1 fragm. (1)
Gram 141.277  25.50-26.00 m.: ?1 def. | (1)
- - 26.50-27.50 m.: ?1 def. I, 1 fragm. (?1)
- - 27.50-28.00 m.: 1 small r, 3 fragm. (1)

- — 28.00-28.50 m.: 2 compl. 1, 9 def. &, 2 compl. 1,
10 def. I, 2 compl. d, 32 fragm. (14)

- - 28.50-29.00 m.: 3 def. r, 1 def. I, 5 fragm. (3)

- - 29.00-29.50 m.: 1 compl. r, 4 def. r, 1 compl. I,
6 def. 1, 24 fragm. 7)

- - 29.50-30.00 m.: 2 compl. 1, 9 def. r, 2 compl. I,
4 def. 1, 60 fr. (11)

- - 30.00-30.50 m.: 1 compl. r, 11 def. r, 2 compl. |,
5 def. 1, 22 fr. (12)

- - 30.50-30.95 m.: 2 def. r, 1 small, compl. 1, 3 def. |,
3 fragm. (4)

- - 30.95-31.35 m.: 1 small, compl. r, | small, compl. 1,
1 def. 1, 3 fragm. )
- - 31.35-31.65 m.: 1 def. r (1)
- - 31.65-31.95 m.: 1 small, juvenile r (1)
- - 32.30-32.70 m.: 3 def. r, 2 def. 1, 15 fragm. (3)
= - 33.05-33.40 m.: 10 small def. sh., 4 fragm. (5)
- - 33.40-33.80 m.: 1 def. r, 2 fragm. (1)
e - 33.80-34.25 m.: 1 def. I, 4 fragm. (1)
— - 34.25-34.70 m.: 1 def. r, 1 compl., small I, 15 fragm. (3)
- - 34.70-35.00 m.: 1 def. r, 2 def. 1, 7 fragm. (2)
- - 35.00-35.30 m.: 1 def. r, 1 compl. d, 1 fragm. (2)
- - 35.30-35.70 m.: 2 def. sh. 2)
Sender Hygum 141.215 26.2 -32.8 m.: 1 shell (1)
Tender 166.398 85 m.: ?1 fragm. 1)

Hajstrup 167.235 174'-194" : 1 compl.r, 6 def. r, 1 big, compl. |,
3 def. 1, 9 fragm. (8)
- - 194'-214 : 1 def. r, 1 small, def. r 2)

Description. In most conditions this species corresponds to the preceding one,
but differs from it in the following facts:

The valves are apparently higher in relation to the length, which is due to
the hinge region in the present species being more prolonged in the direction
towards the umbo.

The number of the radial ribs is only 12-15, and the distances between them
are a little greater.

Measurements. In figs. 2, 3, and 4 the results of some measurements on the
material from Made are shown.

The largest valve (left valve) from this locality measures in length: 6.7 mm.,
in height: 7.7 mm., and thickness (convexity): 2.7 mm.
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Correspondingly the smallest valve (left valve) measures: 2.8 mm., 3.0 mm.,
and 0.9 mm.

Remarks. As appears from fig. 4, this species is clearly distinct from C. orbi-
cularis by having only 12-15 ribs. As to the other characters there is little
difference between them.

GLIBERT (1945, p. 129) maintains that C. orbicularis and C. chamaeformis
are often difficult to distinguish in the Miocene formations, as there are even
transitions between them as regards the intervals between the ribs, whereas
the differences between the two species are distinct in the Pliocene formations.
According to GLIBERT these differences consist in the valves of C. chamae-
formis being slightly convex, the distances between the ribs being a little
greater, and the valves being a little more protracted in height. Otherwise,
reference is made to the detailed discussion of the species in GLIBERT.

Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation. North Germany: Hemmoor-
Stufe (KAutsky), Reinbek-Stufe (ANDERsON). Holland: ? Middle (HEERING). Belgium:
Houthaléen, Anversien (GLIBERT). — Plio-Pleistocene. Belgium: Scaldisien (GLIBERT).
England: Coralline Crag, Red Crag (Woob).

FAMILIA: KELLYELLIDAE

Genus: Kellyella M. SARs 1870 (Kelliella)
(Type: Venus? miliaris PHiLIPPI 1844)

Kellyella rotunda SORGENFREIL 1958
Plate II, fig. 5

1956. Kellyella (Kellyella) sp. — RASMUSSEN, South Jutland, p. 41.
1958. Kellyella (Lutetia) rotunda nov. sp. — SORGENFREI, Middle Mioc., p. 86, PI. 10, f. 32 a—e.

Material. Gram Clay.

Gram 141.277 19.00-19.50 m.: 1 def. 1 1)
- - 21.50-22.00 m.: 1 compl. d (1)
Tender 166.398 58.85-59.00 m.: 2 def. d (2)
Rends 167.236 140"-160" ; 1 def. r (1)
Sad 167.4a about 70 m.: 1 def. r (1)

Description. As no complete valves are available, reference is made to SORGEN-
FREI's detailed description of shells from the Arnum Formation and to my
previous mention of material from the clay pit of Gram Brickworks.

The specimen pictured in Plate II, fig. 5, has later been broken.

Distribution.

North Sea Basin.Miocene. Denmark : Arnum Formation (SORGENFREI), Gram Formation.
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FAMILIA: ISOCARDIIDAE GRAY 1840

Genus: Isocardia (KLEIN) LAMARCK 1799
(Type: Cardium humanum LINNE 1758)

Isocardia forchhammeri BECK in RAVN 1907

1956. Isocardia (Isocardia) forchhammeri BEck in RAVN — RASMUSSEN, South Jutland,

p- 41, Pl. 111, f. 1a, b.

Material. Gram Clay.

Skerum Molle Clay pit:

Lille Spabzk Lignite pit:

Gronbjerg Clay pit:

Randbaek 83.597 2.1 -15.0 m.:
Muldbjerg 83.1006 8.0 — 9.0 m.:
Kodal-Fjaldene 84.1749 14.55-15.55 m.:
- - 20.55-21.55 m.:
- B 21.55-22.55 m.:
Videbzk 84.1748  23.95-24.95 m.:
— 84.417 2.2 -15.0 m.:
- 84.483 2.0 -10.8 m.:
- 84.492 5.1 -15.5 m.:
- 84.493 7.7 -15.0 m.:
- 84.525 6.2 — 9.0 m.:
Mogltrup Brickworks. Clay pit:

Lille Torup 85.379 16.8 -20.0 m.:
Gjellerup 85.380 13 -20 m.:

Tvarmose 85.381 21.0 -25.0 m.:
Frelund 85.383 9.2 -17.9 m.:
Snejbjerg 85.775  23.25-24.25 m.:
Bording 86.177 32 - 9.8 m.:
- 86.215 about 10 m.:
Fasterholt Plantage 95.849 4.1 -14.0 m.:
Brande Brickworks. Clay pit:

Drantum 104.1241 36.0 —40.0 m.:
- - 40.0 —44.0 m.:
- - 51.4 -51.8 m.:
Skjerris garde 104.1165 8.5 — 9.5 m.:
Leding 93.155 10 -12 m.:
Alkersig Brickworks. Clay pit:

Lenborg 102.55 9.3 -10.3 m.:
Forsom Brickworks Clay pit:

Harkes Clay pit:

Hesselho 113.121 44.0 -50.0 m.:
Hauge Clay pit:

Tending Clay pit:

Hoddemark. Karlsgarde Canal:

Grede. Karlsgarde Canal:

Esbjerg 130.59 72.0 1.
- - 725 m.;
- - 76.5 -77.5 m.:

Remnants of 5r,21,24d, 11 fr.
19 fragm.

Remnants of 1 r, 11, 8 fr.
26 fr.

1 fr;

1 fr.

3 fr.

2 £t

2. fr.

14 fr.

1 fr.

1 fr.

1 fr.

1 fr.

Remnants of 1 r, 12 fr.

2 fr.

6 fr.

2 fr.

4 fr.

1w.oflr

3 fr.

4 fr.

11 fr.

U.of 51,91, 26 fr.
U.of1r,11,2fr.

1 compl. small d, u. of 21, 3 1
1 fr.

12 fr.

1 fr.

Remnants of 3 r, 3 1, 23 fr.
2 fr.

Remnants of 2 r, 9 fr.

1 cast of 1 d, 1 fr.
Remnants of 1 r
Remnants of 10 r, 8 1, 87 fr.
Remnants of 2 r, 2 1, 21 fr.
14 fr.

Remnants of 1 r, 1 fr.

2 ft

1 't

3 fr.

)]
3)
(2)
(N
1
()
(1)
(1
(1)
(1)
(1)
(1)
(1)
(D
03]
(1)
(1)
(1)
(1)
1
(6]
(1
(1
(10)
(2
(4)
(1
(1
(1
(6)
(1
(4)
(1)
(1)
(18)
(2)
(2)
(1)
(1)
(1)
)



Esbjerg 130.59

78  m.:
- 78:5 m.:
- Clay pit and beach:

Made Brickworks. Northwestern pit:
- Eastern pit:
Made. Strandgéard Brickworks. Clay pit:

Holleskov 132.46b
Ravning. Clay pit:

Sender Hygum 141.260
- 141.261
Gram 141.277

Spandetgard. Clay pit:
Brodersmark 166.351b
Sad 167.4a

- 167.445
Rends 167.236

49 -11.2 m.:

12 —40 m.:
13 -19 119 P04
5.30- 5.70 m.:
6.10- 6.40 m.:
7.30— 7.65 m.:
8.05—- 8.50 m.:
8.50- 9.00 m.:
9.50- 9.90 m.:
9.90-10.30 m.:
12.10-12.60 m.:
14.00-14.60 m.:
14.60-15.10 m.:
15.55-16.00 m.:
16.00-16.50 m.:
16.50-17.00 m.:
17.00-17.50 m.:
17.50-18.00 m.:
18.50-19.00 m.:
19.00-19.50 m.:
21.00-21.50 m.:
22.00-22.50 m.:

28 -29 m.:
about 70 m.:
91.00-91.50 m.:
93.00-93.70 m.:
93.70-94.10 m.:
94.10-94.75 m.:
95.50-95.90 m.:
97.40-97.90 m.:
94.00-94.70 m.:
97.90-98.60 m.:
99.55-100.10 m.:

140-160"

1 fr.

211,

U;of 7x,31,261ff%,

1 fx.

U.of 101, 161, 82 fr.
1 compl., big d, u of 61, 29 fr.
U..of 11,2 fr

1 fr.

4 fr.

3 fr

4 fr.

Remnants of 2 r

2 fr.

23 fr.

26 fr.

1 small, def. r

U. of 11,3 fr.

1 fr.

3fr.ofu.of 11

8 ) e

2 fr.

6 fr.

1 fe.

1 small, def. d, u. of 11
U.of 11,5 fr,

i

3 fr.

1 small pyrite cast

21 fr.

U.ef 131, 161, 1 sh., 33 fr.
1 :fr,

1. i

5 fr.

2.fr.

§1&,

3 fr.

Remnants of 11

10 fr.

(Special sample): U. of 11, 3 fr.
Tt

Uiof 11

L of 11,3 fn

57

(1)
(1)
@)
(1)
(33)
©)
1
(1)
(2)
(2)
(1
©))
(1y
(1
(1)
(1)
(1)
(1)
(1)
(1)
(n
(1)
(1)
(2)
(1)
(1)
(1
(D
(D
(25
(1)
(1)
(1
ey}
(1)
(1
(1)
(1)
(1)
(1)
(1)
(1)

Description. The valves are thick-shelled, oblong heart-shaped, somewhat
protracted posteriorly. Anteriorly the valve forms a short, very convex arch,
which passes evenly into the slightly curved and almost rectilinear ventral
margin. Posteriorly the ventral margin forms an obtuse angle with the almost
vertically rising posterior end, which by an indistinct other angle passes into
the evenly rising, long, posterior dorsal margin.

The umbones are prosogyrate, fairly highly involute, placed far anteriorly.
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No lunula is observed. Area is lanceolate, bordered by a slight, but distinct
edge, which continues along the margin of the valve right to the umbo.

The hinge is not complete on any of the available shell fragments. It was
described by RAVN (1907, p. 274 (70)) as follows:

“In the left valve there are two horizontal cardinal teeth, the anterior (lower)
one of which is oblong, rather thick, and provided with a deep pit on the
middle of the lower side, whereas the posterior (upper) one is long and lamelli-
form. Furthermore there is a lamelliform lateral tooth far posteriorly. Such a
tooth is also found on the right valve, which likewise has two horizontal
cardinal teeth, the anterior one of which is rather short and thin and by a
deep pit is separated from the posterior, lamelliform one.”

The surface of the shell is smooth, but with distinct concentric growth lines.
When magnified, at oblique light, some extremely faint, but decidedly demon-
strable radial striae, which are equidistant, can be seen here and there.

Remarks. The material consists almost exclusively of fragments of this charac-
teristic Isocardia, which perhaps is a forerunner of the Pliocene and recent
I. humana.

ANDERSON (1959, pp. 120-121) in some remarks on the Lower Miocene
I. lunulata NysT advanced the view that this species is the forerunner of I.
forchhammeri. In his opinion (loc. cit.) this specific name should be cancelled
in favour of the earlier name olearii given by SEMPER (1861), as this author,
who did not himself picture the species, referred to a copper engraving of it
in OLEARIUS, “Gottorfische Kunstkammer” from 1676. It does not seem to me
that there are cogent reasons to reject the specific name validated by RAVN
(1907), which has later been that most commonly used, for which reason I
prefer to maintain the name of forchhammeri.

The large number of remnants of Isocardia found in the Hodde Clay have
proved indeterminable. They seem to derivate from a form with a more pro-
tracted umbonal part, but otherwise the fragments very much resemble 7.
forchhammeri.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Glimmerton
(GoTTSCHE, HINSCH).

FAMILIA: CYPRINIDAE PICTET 1855

Genus: Pygocardia MUNIER-CHALMAS 1887
(Type: Venus rustica SOWERBY 1818)

Pygocardia rustica (SOWERBY 1818)
Plate VI, figs. 1-2
1818. Venus rustica — SOWERBY, Min. Conch., p. 196.

1843. Cyprina tumida Nyst — Nyst, Coq. et Polyp., p. 148, Pl. VIII, f. 2-3; PL. X, f. 1a,
a’y b, e.
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1853. Cyprina rustica I. SOWERBY — Woob, Crag. Moll. II, p. 197, Pl. XVIII, f. 1a-e.

1881. Cyprina rustica Sow. — NysT, Conch. Terr. Tert., p. 191, Pl. XX, f. 1 a-f.

1907. Cyprina tumida NysT — RAVN, Jylland, p. 278(74), PI. II, f. 8.

1945. Pygocardia rustica SOWERBY sp. — GLIBERT, Mioc. Belg. I, p. 143, Pl. VIII, f. 8a-b.

1957. Pygocardia rustica SOWERBY sp. — GLIBERT, I.R.S.N.B., Bull., T. XXXIII, no. 47,
P 1%

Material. Gram Clay.

Sandfeldbjerg. Old clay pit: 2 valves (Mineralogical Museum).
Gording. Unknown locality: 1 well-preserved double valve.

Description. The double valve from Gerding is complete, and it is the only
specimen that has been available to me for examination.

It is of a slightly oblong form. The anterior end is evenly convex. The poste-
rior end is considerably more obtuse. The posterior dorsal margin slopes
relatively little in a posterior direction and forms an obtuse angle with the
posterior end, which again at an obtuse angle passes into the convex ventral
margin.

The umbones are prosogyrate, placed anteriorly. The valves are evenly
convex.

The surface is almost completely smooth. There are, however, numerous,
more or less regular growth lines. On the posterior part of the valve these
lines are crossed by numerous faint, almost completely effaced radial striae.

The interior of the valves and the hinge have not been accessible for ex-
amination.

Remarks. According to figures in the literature, especially in Woob, the ap-
pearance, first of all the outline of this species, is rather variable, which has
given occasion for the setting up of subspecies.

It has not been possible to refer the small material from the Gram Clay to
any definite one of these subspecies.

Distribution.

North Sea Basin. Miocene. Denmark : Gram Formation. Belgium: Anversien (GLIBERT).
— Plio-Pleistocene. Holland (HEERING). Belgium: Scaldisien (GLIBERT). England: Coralline
Crag, Red Crag (Woob).

FAMILIA: THYASIRIDAE DALL 1901

Genus: Thyasira (LEACH) LAMARCK 1818
(Type: Tellina flexuosa MONTAGU 1803)

Thyasira flexuosa (MoNTAGU 1803)
Plate V, figs. 7-9
1803. Tellina flexuosa — MoNTAGU, Test. Brit., p. 72.

1853. Lucina flexuosa MONTAGU — ForBEs & HANLEY, Brit. Moll. II, p. 54, Pl. XXXV,
f. 4.
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1863. Axinus flexuosus MONTAGU — JEFFREYS, Brit. Conch. I1, p. 247, V (1869), P1. XXXIII,
f: 1

1867. Axinus flexuosus MONTAGU — WEINKAUFF, Conch. Mittelm. p. 170.

1909. Thyasira flexuosa MONTAGU sp. — CERULLI — IRELLI, Fauna mal. mariana, p. 155,
Pl. XVIII (XXVIII), f. 29.

?1925. Cryptodon hanseatus — Kautsky, Hemmoor, p. 30, Pl. 3, f. 12a, b, 13a, b.

1934. Thyasira flexuosa (MONTAGU) — JENSEN & SPARCK, Saltvandsmuslinger, p. 92, f. 74.

1945. Thyasira flexuosa MONTAGU sp. — GLIBERT, Mioc. Belg. I, p. 153, PI. VI, f. 5.

1956. Thyasira (Thyasira) sp. — RASMUSSEN, South Jutland, p. 43, PL. I, f. 7.

Material. Gram Clay.

Remnants of Thyasira are known from the following localities: Kodal-Fjaldene (84.1749),
Videbak (84.1748), Meltrup Brickworks (clay pit), Frolund (85.383), Gjedstrup (85.861),
Brande Brickworks (clay pit), Drantum (104.1241), Nyholm (104.1166), Alkarsig Brick-
works (clay pit), Odderup (103.150), Hesselho (113.121), Tending (clay pit), Made Brick-
works (eastern clay pit), Holleskov (132.46b), Sender Hygum (141.260, 141.261), Gram
(141.277), Spandetgard (clay pit), Brodersmark (166.351b), Sad (167.4a, 167.445), and
Rends (167.236).

Description. The greatest part of the available material by far is so defective
that it has not been possible to receive an impression of the adult valves.
Among these the defective double valve previously described from Gram
Brickworks (RASMUSSEN 1956) is the specimen best preserved.

In the material from the bore-holes there are a few whole, juvenile valves,
thus from Gram (141.277), from where two valves are pictured in Plate V
(figs. 7 and 8).

The outline of these valves shows a slightly convex anterior dorsal margin,
which, forming an angle, passes into the convex ventral margin. Only a short
carina from the umbo along the posterior dorsal margin is seen.

A third valve from the same bore-hole at Gram, pictured in Plate V (fig. 9)
has a considerably greater hinge angle. This valve has no other characteristics
than a smooth exterior surface. It is apparently without any carinae.

Remarks. The two juvenile valves from Gram must be supposed to be juvenile
forms of 7. flexuosa. As a large number of the fragments available have two
carinae from the umbo to the posterior part of the valve, there is hardly any
reason to suppose that any other species than that known from the other
Miocene formations, from the Pliocene, and from recent times, 7. flexuosa,
should be represented in the material from the Gram Clay.

The valve from Gram with the large hinge angle is in the lists of analysis
(Part I, Table 59, p. 269) denoted as Thyasira sp., but it cannot be precluded
that it, too, belongs to the species mentioned (see picture on Plate V, fig. 9).

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation, (SORGENFREI), Gram Forma-
tion. North Germany: ? Hemmoor-Stufe (KauTsky), Reinbek-Stufe (ANDERSON), ? Glim-
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merton at Langenfelde (GorTscHE 1876: Cryptodon sinuosus DoN.). Belgium: Anversien
(GLIBERT). — Pleistocene: Denmark: Postglacial deposits in North Jutland (NoRDMANN
& A. JESSEN 1905, p. 135).

Mediterranean Basin. Italy: Pliocene at Monte Mario (CERULLI — IRELLI). Recent.

In the present time the species according to JENSEN & SPARCK is extremely widely
distributed from the North Atlantic (from Northeast Greenland to the Canary Islands)
into the Mediterranean, and furthermore it is recorded from the seas around New Zealand
and Australia, as well as the Bering Sea.

According to JENSEN & SPARCK the species is very common on clayey bottom in the
Danish waters from a depth of about 20 m. to a depth of about 100 m. In the Atlantic,
too, it is typical of clayey bottom.

FAMILIA: LUCINIDAE FLEMING 1828

Genus: Phacoides BLAINVILLE 1825
(Type: Lucina pectinata GMELIN 1789)

Phacoides sp.

From a few bore-holes there are fragments, which may belong to the genus
Phacoides. Because of the state of preservation they are indeterminable to
species.

The fragments originate from the following localities of Gram Clay:

Hygum 141261 13 -19 m.: U.of51, 20 fr. 5)
Gram 141.277  12.10-12.60 m.: 2 fr. 1)
- - 17.00-17.50 m.: 2 fr. I6))
Rends 167.236 140-160°  : 5 fr. 2

Genus: Codakia ScopoLl 1777
(Type: Venus orbicularis LINNE 1758)

Codakia jutensis SORGENFREI 1958
Plate V, fig. 5

1958. Codokia jutensis nov. sp. — SORGENFREI, Middle Mioc., p. 93, PL. 13, f. 40a-b.
1964. Codakia jutensis SORGENFREI — ANDERSON, Reinbek-Stufe, p. 160, PI. 5, f. 46a-b.

Material. Gram Clay.
Sad 167.445 94.00-94.70 m.: 1fr.of 11

Description. The fragment consists of the whole of the hinge region and ad-
joining parts of a left valve.

The hinge as well as the shape of the margin of the valve and the concentric
lamallae on the exterior of the valve correspond completely to the picture in
SORGENFREI of shells from the Middle Miocene beds at Toftlund.
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The size of the valve from Sad at least correspond to the dimensions of
the left valve pictured by SORGENFREI.

Distribution.
North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Gram Forma-
tion. North Germany: Reinbek-Stufe (ANDERSON).

FAMILIA: ERYCINIDAE DESHAYES 1857

Genus: Erycina LAMARCK 1805
(Type: Erycina pellucida LAMARCK 1805)

? Erycina sp.

From the Gram Clay at Gram (144.277. 14.60-15.10 m. and 15.10-15.55 m.)
and Brodersmark (166.351b. 29-30 m.) there are a few fragments which with
reservations are referred to this species.

FAMILIA: MONTACUTIDAE THIELE 1934

Genus: Montacuta TURTON 1819
(Type: Ligula substriata MONTAGU 1808)

? Montacuta sp.

In the Gram Clay at Harkes Brickworks H. @puMm in 1919 collected a de-
fective valve of a pelecypod, probably a Montacuta (? M. bidentata (MONTAGU).
A sure determination is not possible. See further Pelecypoda non det. on p. 77.

FAMILIA: CARDIIDAE LAMARCK 1801

Genus: Laevicardium SWAINSON 1840
(Type: Cardium oblongum GMELIN 1789)

Laevicardium sp.
Material. Hodde Clay.

Leding 93.155 27 -28 m.: 1 def. r, 1 def. I, 1 fr. 40
- - 31 m.; 4 def. r, 3 def. | (4)
- - 28 -32 m.: 1 def. 1 (1)
- - Unknown depth: 2 def. r, 2 def. 1 (2)
Lonborg 102.55 21.3 -22.3 m.: 1 def. r (3)
Gram 141.277 33.05-33.40 m.: 16 ft. of 1i(?) sh. (1)
- - 33.40-33.80 m.: 2 fragm. (1)
Tonder 166.398 90 oo 1 fragm. (1)

Gram Clay.
Odderup 103.150 20.0 -21.0 m.: 1 fragm. (?1)

Description and remarks. In the Hodde Clay some fragmentary shells and
fragments of a Laevicardium have been found, which proved too defective to
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be determined as to species. Presumably it is a case of remnants of L. cyprium
(BroccHI) or L. subturgidum D’ORBIGNY.

In the Gram Clay at Odderup a fragment was found which seems to have
belonged to a species of the genus Laevicardium. If so, this much corroded
fragment is the only one found in the Gram Clay.

Genus: Cardium LINNE 1758
(Type: Cardium costatum LINNE 1758)

Cardium papillosum (PoL1 1791)

1956. Corculum (Papillicardium) papillosum (PoL1) — RAsMUSSEN, South Jutland, p. 43,
Pl 1; f. 6a; b.
1958. Corculum (Parvicardium) papillosum (PoL1) — HéLzL, Oberbayer. Burdigal, p. 106.

Material. Shell material is available from the following localities (see Part I,
Tables 15-66):

Gram Clay.

Skerum Moglle (clay pit), Spjald (83.127), Randbak (83.597), Brejning Kro (83.197),
Muldbjerg (83.1006), Kodal-Fjaldene (84.1749), Videbxk (84.1748, 84.358, 84.1727), Mgl-
trup Brickworks (clay pit), Lille Torup (85.379), Gjellerup (85.380), Tvaermose (85.381),
Frolund (85.383), Gjedstrup (85.861), Snejbjerg (85.775), Bording (86.177, 86.215), Brande
Brickworks (clay pit), Drantum (104.1241), Nyholm (104.1166), Store Langkjer (104.1158),
Skjerris garde (104.1165), Alkersig (93.101), Odderup (103.150), Albzk Eng (102.59),
Hesselho (113.121), Hauge (clay pit), Tending (clay pit), Hodde (113.33a), Made Brick-
works (eastern clay pit), Holleskov (132.46b), Ravning (clay pit), Hjortvad (141.178),
Lintrup (132.140), Sender Hygum (141.260, 141.261, 141.273), Redding (141.75, 141.242,
141.243), Vester Lindet (141.246), Gram (141.277), Spandetgard (clay pit), Tender (166.398),
Brodersmark (166.351b), Sed (167.4a, 167.445), and Rends (167.236).

Description. Besides numerous fragments and defective valves, there are some
well-preserved, but rather small valves available.

The species was described by me in 1956 on the basis of valves from Gram
Brickworks. Therefore reference is made to this description.

Remarks. 1t has not been possible to provide a sufficient number of well-
preserved shells of a population from one of the localities so that a variation
statistical investigation could be made.

Therefore it is uncertain whether the populations from the Gram Clay are
most closely connected with the species C. straeleni (see the comments on this
species, p. 65) or with the recent C. papillosum. SORGENFREI inclines to the
assumption that the valves from the Arnum Formation ought to be grouped
with C. straeleni.

I also refer the Cardium from Shell Bed I at Hoddemark, pictured in Plate V,
fig. 6, to C. straeleni, as this valve also, i.a., has a convex posterior dorsal
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margin as distinct from the valves of C. papillosum, in which this margin is
rectilinear. The valves from Hoddemark, for that matter, are considerably less
oblique in outline than the valves from the Gram Clay.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Glimmerton
(StAaescHE). Holland: Middle (HEERING). — Plio-Pleistocene. Denmark: Eem (NORDMANN
1928). Holland (HEERING).

Atlantic Region. Loire Basin: Miocéne Moyen (Faluns) (DoLLFUS & DAUTZENBERG).
Aquitanian Basin: Burdigalien, Helvétien, Tortonien (CossMANN & PEYROT). Morocco:
Pliocene, Quaternaire (LECOINTRE). — Recent from the coast off South England to the
coasts off Morocco, the Canaries, and the Azores (WEINKAUFF).

Mediterranean Basin. Spain: Pleistocene (DouviLLE). Italy: Elveziano, Tortoniano,
Piacenziano, Astiano (Sacco). France (Rhone valley and Roussillon): Pliocéne (Fon-
TANNES). Cyprus: Plioceéne inferieur (DUBERTRET, VAUTRIN, KELLER & DaviD). Syria and
Liban: Pliocéne ancien (DUBERTRET, VAUTRIN et KELLER). Egypt: Miozdn (BLANKENHORN).
Algeria: Plaisancien (DE LAMOTHE). — Recent (WEINKAUFF).

Vienna Basin. Austria: Grunder Schichten, 2. Mediterran-Stufe (KAUTSKY).
South Germany (Bavaria): Burdigal (H6LzL).
Poland: Miozédn (FRIEDBERG).

Cardium straeleni GLIBERT 1945
Plate V, fig. 6

1945. Cardium (Parvicardium) straeleni — GLIBERT, Mioc. Belg. I, p. 174, PL. XI, f. la-c.
1964. Cardium (Parvicardium) straeleni GLIBERT — ANDERSON, Reinbek-Stufe, p. 168,
Pl. 7, f. 57a—d.

Material. Hodde Clay.

Leding 93.155 31 m.: 1 def. r, 2 def. 1, 2 fr. (2)
Gram 141.277 27.00-27.50 m.: 1 def. 1 (1)
- - 28.00-28.50 m.: 1 def. r, 1 fr. (1)
s - 28.50-29.00 m.: 1 def. 1 (1)
- - 29.00-29.50 m.: 1 def. r (1
- - 29.50-30.00 m.: 1 fr. (1)
- - 30.00-30.50 m.: 2 def. r )
= = 30.95-31.35 m.: 1 fr. (D)
- - 31.35-31.65 m.: 1 def. r (1)
- = 31.95-32.30 m.: 1 def. r (1)
- - 33.05-33.40 m.: 4 fr. (1)
- - 33.80-34.25 m.: 7 def. r, 6 def. 1, 8 fr. (8)
- - 34.25-34.70 m.: 4 def. r, 2 def. 1, 8 fr. 4)
- -~ 34.70-35.00 m.: 2 def. I, 6 fr. 2)
- - 35.30-35.70 m.: 1 def. r;, 3 def. 1, 3 fr. 3)
Hajstrup 167.235 214-234’ 1 def. | (1)

Description. As there is only a fragmentary material from the Hodde Clay
available, reference is made to the descriptions in GLIBERT and ANDERSON.
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Remarks. It is only with great reservations that the material is referred to this
species. The morphology of the fragments available shows with certainty that
they have belonged to a species which is closely related to C. straeleni and
C. papillosum. Provisionally they are considered to have belonged to valves
with the same form and characters as the valves of this group from Shell
Bed I at Hoddemark. I refer these shells to C. straeleni (see remarks sub
C. papillosum).

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde Forma-
tion. North Germany: Hemmoor-Stufe (DITTMER), Reinbek-Stufe (ANDERSON).

FAMILIA: VENERIDAE LEACH 1819

Genus: Venus LINNE 1758
(Type: Venus verrucosa LINNE 1758)

Venus multilamella (LAMARCK 1818)

1818. Cytheria multilamella — LAMARCK, Hist. Nat., V. p. 581.

1870. Venus multilamella Lam. — HORNES, Wienerbecken II, p. 130, PIL. 15, f. 2-3.

1893. Venus rugosa — LEHMANN, Dingden, 11, p. 274.

1900. Ventricola rugosa Lam. — Sacco, I Molluschi, XXVIII, p. 30, PI. VIII, f. 1-8.

1908. Venus (Ventricola) multilamella LK. sp. — CERULLI — IRELLI, Fauna mal. mariana,
p- 52, PL. X (XX), f. 10-18, PL. XI (XXI), f. 1-7.

1910. Chione (Ventricoloidea) multilamella (LAMK.) — CossMANN & PEyroT, Conch. Néog.
A.S.L.B., LXIV, § fasc., p. 373, Pl. XIII, f. 26-28.

1925. Chione (Ventricoloidea) multilamella LaAMK. — KauTsky, Hemmoor, p. 39.

1945. Venus (Dosina) multilamella LamMaRrRcK sp. — GLIBERT, Mioc. Belg. I, p. 186, Pl. XI,
f. Sa—c.

1958. Venus (Ventricola) multilamella (LAMARCK) — SORGENFREI, Middle Mioc., p. III,
Pl. 18, f. 55a-d.

1958. Venus (Ventricola) multilamella (LAMARCK) — HOLZL, Oberbayer. Burdigal, p. 124.

1959. ?Venus (Dosina) multilamella (LAMARCK) — ANDERSON, Untermiozin, p. 139, PL. 17,
f. 34, b.

1964. Venus (Dosina) multilamella (LAMARCK) — ANDERSON, Reinbek-Stufe, p. 169, Pl. 8,
f. 58a-b.

Material. Hodde Clay.

Grode. Karlsgarde Canal: 1 fragm. (?1)
Gram 141.277 35.00-35.30 m.: 3 fragm. (1)

Remarks. The material only includes four fragments with the laminated surface
characteristic of this species.

It is probably V. multilamella, which is common in the clayey, micaceous
beds at Dingden in Germany (Reinbek-Stufe).

As for description of the species reference may especially be made to
GLIBERT, op. cit.

-
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Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde Forma-
tion. North Germany: Vierland-Stufe (ANDERsON), Hemmoor-Stufe (KAuTsky), Reinbek-
Stufe (ANDERSON), Glimmerton at Lieth, Langenfelde, Teufelsbriicke, and Elbtunnel
(GottscHE, HorN). Holland: Middle (HEerING). Belgium: Bolderien, Houthaléen, An-
versien (GLIBERT).

Atlantic Region. Aquitanian Basin: Burdigalien, Helvétien (CossMANN & PEYROT).

Mediterranean Basin. France (Rhone valley): Pliocene (FONTANNES). Italy: Tortoniano,
Piacenziano, Astiano (Sacco), Monte Mario (CERULLI — IRELLI).

Vienna Basin. Austria (HOERNES).

South Germany (Bavaria): Burdigal (HoLzL).

Poland: Miozédn (FRIEDBERG).

FAMILIA: MACTRIDAE FLEMING 1828

Genus: Spisula GRAY 1837
(Type: Cardium solidum LINNE 1758)

Spisula subtruncata (DA CosTA 1778)

1956. Spisula (Spisula) subtruncata (DA CoSTA) var. triangula (RENIERI) — RASMUSSEN,
South Jutland, p. 45, PL. 11, f. 6a-b.

1958. Spisula subtruncata (DA CosTA) var. — SORGENFREI, Middle Mioc., p. 114, PIL. 19,
f. 57a—e.

1964. Spisula subtruncata triangula ((RENIER 1804) BRoccHI 1814) — ANDERSON, Reinbek-
Stufe, p. 182, PL. 10, f. 70a-b.

Material. Hodde Clay.

Leding 93.155 19 =27 m.: 2 def. sh. (2)
- - 27 -28 m.: 1 def. 1 (1)
- - 31 m.? 1 def. r, 1 def. 1, 1 def. sh. 2)
- - Unknown depth: 2 def. 1 2)

Lenborg 102.55 21.3 -22.3 m.; fragm. of 4 sh., 5 frag. (5)

Odderup 103.150 24.8 -25.6 m.: ?1 fragm. (@2))

Hodde 113.33a 18.5 -18.9 m.: 1 def. 1 (1)

Hajstrup 167.235 214-234" : 1 fragm. (1)

Gram Clay.

Brejning Kro 83.197 42 45 m.: 1 def. sh. (1)

Brande Brickworks. Clay pit: 1 def. r (1)

Drantum 104.1241 36.0 —-40.0 m.: 3 def. sh. 3)
- - 40.0 —44.0 m.: 2 def. 1 (2)

Store Langkjer 104.1158 13.1 -14.1 m.: 1 def. sh. (1)

Hauge. Clay pit: 3 fragm. (1)

Lintrup 132.140 3.25- 3.75 m.: 1 def. r (1)
- 141.261 13 -19 m.: 2def.r 2)
- - 20 m.: 4def.l (4)

Gram 141.277 10.80-11.25 m.: 1 def. r (1)
- - 11.65-12.10 m.: 1 def. r (1)

Sad 167.445 91.00-91.50 m.: 1 fragm. (1)
- - 92.00-92.25 m.: 7 fragm. (1)
- - 92.25-92.70 m.: 2 def. r, 1 def. 1, 3 fragm. 3)

Rends 167.236 140-160’ : 3def. 1, 4 def. | 4)
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Description. All the available remnants of this species consist of fragmentary
shells and fragments. A complete right valve from the clay pit of Gram Brick-
works was pictured and mentioned in 1956 (RASMUSSEN, loc. cit.). This valve
as well as all the others from the Hodde Clay and the Gram Clay is of the
triangular shape, which mostly is considered characteristic of the subspecies
triangula RENIERI 1804.

As for a description of the species reference is made to the literature quoted.

Distribution.

North Sea Basin. Miocene. Denmark : Arnum Formation (SORGENFREI), Hodde Forma-
tion, Gram Formation. North Germany: Hemmoor-Stufe (KAuTsky), Reinbek-Stufe
(ANDERSON: triangula), Glimmerton at Morsum KIiff, Sylt (RAavN). Holland: Middle
(HEERING). Belgium: Bolderien, Houthaléen, Anversien (GLIBERT). — Plio-Pleistocene.
Holland: Scaldisien, Diestien supérieur (TEscH, HEERING). — Recent in the North Sea and
in the Kattegat (JENSEN & SPARCK).

Atlantic Region. Loire Basin: Miocéne Moyen (Faluns) (DoLLFUS & DAUTZENBERG:
triangula). Aquitanian Basin: Helvetien (CossMaANN & PEyROT). Morocco: Miocene
(LECOINTRE). — Recent from the seas off the westcoast of Europe from Finmarken (northern
Norway) to Spain and Morocco and the Canarian Islands (JEFFREYS).

Mediterranean Basin. France (Rhone valley): Pliocéne (Mactra triangula, FONTANNES).
Italy: Elveziano, Tortoniano, Piacenziano, Astiano (Sacco). — Recent (WEINKAUFF).

Vienna Basin. Austria: Grunder Schichten (KAUTSKY).
South Germany (Bavaria): Burdigal (HOLzL: Mactra subtruncata bavarica).
Poland: Miozédn (FRIEDBERG: Mactra subtruncata triangula).

FAMILIA: SCROBICULARIIDAE H. & A. ADAMS 1858

Genus: Abra (LEACH) LAMARCK 1818
Type: Ligula tenuis MONTAGU 1808)

Abra cf. prismatica (MONTAGU 1808)

1956. Abra (Abra) prismatica (MONTAGU) — RASMUSSEN, South Jutland, p. 46, PL. I, f. 4.
1958. Abra prismatica (MONTAGU) var. — SORGENFREI, Middle Mioc., p. 119, PL. 19, f. 60.

Material. Only fragments are available. The list includes all localities from
where rests of the genus Abra are kept.

Hodde Clay.

Leding (93.155), Lenborg (102.55), Made Brickworks (eastern clay pit), Gram (141.277),.
and Hajstrup (167.235).

Gram Clay.

Randbzk (83.597), Brejning Kro (83.197), Muldbjerg (83.1006), Kodal-Fjaldene
(84.1749), Videbak (84.1748, 84.1727), Meltrup Brickworks (clay pit), Lille Torup (85.379),
Gjedstrup (85.861), Snejbjerg (85.775), Brande Brickworks (clay pit), Drantum (104.1241),
Nyholm (104.1166), Skjerris garde (104.1165), Leding (93.155), Alkarsig (93.101), Lon-

5%
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borg (102.55), Odderup (103.150), Albzk Eng (102.59), Hauge (clay pit), Toending (clay pit),
Esbjerg (clay pit and beach), Made Brickworks (eastern clay pit), Holleskov (132.46b),
Ravning (clay pit), Hjortvad (141.178), Sender Hygum (141.260, 141.261), Gram (141.277),
Spandetgard (clay pit), Spandet (150.184), Tonder (166.398), Brodersmark (166.351b),
Sad (167.4a, 167.445), and Rends (167.236).

Description. Nearly the whole of the available material of remnants of Abra
specimens from the Hodde Clay and the Gram Clay consists of fragments of
the umbonal part of the valves with the ligament pit.

The character of the fragments is in agreement with conditions in the recent
A. prismatica, but the determination can of course only be uncertain.

Distribution.

North Sea Basin. Miocene. Denmark : Klintinghoved Clay, Arnum Formation (SORGENFREI),
Hodde Formation, Gram Formation. North Germany: Hemmoor-Stufe (KAuTsky),
Reinbek-Stufe (HinscH), Glimmerton on the island of Sylt (StaescHi). Holland: Middle
(HEeRING). — Plio-Pleistocene. Denmark: Eem (NoOrRDMANN 1928). Holland: Scaldisien
(TescH, HEERING). Belgium: Scaldisien (GLIBERT). England: Coralline Crag, Clyde Beds
(S. V. Woob). — Recent: North Sea, Skagerak and the Kattegat (Jensen & SPARCK).

Atlantic Region. Morocco: Pliocene (LECOINTRE). — Recent from the Norwegian Sea
and the seas around Iceland to the sea off Portugal (WEINKAUFF).

Mediterranean Basin. Italy: Tortoniano, Piacenziano, Astiano (Sacco), Calabria, Sicily
(G1GNOUX). — Recent (WEINKAUFF).

FAMILIA: TELLINIDAE BLAINVILLE 1814

Genus: Angulus MEGERLE VON MUHLFELD 1811
(Type: Tellina lanceolata GMELIN 1790)

Angulus cf. fallax (BEyRrICH 1868)

1868. Tellina fallax BEYRICH — BEYRICH in v. KOENEN, Mittelolig., p. 113 (nomen nudum).
1893. Tellina fallax BEYRICH — LEHMANN, Dingden, II, p. 277.

1907. Tellina fallax BEyricH — RAVN, Jylland, p. 280 (76).

1914. Tellina fallax BeyricH — Gripp, Itzehoe, p. 9.

1916. Tellina Benedenii NystT & WESTENDORP — NORREGAARD, Esbjerg, p. 16.

1925. Tellina fallax BEYRrRICH — KAUTSKY, Hemmoor, p. 42.

1940. Tellina fallax BEYRICH — SORGENFREL, Klintinghoved, p. 23, PL IV, f. 11-12.

1945. Angulus (Angulus) fallax BEYRICH sp. — GLIBERT, Mioc. Belg. I, p. 207, PL. XII, f. 4.
1950. Tellina fallax BEyricH — HEERING, Mioc. Pelec., p. 42, Pl. VIII, f. 188.

1958. Tellina cf. fallax BEYRICH — SORGENFREI, Middle Mioc., p. 122.

1959. Angulus (Angulus) fallax (LEHMANN) — ANDERSON, Untermiozin, p. 145.

1964. Angulus (Angulus) fallax LEHMANN — ANDERSON, Reinbek-Stufe, p. 175.

Material. Hodde Clay.

Leding 93.155 31 m.: 4 fr. with hinge 3)
Maéade Brickworks. Eastern clay pit: 1 def. | (1)
Hajstrup 167.235 214'-234" : 1 fr.of 1 r and of 11 (1)
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Description. The fragments consist of the region around the umbo with the
hinge. These remnants show with certainty that this is a case of an Angulus.

Most probably this species is A. fallax, but the determination of the Angulus
species is also due to the shape of the valves, for which reason an only fairly
certain determination as to species is out of the question in the present case.

Distribution of A. fallax.

North Sea Basin. Miocene. Denmark: Klintinghoved Clay, Arnum Formation (Sor-
GENFREI), Hodde Formation. North Germany: Vierland-Stufe (ANDERSON), Hemmoor-
Stufe (Di1TT™MER), Reinbek-Stufe (ANDERsoN). Holland: Middle (HEERING). Belgium:
Bolderien, Houthaléen, Anversien (GLIBERT).

ORDO: DESMODONTA NEUMAYR 1883
FAMILIA: CORBULIDAE FLEMING 1828

Genus: Varicorbula GRANT & GALE 1931
(Type: Tellina gibba Ovrivi 1792)

Varicorbula gibba (OLivi 1792)
Plate VI, figs. 3-6

1792. Tellina gibba — OL1v1, Zoologia Adriatica, p. 101.

1853. Corbula nucleus LAMARCK. — FORBES & HANLEY, Brit. Moll. I, p. 180, PI. IX, f. 7-12,
PL Gy & 3

1861. Corbula striata WALKER & Boys — Woob, Crag Moll. II, p. 274, Pl. XXX, f. 3.

1865. Corbula gibba Ovrivi — JEFFREYS, Brit. Conch. 111, p. 56; V (1869), Pl. XLIX, f. 6.

1867. Corbula gibba Orivi — WEINKAUFF, Conch. Mittelm., p. 25.

1867. Corbula gibba Or1vi — v. KOENEN, Mittelolig., p. 116.

1870. Corbula gibba Orivi — HORNES, Wienerbecken II, p. 34, PL. 111, f. 7a—g.

1878. Corbula gibba OL1vi — SARrs, Moll. Arct. Norveg., p. 91.

1892. Corbula gibba OrL1vi — LocarDp, Cdtes d. France, p. 257, f. 235.

1893. Corbula gibba OLivl — LEHMANN, Dingden 11, p. 288.

1896. Corbula gibba OLivi sp. — BucQuoy, DAUTzENBERG & Dorrrus, Roussillon, II,
p. 578, Pl. LXXXYV, f. 1-23.

1901. Corbula gibba Orivi — Sacco, I Molluschi XXIX, p. 34, Pl. 1X, f. I-11.

1902. Corbula (Agina) gibba OLivi sp. — DOLLFUS et DAUTZENBERG, Bassin Loire, p. 82,
PL. 111, f. 43-46.

1907. Corbula gibba Orivi sp. — RavN, Jylland, p. 285.

1909. Corbula gibba Ovrivi sp. — CERULLI — IRELLI, Fauna mal. mariana, p. 148, Pl. XVI
(XXVI), f. 15-19.

1909. Corbula (Agina) gibba Ovrivi — CossMANN & PeyroT, Conch. Néog., A.S.L.B.,
LXIII, p. 176, PL 11, f. 98-101; PL. V, f. 22.

1913. Corbula gibba Ovr1vi sp. — HARDER, Aarhus, p. 62, PL. 1V, f. 27.

1916. Corbula gibba OLivi sp. — NORREGAARD, Esbjerg, p. 18, Pl. 2, f. 3.

1925. Corbula gibba Orivi sp. — KAuTsky, Hemmoor, p. 51.

1934. Corbula gibba OL1vi — JENSEN & SPARCK, Saltvandsmuslinger, p. 171, f. 156.

1944. Aloidis (A.) gibba Ovrivi — HEERING, Oberolig. Bivalv., p. 45, Pl. 6, f. 16-17, PL. 7,
f. 22-28, Pl. 10, f. 9, 10, 15.
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1945. Aloidis (Varicorbula) gibba OvLivi sp. — GLIBERT, Mioc. Belg. I, p. 215, PL III,
f. 10a—c.

1950. Aloidis (A.) gibba OL1vi — HEERING, Plioc. a. old. Pleist., p. 191.

1950. Aloidis gibba Ovrivi — HEERING, Mioc. Pelec., p. 45, PI. 5, f. 101, 102, 109.

1957. Corbula (Varicorbula) gibba OLivi sp. — GLIBERT, Rupél., Chattien, p. 46.

1958. Varicorbula gibba (OL1vi) — SORGENFREI, Middle Mioc., p. 129, PL. 23, f. 69a-g.

1958. Aloidis (Varicorbula) gibba (OLivi) — HOoLZL, Oberbayer, Burdigal, p. 163.

1959. Varicorbula gibba (OL1vi) — ANDERSON, Untermiozin, p. 154, Pl. 18, f. 6a—c.

1964. Varicorbula gibba (OL1vi) — ANDERSON, Reinbek-Stufe, p. 187.

Material. Hodde Clay.

Leding 93.155 31 m.: 1 def. r (1)
Lenborg 102.55 19.3 -20.3 m.: 4 fragm. (1)
Gram 141.277 28.50-29.00 m.: 1 def. I and 3 fragm. (1)
- - 31.35-31.65 m.: 2 fragm. (1)
Hajstrup 167.235 214234’ 2 1 def. | (nH
Gram Clay.
Muldbjerg 83.1006 8.0 — 9.0 m.: 1 fragm. (1)
Drantum 104.1241 46.0 -50.0 m.: 1 def. r (1)
Hauge. Clay pit: 1 def. 1 (1)
Esbjerg 130.59 72.0 m.: I compl. r (1)
Made Brickworks. Eastern clay pit: I compl. d, 3 compl. r (4)
Gram 141.277 14.60-15.10 m.: 1 compl. r, 1 def. r, 1 compl. |,
3def.1,3fr.of 1 r (4)
- - 15.10-15.55 m.: 1 def. r (1)
- - 21.50-22.00 m.: 3 fragm. G1)

Description. This species has been described so often that it is unnecessary to
repeat the descriptions here.

The shells from the Hodde Clay as well as the Gram Clay are in complete
agreement with the recent as well as the fossil shells.

The marginal pore on the right valve mentioned by SORGENEREI (1958) is
also seen on the valves from the Gram Clay.

Distribution.

North Sea Basin. Oligocene. Denmark: Upper (HARDER). North Germany: Middle
(v. KoeNEN), Upper (GOrGEs). Holland: Upper (HEERING). Belgium: Tongrien, Rupélien,
Chattien (GLIBERT). — Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde
Formation, Gram Formation. North Germany: Vierland-Stufe (ANDERsSON), Hemmoor-
Stufe (KauTtsky), Reinbek-Stufe (ANDERSON), Glimmerton at Langenfelde and Teufels-
briicke (GotTscHE 1876). Holland: Middle (HEERING). Belgium: Boldérien, Houthaléen,
Anversien (GLIBERT). — Plio-Pleistocene. Holland (HEERING). Belgium: Scaldisien (GLI-
BERT). England: Coralline Crag and Red Crag (S. V. Woob). — Recent (JENSEN & SPARCK).

Atlantic Region. Loire Basin: Miocene Moyen (Faluns) (DoLLFUs & DAUTZENBERG).
Aquitanian Basin: Burdigalien, Helvétien (CossMANN & PEYROT). — Recent from coasts
off West-Finmarken (Norway) to the Canary Islands (JENSEN & SPARCK).



T

Mediterranean Basin: France (Rhone valley: Pliocene (FONTANNEs). Italy: Astiano,
Piacenziano (Sacco), Pliocene at Monte Mario (CErRULLI — IRELLI). — Recent (JENSEN &
SPARCK).

Vienna Basin. Austria: Eggenburg, Grund, Baden, etc. (HOERNES).
South Germany (Bavaria): Burdigal (H6LZL).
Poland: Miozdn (FRIEDBERG).

FAMILIA: TEREDINIDAE FLEMING 1828

Genus: Teredo LINNE 1758
(Type: Teredo navalis LINNE 1758)

Teredo sp.

1956. Teredo sp. — RASMUSSEN, South Jutland, p. 48, PL. III, f. 2.
1958. Teredo cf. saucatsensis BENOIST — SORGENFREI, Middle Mioc., p. 137, PL. 26, f. 75a—c.

Material. Gram Clay.

Videbak 84.1727 9.4 -10.4 m.: 1 def. pyrite cast (1)

Alkersig Brickworks. Clay pit: Fragments, def. shells and other
remnants in fossil wood (1)

Tending. Clay pit: 2 fragm. (1)

Remarks. The material from the Gram Clay is very defective. However, there
seems to be a close agreement with the species (from Gram Brickworks)
mentioned and pictured in a previous work (RASMUSSEN 1956). This species
seems to be identical with the form which SORGENFREI described from the
Arnum Formation under the name of 7. cf. saucatsensis BENOIST 1876.

There are fairly often rests of driftwood bored by Teredo in the Gram Clay.

FAMILIA: THRACIIDAE DALL 1903

Genus: Thracia (LEACH) BLAINVILLE 1824
(Type: Mya pubescens PULTENEY 1799)

Thracia ventricosa PHILIPPI 1844

1956. Thracia (Thracia) cf. ventricosa PHILIPPI — RASMUSSEN, South Jutland, p. 48, PL II,
f. 7.

1956. Cochlodesma sp. — RAsMUSSEN, South Jutland, p. 49.

1958. Thracia (Cyathodonta) ventricosa PHiLipPI — H6LZL, Oberbayer. Burdigal, p. 170,
Pl. 16; f. T

1959. Thracia (Thracia) ventricosa PHILIPPI — ANDERSON, Untermiozin, p. 158, Pl. 18, f. 9.

1964. Thracia ventricosa PHILIPPI — ANDERSON, Reinbek-Stufe, p. 189.

Material. Hodde Clay.
Gram (141.277).
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Gram Clay.

Kodal (84.770), Spjald (83.104, 83.127), Muldbjerg (83.1006), Kodal-Fjaldene (84.1749),
Videbaxk (84.1748, 84.358, 84.1727), Meltrup Brickworks (clay pit), Lille Torup (85.379),
Gjedstrup (85.861), Brande Brickworks (clay pit), Drantum (104.1241), Nyholm (104.1166),
Store Langkjer (104.1158), Odderup (103.150), Hesselho (113.121), Hauge (clay pit),
Tending (clay pit), Esbjerg (130.59), Rojbel (141.194), Holleskov (132.46b), Ravning
(clay pit), Hjortvad (141.178), Sender Hygum (141.261), Redding (141.76), Gram (141.277),
Spandetgard (clay pit), Spandet (150.184), Teonder (166.398), Brodersmark (166.351Db),
Saed (167.445), and Rends (167.236).

Description. This species is thin-shelled and therefore has been found only as
small fragments. There is, however, a rather complete left valve available, the
greater part of which is found covered by clay in a lump of Gram Clay. The
specimen was collected by P. HOUGAARD in the clay pit of Brande Brickworks
in 1964. Furthermore, there are also a few casts from concretions.

The defective state of preservation of the whole material thus does not
permit any proper description of the species, as has previously been given by
M. HORNES (1870, p. 48) in German and by RAvVN (1907, p. 283) in Danish.

A single cast of a shell from Made, collected by K. DREYER JORGENSEN,
from an unknown level, clearly shows the shape characteristic of the species:
the convex anterior and the rather concave posterior ventral margin. The
anterior corner of the valves is rounded-off. The posterior, anal region is
broken off in the case of the cast from Made, but there is on it a triangular
region which is delimited anteriorly by a well marked, somewhat rounded-off
carina from the umbo to the posterior corner of the ventral margin. The
valves have been rather highly convex anteriorly, but depressed on the region
in front of the carina.

For a close study of the sculpture on the surface of the valve I have had
18 double valves from Klintinghoved (Lower Miocene) at my disposal. Nearly
all these specimens have preserved both valves, although always with minor
parts broken off. The exterior surfaces of these valves are irregularly con-
centrically striated, furrowed, or slightly folded. Besides there are numerous
very small, scattered granulae on nearly the whole surface of the valve. On
the anal region behind the carina these granulae are considerably larger and
cover the whole surface of the valve. As distinct from the granulation on the
rest of the surface of the valve, these granulae are visible to the naked eye.
They are so characteristic that it is easy to recognize fragments of this part
of the valve.

The only partly visible valve from Brande Brickworks shows the posterior
part of the valve, the surface of which is studded with granulae, and the
carina from the umbo to the posterior corner is exposed, too.

Many of the pelecypod fragments found in the samples from the localities
investigated show just those sculptural features which characterize 7. ventricosa,
so it is hardly wrong to refer them to this species.
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Remarks. The six fragments from Gram with a large, oval ligament plate
which were described by the present writer in 1956 under the name of Cochlo-
desma sp. (see RASMUSSEN 1956, p. 49) in appearance correspond to numerous
similar fragments from many other localities (see the section “Material” above).
These umbonal parts of valves I now consider remnants of 7. ventricosa, as
Thracia, as is well-known, has rather a large, oval ligament plate. It does not
seem possible to demonstrate the occurrence of Cochlodesma in the present
shell material from the Gram Clay.

Distribution.

North Sea Basin. Miocene. Denmark: Klintinghoved Clay (SoRGENFREI), Hodde For-
mation, Gram Formation. North Germany: Vierland-Stufe (ANDERSON), Hemmoor-Stufe
(KAuTsky), Reinbek-Stufe (ANDERSON), Glimmerton (STAESCHE). Belgium: Anversien
(GLIBERT). — Plio-Pleistocene. Holland : ? (HEERING). England: Coralline Crag (S. V. Woob).

Mediterranean Basin. Italy: Tortoniano, Piacenziano, Astiano (SAcco).

Vienna Basin. Austria: 2. Mediterranstufe” (KAUTSKY).
South Germany (Bavaria): Burdigal (H6LzL).
Poland: Miozédn (FRIEDBERG).

FAMILIA: CUSPIDARIIDAE DALL 1886

Genus: Cuspidaria NARDO 1840
(Type: Tellina cuspidata Orivi 1792)

Cuspidaria cuspidata (OL1v1 1792)
Plate VI, fig. 8

1792. Tellina cuspidata — Ovrivi, Zool. Adriat., p. 101, Pl. 4, f. 3.

1814. Tellina cuspidata Orivi — BRoccHi, Conch. subapp., p. 515.

1853. Neaera cuspidata OrLivi — ForBEs & HANLEY, Brit. Moll. I, p. 195, PL. VII, f. 4-6,
Pl. G, f. 4-7.

1861. Neaera cuspidata OrLivi — Woob, Crag. Moll. 11, p. 273, Pl. XXX, f. 6.

1865. Neaera cuspidata OL1vVI — JEFFREYS, Brit. Conch. I1I, p. 53; V (1869), Pl. XLIX, f. 5.

1867. Neaera cuspidata OL1vI — WEINKAUFF, Conch. Mittelm., p. 27.

1870. Neaera cuspidata OL1vI — HORNES, Wienerbecken II, p. 42, PL. V, f. 1-2.

1892. Cuspidaria cuspidata OL1vI — LocARD, Coétes d. France, p. 259, f. 238.

1901. Cuspidaria cuspidata OLivi — Sacco, I Molluschi XXIX, p. 123, Pl. XXVI, f. 31-34.

1909. Cuspidaria cuspidata OLivi — CERULLT — IRELLI, Fauna mal. mariana, p. 180, Pl. XXI
(XXXI), f. 37-41.

1914. Neaera (Cuspidaria) cuspidata OL. sp. — Gripp, Itzehoe, p. 10.

1916. Neaera cuspidata OL1vi — N@RREGAARD, Esbjerg, p. 19, PL. 11, f. 2.

1925. Cuspidaria cuspidata OLivi — KAauTsky, Hemmoor, p. 51.

1934. Cuspidaria cuspidata OLIvI — JENSEN & SPARCK, Saltvandsmuslinger, p. 193, f. 175.

1945. Cuspidaria (Cuspidaria) cf. cuspidata OrLivi sp. — GLIBERT, Mioc. Belg. I, p. 220,
PL 1V, f. 4.

1950. Cuspidaria (C.) cuspidata (OL1vi). — HEERING, Mioc. Pelec., p. 47, PL. 5, f. 114-117.

1958. Cuspidaria cf. cuspidata (OL1VI) — SORGENFREI, Middle Mioc., p. 140.

1958. Cuspidaria cuspidata (OrLivi) — HoLzL, Oberbayer. Burdigal, p. 171, PL 16, f. 8.
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1959. Cuspidaria (Cuspidaria) cuspidata (OL1vI) — ANDERSON, Untermiozdn, p. 160, Pl. 18,

f.. 10.

1964. Cuspidaria cuspidata (OL1vI) — ANDERSON, Reinbek-Stufe, p. 192.

Material. Hodde Clay.

Leding 93.155
Lenborg 102.55
Odderup 103.150
Gram 141.277
Gram Clay.

Brande Brickworks. Clay pit:
Drantum 104.1241

31 m.:

28 -32 m.3

Unknown depth:
21.3 =22.3 m.:

24.8 -25.6 m.:

25.50-26.00 m.:

30.00-30.50 m.:

35.30-35.70 m.:

36.0 -40.0 m.:
40.0 -44.0 m.:

Méde Brickworks. Eastern clay pit:

Holleskov 132.46b
Sender Hygum 141.260
- 141.261
Redding 141.75
Vester Lindet 141.246
Gram 141.277

Spandetgéard. Clay pit:
Sad 167.445

4.9 -11.2 m.:
12 —-40 m.:
13 -19 mis
10.80-16.75 m.:

30.9 m.:

5.30- 5.70 m.:

5.70- 6.10 m.:

6.10— 6.40 m.:

7.30— 7.65 m.:

8.50- 9.00 m.:

9.00- 9.50 m.:

9.50- 9.90 m.:
10.80-11.25 m.:
12.10-12.60 m.:
13.10-13.50 m.:
13.50-14.00 m.:
14.60-15.10 m.:
15.10-15.55 m.:
16.00-16.50 m.:
16.50-17.00 m.:
17.00-17.50 m.:
17.50-18.00 m.:
18.50-19.00 m.:
20.50-21.00 m.:

90.30-91.00 m.:
91.00-91.50 m.:
91.50-91.75 m.:
91.75-92.00 m.:
92.00-92.25 m.:
92.25-92.70 m.:
93.70-94.10 m.:
94.75-95.50 m.:

4 def. rostra

1 def. rostrum

2 dcf. rostra

1 u. and 1 fr.

2 fragm. rostra

1 fragm. rostrum
1 def. sh., 1 fr.

6 fr.

cast of 1 d, I rostr., 1 fragm.
1 fragm.
1 fragm.

1 def. d, 2 rostra, 2 u., 1 fragm. |

1 fragm. rostrum
2 casts of d, 1 rostrum

(3)
e))
(2
()]
(D
)]
(1
()

(1
(1
(1)
3)
(1
3)

luofr, 11, rostraof4r, 21, 8 fragm. (7)

I rostrum
1 def. rostrum of 11

4 def. rostr. of r, 5 def. rostr. of |

4 rostr.of 3r,and 11, 1 fr.
3 fr. of rostra of r

1 fr. of rostrum

2 fr. of rostra

1,

2 fr. of 2 sh.

2 fr.

rostrum of 11

rostrum of 1 r, 1 def. d
rostr. of 11

u.of 11

rostr. of 1 sh.

—

def. rostr. of 1 1

def. d, 2 def. rostra of 2 sh.
1 def. d

1 fr. of 1 rostrum

2 fx.

1 u. and 1 rostr.

2 fe.

9 frs

Rostraof 5r, 11

4 fr.

Rostra of 3r, 2 1, 10 fr.

— e b

Rostra of 7r, 41, u. of 1 r, 4 fr.

1 def. r
1 fr. of 1 rostrum

def. rostr. of 1 1, 1 rostr. of 1 sh.

(1)
(1)
(5)
3)
()
()
(1
(71
(72)
(?1)
eV
)
1)
(21
6]
()
(€]
3)
(1)
)]
(1)
(€3]
(1)
(3)
()
(2)
4
@)
(1)
(€))]
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Sad 167.445 96.20-96.75 m.: 1 fr. of 1 rostrum (1)
- - 94.00-97.70 m.: 1 fr. 1)
- - 98.60-99.05 m.: 2 fr. of rostra (€8]
- - 99.05-99.55 m.: 1 rostrum of 1 r (1)

Rends 167.236 140'-160" i U.oefll,1fe 1)

Description. The material is very defective. Most remnants consist of broken-
off rostra or fragments of rostra. Besides, casts of double valves with parts of
the shell have been found in a few exposures. Such findings have been made
at Made and Brande. The best specimen so far is that pictured in Plate VI,
fig. 8. It originates from the eastern clay pit of Made Brickworks and was
collected in a nonidentified horizon. It may be described as follows:

Double valve on cast of clay containing much pyrite. The right valve has
disappeared and in its place the cast of clay is worn down and flattened. The
left valve is partly preserved, but broken by numerous crevices. Large parts
of the preserved part of the valve is rust-coloured because of incipient limon-
itizing. On the lower, anterior part of the valve a number of the numerous
pieces of the valves bounded by crevices had dropped off. The outline of the
valve has in the main been preserved. Only the outermost part of the rostrum
is broken, so that only about half of it is gone.

The sculpture on the exterior of the valve consists of fine concentric striae,
which are parallel and apparently regular. When magnified (some 20 times)
they also prove to be irregular. On the dorsal part of the rostrum they are
bent at right angles up towards the hinge margin.

The valve is highly convex and very thin. The posterior hinge margin is
rectilinear. The anterior hinge margin is highly curved and passes evenly into
the highly curved, convex anterior part. The umbones are rather large and
retrorse. The rostrum is greatly hollowed out interiorly. The interior of the
valve has not been accessible to examination.

A cast of clay-ironstone concretion from Brande Brickworks is of a similar
shape as the specimen from Made, but still less of the shells has been preserved.

A juvenile, fairly well-preserved double valve from Gram (Bore-hole 141.277)
has a so far little developed short rostrum, which, however, is in part broken
off.

Remarks. C. cuspidata according to Gripp (1915) differs from the similar
species C. rostrata SPENGLER 1793, by having a shorter rostrum and a higher
valve. These characters seem to be present in the greater part of the material
from the Hodde Clay and the Gram Clay. It cannot, however, be precluded
that some of the available fragments ought to be referred to C. rostrata instead.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SoRGENFREI), Hodde For-
mation. North Germany: Vierland-Stufe (Griprp), Hemmoor-Stufe (KAUTSKY), Reinbek-
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Stufe (ANDERsON). Holland: Middle (HEerING). Belgium: Anversien (GLIBERT). — Plio-
Pleistocene. England: Coralline Crag (Woobp). — Recent: North Sea and Kattegat (JENSEN
& SPARCK).

Atlantic Region. Recent from the coasts of Spitsbergen and South Greenland to Tenne-
rifa (JEFFREYS).

Mediterranean Basin. Italy: Elveziano, Piacenziano, Astiano (Sacco), Upper Pliocene
at Monte Mario (CERULLI — IRELLI). — Recent (WEINKAUFF).

Vienna Basin. Austria: Baden, Grund (M. HOERNES).
South Germany (Bavaria): Burdigal (HoLzL).

1832.
1853.

1865.

1867.

1892.

1901.

1908.

1909.

1932.
1940.

1945.
1950.
1958.
1959.

1964.

Cuspidaria costellata (DzsHAYES 1832)

Corbula costellata — DesHAYEs, Exped. scientif. Morée III, p. 86, Pl. XXI1V, f. 1-3.
Neaera costellata DESHAYES — ForBes & HANLEY, Brit. Moll. I, p. 199, Pl. VII,
f. 8-9, PI. G, f. 8-9.

Neaera costellata DESHAYEs — JEFFREYS, Brit. Conch. 111, p. 99; V (1869), Pl. XLIX,
£ 3

Neaera costellata DESHAYES — WEINKAUF, Conch. Mittelm., p. 29.

Cuspidaria costellata DESHAYES — LocArRDp, Cotes d. France, p. 259.

Cardiomya costellata DEsHAYES — Sacco, 1 Molluschi, XXIX, p. 127, Pl. XXVI,
f. 62—-63.

Cuspidaria (Cardiomya) costellata DEsH. sp. — CERULLI — IRELLI, Fauna mal. ma-
riana, p. 181, Pl. XXI (XXXI), f. 45.

Cuspidaria (Cardiomya) cf. costellata (DEsH.) — CossMANN & Peyrot, Conch.
Néog. LXIII, p. 108.

Cuspidaria costellata DESHAYES — JENSEN & SPARCK, Saltvandsmuslinger, p. 194.
Cuspidaria (Cardiomya) costellata DESHAYEsS — SORGENFREI, Klintinghoved, p. 27,
PL. IV, £ 17

Cuspidaria (Cardiomya) costellata DEsH. sp. — GLIBERT, Mioc. Belg. I, p. 221, PL. IV,
f. 5; Pl X1, f. 10,

Cuspidaria (Cardiomya) costellata DESHAYES — HEERING, Mioc. Pelec., p. 47.
Cuspidaria cf. costellata (DESHAYES) — SORGENFREI, Middle Mioc., p. 142.
Cuspidaria (Cardiomya) costellata (DESHAYES) — ANDERSON, Untermiozidn, p. 161,
Pl. 18, f. I1a, b.

Cuspidaria costellata (DESHAYES) — ANDERSON, Reinbek-Stufe, p. 142.

Material. Hodde Clay.

Hajstrup 167.235 194-214' : 1 def. rostrum (1)
Gram Clay.
Aulum 74.321 11.40-12.40 m.: 8 fr. (1)
Brejning Kro 83.197 40.5 m.: 1 def. rostrum of 1 r (1)
Muldbjerg 83.1006 6.0 — 7.0 m.: I def. rostrum of 11 (1)
Gjedstrup 85.861 54.0 m.: 2 fr. of rostrum of 1 r (1)
Gram 141.277 5.30- 5.70 m.: 1 def. rostrum of 11 (1)
- — 6.10— 6.40 m.: 2 fr. (1)
- - 15.10-15.55 m.: 12 fr. of 1 r, 4 fr. of rostra of 2 shells (2)
- - 18.50-19.00 m.: 1 fr. of rostra of 1 r (1)

- 20.50-21.00 m.: 1 def. rostra of 1 shell (1)
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Description. Only fragments of this species are available. They are provided
with narrow, prominent, spread radial ribs. It has not been possible to observe
other characters on the fragments, but a reference to any other species than
C. costellata is out of the question, so the material has without reservations
been referred to that species.

Distribution.

North Sea Basin. Miocene. Denmark: Klintinghoved Clay, Arnum Formation (Sor-
GENFREI), Hodde Formation, Gram Formation. North Germany: Vierland-Stufe (AN-
DERSON), Reinbek-Stufe (ANDERSON). Holland: Middle (HEERING). Belgium: Anversien
(GLIBERT). — Recent: Skagerak and Northern Kattegat (JENSEN & SPARCK).

Atlantic Region. Aquitanian Basin: Burdigalien (CossMANN & PEYROT). — Recent from
the coasts of Western Norway to the Canarian Islands and from there to New England
and the Mexican Gulf (JENSEN & SPARCK).

Mediterranean Basin. 1taly: Astiano (Sacco). Upper Pliocene at Monte Mario (CERULLI
— IRELLI). — Recent (WEINKAUFF).
Poland: Miozin (FrRIEDBERG: C. costellata var. zaleScensis).

Pelecypoda non det.
Plate VI, fig. 7
Material. Gram Clay.
Brodersmark 166.351b 28-29 m.: 1 almost compl. double valve

The present, almost complete double valve is very thin-shelled, rather highly
convex, and without sculpture. The shape is oblong oval. The umbones are
found rather far posteriorly. The anterior dorsal margin is long and almost
parallel to the ventral margin.

No attempt has been made at making the hinge stand out, as the specimen
in this way would be spoiled.

I have not succeeded in identifying the shell, neither as to genus nor as to
species. It seems to me to be most similar to Montacuta, especially M. ferru-
ginosa (MONTAGU).

SCAPHOPODA

FAMILIA: DENTALIIDAE GRAY 1834

Genus: Dentalium LINNE 1758
(Type: D. elephantinum MONTFORT 1810)

Dentalium badense PARTSCH in HOERNES 1856
Plate VII, figs. 2 and 4

1856. Dentalium badense PArRTsCH — M. HoerNEs, Wienerbecken I, p. 652, Pl. 50, f. 31.
1882. Dentalium badense PARTSCH — V. KOENEN, Mioc. Nordd. II, p. 323.

1897. Entalis badensis PARTSCH — SAacco, I Molluschi, XXII, p. 107, PL. 9, f. 17-20.
1907. Dentalium badense PARTSCH — RAVN, Jylland, p. 288, PI. 1II, f. 3.
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1916. Entalis badensis (PARTSCH) — CossMANN & Pevrot, Conch. Néog. A.S.L.B. LXIX,
3, p. 175, PL. 1, f. 12-13, 16.

1925. Dentalium (Entalis) badense PARTSCH var. borealis — KAutsky, Hemmoor, p. 53,
PL. S, £ 12.

1940. Dentalium (Entalis) badense PARTSCH — SORGENFREI, Klintinghoved, p. 29.

1958. Dentalium cf. badensis PARTSCH — SORGENFREI, Middle Mioc., p. 146.

1959. Dentalium badense PArRTsCH in HOERNES — SEIFERT, Die Scaphopoden, p. 27, PL. 1,

f. 1-3.
1964. Dentalium (Dentalium) badense PARTSCH in HOERNES — ANDERSON, Reinbek-Stufe,
p. 194.

Original diagnosis. D. testa maxima, parum arcuata, basi valde dilatata, versus
apicem duodecim costata, versus aperturam multistriata, fissura postica,
magna. (HOERNES 1856).

Type material. The holotype is the shell pictured by HORNES, 1856, Pl. 50,
fig. 11. Locus typicus: Baden. Stratum typicum: “Unter Tegel und Sand.”
Depository: Naturhistorisches Museum, Vienna.

Material. Gram Clay.

Tvaermose 85.391 21.0 -25.0 m.: ?1 fragment (1)
Hauge. Clay pit: 9 fragmentary shells (9)
Hoddemark. Karlsgarde Canal: 2 fragmentary shells (2)
Hoddemark. Locality unknown: 1 fragm. shell (1)
Esbjerg. (leg. P. HARDER): 1 fragm. shell (1)
Mide Brickworks. Eastern clay pit: 111 fragm. shells (111)
Gram 141.277 16.50-17.00 m.: 2 fragm. shells 2)
- - 17.00-17.50 m.: 2 fragm. shells 2)
- - 17.50-18.00 m.: 1 fragm. shell (1)
- - 20.00-20.50 m.: 2 fragm. shells (2)
- - 20.50-21.00 m.: 4 fragm. shells (4)
- - 21.50-22.00 m.: ?1 fragm. shell (1)

Description. The shell is large and sturdy, rather slightly curved, with a circular
transverse section. The young shells have a longitudinal sculpture consisting
of 14-16 narrow, prominent ribs, separated by comparatively broad intervals.
On older shells these ribs become flatter and as a rule furrowed, so that they
are disintegrated into two, three, or more rarely, more narrower ribs. As
furthermore there is one or more thin secondary ribs in the intervals between
the actual main spirals, the surface of the older shell is nearly always covered
by numerous close-set, flat ribs characterized by unequal breadths. In this
very variable arrangement of ribs, however, the original 14-16 main ribs or
sets of ribs are usually recognized. On the younger parts of the old shells and
on young shells the various ribs and their intervals are often longitudinally
striated. The growth lines, which are at right angles to these striae, often form
a fine network with them.
No slit has been observed on the shells available.
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Remarks. SEIFERT (1959) has observed that the number of ribs on an average
is 14 on the shells in the Hemmoor- and the Langenfelde-Stufe, but only 12
in the Sylt-Stufe. In the Danish material there is good agreement with the
shells of the former stages. The number of ribs on the Sylt shells corresponds
to that stated by HOERNES for the specimens from the Vienna Basin.

In the eastern clay pit of Made Brickworks it has repeatedly been possible
to observe that shells of this species mainly were found in close proximity of
one of the concretion beds in the old part of the Gram Clay. At Hauge the
shells were also found together with large pieces of a concretion bed, and in
the bore-hole at Gram (141.277), too, it has been possible to demonstrate a
connection between findings of this species and the lower one of the two
concretion beds. Thus there is an obvious connection with a concretion bed,
without, however, it being possible to elucidate the cause of this.

Measurements. The dimensions of the shell from Made Brickworks pictured
in Plate VII, figs. 2 and 4:
Length: 60.1 mm.
Interior diameter: apically: 3 mm., aperturally: 9 mm.
Exterior — - 8 - - 213 -

The largest interior diameter on the present shells is 10 mm., and the longest
shell is the one pictured from Made. In the material there are, however,
fragments of somewhat longer shells.

Distribution.
North Sea Basin. Miocene. Denmark: Klintinghoved Clay, (SORGENFREI), ? Arnum
Formation, Gram Formation. North Germany: Hemmoor-Stufe (KAuTsky), Reinbek-

Stufe (ANDERSON), Glimmerton at Langenfelde, Liineburg, Lieth, Teufelsbriicke, Mugges-
felde, Reinbek, Giihlitz (v. KOENEN).

Atlantic Region. Aquitanian Basin: Burdigalien (CossMANN & PEYROT).
Mediterranean Basin. 1taly: Aquitaniano, Langhiano, Elveziano, and Astiano (Sacco).

Vienna Basin. Austria: Baden Tegel at Baden, Mollersdorf, Véslau and Forchtenau;
“Tegel und Sand des Leythakalkes’ at Gainfahren and Steinabrunn (HOERNES).
Poland: Miozidn (FRIEDBERG).

Dentalium dollfusi v. KOENEN 1882
Plate VII, figs. 1 and 3

1882. Dentalium Dollfusi — v. KOENEN, Mioc. Nordd. II, p. 326.

1907. Dentalium Dollfusi v. KOENEN — RAVN, Jylland, p. 288 (84).

1925. Dentalium (Entalis) Dollfusi v. KOENEN — KAuUTskY, Hemmoor, p. 54, P1. 5, f. 13.
1959. Dentalium dollfusi v. KOENEN — SEIFERT, Die Scaphopoden, p. 27, Pl. 2, f. 9.

1964. Dentalium dollfusi KOENEN — ANDERSON, Reinbek-Stufe, p. 193.

Material. Hodde Clay.

Leding 93.155 27 =28 m.: 1 fragment (1)
- - 31 51 A 19 fragments (6)
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Leding 93.153 28 =32 m.: 10 small fragments (3)
- - Unknown depth: 11 fragments 3)
Lonborg 102.55 18.3 -19.3 m.: 2 small fragments (1)
- - 21.3 -22.3 m.: 4 small fragments 2)
Odderup 103.150 24.8 -25.6 m.: 50 small fragments an
Grade. Karlsgirde Canal: 8 fragments (2)
Made Brickworks. Northwestern clay pit: 3 fragments 3)
- Eastern clay pit: 67 fragments (17)
Gram 141.277 25.50-26.00 m.: 8 fragments (1)
- - 26.00-26.50 m.: 25 fragments (1)
- - 26.50-27.00 m.: 22 fragments 4)
- - 27.00-27.50 m.: 7 fragments (@)
- - 27.50-28.00 m.: 11 fragments 2)
= - 28.00-28.50 m.: 16 fragments 3)
- - 28.50-29.00 m.: 1 fragment (1)
- - 29.00-29.50 m.: 28 fragments W)
- - 29.50-30.00 m.: 24 fragments (4)
- - 30.00-30.50 m.: 37 fragments (7
- — 30.50-30.95 m.: 10 fragments 2)
- = 30.95-31.35 m.: ?1 fragment (1)
= - 31.35-31.65 m.: 17 fragments 4)
- - 31.65-31.95 m.: 12 fragments (1)
- - 31.95-32.30 m.: 2 fragments (1)
- - 32.30-32.70 m.: 6 fragments 2)
- - 32.70-33.05 m.: 1 fragment (1)
- - 33.05-33.40 m.: 15 fragments 3)
- - 33.40-33.80 m.: 1 fragment [€))
- - 33.80-34.25 m.: 24 fragments (5)
- - 34.25-34.70 m.: 16 fragments 3)
- - 34.70-35.00 m.: 5 fragments ?)
- = 35.30-35.70 m.: 1 fragment (1)
Sender Hygum 141.215 21.2 -32.8 m.: 6 fragments 2)
Tender 166.398 43.5 m.; 1 fragment (1)
Hajstrup 167.235 174'-194" 2 5 fragments 3)

Description. Only fragments are available.

The shell is only slightly curved. The transverse section is circular. The
surface is usually provided with 10-11 sharp-edged ribs. Sometimes, however,
there are shells with 8-9 or 12-14 ribs. In the samples from a depth of about
30 m.—35 m. in the bore-hole at Gram (141.277) the number of ribs is mostly
12-14. Between these actual main ribs there are often some weaker ribs. In
rare cases these secondary ribs almost have the same strength as the main
ribs. The intervals between the ribs are smooth. No slit has been observed on
any of the fragments.

Remarks. The fragments from the Hodde Clay have all been referred to
D. dollfusi because of the number and shape of the ribs, as this species has
more ribs than the species D. novemcostatum mutabile DODERLEIN in HORNES
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1856, which is otherwise very similar and which as a rule has only 8-9 ribs.
Besides, the two species (including subspecies) seem to resemble each other
so much that only a thorough examination can decide whether they ought
not actually to be united. In this place I prefer to retain the name of D. dollfusi
as a designation of the shells from the Hodde Clay, as there can hardly be any
doubt of their identity with the species occurring at Twistringen in Northern
Germany. From the latter locality I have numerous shells which all bear great
resemblance to the shells from the Hodde Clay. The material from Twistringen
is without reservations referred to D. dollfusi by HinscH (1962, p. 297).

In the lower part of the Hodde Clay in the Gram drilling the shells seem
to have more ribs than in the upper part of the clay.

Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation. North Germany: Hemmoor-
Stufe (KAuTsky), Reinbek-Stufe (ANDERSON).

Dentalium cf. michelotti HORNES 1856

1856. Dentalium Michelottii — HORNES, Wienerbecken I, p. 654, Pl. 50, f. 33.

1897. Dentalium Michelotti HORNES — Sacco, I Molluschi, XXII, p. 96, Pl. VII, f. 84-86.
var. costulatior, ibid., p. 97, PL. VII, f. 93-94.

1910. Dentalium Michelottii HOrRN. — CERULLI — IRELLI, Fauna mal. mariana, parte 4,
p. 23, PL IIT (XXXI1V), f. 1-2.

1925. Dentalium Michelotti HORN. var. costulatior SAcco — KAauTsky, Hemmoor, p. 52,
PL 5, f 11.

1958. Dentalium cf. Michelottii HORNES var. costulatissima SACCO — SORGENFREI, Middle
Mioc., p. 144.

1959. Dentalium cf. michelottii HOERNES — SEIFERT, Die Scaphopoden, p. 31, Pl 2, f. 5.

Material. Gram Clay.

Skarum Molle. Clay pit: 7 fragments (1)
Tvermose 85.381 21.0-25.0 m.: 1 fragment (1)
Albzk Eng 102.59 19.8-20.8 m.: 1 fragment (1)
Gram 141.277 14.6-15.1 m.: 1 fragment (1)

Description. Only fragments are available. On two fragments from Skaerum
Molle, one fragment from Albazk Eng, and one fragment from Gram 16(-17)
minute longitudinal ribs are clearly seen at a fairly great distance from each
other. On a single one of the fragments (from Albzk Eng) furthermore some
finer secondary ribs were seen in the intervals.

From Skerum Molle there are, besides, five fragments, four of which must
have originated from the broad, younger, more apertural part of the shell.
The longitudinal ribs here can only be suspected to occur in certain places.
Otherwise the surface is smooth.

On the basis of this fragmentary material, which obviously belonged to one
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and the same species, it may be concluded that this was a form with some
16 minute, only slightly elevated longitudinal ribs on the apical part and with
almost completely obliterated longitudinal ribs or a completely smooth surface
on the apertural part. The curvature of the shell is only slightly indicated on
the fragments. The transverse section is circular.

Remarks. The imperfect state of preservation of the material prevents a close
determination of the species.

It seems that the shell fragments can best be referred to D. michelotti, per-
haps more exactly to var. costulatior SAcco, which according to its suture
has 14-16 ribs. At any rate the shells from the Gram Clay correspond completely
to the form in the Arnum Formation and in the Hemmoor-Stufe.

For that matter, the specific definitions of Dentalium shells with a slightly
ribbed apical end and a smooth apertural end seem to be rather vague.

Distribution. D. michelotti is recorded from the following areas:

North Sea Basin. Miocene. Denmark: ? Arnum Formation. (SORGENFREI), ? Gram
Formation. North Germany: Hemmoor-Stufe (KAUTSKY).

Mediterranean Basin. ltaly: Elveziano, Tortoniano, Piacenziano, Astiano (Sacco),
Monte Mario (CeruLLI — IRELLI). France (Rhone Valley): Pliocéne (FONTANNES). Spain
(Cataluna): Placenciense (ALMERA Y BOFILL).

Vienna Basin. Austria: Baden (HORNES).
Poland: Miozidn (FRIEDBERG).

Dentalium entale LINNE 1758

1758. Dentalium entalis — LINNAEUS, Systema naturae, edit. X, p. 785.

1843. Dentalium entalis — Nyst, Coq. et polyp., p. 345, Pl. XXXV, f. 3.

1848. Dentalium entale — Woob, Crag Moll. I, p. 189, Pl. XX, f. 2.

1853. Dentalium entalis LINN. — FORBES & HANLEY, Brit. Moll., II, p. 449, PL. LVII, f. 11.
1856. Dentalium entalis LINN. — HORNES, Wienerbecken I, p. 658, Pl. 50, f. 38a, b.

1865. Dentalium entalis LINNE — JEFFREYS, Brit. Conch. III, p. 191.

1882. Dentalium entale L. — v. KOENEN, Mioc. Nordd. II, p. 327.

1916. Dentalium entale L. — NORREGAARD, Esbjerg, p. 20.

1925. Dentalium (Antale) vitreum SCHROT. — KAUTSKY, Hemmoor, p. 52.

1959. Dentalium entale LINNE — SEIFERT, Die Scaphopoden, p. 30, Pl. 2, f. 3-4.

1959. Dentalium entale LINNE — MUUs, Skallus, Setender, Bleksprutter, p. 66, f. 42 (p. 69).
1964. Dentalium (Antalis) entale LINNE — ANDERSON, Reinbek-Stufe, p. 194.

Original diagnosis. D. testa tereti subarcuata continua laevi (GMELIN in LIN-
NAEUS Syst. naturae 1790).

Material. Hodde Clay.

Leding 93.155 19 =27 m.: 1 fragment (1)
- - 27 28 m.: 19 small fragments 4
- - 31 m.s 15 small fragments (5)
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Leding 93.155 28 -32 m.: 11 small fragments (3)
- - Unknown depth: 9 small fragments 3)
Leonborg 102.55 21.3 -22.3 m.: 2 small fragments (1)
Odderup 103.150  24.8 -25.6 m.: 1 fragment (1)
Hodde 113.33a 18.5 -18.9 m.: 3 fragments 2)
Made Brickworks. Eastern clay pit. Northwall: 2 fragments (2)
Gram 141.277 28.00-28.50 m.: 6 very small fragm. (2)
- - 29.00-29.50 m.: 4 fragments (2)
- - 29.50-30.00 m.: 1 fragment (2)
- - 30.00-30.50 m.: 4 fragments (1)
- = 30.50-30.95 m.: I small fragment (1)
Gram Clay.
Spandetgard. Clay pit: 1 fragment (1)

Description. Only fragments are available.

The transverse section is circular or more oval. Often the tube even has two
distinct edges. This is seen in fragments from Odderup, Made, and Gram.
In the case of a fragment from Leding the thickness of the shell is considerably
greater in one side of the shell, so that the aperture is eccentric. Some fragments
have a long, thin slit at the apical end. The surface of the shell in every case
is smooth and glossy.

The largest fragment (1 cm. long) originates from the Gram Clay at Spandet-
gard. The transverse section of the very slightly curved shell is circular and
the surface is smooth and glossy. The growth lines are fairly distinct.

Remarks. For comparison with the present material I have had numerous
fragments and shells from Shell Bed I at Hoddemark. Many of these have
a long and narrow slit at the apical end, and several of the fragments have
two well-defined edges at one side of the shell. Thus there is a close agreement
with the material from the Hodde Clay.

From the Miocene beds of Northern Germany SEIFERT has observed shells
with similar characters as those mentioned. KAuTsky like SAcco considered
all the Miocene shells referred to D. entalis as belonging to Antale vitreum,
as he had not observed any slit on the material available to him. SEIFERT
found shells with a slit in the Miocene of Northern Germany and showed
that both species are present there.

All the shells found in the Hodde Clay and the Gram Clay are so clearly
homogenous that they most probably belong to D. entale.

Distribution.

North Sea Basin. Miocene. Denmark: ? Arnum Formation (N@RREGAARD), Hodde
Formation, Gram Formation. North Germany: Hemmoor-Stufe (SEIFErRT), Reinbek-
Stufe (ANDERSON).

Mediterranean Basin. France (Rhone Valley): Pliocéne (FONTANNES). Spain (Cataluna):
Placenciense (ALMERA Y BOFILL).

6%
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FAMILIA: SIPHONODENTALIIDAE

Genus: Siphonodentalium M. SARS 1859
(Type: Dentalium vitreum M. SARs 1851
(non GMELIN 1791 = D. lobatum SOWERBY 1860))

Siphonodentalium cf. lobatum (SOWERBY 1860)

1966. Siphonodentalium cf. lobatum (SOWERBY) — RASMUSSEN, Molluscan Faunas I, p. 186.

The shell material referred to the genus Siphonodentalium was described
and discussed in Part I, p. 186.

GASTROPODA

The systematic arrangement of the gastropods is on the whole the same as
that used in WENZ’s handbook (1938-44), but with some alterations. Further-
more, S. THIELE'S handbook (1931-35) and Part I (Mollusca 1) of the Treatise
on Invertebrate Paleontology has been used. The morphological terms of the
handbook last mentioned have been used to a great extent, for which reason
reference is made to its description of “Morphology of hard Parts™, pp. 105-129
and to the section on pp. 129-135, “Morphological Terms Applied to Gastropod
Shells.” Tt should be added that the direction-terminology for the growth
lines is also used for the description of the collabral sculpture in the present
work. During the description the gastropod shells have been oriented with the
apex directed upward. Therefore, in the cases in which the direction “upwards”
is mentioned, this means “adapically”.

SUBCLASSIS: PROSOBRANCHIA
ORDO: ARCH/AEOGASTROPODA
FAMILIA: TROCHIDAE D’ORBIGNY

Genus: Solariella S. WooD 1842
(Type: Solariella maculata S. Woop 1847)

Solariella jutensis nov. sp.
Plate VII, figs. 11 and 14, and Plate X, fig. 2

Diagnosis. A Solariella with a convex, smooth periphery. Adapically there is
an indistinct keel. Between the keel and the adapical suture and between the
umbilicus and the smooth periphery there is rather a strong spiral sculpture,
which is crossed by collabral (radial) ribs or threads.

Type material. The shell pictured in Plate VII, fig. 11, has been selected as
holotype. Depository: Danmarks Geologiske Undersegelse, Charlottenlund.
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Type locality: The easternmost clay pit of Made Brickworks, the south wall.
Stratum typicum: Gram Clay.

Derivatio nominis. jutensis, Lat. = Jutlandish.

Material. Gram Clay.

Muldbjerg 83.1006 6.0 — 7.0 m.: 1 shell

Made. Eastern clay pit: 1 shell (leg. 1962)

Gram 141.277 14.00-14.60 m.: 1 shell

Brodersmark 166.351b 29 -30 m.: 1 shell (with a somewhat corroded
apex)

Description. The shell is very small, trochiform, considerably broader than
high.

The protoconch is small, paucispiral, comprising only 1-14 whorl, which
is smooth. The initial whorl is comparatively large, vesicular, orthostrophic
or slightly heterostrophic.

The teleoconch, only one whorl of which is present in the material available,
comprises one whorl (on older shells probably more) fast increasing in diameter,
the adapical part of which gradually becomes quite flat, at right angles to the
axis and demarcated abaxially by a keel on which there is a narrow spiral rib.

A slight spiral thread is seen on the shell from Gram half-way between the
keel and the deep-set adapical suture. The keel is especially conspicious on
the shell from Made.

Abapically to the keel there is first one, then soon after two, and then again
three spiral ribs of approximately the same strength as the one on the keel.
On the shell from Gram there are 5-6 such spiral ribs. In the middle of the
whorl, from a point adapically to the periphery to a point abapically to it,
there is a smooth, convex zone. Abapically it is demarcated by another series
of spiral ribs which encircle a deep, circular umbilicus. Closest to the peri-
phery there are 4-5 close-set spiral ribs. These are followed by a stronger
spiral rib, which disappears spirally into the umbilicus, after which there are
a further 3 rather strong spiral ribs, which behave like the preceding one.
The distance between these spiral ribs first is twice as great as the breadth of
the ribs, but then decreases.

At the same time as the spiral ornamentation a collabral sculpture starts.
It consists of flat ribs which take a radial course on the adapical part of the
whorl as well as on the base. They are never so strong as the spiral ribs, and
they number about 17 on the present shells. On the shell from Brodersmark
it is seen that the collabral ribs are densest towards the umbilicus and are of
nearly the same strength as the spiral ribs, which at the passage are disintegrated
into a number of small tubercles.

The aperture is almost circular. Labrum is broken on all the shells. Labium
is also defective, but on the shells from Brodersmark and Gram is seen to
have spread widely over the umbilicus as a callus.
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Measurements.

Length Diameter
Locality: Axis Aperture Shell Protoconch
Made 0.7 mm. 0.4 mm. 0.8 mm. 0.3 mm.
Gram 0.7 - 04 - 09 - 0.3 -
Brodersmark 0.8 - 04 - 09 - 0.3 -

Remarks. It has not been possible to identify the present material with any
of the Solariella species described so far.

The shells from the Gram Clay differ from the Oligocene S. suturalis
(PHiLIPPI 1843) and the closely related Miocene form S. miosuturalis (KAUTSKY
1925) by not having the two strong spiral ribs in the middle of the whorls of
the teleoconch and by having a highly deviating sculpture (as to the two
species see the description in ANDERSON 1959).

S. straeleni GLIBERT 1952 from the Anversien of Belgium differs from the
species in the Gram Clay by having its four very weak spiral ribs on the
adapical part of the whorls of the teleoconch and by its faint sculpture in
general, but in the other characters there is so great a similarity between the
two forms that they are probably closely related. Both species have a smooth
ramp without spiral ornamentation and an indistinct adapical margin.

In this connection it should be emphasized that the material of S. jutensis
consists of juvenile shells only. Perhaps the finding of older specimens will
show that this species should be united with S. straeleni. So far there is not,
however, a sufficient basis for identifying the shells from the Gram Clay with
the latter species, for which reason they must for the time being be considered
as belonging to a new species.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation.

Genus: Calliostoma SWAINSON 1840
(Typus: Trochus conulus LINNE 1758)

Calliostoma sp.
Plate VII, figs. 9, 10, 12, and 13

Material. Gram Clay.
Made. Eastern clay pit, younger section: 1 shell missing the upper part (leg. 2.8. 1950).

Description. Only a single, fragmentary specimen has been recorded.

The upper part of the apex has been broken off. The younger part of the
shell, with the base, a whorl and a half in all, is present. Only parts of the
abapical half of the next youngest whorl are present.

The shell must have been markedly conical with an almost flat base. The
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available part of the teleoconch has convex whorls. The ornamentation can
only be studied on the youngest whorl, where there are four spiral bands in
all. Band 1 is placed closely below the adapical suture and is of the third
order. Band 2, which is of the fourth order, is found in the deepest part of
the convexity and, if anything, is to be considered a spiral thread. Band 3 is
of the second order and Band 4 is of the first order. The last-mentioned spiral
band forms the periphery of the whorl and seem to have developed from two,
originally independent, but gradually merged spiral bands. Spiral Band 3 is
closely adapical to Band 4. These two close-set spiral bands are the only ones
preserved on the next youngest whorl of the available specimen.

All the spiral bands are disintegrated into small tubercles with short, col-
labrally placed longitudinal axes. On the youngest whorl about 40 tubercles
were counted on Band 3 and about 42 on Band 4.

The base of the shell is provided with eight rather broad spiral bands. The
intervals between the four bands closest to the periphery are broader than
the spiral bands, whereas the four innermost ones in relation to the centre of
the base are denser. The spiral band closest to the periphery is found closely
below the peripheral, nodose spiral band (No. 4).

The aperture is trapezoid. The labrum has been broken off.

A few remnants of Trochidae have been found in the Hodde Clay. From
Gram (141.277. 27.50-28.00 m.) there is a protoconch available which has
belonged to a representative of the family Trochidae, but which it has not
been possible to determine as to genus or species.

From Sender Hygum (141.215. 5.00-33.00 m.) we have some fragments of
a shell the interior of which is covered with mother of pearl and the exterior
surface of which is covered with spiral ribs. The fragments undoubtedly
originate from a trochid, most probably a Calliostoma. 1t is not possible to
determine them as to species, but from the existing possibilities it seems that
C. laureatum (MAYER) should, if anything, be considered.

FAMILIA: VITRINELLIDAE

Genus: Teinostoma H. & A. ApDAMS 1853
(Type: Teinostoma politum A. ApaMs 1853)

Teinostoma pulchralis (WooD 1848)
Plate VII, figs. 5-8

1848. Adeorbis pulchralis — S. Woop, Crag Moll. 1, p. 139. PL. XV, fig. 4.
1923. Adeorbis pulchralis Woop — HARMER, Plioc. Moll. II, 3, p. 758, Pl. LX, f. 23.

Original diagnosis. Testa minuta tenui, pellucida (?), depressa, suborbiculari,
heliciformi; anfractibus tribus, superne convexis, subtus planiusculis, trans-
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versim tenuissima striatis; apertura patente, obtuse angulato; umbilico magno,
profundo; peritrema acuta, superne incurva prominente, intus et infra valde
sinuata (S. Woobp 1848).

Material. Gram Clay.

Hauge. Clay pit: 1 shell
Hodde 113.33a 9 -10 m.: 1 shell
Hjortvad 141.178 28.1 -33.1 m.: 1 shell
Gram 141.277  20.00-20.50 m.: 1 shell

Description. The shell is small, trochiform, somewhat broader than high, with
a low spire. The diameter of the whorls is increasing highly by the age of the
animal. The umbilicus is relatively large, deep, and has a circular outline.

The protoconch is smooth, consisting of 1-2 whorls. Faint traces of spiral
ornamentation on the adapical part of the whorls. The growth lines are pro-
socyrt, distinct at 12.5 x magnification. The base is slightly convex, but
mainly flat, densely set with spiral bands about 0.01 mm. broad. The speci-
men from Hauge has some 20 of these spirals, the intervals between which
are considerably narrower than the bands themselves. They are found all over
the base from the periphery to the margin of the umbilicus. Both of the speci-
mens present consist of three whorls.

The shell from Hodde is limonitized on the surface and has a defective
aperture. The latter is also the case on the shell from Hauge.

Measurements.
The shell The shell
from Hauge from Hodde
Diameter of whorl 1 (protoconch) 0.4 mm. 0.3 mm.
- - - 2 0.9 - 0.8 -
- - -3 23 - 1.9 -
- — the umbilicus 0.4 - 0.3 -
Length of the axis of the shell 1.8 - 1.4 -
Height of the youngest whorl preserved 1.7 - 1.2 -

Remarks. This species seems to correspond completely to the shells from
Sutton (Coralline Crag) and Little Oakley (Waltonian) described by Woob
and HARMER.

GLIBERT (1952, p. 9, Plate I, fig. 6) describes and pictures a closely related
form from Edeghem: Teinostoma (Solariorbis) antwerpiense GLIBERT and dis-
cusses the difference between this species and 7. pulchralis. The most important
characters by which the latter form differs from GLIBERT’s species are the
following: large umbilicus, through the opening of which it is possible to see
far towards the apex. Base almost plane, completely covered by spiral orna-
mentation. The small umbilicus and the abrupt basal spiral ornamentation of
T. antwerpiense are clearly seen in ANDERSON (1959, Plate 3, fig. 3a—c).
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Distribution.
North Sea Basin. Miocene. Denmark: Gram Formation. — Plio-Pleistocene. England:

Coralline Crag, Waltonian (HARMER).

Mediterranean Basin. Italy: Livorno (SEQUENZA).

FAMILIA: CYCLOSTREMATIDAE

Genus: Circulus JEFFREYS 1865
(Type: Valvata striata PHILIPPI 1836)

Circulus praecedens (v. KOENEN 1882)
Plate IX, figs. 11-13

1882. Adeorbis praecedens v. KOENEN — v. KOENEN, Mioc. Nordd. II, p. 312, PL. V (1V),
f. 15a-d.

1925. Adeorbis praecedens v. KoEN. — KauTsky, Hemmoor, p. 60.

1952. Circulus precedens voN KOENEN sp. — GLIBERT, Mioc. Belg. 11, p. 12, PL II, f. I.

1958. Adeorbis planorbillus (DUIARDIN) — SORGENFREI, Middle Mioc., p. 159, Pl 28,
f. 97 a—c.

1959. Circulus praecedens (v. KOENEN) — ANDERSON, Die Gastropoden, 1, p. 62, PL. 3,
f. 6a-b.
1964. Circulus praecedens (KOENEN) — ANDERSON, Reinbek-Stufe, p. 199.

Material. Hodde Clay.
Gram 141.277 35.30-35.70 m.: 1 small, somewhat defective shell

Description. The present shell is very small and has a corroded surface.

The protoconch comprises about 24 smooth whorls.

Only about one whorl of the teleoconch is available, as the younger part
of the shell has been broken off. On the whorl there are three carinae, the
uppermost one of which is about halfway between the abapical suture and
the periphery. The middle carina, which is the least prominent, is on the
periphery, while the lowest one is on the base of the shell, halfway between
the periphery and the umbilicus. Apart from the three carinae no sculpture
is seen on the shell.

The umbilicus is big, deep, and circular.

A more detailed description of the species is found in the cited works by
GLIBERT, SORGENFREI, and ANDERSON.

Measurements.
The shell from Gram measures 0.7 mm. in height and 1.2 mm. in diameter.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREIL: Adeorbis planor-
billus), Hodde Formation. North Germany: Vierland-Stufe, Hemmoor-Stufe, Reinbek-
Stufe (ANDERSON), Glimmerton (Langenfelde-Stufe at Miirwik near Flensburg (ANDER-
SON)).
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Circulus hennei GLIBERT 1952

1952. Circulus hennei — GLIBERT, Mioc. Belg. II, p. 11, PL. I, f. 7.

1956. Adeorbis carinatus (PHiLIPPI) — RASMUSSEN, South Jutland, p. 51, Pl III, f. 4a—c.
1959. Circulus hennei GLIBERT — ANDERSON, Die Gastropoden, 1, p. 63, Pl. 3, f. 7a—c.
1964. Circulus hennei GLIBERT — ANDERSON, Reinbek-Stufe, p. 199.

Material. Gram Clay.

Brande Brickworks. Clay pit: 1 fragm. shell and 1 def. juvenile shell
Drantum 104.1241 36.0 —40.0 m.: 1 fragm.

- - 40.0 —-44.0 m.: 1 small, defective shell

Hauge. Clay pit. Gram Clay: 1 def. shell

Sender Hygum 141.260 12 -40 m.: 1 fragm.

Gram 141.277 5.30- 5.70 m.: 1 fragm.

- - 7.30— 7.65 m.: 1 fragm. shell
- - 12.10-12.60 m.: 1 juvenile shell

Spandetgard. Clay pit: 1 compl. shell and 1 def. shell
Brodersmark 166.351b 27 -28 m.: 1 juvenile shell
Saed 167.445 97.90-98.60 m.: 1 def., juvenile shell

Description. 1 have no additions to my description of 1956.
The juvenile shells are often entirely without sculpture in conformity with
what can be observed on the oldest parts of adult shells.

Remarks. C. carinatus (PHiLIPPI) differs from C. hennei by having spiral striae
between the middle carina on the base and the umbilicus. It was only found
in the Upper Oligocene formations.

ANDERSON (1959) is of the opinion that C. hennei originates from the Lower
Miocene C. praecedens (v. KOENEN), the original form of which is supposed
to be C. carinatus. The difference between these species is demonstrable, but
not particularly obvious.

The shells from Gram, however, should evidently be referred to the hennei

type.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Hemmoor-
Stufe, Reinbek-Stufe (ANDERSON), Langenfelde-Stufe at Miirwik near Flensburg (ANDERSON).
Holland: Peel. Belgium: Anversien (GLIBERT).
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ORDO: MESOGASTROPODA
FAMILIA: RISSOIDAE

Genus: Putilla A. Apams 1867
(Type: Putilla lucida A. Apams 1867)

Putilla gottscheana (v. KOENEN 1882)
Plate VIII, figs. 3-5. Plate IX, figs. 5-6.
1882. Assiminea Gottscheana — v. KOENEN, Mioc. Nordd. II, p. 319.
1958. Rissoa Ravni — SORGENFREI, Middle Mioc., p. 154, PL 30, f. 92.
1960. Putilla (Ovirissoa) gottscheana (KOENEN) — ANDERSON, Die Gastropoden, 2, 1, p. 19,
Pl 2, 1. 4.
1964. Putilla (Ovirissoa) gottscheana (KOENEN) — ANDERSON, Reinbek-Stufe, p. 200.

Original diagnosis. Not adduced.

Type material. One of the shells among v. KOENEN’s material has by ANDERSON
been selected as lectotype. Depository: Coll. KOENEN, Geol. Institut der
Universitdt Gottingen. Orig. No. 67. Locus typicus: Langenfelde bei Altona.
Stratum typicum: Glimmerton (Langenfeld-Stufe, Miocene).

Material. Shell material is available from the following localities (see Part I,
Tables 4-66):

Hodde Clay.
Gram (141.277), Hajstrup (167.235).

Gram Clay.

Aulum (74.321), Muldbjerg (83.1006), Videbak (84.1748, 84.1727), Meltrup Brickworks
(clay pit), Gjedstrup (85.861), Brande Brickworks (clay pit), Drantum (104.1241), Store
Langkjer (104.1158), Leding (93.155), Albzk Eng (102.59), Hauge (clay pit), Tonding
(clay pit), Made Brickworks (eastern clay pit, new section 1962), Holleskov (132.46b),
Ravning (clay pit), Hjortvad (141.178), Lintrup (132.140), Sender Hygum (141.260,
141.261, 141.273), Brostrup (141.224), Redding (141.75, 141.243), Vester Lindet (141.246),
Gram (141.277), Spandetgard (clay pit), Spandet (150.184), Teonder (166.398), Broders-
mark (166.351b), Sed (167.445), and Rends (167.236).

Description. The shell is very small, ovoid. The biggest shell recorded (from
Gram) has four whorls. Most of the others have three, only. The protoconch
is conical, with a flattened apex, paucispiral, slightly heterostrophic.

The initial whorl rises little above the following whorl on some specimens.
On others this is, however, less pronounced.

The transition to the teleoconch is quite even and difficult to determine. The
whorls of this part of the shell are highly convex and separated by deep-set
sutures. The convexity of the whorls seems to increase by the age of the animal.
Certain shells already on whorl no. 2 have the weak sculptural features which
otherwise only seem to make their appearance on whorl no. 3 (cf. a shell from
Rodding. 141.75. 10.80-16.75 m. pictured in Plate VIII, figs. 3 and 4). On
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the otherwise smooth and glossy surface of the shell partly some very weak
and extremely fine spiral striae, partly some more or less conspicuous faint
collabral folds are seen which are orthocline and conformal with that of the
growth lines. The spiral striae on certain shells can only be seen on the youngest
whorls. The distance between the striae is comparatively great and is the same
all over the whorl. Often the collabral folds can only be seen at obliquely
incident light. They are more or less close-set and often disappear on the
abapical part of the whorl.

Often there is on the youngest whorl a distinct keel issuing from the adapical
corner of the aperture. It looks like a spiral thread and is also frequently seen
on the older whorls as a spiral thread immediately above the abapical suture.
The youngest whorl forms rather a sharp boundary between the apex and the
base.

The base is convex. The aperture is roundly oval, encircled by rather a sharp
connected apertural margin, which sometimes has an adaxial curve on the
adapical part of the inner lip as it there closely joins the curvature of the
whorl. The inner lip is abapically more or less prominent with a sharp or
slightly bent edge. On the base there is often a more or less narrow umbilicus.

Variations. The species varies somewhat as regards the sculptural features
mentioned and as regards the presence or absence of an abapical spiral thread.

Remarks. Because of its small size this species has been considered rare. The
opposite, however, has proved to be the case. In the wash residues, the frac-
tions below 0.1 mm., the species is the commonest in the Gram Clay.

As the species was not pictured by v. KOENEN, it was impossible to verify
it before ANDERSON examined v. KOENEN’s type material.

Rissoa ravni SORGENFREI is perhaps — as assumed by ANDERSON — identical
with P. gottscheana.

Measurements. The largest specimen available is the shell (from Gram) pictured
in Plate IX, figs. 5 and 6. It measures

Length of axis: 1.3 mm. Maximum diameter: 0.9 mm. The longest axis of
the aperture: 0.5 mm.

A shell from Redding (141.75. 10.80-16.75 m.), the apex of which is pictured
in Plate VIII, fig. 3, measures

Length of the axis: 1.0 mm. Maximum diameter: 0.8 mm. The longest axis
of the aperture: 0.4 mm.

Most of the numerous shells group around the measures of the shell from
Redding.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (Rissoa ravni SORGENFREI),
Hodde Formation, Gram Formation. North Germany: Hemmoor-Stufe (DITTMER,
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ANDERSON), Reinbek-Stufe (ANDERsON), Glimmerton at Langenfelde (v. KOENEN,
ANDERSON) and the Elbtunnel (HOrRN).

Genus: Cingula FLEMING 1828
(Type: Turbo cingillus MONTAGU 1815)

Cingula proxima laevigata (v. KOENEN 1882)
Plate IX, figs. 9-10
1882. Rissoa laevigata — v. KOENEN, Mioc. Nordd. II, p. 318, PL. VII (VI), f. 3a, b.
1952. Cingula (Ceratia) proxima f. laevigata v. KOENEN sp. — GLIBERT, Mioc. Belg. II,
p. 17, PL 1L, f. 5.
1960. Cingula (Ceratia) proxima laevigata (KOENEN) — ANDERSON, Die Gastropoden 2, 1,
p. 21, PL. 2, f. 6.
1964. Cingula (Ceratia) proxima laevigata (KOENEN) — ANDERSON, Reinbek-Stufe, p. 201.

Material. Gram Clay.
Sonder Hygum 141.261 13-19 m.: 1 defective shell

Description. Only the basal part of a shell is available, comprising the youngest
whorl and a well-preserved aperture. As to the relation of the whorls of the
protoconch and the oldest part of the teleoconch reference is made to the
works cited.

The whorls of the teleoconch are smooth, convex. No spiral ornamentation
visible. The growth lines are not curved, but have a slightly prosocline inclina-
tion. The sutures are deep-set.

The aperture is oval, tapering adapically, evenly rounded-off abapically,
with the greatest breadth on the abapical part. The labrum is regular, smooth
and rather sharp-edged. The inner lip is smooth, rather sharp-edged, separated
from the body whorl by a narrow, deep groove issuing from the suture and
only ending at the outmost abapical part of the shell. The labrum and the
inner lip are merged without a break, so that the margin of the aperture
constitutes a continuous whole.

Measurements. Diameter of the shell: 1.2 mm.
Longest axis of the shell: 2.3 mm.
Shortest = - — = :0.9 mm.

Remarks. This subspecies is by GLIBERT considered a subspecies of C. proxima
(FOrBES & HANLEY), the surface of the shell of which is covered by numerous
spiral striae (see further GLIBERT’s discussion, loc. cit. pp. 18-19).

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Hemmoor-
Stufe (ANDERSON), Reinbek-Stufe (ANDERSON). Belgium: Anversien at Edeghem (von
KOENEN, GLIBERT).
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Cingula inusitata (BEETS 1946)
Plate IX, figs. 7-8

1878-81. Rissoa proxima FOrRBES & HANLEY sp. — Nvyst, Conch. terr. tert., p. 96, PIl.
XXVIII, f. 13a, b.

1946. Hydrobia (Hydrobia?) inusitata — BEETS, Plioc. a. Lower Pleistoc. Gastr. p. 35,
PlL. 2, f. 8-16.

1952. Cingula (Cingula) koeneni — GLIBERT, Mioc. Belg. 11, p. 19, PL. II, f. 6.

1957. Cingula inusitata BEeTs sp. — GLIBERT, [.R.S.N.B., Bull., T. XXXIII, no. 36, p. 23.

1960. Cingula (Cingula) inusitata (BEETS) — ANDERSON, Die Gastropoden, 2, 1, p. 21,
Pl 2, £ -

Material. Gram Clay.

Lille Torup 85.379 16.8 -20.0 m.: 1 def. shell
Hauge. Clay pit: 1 def. shell
Gram 141.277 17.50-18.00 m.: 1 def. shell
- - 18.00-18.50 m.: 1 def. shell
- - 18.50-19.00 m.: 1 def. shell

Description. The shell is small, oblong egg-shaped.

The protoconch is damaged or missing from the specimens available. Ac-
cording to BEETS and ANDERSON it is short and flat, obviously consisting of
only one whorl. The initial whorl is small and introflexed.

The teleoconch includes at least 3-4 whorls, which are only slightly convex.
The surface of the shell is covered by numerous very fine spiral striae, which
can only be seen when highly magnified. They are crossed by more or less
faintly visible growth lines, which are slightly prosocline. The adapical part
seems a little depressed on the young whorls, as also appears from BEET’s
pictures. The sutures are oblique and only moderately depressed. Closely
abapically to the suture there is on the young whorls of the largest shell from
Gram a very narrow, dark-coloured spiral band.

The aperture is oval, tapering adapically and rounded-off abapically. The
labrum is broken off the shells available. Labium is smooth and spreads but
little over the body whorl. It is merged with the labrum adapically and without
a break.

Variations. On the largest of the shells from Gram the spiral ornamentation
is clearly visible when magnified; on the other shell from the same locality
the spiral threads are so weak that they can only be dimly seen at illumination
at a special angle. In all other respects the shells are identical.

Measurements. Gram 141.277.
18.00-18.50 m. Length of the axis: 2.9 mm. Diameter of the shell: 1.4 mm.

18.50-19.00 m. - : 2.3 mm. = : 1.3 mm.

Remarks. The rather flat whorls and the form of the aperture as well as the
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relatively small apical angle make it easy to distinguish this species from
C. proxima and its subspecies.

Distribution.
North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Hemmoor-
Stufe (ANDERSON). — Pliocene. Holland (BEgTs). Belgium: Scaldisien (GLIBERT).

FAMILIA: TURRITELLIDAE CLARCK 1851

Genus: Archimediella SAcco 1895
(Type: Turritella cochlias BAYAN 1873)

Archimediella cochlias (BAYAN 1873)
Plate X, fig. 1
1956. Turritella (Archimediella) archimedis BRONGNIART — RASMUSSEN, South Jutland,
p. 53, P1. IV, f. 2.

1960. Archimediella (Archimediella) cochlias (BAYAN) — ANDERSON, Die Gastropoden, 2,
1, p. 36, Pl 5, f. 4a,b; PL 6, f. 3.

Material. Gram Clay.

Mostly defective shells from the following localities (as to number of shells,
see Part I, Tables 15-66):

Skerum Molle (clay pit), Lille Spabak (clay pit), Grenbjerg (clay pit), Spjald (83.104),
Randbzk (83.591, 83.597, 83.602), Muldbjerg (83.1006), Kodal-Fjaldene (84.1749), Vide-
bk (84.417, 84.456, 84.492, 84.525, 84.1727), Mwltrup Brickworks (clay pit), Gjellerup
(85.380), Gjodstrup (85.861), Brande Brickworks (clay pit), Drantum (104.1241), Nyholm
(104.1166), Skjerris garde (104.1165), Leding (93.155), Alkersig (clay pit, 93.101), Forsom
(clay pit), Odderup (103.150), Oddum (lignite pit), Hesselho (113.121), Hauge (clay pit),
Tending (clay pit), Hoddemark (Karlsgiarde Canal), Grede (Karlsgarde Canal), Esbjerg
(clay pit, 130.59), Made Brickworks (eastern clay pit), Strandgard Brickworks (clay pit),
Holleskov (132.46b), and Gram (141.277).

Description. The shell is slender, turriculate. The protoconch is paucispiral,
comprising 14 smooth and convex whorls. The initial whorl is comparatively
large, vesicular, slightly heterostrophic.

The whorls of the teleoconch are rather flat, with two strong spiral carinae;
one approximately in the middle and another situated a short distance above
the abapical suture. A varying number of weak spiral threads are seen both
adapically on the whorl and between the two carinae. The growth lines are
opisthocyrt, with their vertex on the adapical carina. They bend sharply on
to the base, which is covered by a number of weak spiral bands.

The aperture is oval. Labrum is broken off the specimens available. Labium
is smooth.

Remarks. Shells of the type mentioned here have previously been described
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under the name of Turritella archimedis BRONGNIART. The specific name had,
however, been preoccupied by DiLLwyYN in 1817 for another Turritella species.
Shells of A. cochlias in an adult state are clearly slenderer and more solid
than those of the other Turritellidae in the Gram Clay.
Good pictures of this species are found in ANDERSON, op. cit., where the
conditions of the growth lines are illustrated by drawings of material from
Gram Brickworks.

Distribution.
North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Gram-Stufe,

Sylt-Stufe (ANDERSON). — Plio-Pleistocene. England: Waltonian (HARMER: Archimediella
bicarinata).

Atlantic Region. Aquitanian Basin (CossMANN & PEYROT: T. cochlias mut. Thetis D’ORB.).

Mediterranean Basin. ltaly: Tongriano, Elveziano, Piacenziano (SAacco). — Algeria:
Mioceéne (BRr1ves), Plaisancien (DE LAMOTHE).

Archimediella subangulata (BRoccHI 1814)
Plate VIII, figs. 7-8

1814. Turbo spiratus — BRoccHi, Conch. subapp. II, p. 369, PL. VI, f. 19 (1843 edit. p. 152).

1814. Turbo subangulatus — BroccHi, Conch. subapp. 11, p. 374, PL. VI, f. 16 (1843 edit.
p. 158).

1882. Turritella subangulata BrRocc. — v. KOENEN, Mioc. Nordd. II, p. 287.

1907. Turritella subangulata BRoccHI sp. — Ravn, Jylland, p. 296.

1922. Turritella (Zaria) subangulata BRoCCHI var. spirata BRoccHI — COSSMANN & PEYROT,
Conch. Néog., A.S.L.B., LXXIII, p. 17, PL. 1I, f. 12-13.

1925. Turritella (Zaria) subangulata BRocc. — KauTsky, Hemmoor, p. 79.

1944. Turritella (Zaria) subangulata (BRoccHI) — v. VOORTUYSEN, Mioz. Gastrop., p. 22,
Pl 1, f. 13-23, PI. 2, f. 1-3.

1949. Turritella (Zaria) subangulata BRoccHl sp. — GLIBERT, Gastr. Loire, p. 117, PL. VII,
f. 1a,b.

1952. Turritella (Zaria) subangulata BROCCHI sp. L GLIBERT, Mioc. Belg. 11, p. 25, PL 1I,
f. 12,

1955. Turritella (Zaria) subangulata (BRoccHI) — Rosst RoNCHETTI, I tipi, p. 114, f. 53.

1955. Turritella (Zaria) spirata (BRoccHI) — Rosst RONCHETTI, 1 tipi, p. 116, f. 54.

1958. Turritella subangulata (BRoccHI) — SORGENFREI, Middle Mioc., p. 161, PL 30,
f. 99a-b.

1960. Archimediella (Torculoidella) subangulata (BRoccHI) — ANDERSON, Die Gastropoden,
2, 1, . 37, Pl. S, f. 3a, b, PL 6, £ 4a, b.

1964. Archimediella (Torculoidella) subangulata (BRoccHI) — ANDERSON, Reinbek-Stufe,
p. 206.

Original diagnosis. T. spiratus: Testa subulata, turrita, anfractubus superne
angustatis, carina unica acutissima, striis transversis subtilissimis oculo nudo
inconspicuis. (BroccHr 1814.)

T. subangulatus: Testa turrita, subulata, anfractubus tumidiusculis sub-
carinatis, striis confertis inaequalibus undique cincta (BroccHI 1814).
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Type material. The holotypes of A. spiratus and A. subangulata, respectively,
are the specimens pictured by BRoccHI and again in 1955 by Rosst RONCHETTI,
which are kept in the Museo Civico di Storia Naturale di Milano. Type locality:

Crete Senesi (Terziario).

Material. Gram Clay.

Drantum 104.1241
Esbjerg. Clay pit:

Mide Brickworks. Eastern clay pit:
Strandgard Brickworks. Clay pit:

Gram 141.277

46.0 -50.0 m.:

19.50-20.00 m.:
20.00-20.50 m.:

8 fragmentary shells

1 defective shell

8 def. shells

1 def. shell

2 small, fragm. shells and 1 fragm.
1 def. shell

Description. The shell is turriculate, more or less slender. The protoconch is
paucispiral, comprising 14-2% smooth, convex whorls. The initial whorl is
small, slightly heterostrophic.

The whorls of the teleoconch are angular, with a strong, central, more or
less sharp-edged carina and several very weak spiral bands or threads (type
spiratus) or, more rarely, moderately or slightly convex, covered by numerous
weak spiral bands (type subangulatus). Of the latter type only one specimen
is available from the Gram Clay (from the easternmost clay pit of Made
Brickworks).

The growth lines form a flat sinus in the middle of the whorls. The base
with the apertural region is damaged on the shells available.

A thorough description of the species is found in ANDERSON (1960).

Remarks. The material from the Danish Gram Clay has not consistently
2-2% protoconch whorls, as stated by ANDERSON for the shells from Northern
Germany. For that matter, the species is rare in the Gram Clay, where it
only seems to belong in the lower (early) layers.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Gram Forma-
tion. North Germany: Hemmoor-Stufe, Reinbek-Stufe, Langenfelde-Stufe (ANDERSON).
Holland: Middle Miocene (VOORTHUYSEN). Belgium: Bolderien, Anversien (GLIBERT).

Atlantic Region. Aquitanian Basin: Burdigalien, Helvétien (CossMANN & PEYROT).
Portugal: Tortonien (DorLrus, COTTER & Gowmes). Spain (Cataluna): Placenciense,
Astiense (ALMERA Y BOFILL).

Mediterranean Basin. lItaly: Elveziano, Tortoniano, Piacenziano, Astiano (SAcco).
France: Rhone Valley: Pliocéne (FONTANNES).

Vienna Basin. Baden (HOERNES). Hungary: “Miozidn-Mediterran’ (STRAUSZ).
Poland: Miozin (FRIEDBERG).
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Genus: Turritella LAMARCK 1799
(Type: Turbo terebra LINNE 1758)

Turritella tricarinata (BRoccHI 1814)

1956. Turritella (Turritella) tricarinata (BrRoccHI) — RAsSMUSSEN, South Jutland, p. 52, PI.
IV, £ 14, B

1960. Turritella (Turritella) tricarinata (BRoccHl) — ANDERSON, Die Gastropoden, 2, 1,
p. 38, PL 5, f. 5a; b5 PL 6, . 5.

Material. Gram Clay.

Fragments of shells and a few almost complete shells (as to number of
individuals, see Part 1, Tables 15-66) are known from the following localities:

Skerum Molle (clay pit), Lillelund (73.88), Kodal (84.763), Spjald (83.127), Randbak
(83.602), Brejning Kro (83.197), Muldbjerg (83.1006), Kodal-Fjaldene (84.1749), Videbazk
(84.1748, 84.344, 84.358, 84.417, 84.456, 84.483), Moltrup Brickworks (84.1509), Lille
Torup (85.379), Tvarmose (85.381), Frelund (85.383), Gjedstrup (85.861), Snejbjerg
(85.775), Bording (86.177), Vester Hegild (95.1510b), Sandfeldbjerg (clay pit), Brande
Brickworks (clay pit), Drantum (104.1241), Hjortsballe (105.320), Leding (93.155), Alkersig
(clay pit), Lenborg (102.55), Forsom (clay pit), Odderup (103.150), Harkes (clay pit),
Stenderup (113.36), Albak Eng (102.59), Hesselho (113.121), Hauge (clay pit), Karlsgarde
Canal (unknown loc.), Hodde (113.33 a), Esbjerg (clay pit and beach, 130.59), Made Brick-
works (eastern clay pit), Strandgard Brickworks (clay pit), Holleskov (132.46b), Ravning
(clay pit), Hjortvad (141.178), Sender Hygum (141.260, 141.261, 141.273), Rodding (141.75,
141.243), Gram (141.277), Spandetgard (clay pit), Tender (166.398), Brodersmark
(166.351b), Saed (167.4, 167,445), and Rends (167.236).

Description. The shell is rather small, slender, turriculate.

The protoconch is small, paucispiral, comprising 14 smooth whorls. The
initial whorl is comparatively large, orthostrophic or slightly heterostrophic,
smooth.

The teleoconch whorls have a central carina on whorl no. 1 and already
on whorl no. 2 two carinae more: one half-way between the adapical suture
and the middle carina and one halfway between this and the abapical suture.
The middle carina often continues to be the strongest, but otherwise there is
little difference between their strengths. The adapical one of the two others
is generally the weakest and the abapical one the next strongest. Weak, often
almost quite obliterated spiral threads frequently appear between the three
carinae and between these and the sutures.

The growth lines are opisthocyrt with the sinus closely adapical to the
middle carina. On the base they are very slightly curved. The base is slightly
convex and covered by weak spiral bands. Neither the labrum nor the labium
has been preserved on the shells available. The aperture is rounded-off
trapeziform.

For further details see ANDERSON’s description (1960).

Remarks. This species is sometimes stated to have been founded in the Middle
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Miocene formations of the North Sea Basin: Hemmoor-Stufe (KAuTsky) and
Arnum Formation (SORGENFREI). VAN VOORTHUYSEN (1944), GLIBERT (1952),
and finally ANDERSON (1960), however, have pointed out that the shells from
these formations belong to Haustator eryna (D’ORBIGNY). The sculptures of
the two species may be almost identical, but the directions of the growth lines
according to ANDERSON (loc. cit.) are different. The difference is said to be
the fact that the line connecting the intersection points with the two sutures
of the whorl are almost perpendicular to those in 7. tricarinata, whereas in
H. eryna they are oblique in relation to the sutures. It may, however, be very
difficult to establish this fact, and as the directions of the growth lines are
otherwise almost identical in the two species, it is often impossible to make
a clear distinction between the two species on this basis. Cf. further the pictures
in ANDERSON (1960, Plate 5, figs. 2a, b, and 5a, b, and Plate 6, figs. 2 and 5).
On the other hand, the protoconch of H. eryna seems to comprise a whorl
more than that of 7. tricarinata, but as the protoconchs are mostly broken
off the shells available, a sure determination as to species may be difficult or
impossible. For that matter, it is doubtful whether a larger or smaller proto-
conch is a sufficient basis of a differentiation of species.

Because of the still unclarified relation between 7. tricarinata and respectively
H. eryna and T. communis (R1SS0) it is not possible to indicate the conditions
of distribution of 7. tricarinata with certainty. The information below there-
fore is undoubtedly insufficient.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Langenfelde-
Stufe, Gram-Stufe, and Sylt-Stufe (ANDERSON). — Plio-Pleistocene: Belgium: Merxemien
(GLIBERT).

Mediterranean Basin. Pliocene (and Miocene?) formations (BROCCHI, SACCO).

FAMILIA: CERITHIIDAE

Genus: Bittium LEACH in GRAY 1847
(Type: Strombiformis reticulatum DA CosTA 1778)

Bittium tenuispina SORGENFREI 1958
Plate VIII, fig. 9

1958. Bittium tenuispina nov. sp.; SORGENFREI, Middle Mioc., p. 167, PIL. 31, f. 104.
1964. Bittium tenuispina SORGENFREI — ANDERSON, Reinbek-Stufe, p. 209.

Original diagnosis. Bittium with protoconch consisting of 2% to 3 whorls of
which the last half to whole whorl has 1 to 2 spiral riblets. Adult shell stage
with 3 to 5 spiral ribs. Initial whorl with 11 to 15 collabral ribs. Number of
collabral ribs increases with about 1 rib per whorl (SORGENFREI 1958).

7%
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Material. Gram Clay.

Brodersmark 22.6 —-24.0 m.: 1 shell
Gram 141.277 17.50-18.00 m.: 1 fragment (?)

Description. The present specimen is quite small and consists of 63 whorls.
It may be described as follows:

The shell is slender, turriculate. The protoconch consists of 24 whorls, which
are smooth and highly convex. At 50 x magnification no sculpture is seen.
The anlage of two spiral threads can only be suspected on the youngest whorl.
The boundary between protoconch and teleoconch is fairly distinct at the
magnification mentioned. It is marked by a slightly elevated sigmoidal opistho-
cline sinus line.

The teleoconch consists of four sculptured whorls. The sculpture consists
of a strong spiral ornamentation and a somewhat weaker collabral sculpture.
On the oldest adult whorl two strong spiral threads immediately appear, which
like carinae stand out from the abapical half of the whorl, one close below the
middle, the other close above the abapical suture. Already on the following
whorl a weaker spiral thread of the secondary order appears close below the
adapical suture. On the fourth whorl between this spiral thread and the first
of the strong carina-like spiral threads, there appears a new spiral thread, of
the tertiary order, so that a total of four spiral threads are seen.

The spiral sculpture is intersected by collabral folds or ribs, which pass in
an opisthocyrt curve from suture to suture and form small granules at the
intersection with the spiral elements. On the oldest adult whorl there are 10,
on the youngest 13-14 collabral ribs. Adapically to the ramp of the base,
there are two rather conspicious spiral threads immediately below the suture.

The aperture is oval. Labrum has been broken off. The collumellar lip is
smooth.

Measurements. Length of shell: 1.6 mm. Maximum diameter: 0.7 mm.

Remarks. The specimen corresponds best to the species B. tenuispina defined
by SORGENFREI, especially as regards the protoconch. A third spiral rib only
appears on the second to third whorl on the shell from Brodersmark, just as a
fourth spiral rib cannot be seen until the fourth whorl. In these characters
the specimen differs a little from the greater part of the material from the
South Jutland Middle Miocene, in which the species is very numerous in
certain layers.

B. spina (PARTSCH), which in many features resembles the present species,
as well as B. tenuispina, has been thoroughly described by SORGENFREI, to whose
descriptions (loc. cit. pp. 165-170) and material of figures (Plate 31, figs. 103-
104) reference is made.
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Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Gram Forma-
tion). North Germany: Reinbek-Stufe (ANDERSON). Holland: Middle (SORGENFREI).

FAMILIA: TRIPHORIDAE

Genus: Triphora BLAINVILLE 1828
(Type: Trochus perversus LINNE 1758)

Triphora fritschi (v. KOENEN 1882)
Plate VIII, fig. 10
1882. Cerithium Fritschi — v. KOENEN, Mioc. Nordd. 11, p. 271, Pl. VI (V), f. 19.
1925. Triphora Fritschi v. KOENEN — KauTsky, Hemmoor, p. 84, PL. 7, f. 7.
1944. Triphora (Triphora) Fritschi (v. KOENEN) — VOORTHUYSEN, Mioz. Gastrop., p. 30,
Pl. 12, f. 16-19.
1960. Triphora (Triphora) Fritschi (KOENEN) — ANDERSON, Die Gastropoden, 2, 1, p. 67,
PL 9 f6: P12 % 6.
1964. Triphora fritschi (KOENEN) — ANDERSON, Reinbek-Stufe, p. 212.

Original diagnosis. Not adduced.

Type material. v. KOENEN’s type specimen, which is pictured in v. KOENEN,
op. cit., is found in Coll. KOENEN, Geologisch-Paldontologisches Institut der
Universitdt Gottingen.

Material. Hodde Clay.

Gram 141.277 30.50-30.95 m.: 1 def. shell
Gram Clay.
Lille Torup 85.379 16.8 =20.0 m.: 1 almost complete shell
Sender Hygum 141.261 13 =19 m.: 1 almost complete, juvenile shell and
1 fragm. shell
Sad 167.445 97.40-97.90 m.: 1 fragment

Description. The following description is based on the specimen pictured in
Plate VIII, fig. 10.

The shell is slender, turriculate, sinistral. The specimen consists of 9-9%
whorls with three sculptural main parts.

The protoconch comprises 7 whorls. The initial whorl is obliquely bud-
shaped. It is provided with a microsculpture of numerous very small granulae,
which seem to be spirally arranged. They are only faintly visible at 100 times
magnification.

The following whorls are all provided with two distinctive carina-like promi-
nent spiral ribs, the intervals of which are broader than they are. They are
placed immediately above the abapical suture, so that the adapical spiral rib
is close to the middle of the whorl. Furthermore, all the whorls are provided
with thin collabral threads, which pass irregularly over the surface of the
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shell from suture to suture in large numbers and give the surface an impression
of being covered by an irregular network. The two spiral ribs are smooth and
uninfluenced by the collabral ornamentation, which is also seen in the intervals
between the spiral ribs. The suture is almost invisible.

The teleoconch consists of only 2-2% whorls on the present specimen, which
has a strong sculpture of three close-set spiral ribs, one spiral thread of the
second order being found immediately below the adapical suture and two
spiral ribs of the first order on the abapical part of the whorl. All the spiral
ribs are disintegrated into round granules as a consequence of the passage
of numerous collabral ribs over them. These ribs are weaker than the spiral
bands, but approximately of the same strength as the spiral ribs of the second
order. The sutures are deep-set, narrow, groove-shaped, and partly invisible.

The base is smooth and demarcated adapically by a projecting disc, the
rounded-off edge of which appears as a smooth spiral rib immediately aba-
pically to spiral rib no. 2 of the first order.

The siphonal canal is short. The aperture is oval, almost circular. Columella
is smooth. Labrum of the present shell has been broken off.

Measurements. Length of the axis of the shell: 2.4 mm. Maximum diameter:
0.8 mm.

Remarks. This species, as described in detail by v. KOENEN and ANDERSON,
is clearly distinct from the Miocene and recent Triphora perversa (LINNE) by
the spiral band of the second order of the latter species being found between
the two spiral bands of the first order.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Vierland-
Stufe, Hemmoor-Stufe, Reinbek-Stufe (ANDERSON). Holland: Middle. Belgium: Anversien
(GLIBERT).

FAMILIA: SCALIDAE
Genus: Opalia H. & A. Apawms 1853

(Type: Scalaria australis LAMARCK)

Opalia vilandti (MorcCH 1874)
Plate X, fig. 5

1956. Opalia (Pliciscala) vilandti (M@RCH) — RASMUSSEN, South Jutland, p. 54, PL. 1V, f. 3.

Material. Gram Clay.

Drantum 104.1241  36.00-40.00 m.: 1 fragm. (n
Odderup 103.150 14.5 -20.0 m.: 1 def. shell (1)
Hesselho 113.121 50.0 -56.0 m.: 1 def. shell (1)
Tending. Clay pit: 1 def. shell and 2 fragments (1)
Holleskov 132.46b 4.9 -11.2 m.: 1 fragm. (1)

Seonder Hygum 141.261 13 -19 m.: 2 def. sh. ‘ (2)
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Gram 141.277 6.40— 6.90 m.: 1 def. sh. (1)
- - 7.30- 7.65 m.: 1 fragm. (1)
Spandetgard. Clay pit: 4 def. sh. and 2 fragm. (5)
Brodersmark 166.351b 22.6 24 m.: 2 def. sh. (2)
- - 25 =26 m.: 1 def. sh. (1)
- - 26 =27 m.: 1 fragm. (1)
s - 29 -30 m.: 1 def. sh. (1)
- - 30 -31 m.: 4 fragm. (3)
- - 31 =32 oo e 1 fragm. (1)
Sad 167.445 93.00-93.70 m.: 2 fragm. (1)
- - 94.75-95.50 m.: 1 fragm. (1)

Description. The shell is slender, turriculate. The protoconch is broken off all
the present shells, its appearance is hitherto unknown.

The whorls of the teleoconch are highly convex, separated by deep-set
sutures. The number of whorls exceeds seven. The ornamentation consists of
11-12 rather narrow, rounded-off, collabral ribs, placed rather far from each
other. In the intervals between them there are 4-5 evenly distributed, somewhat
rounded-off spiral ribs, which are narrower than the collabral ribs.

On the young whorls of certain older shells up to 8 rather close-set spiral
ribs of somewhat different strengths have been observed.

The base is slightly convex, shaped as a twisted disc with a rounded margin,
which projects a little in relation to the curvature of the youngest whorls. On
the surface of it three very weak and blurred spiral ribs are seen. No labrum
has been found on any of the present shells. The inner lip is narrow, only a
little spread over the base. The aperture is semicircular.

Remarks. A few shells of this species have been found in Shell Bed I at Hodde-
mark. A specimen is pictured on Plate X, fig. 5. In every respect the shells
correspond to those of O. vilandti from the Gram Clay.

O. (Turriscala) straeleni GLIBERT (1952, p. 38, Plate IV, fig. 5) from the
Anversien of Belgium according to the description and the picture seems to
be closely related to O. vilandti and may be identical with it.

Distribution.
North Sea Basin. Miocene. Denmark: Hodde Formation, Gram Formation. North
Germany: Dingden (v. KOENEN). Belgium: Anversien ? (? Opalia straeleni, GLIBERT).

Genus: Scala (KLEIN 1873) BRUGUIERE 1792
(Type: Scalaria scalaris LINNE 1758)

Scala frondicula (Woop 1848)
Plate VIII, figs. 12-13
1848. Scalaria frondicula — Woopb, Crag. Moll. 1, p. 92, PL. VIII, f. 16.

1882. Scalaria frondicula S. Woop — v. KOENEN, Mioc. Nordd. II, p. 295.
1891. Hirtoscala(vel Linctoscala) frondicula(Woop)—Sacco, 1 MolluschiIX, p.26,PI. 1, f. 38.



104

1907. Scalaria frondicula S. Woob — RAVN, Jylland, p. 295 (91), PL. 111, f. 14.

1920. Scala (Linctoscala) frondicula (S. V. Woop) — HARMER, Plioc. Moll. II, p. 531,
Pl. XLVIII, f. 19, 20.

1925. Scala (Spiniscala) frondicula Woop — KauTtsky, Hemmoor, p. 79, PI. 6, f. 35.

1952. Scala (Spiniscala) frondicula Woop sp. — GLIBERT, Mioc. Belg. 11, p. 47, Pl III,
f. 12, 13.

1958. Scala cf. frondicula (WooD) — SORGENFREI, Middle Mioc., p. 174.

1958. Scala (Spiniscala) frondicula Woobp sp. — GLIBERT, [.R.S.N.B. Bull., T. XXXIV, no.
LS, p. 13:

Original diagnosis. Testa elongata, turrita; spira subulata; apice acuto; an-
fractibus rotundatis, contiguis costellatis; costellis lamellosis, superne angu-
latis, spiniferis; interstitiis laevigatis; apertura rotundata (Woob 1848).

Type material. The holotype is the shell pictured in Woop 1848, Plate VIII,
fig. 16. — Locality: ?. Stratum typicum: Coralline Crag. Depository: ?

Material. Gram Clay.

Spandetgard. The clay pit: 1 defective adult shell and 1 juvenile
shell, which has later partly been lost
Brodersmark 166.351b 31-32 m.: 1 small, defective shell

Description. The shell is turriculate, lanceolate.

The protoconch, which could be studied on a juvenile shell from Spandet-
gard, which unfortunately was broken during the photographing, is elongated
conical, consisting of 4-5 convex, smooth whorls, on which opisthocyrt
growth lines were clearly seen. Immediately after the protoconch the first
lamellae of the teleoconch make their appearance. These lamellae have already
from the beginning been protracted into spines a short distance below the
adapical suture.

The teleoconch can in part be studied on an about 6 mm. long fragment of
a rather large shell from Spandetgard. On this fragment there are 11-12 thin,
leaf-shaped, highly protracted, oblique lamellae, protracted into spines at a
short distance below the adapical suture. The intervals between the lamellae
are great. The whorls are highly convex, if anything semicircular in cross-
section.

A third shell, from Brodersmark, lacks the upper part of the apex and a
little of the youngest whorl with the labrum. There are four whorls present.
They bear 17 collabral lamellae, which, however, are so much worn down
that it is not possible to decide whether they had spines. Some of the base
is present. It is shaped like a twisted disc, the round margin of which projects
a little over the curvature of the youngest whorl as a spiral band. It is also
seen close above the abapical suture on the other whorls. The collabral lamellae
continue on the base as thin, highly prominent threads, which often take a
radial course finally to change direction along the inner lip.

This shell is with some doubt referred to S. frondicula.
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Measurements. Spandetgard. Clay pit. 1 shell: maximum diameter: 3.6 mm.
Brodersmark. (166.351 b): maximum diameter: 1.3 mm. and length of preserved
part of shell: 2.9 mm.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Gram Forma-
tion. North Germany: Holsteiner Gestein (v. KoENEN), Hemmoor-Stufe (KAuTsky),
Dingden (v. KoenEN), Glimmerton at Langenfelde and Giihlitz (v. KoeNEN). Holland:
Middle (Spaink). Belgium: Anversien (GLIBERT), Deurnien (GLiBERT). — Pliocene. Hol-
land: Scaldisien (TescH). Belgium: Scaldisien (GLIBERT). England (HARMER).

Mediterranean Basin. Pliocene. Italy: (Sacco, CERULLI — IRELLI).

FAMILIA: ACLIDIDAE

Genus: Aclis LOVEN 1846
(Type: Turritella minor BROwN 1827)

Aclis minor (BROWN 1827)
Plate VIII, fig. 6, and Plate X, figs. 3-4

(1819. Turbo ascaris — TurTON, Conch. Dictionary, p. 217, no. 60.)

(1827. Turritella minor — BRowN, Ill. Conch., Pl. 51, f. 57 and 58.)

(1842. Alvania supranitida — S. V. Woob, Ann. and Mag., IX, p. 534, t. 5.)

1848. Alvania ascaris TURT. — S. Woob, Crag Moll. I, p. 99, PL. XII, f. 11a-c.

1853. Aclis ascaris TURTON — FORBES & HANLEY, Brit. Moll. III, p. 219, Pl. LXXXVIII, f. 8.

1853. Aclis supranitida S. Woop — ForBes & HANLEY, Brit. Moll. I11, p. 220, Pl. XC, f. 2, 3.

1867. Aclis ascaris TURTON — JEFFREYS, Brit. Conch. IV, p. 102; V (1869) Pl. LXXII, f. 2.

1868. Aclis ascaris TURTON — WEINKAUFF, Conch. d. Mittelmeeres II, p. 231.

1872. Alvania supranitida — S. Woopb, Crag Moll., Suppl. I, p. 55.

1888. Aclis supranitida Woob — PETERSEN, Skalb. Moll., p. 70.

1888. Aclis ascaris TURTON — PETERSEN, Skalb. Moll., p. 71.

1901. Aclis supranitida Woop — BROGGER, Kristianiafeltet, p. 661, Pl. XIX, f. 11.

1901. Aclis ascaris MoONT. — BROGGER, Kristianiafeltet, p. 661, Pl. XIX, f. 7.

1925. Aclis supranitida (S. V. Woob) — HARMER, Plic. Moll. II, Part 1V, p. 868, Pl. LXV,
f. 24.

Material. Gram Clay.

Rodding 141.75 10.80-16.75 m.: 1 juvenile shell
Gram 141.277 12.10-12.60 m.: 1 complete and one def. shell

Description. The shell is small, slender, turriculate, semitranslucent.

The protoconch is slenderly conical, multispiral, consisting of 41 whorls,
which are smooth, convex, and separated by comparatively deep-set sutures.
The initial whorl is small, bud-shaped, smooth, orthostrophic to slightly
heterostrophic. The diameter of the whorls only a little increasing by age.
The growth lines are seen on the otherwise smooth and glossy surface as rather
close-set, slightly sigmoidal lines. The transition to the teleoconch is sharp.
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The whorls of the teleoconch are convex. The sutures are deep-set. On the
oldest of the present shells there are three adult whorls.

The sculpture consists of spiral ribs only, which are narrow, rather sharp-
edged, and comparatively greatly prominent. On the oldest whorl there are
on the shell from Redding only two, and on the largest shell from Gram
three spiral ribs. Already on the following whorl the number is three on the
shell from Gram, and on the youngest whorl there are four. The most adapical
of these ribs is placed below the adapical suture at a distance corresponding
to about one third of the height of the whorl. This part of the whorl is smooth
and slopes rather much abaxially from the suture down to the spiral rib. The
growth lines are seen as sigmoidal curves on the otherwise glossy surface.

The aperture is oval, tapering adapically as well as abapically. Labrum is
slightly thickened and rises a little above the surface of the base. Between the
margin of the labium and the base there is a narrow pseudumbilicus. The sur-
face of the base is smooth.

Remarks. To all appearances this species seems to be identical with the Pliocene
and recent A. minor = A. supranitida (S. WooD). Two closely related forms:
A. ascaris (TURTON) and A. supranitida (WooD) have now been separated into
two different species (FORBES & HANLEY, JEFFREYS, BROGGER, HARMER), now
united into one species (WooD, WEINKAUFF). The former is characterized by
its very small shell, by a slender shape of the shell, and by having the spiral
sculpture distributed rather evenly over the whole whorl. The shells of the
latter form, on the other hand, are somewhat larger (according to JEFFREYS
ten times larger) and more solid, less slender, and their spiral ribs only appear
at some distance below the adapical suture.

The shells from the Gram Clay join in the ascaris type with its small size
and its slenderness. On the other hand, conditions of the spiral sculpture are
identical with those of the supranitida type.

Measurements. The best preserved shell from Gram measures:

Length: 1.7 mm., maximum diameter: 0.6 mm., and the length of the proto-
conch: 0.6 mm.

The fragmentary shell from Gram must have been about 2 mm. long and
have had a maximum diameter of 0.8 mm.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. — Plio-Pleistocene: England
(HARMER).— Recent in the Kattegat, the North Sea, the coasts of Great Britain and Nor-
way. The Atlantic off France and Spain, the Mediterranean off Algeria and Tunis (WEIN-
KAUFF), the Adriatic, and the Aegean Sea.
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FAMILIA: MELANELLIDAE

Genus: Leiostraca H. & A. Apams 1853
(Type: L. subulata (DONOVAN))

Leiostraca glabra (Da CostA 1778)
Plate VIII, fig. 11

Strombiformis glaber — DA CosTa, Hist. Nat. Test. Brit., p. 117.

Eulima subulata Risso — NysT, Coq. et. Polyp., p. 415, Pl. XXXVII, f. 17.

Eulima subulata MoNT. — Woob, Crag Moll. I, p. 97, PL. XIX, f. 3.

Eulima subulata DoN. — HOERNES, Wiener Becken I, p. 547, Pl. 49, f. 20.

Eulima subulata DoN. — JEFFREYS, Brit. Conch. IV, p. 208; V (1869), Pl. LXXVII, f. 7.
Eulima subulata DoN. — v. KOENEN, Mioc. Nordd. II, p. 281.

Eulima (Leiostraca) subulata DoN. — DoLLFus, CoTTER & GOMES, Moll. Tert. Por-
tugal, Pl. XXXV, f. 11 (p. 20).

Eulima subulata DoN. — RAVN, Jylland, p. 300 (96).

Eulima (Subularia) subulata DoN. — KAuTsky, Hemmoor, p. 78.

Leiostraca (Leiostraca) subulata (DONOVAN) — VOORTHUYSEN, Mioz. Gastr., p. 31,
Pl. 8, f. 23-25;

Strombiformis taurinensis (SAcco) — GLIBERT, Mioc. Belg. 11, p. 49, PI. 4, f. 2.
Leiostraca glabra (DA CosTA) — GLIBERT, [.R.S.N.B. Bull., T. XXXIV, no. 15, p. 16.
Strombiformis tauriniensis (SACCO) — ANDERSON, Reinbek-Stufe, p. 218, PI1. 17, f. 140.

Original diagnosis: Strombiformis parvus corneus glaber (DA CosTa). Da
CosTA does not give any picture, but refers to PENNANT: Brit. Zool. No. 115,
tab. 79, ““the upper figure ?”.

Material. Gram Clay.

Muldbjerg 83.1006 5.0 - 6.0 m.: 1 very defective shell
Brande Brickworks. Clay pit: 1 shell in piece of concretion and
1 fragm.
Albzk Eng 102.59 23.8 -24.8 m.: 1 apex of a shell
Hauge. Clay pit: 1 small fragment of a shell
Made Brickworks. Eastern clay pit: 2 fragm. shells, 1 protoconch, 2 apices
and 1 fragm.
Holleskov 132.46b 4.9 —-11.2 m.: 2 def. shells
Sender Hygum 141.260 12 -40  m.: 1 def. shell
Gram 141.277 5.30- 5.70 m.: 1 def. shell
- - 8.50— 9.00 m.: 2 def. shells and 1 fragm.
- - 13.10-13.50 m.: 1 def. sh., 2 halfs of one sh. and 1 fragm.
- - 14.60-15.10 m.: 1 shell without protoconch
- - 16.00-16.50 m.: 1 def. shell
- - 17.50-18.00 m.: 1 small, almost complete sh.
Sad 167.445 91.50-91.75 m.: 1 def. shell

- 91.75-92.00 m.: 1 def. shell
- 92.00-92.25 m.: 4 def. shells
- 92.25-92.70 m.: 1 almost complete shell

Rends 167.236 1407160’ 3 1 def. shell
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Description. The shell is very slender, pointedly turriculate, semitransparent,
and with completely flat whorls. The nucleus of the protoconch is small,
heterostrophic. On the whorls, even at great magnification, no sculpture or
characteristic features different from whorls of the teleoconch can be seen.

The oldest three to three and half whorls on the shell are more convex and
the sutures more deep-set than on the younger whorls. Perhaps the transition
to the quite flat whorls forms the boundary between protoconch and teleoconch.

The whorls of the teleoconch are all quite flat and the sutures can only be
seen as thin lines through the semitransparent surface of the shell. On the
youngest whorls it is possible to observe the faint impressions of a thin spiral
line between the middle of the whorl and the abapical suture. The growth
lines are sometimes faintly visible as prosocyrt lines.

The aperture is much elongated and tapering adapically. The columellar
lip is smooth. Labrum is broken off in the case of the present shells.

Remarks. Among the Strombiformis species described so far from the Younger
Tertiary of Northern Europe it seems to me that the present material from
the Younger Miocene of Denmark must be referred to the form which so often
in the literature is termed Fulima subulata DONOVAN. This form is identical
with S. glaber DA Costa 1778.

Whereas the shells from the Miocene of Holland and Northwest Germany
have consistently been referred to Eulima subulata, GLIBERT (1952, pp. 49-51)
describes shells from the “Horizon de Houthaelen and Anversien of Belgium
under the specific name of S. faurinensis (SAcco) and furthermore adduces
S. bilineatus (ALDER) from Diestien as an intermediary form between S. rauri-
nensis and S. glaber. The main difference between them is in the size of the
apical angle and in the diameter index (see further GLIBERT /oc. cit. pp. 50-51).

Later (1958, p. 16) GLIBERT, however, has entertained the idea that actually
it is a question of one and the same species. The specific names of glaber
DA Costa 1778, subulata DoNOVAN 1803, and bilineata ALDER 1848 then
should be considered synonyms for the Atlantic form.

Measurements: Length of the axis on the shell pictured: 2.9 mm. Maximum
diameter of the same shell: 0.9 mm.
There are fragments of shells available which have been considerably larger.

Distribution.

North Sea Basin. Miocene. Denmark: ? Arnum Formation (SORGENFREI: Melanella
taurostricta (COSSMANN & PEYROT)), Gram Formation. North Germany: Hemmoor-Stufe
(D1TT™MER: Strombiformis taurinensis), Reinbek-Stufe (ANDERSON: Strombiformis tauri-
nensis), Glimmerton at Elbtunnel (HorN: Eulima subulata DoN.), and at Morsum KIiff,
Sylt (RAVN: Eulima subulata DoNOVAN sp.). Holland: Middle (VOORTHUYSEN: Leiostraca
subulata (DoNOVAN)). Belgium: Horizon de Houthaelen, Anversien (GLIBERT: Strombi-
formis taurinensis (SAcco)), Diestien (GLIBERT: Strombiformis bilineatus (ALDER)). — Plio-
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Pleistocene. Holland. (Beers: Leiostraca subulata (DoNovan)). Belgium: Scaldisien
(GriBerT). England: St. Erth, Estuarine clays — Belfast (HARMER: Eulima bilineata ALDER).
Recent (JEFFREYS).

Atlantic Region. France. Loire Basin: Miocene Moyen (Faluns) (GLIBERT: Strombiformis
taurinensis SAcco sp.). Aquitanian Basin: Aquitanien (CossMANN & PEYROT: Eulima
burdigalina BEnoisT), Helvétien (Eulima taurostricta Sacco), Tortonien (Eulima taurinensis
Sacco)). — Portugal: Helvétien, Tortonien (DorLruss, COTTER & GoMEs: Eulima subulata).
Recent: The coast off Finmark (Norway) and Western Norway, South England and
Iceland, France, Spain, Portugal, Madeira and the Canary Islands (WEINKAUFF).

Mediterranean Basin. Italy: Elveziano (Sacco: Eulima subulata taurostricta). France:
Rhone Valley: Pliocéne (FONTANNES: Eulima subulata). Spain: Placenciense (DONOVAN,
ALMERA y BoriLL y PocH: Eulima subulata). Recent: The coasts off Spain, France, Italy,
Greece, and Algeria (WEINKAUFF: Eulima subulata DONOVAN).

Vienna Basin. Austria: “*Unterer Tegel und Sand”, ““Tegel und Sand des Leythakalkes™,
(HORNES: Eulima subulata DoN.). Hungary: “*Miozdan-Mediterran” (STRAUSZ: Eulima glabra
and Eulima glabra subulata).

Poland: Miozin (FRIEDBERG: Eulima subulata DON.).

FAMILIA: XENOPHORIDAE DESHAYES 1864

Genus: Xenophora FISCHER V. WALDHEIM 1807
(Type: Turbo trochiformis BORN 1778)

Xenophora testigera (BRoNN 1831)

1956. Xenophora (Xenophora) testigera (BRONN) — RAsMUSSEN, South Jutland, p. 55, P1. 1V,
f. 5a, b.

Material. Gram Clay.

Skarum Molle. Clay pit: Fragments 4)
Videbak 84.1727 8.4 — 94 m.: = (1)
Sandfeldbjerg. Clay pit: - (?1)
Alkearsig. Clay pit: = (1)
Karlsgarde Canal: - (1)
Made Brickworks. Eastern clay pit: - (10)
Sender Hygum 141.260 12 -40 m.: — (1)
Gram 141.277 6.40— 6.90 m.: - (1)
- - 10.80-11.25 m.: - (1)
- - 11.25-11.65 m.: - (1)
- - 13.50-14.00 m.: - (1)
- - 14.00-14.60 m.: - (1)
- - 16.00-16.50 m.: - (1)
- - 17.50-18.00 m.: - (¢))]
Spandetgéard. Clay pit: - 3)
Tonder 166.398  58.85-59.00 m.: - 2)
- - 74 m.: - (1)
Saed 167.445  95.90-96.20 m.: - (1)
- ~ 97.40-97.90 m.: - (1)
- - 97.90-98.60 m.: - (1)
Rends 167.236 140"-160" - (1)
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Description. The following additions can be made to my previous description
of this species:

The whorls of the teleoconch are very slightly concave or quite flat, se-
parated by linear sutures with a very irregular course. The abapical, outer
part of the whorl often projects a little beyond the suture or at a very short
distance drops steeply down towards the suture. The growth lines are irregular,
mostly prosocline. Irregular spiral folds are dimly seen in places all over the
whorl, but mostly they are strongest and most distinct on the abapical part.
It is also here that the impressions (or even shells) of molluscs or remnants
of other marine animals so characteristic of the genus occur. Thus on the
present material impressions have been found of Nucula, Astarte, Cardita and
Archimediella (in a single case with the shell preserved); furthermore zoaria
of Cupuladria.

Completely preserved shells from the Younger Miocene of Denmark are
rare. Among such shells only the specimen (from Gram) has been found which
was pictured and described in 1956. On the other hand there are some frag-
ments of i.a. the base of the shell. On these fragments of old shells strong
growth lines are seen which sometimes form folds conformally with the aper-
ture from the centrally situated umbilicus.

Remarks. 1t is difficult to indicate distinct differences between this species
ard X. deshayesi (MICHELOTTI), which occurs in earlier Miocene formations
in the North Sea Basin and other European Tertiary basins. SAcco (1896, p. 25)
remarks that X. testigera differs from the typical Xenophora species by having
a more markedly conical shape and by having, to a less degree, an agglutinating
power. v. KOENEN (1882, p. 307) points out that it is characteristic of X. testi-
gera that the shell has comparatively high whorls, concave above (adapically),
on which the serrated spirals concentrate more downwards (i.e. abapically)
than upwards (i.e. adapically). According to the same author the apical angle
is somewhat wider than that of X. deshayesi. The material from the Gram
Clay in Denmark, from the lower layers at Made as well as the upper layers
at Gram and elsewhere, is in very good agreement with the facts which have
been pointed out by Sacco and v. KOENEN. However, we lack a satisfactory
characterization of the two species, more especially of the differences between
them. X. testigera is remarkably rare north of the Mediterranean Basin.

Measurements: The apical angles of three shells from Made:
85°, 89°, 90°.

A few fragments of the bases of shells from Made show that there are shells
the maximum diameter of which is more than 30 mm.

Distribution.
North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Glimmerton
of Langenfelde and Liineburg (v. KOENEN).
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Mediterranean Basin. Italy: Elveziano, Tortoniano, Piacenziano, Astiano (SAcco).

Vienna Basin. Baden, Voslau, Forchtenau (M. HOERNES).

FAMILIA: APORRHAIDAE

Genus: Aporrhais DA CosTA 1778
(Type: Strombus pes-pelicani LINNE 1758)

Aporrhais alata (EicHwWALD 1830)

1956. Aporrhais alata (EICHWALD) — RASMUSSEN, South Jutland, p. 56, Pl. 1V, f. 4a, b.
1958. Aporrhais alata (EICHWALD) — SORGENFREI Middle Mioc. p. 182, PI. 33, f. 116.
1964. Aporrhais alata (EICHWALD) — ANDERSON, Reinbek-Stufe, p. 221, Pl. 17, f. 143a—c.

Material. Hodde Clay.

Leding 93153 19 =27 m.: I apex of a shell
Gram 141.277 34.70-35.00 m.: 3 fragm.

= - 35.30-35.70 m.: 1 apex and 4 fragm.
Tender 166.398 85.5 m.: 2 fragm.

Gram Clay.

Alkersig. Clay pit: 2 fragm. of a protoconch
Odderup 103.150  20.0 -21.0 m.: 1 fragm.
Hoddemark. Karlsgidrde Canal: 1 def. shell

Esbjerg. Clay pit: 1 def. shell

Made Brickworks. Eastern clay pit: 8 def. shells

Sad 167.445  94.10-94.75 m.: 2 fragm.

Description. As no other complete shells from the Younger Miocene series
are available than the one specimen from Gram which was described by me
in 1956, reference is made partly to this description, partly to SORGENFREI'S
thorough investigations into the rich material from the sandy beds of the
Arnum Formation.

The shells from Made, which are preserved best, all lack the digitation.
Otherwise they are in good agreement with the shell from Gram previously
described.

Remarks. VAN VOORTHUYSEN (1944) considers the shells which have a number
of slight tubercles immediately above the abapical suture, to be intermediate
forms between A. alata and A. pespelicani. Such a row of tubercles can be
seen on the shells from Gram as well as Made. According to WirTz (1949,
p. 63) this is also the case with the large number of shells of Aporrhais found
in the so-called “Aporrhais lumps”™ in the upper part of the Mica Clay series
in Morsum Kliff on the island of Sylt. They are by WirTz (loc. cit.) referred
to A. pespelicani.
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Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde Forma-
tion, Gram Formation. North Germany: Holsteiner Gestein (v. KOENEN), Hemmoor-
Stufe (Kautsky), Reinbek-Stufe (ANDERSON), Glimmerton of Sylt, Lieth, Langenfelde,
Gihlitz, and Liineburg (v. KoeNEN). Holland: Middle (VooRTHUYSEN). Belgium: Boldé-
rien, Horizon de Houthalen, Anversien (GLIBERT).

Atlantic Region. Aquitanian Basin: Burdigalien, Helvetien (CossMANN & PEYROT:
Chenopus burdigalensis D’ORBIGNY, according to SORGENFREI).

Vienna Basin: “*Unterer Tegel und Sand”, “Tegel und Sand des Leythakalkes” (M.
HORNES: Chenopus pes pelecani PHIL.).
Poland: Miozin (FRIEDBERG).

FAMILIA: NATICIDAE FORBES 1838

Naticidae often occur in large numbers in most localities, but the great majority
of shells are those of juvenile individuals, a fact which mostly prevents a
determination as to species, as the characters of the shells which are used for
the distinction between the species have not yet been completely developed
on the young individuals.

In the Younger Miocene formations of Denmark only three species have been demon-
strated with certainty. A fourth Natica has previously been stated to have been found in
the clay pit of Gram Brickworks (may be the clay pit at Storlund, cf. the remarks on
REIMERS’s letter to FORCHHAMMER in Part I, p. 144 ff.). It was described by Ravn (1907,
p- 291) under the name of Natica Josephinia (Risso) and mentioned by RASMUSSEN (1956,
p. 60) under the name of Polynices submamillaris.

I now consider it to be doubtful that the specimen in question should have been found
at Gram. The chief reason is that REiMERS, Physicus in Gram, who submitted the specimen
to FORCHHAMMER together with some other molluscan shells from the Gram region, in
his letter concerning the forwarding (cf. Part I, p. 145) expressly stated that among the
species from which he submitted shells, he had more specimens in his collection. Later
REIMERS lent his whole collection to v. KoENEN, who used it during the working up of the
North German Miocene faunas and carefully stated REIMERS as collector at the mention
of a large number of species. Remarkably enough v. KoeNeEN did not mention shells of
the appearance stated as regards the specimen from Gram mentioned above. Indeed, this
species is so characteristic that it would necessarily have attracted both REIMERS’s and
v. KOENEN's attention.

In the above-mentioned letter REIMERS i.a. wrote that he sent the following Naticidae:
““Natica helicina BroccH. 12 specimens, Natica millepunctata Lam. 1 specimen, and
Natica spec. nova 2 specimens.”

By examining the material from Gram kept at the Mineralogical Museum I found all
the specimens of molluscs to be present which were mentioned in REIMERS's letter, with
the exception of the two shells which he termed ‘“Natica spec. nova™; but a specimen of
Natica was found in a box labelled *““Natica spec. Gram. Reimers 1862"" and with the
addition (presumably by O. MeorcH) “N. dilatata PHIL.?” Under this name M@RCH
mentions the specimen in his list of Danish Tertiary molluscs from 1874, and this is the
specimen which RAVN in 1907 referred to Natica Josephinia (R1sso).
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If the species in question had not been rarer than for REIMERS to spare a specimen
(or two ?) to FORCHHAMMER, it is remarkable that the species should not later have been
shown to occur in the large material of Naticidae which is now available from the Younger
Miocene formations of Denmark.

The specimen has been compared with shells of Natica hantoniensis (PILKINGTON)
from the Middle Oligocene fine-grained sand at Arhus. These shells are identical with
the material which P. HARDER used for his work of 1913 and which is found in the collec-
tion of D.G.U. There are so pronounced points of similarity between the shell stated to
have been found at Gram and the shells from Arhus that the “Gram shell” must be
referred to the Oligocene species. The callus on the adapical part of the labium varies in
shape and size on the specimens from Arhus. As a rule it is greatly spread over the deep
and sharply defined umbilicus, but in a single specimen the callus is of the same shape
and relative extension as on the specimen which is maintained to have been found at
Gram. All other characters: the low apex, the curved growth lines, the oblique spherical
shape and the appearance of the umbilicus are in agreement. GLIBERT (1957, p. 58) and
ANDERSON (1960b, p. 89) refer the species hantoniensis to the genus Sigatica.

In the specimen which was labelled “Gram” some dark, almost black, micaceous,
clayey quartz sand (fine-grained sand) was found, which sediment is unknown in the
Gram Formation.

For all these reasons it is probable that the shell which in 1956 was described by me
under the name of Polynices submamillaris, actually originates from Oligocene beds and
that the label accidentally has been exchanged by mistake. O. MorcH worked up mol-
luscs from the Middle Oligocene fine sand at Arhus and from the Upper Miocene Mica
Clay at the same time (1874). An exchange by mistake is therefore possible in connection
with these investigations and may explain the fact that this characteristic species was
labelled as found at Gram.

In the marine Younger Miocene of Denmark two genera have been shown
to occur: Polinices, the umbilicus of which is without a plug, but which, in
return, is contracted through a callus on the labium, and Natica, which has
a wide umbilicus with a plug.

The spelling Polinices (MONTFORT 1810) seems to have a priority to Polynices
(HERMANSEN 1847).

Genus: Polinices MONTFORT 1810
(Type: Nerita mamilla LINNE 1758)

Polinices catena (DA CosTA 1778)
Plate X, figs. 11-12
1956. Polynices (Lunatia) helicina (BRoccHI) — RAsMUSSEN, South Jutland, p. 58, PL. 1V,
f. 6a, b.
1958. Natica (Lunatia) catena (DA CoOSTA) — SORGENFREI, Middle Mioc., p. 185, Pl. 34,
f.117a, b.

Material. The main part of the Naticidae are listed in Tables 4-66 as Naticidae
indet. (see Part I, pp. 208-285). Only a few shells could be determined with
certainty.

8
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Hodde Clay.
Mide Brickworks. Northwestern clay pit: ?1 shell
- Eastern clay pit: 15 shells
Gram Clay.
Skerum Moglle. Clay pit: 9 shells
Alkersig. Clay pit: 2 shells
Karlsgarde Canal. Unknown locality: 1 shell
Hodde 113.33a 9.0-10.0 m.: ?1 shell
Esbjerg. Clay pit and beach: 8 shells
Made Brickworks. Eastern clay pit: 59 shells
Strandgard Brickworks. Clay pit: 1 shell
Ravning. Clay pit: 8 shells
Gram 141.277 5.30- 5.70 m.: 3 shells
- - 12.10-12.60 m.: 1 shell
- - 18.50-19.00 m.: 2 shells
- - 19.50-20.00 m.: 1 shell
- - 20.00-20.50 m.: 2 shells
Spandetgard. Clay pit: 2 shells
Tender 166.398 58.85-59.00 m.: 3 shells
Rends 167.236 140"-160" : 64 shells

Description. The shell has a relatively high apex. The protoconch is a flattened
cone, difficult to demarcate from the teleoconch. The whorls of the latter are
highly convex, smooth, with clearly visible, prosocline growth lines. On the
surface of the shell numerous extremely fine spiral lines can be dimly seen.
The aperture is semicircular. The labrum is sharp-edged. The inner lip extends
somewhat over the umbilicus.

Remarks. The species is very variable, for which reason a number of independ-
ent species and subspecies have been set up in the course of time.

The specimens from the Danish Gram Clay were previously referred to
P. helicina, which is often considered a subspecies of P. catena (see lists of
synonyms in the works cited above and in ANDERSON’s discussion of the catena
form cycle, 1960, pp. 84-86).

In the case of the North Sea Basin ANDERSON (/oc. cit.) suggests a division
into three subspecies with the following chronostratigraphical limitations:

P. achatensis (KONINCK 1838) : Lattorfien — Chattien.
P. helicina (BRoccHI 1814) : Chattien — Reinbek-Stufe.
P. johannae (MAYER-EYMAR 1895) : Hemmoor-Stufe — Sylt-Stufe.

These forms are, however, as also pointed out by ANDERSON, connected
by so many transitional forms that a clear distinction is not possible. The
question about the justification of setting up the subspecies must therefore
be left open until a careful investigation of the variations within the populations
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of the various basins has been carried out. It should, e.g., be stated that
P. helicina has been set up by BroccHI on the basis of specimens from the
Pliocene Piacenziano stage in Northern Italy, whereas in the North Sea Basin
it is only supposed to occur as far back in time as the Reinbek-Stufe and
early Miocene formations.

For the time being I therefore wish to refer the material from the Younger
Miocene formations in Denmark to P. catena.

As to the relation of this species to P. protracta see the remarks under the
mention of the latter species.

Distribution.

North Sea Basin. Oligocene. Denmark: Middle and Upper Oligocene (HARDER: Natica
Nysti). North Germany: Lattorf-Stufe, Chatt-Stufe (ANDERsON). Holland: Oligocene in
the Peel area (MOLENGRAAF & WATERSHOOT V. D. GRACHT: N. Nysti). Belgium: Tongrien,
Rupelien, Chattien (GLIBERT: N. achatensis). — Miocene. Denmark: Klintinghoved Clay
(SORGENFREI), Arnum Formation (SORGENFREI), Hodde Formation, Gram Formation.
North Germany: Vierland, Hemmoor, Reinbek, Langenfelde, Gram, and Sylt Stufe
(ANDERSON). Holland: ““Mittel Miozdn™ in the Peel area (MOLENGRAAF & WATERSHOOT
v. D. GRACHT). Belgium: Anversien (GLIBERT). — Plio-Pleistocene. Holland: Scaldisien
(HARMER). Belgium: Scaldisien (GLIBERT). England: Coralline Crag, Waltonian Crag,
Newbournian, Butleyan, Icean, Weybournian, Middle Glacial Sands (HARMER). — Recent.

Atlantic Region. Aquitanian Basin: (?) Burdigalien, (?) Helvetien, (?) Tortonien
(CossMANN & PevroT). Portugal: Tortonien (DorLrrus, CorTer & GOMES). — Recent:
From the coasts of Southern Norway to Gibraltar.

Mediterranean Basin. Oligocene. Italy: Tongriano (Sacco). — Miocene. Italy: Elveziano,
Tortoniano (SAcco). — Plio-Pleistocene. Italy: Piacenziano, (?) Astiano (SAacco), Monte
Mario (CeruLLl — IReLLI). France: Rhone Valley: Pliocéne (FONTANNES: Natica heli-
cina). Spain (Cataluna): Placenciense (ALMERA y BOFILL: Natica helicina). — Recem.
— South Germany (Bavaria): Burdigal (HoLzr). — Hungary: ““Miozdn — Mediterran™
(STRAUSZ).

Poland: Miozdan (FRIEDBERG: Natica helicina).

Polinices protracta (ExcHWALD 1830)
Plate X, figs. 6-9

1830. Neritina protracta — ElcHWALD, Naturh. Skizze, p. 218.

1853. Natica protracta — EICHWALD, Lethaea rossica, III, p. 255; Atlas (1859), PL 10,
f 43 b

1882. Natica Alderi ForBEs — v. KOENEN, Mioc. Nordd. I, p. 234, P1. V (IV), f. 11-14.

1907. Natica Alderi ForBes — RavN, Jylland, p. 292, PL. 111, f. 9.

1952. Polynices (Lunatia) varians f. protractus EICHWALD — GLIBERT, Mioc. Belg. 11, p. 71,
PL VL. £ 1.

1956. Polynices (Lunatia) alderi (FORBES) — RASMUSSEN, South Jutland, p. 59, Pl 1V,
f. 8a, b.

1960. Polinices (Lunatia) varians protracta (EICHWALD) — ANDERSON, Die Gastropoden, 2,
2, p. 86, PL. 2, f. 4-5.

1964. Polinices (Lunatia) varians protractus (EICHWALD) - ANDERSON, Reinbek-Stufe,
p- 228.

8x*
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Original diagnosis. Testa elongato-ovata, spira elongato-protracta, apertura
semicirculari, umbilico magno laterali; color fusco-rufus (EicHwALD 1830).

Material. Only safely determinable specimens are listed below.

Hodde Clay.
Leding 93.155 Unknown depth: 1 shell
Gram 141.277 29.50-30.00 m.: 1 shell

Gram Clay.
Sandfeldbjerg. Clay pit: 1 shell
Hauge. Clay pit (Glauconite Clay): 1 shell
Hjortvad 141.178 7.6 —10.2 m.: 4 shells
= - 10.2 -15.1 m.: 2 shells
Gram 141.277 5.30- 5.70 m.: 1 shell
- - 9.90-10.30 m.: 2 shells
- - 10.30-10.80 m.: 1 shell
Spandetgard. Clay pit: 4 shells
Sad 167.445  91.75-92.00 m.: 2 shells

- - 92.70-93.00 m.: 1 shell
- - 93.00-93.70 m.: 1 shell
- - 93.70-94.10 m.: 1 shell
- - 94.10-94.75 m.: 1 shell

Description. The shell varies from short, spherical to longer and slenderer
forms. The apex is comparatively high.

The protoconch is truncated conical, with a very small initial whorl, which
is slightly sinistral and on a level with the following whorl. The transition to
the teleoconch is indistinct.

The whorls of the teleoconch increase fairly quickly in diameter. Immediately
below the abapical suture there is a more or less distinct depression. The
growth lines are distinct, prosocline, on the first short part below the suture,
however, slightly prosocyrt, but they change direction at the passage across the
depression. The aperture is semicircular. The labrum is sharp. The inner lip
spreads adapically with a more or less extended callus over the umbilicus.
This abapical part appears as large and deep.

Variations. The species is very variable as regards the shape of the shell, as
is particularly apparent in the rich population found in the Mica Clay in
Morsum KIiff on Sylt. There one sees all possible transitions from forms with
relatively high spires to almost spherical specimens with very short apices.

Remarks. In the Gram Clay the slender form is rarely found. The commonest
form there is that pictured in RASMUSSEN (1956, Plate IV, fig. 8). A single
specimen of the slender type has been found in the lower Gram Clay at Hauge.
On the other hand, this form is common in Shell Bed I at Hoddemark (the
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Karlsgarde Canal), from where several specimens are available which com-
pletely correspond to GLIBERT’s picture of P. varians protracta. A single shell
is pictured in Plate X, figs. 6-7.

As pointed out by ANDERSON the feature most characteristic of the species
is probably the thickened labium, which adapically extends over the umbilicus
and sometimes only leaves rather a narrow aperture.

The species will often, as repeatedly stated in the literature, be difficult to
distinguish from P. catena. Apart from the above-mentioned conditions of
the inner lip, there is reason to mention the highly convex whorls of P. catena
and the directions of the growth lines on the adapical part of the whorls,
which on P. protracta to begin with are slightly prosocyrt before they become
prosocline. On P. catena they are prosocline immediately from the suture.

It is nearly always impossible to group juvenile shells unambiguously.

Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation, Gram Formation. North
Germany: Reinbek-Stufe, Langenfelde-Stufe, Gram-Stufe, and Sylt-Stufe (ANDERSON).
Belgium: Anversien (GLIBERT). — Plio-Pleistocene: England (HARMER: Natica exvarians
Sacco).

The Miocene of Eastern Europe (EICHWALD).

Genus: Natica ScopoLt 1777
(Type: Nerita vitellus LINNE 1758)

Natica koeneni SAcco 1891

1956. Polynices (Polynices) koeneni (SAcco) — RAsMuUsseN, South Jutland, p. 60, Pl. 1V,
f. Ta, b,
1960. Natica (Natica) koeneni SAccO — ANDERSON, Die Gastropoden 2, 2, p. 92, P1. 4, f. 2.

Material. Hodde Clay.

Gram 141.277 28.50-29.00 m.: 1 shell
Gram Clay.
Lille Spabzk. Lignite pit: 1 shell
Videbaek 84.1727 11.4 —12.4 m.: 1 shell
Sandfeldbjerg. Clay pit: 21 shell
Brande Brickworks. Clay pit: 3 shells
Leding 93.155 18 -19 m.: 1 shell
Hauge. Clay pit: 2 shells
Tending. Clay pit: 2 shells
Karlsgarde Canal. Unknown locality: 1 shell
Esbjerg. Clay pit and beach: 2 shells
Holleskov 132.46b 49 -11.2 m.: 1 shell
Gram 141.277 6.40— 6.90 m.: 1 shell

- - 7.30— 7.65 m.: 1 shell



Gram 141.277 9.50- 9.90 m.: 1 shell
- ~ 9.90-10.30 m.: 1 shell
= - 12.10-12.60 m.: 1 shell

- - 12.60-13.10 m.: 3 shells
= - 13.10-13.50 m.: 2 shells
- - 14.60-15.10 m.: 1 shell

- - 17.00-17.50 m.: 1 shell
- - 17.50-18.00 m.: 2 shells
Spandetgard. Clay pit: 2 shells
Sad 167.445  97.40-97.90 m.: 1 shell
Rends 167.236 140-160° ¥ 1 shell

Description. The shell is approximately as high as broad, with a comparatively
low apex and a relatively large body whorl.

The protoconch is small, very flat, conical, comprising 2-24 whorls, which
seem to be quite smooth. The initial whorl is orthostrophic.

The whorls of the teleoconch are fast increasing in diameter, convex, with
prosocline growth lines. The surface of the adapical part of the whorls is
disintegrated into numerous conformal grooves. Otherwise the whorls are
covered with numerous very fine and close-set, almost invisible spiral lines.
The aperture is semicircular. Labrum is sharp-edged. Labium abapically is
also sharp-edged, but forms a large plug over the umbilicus and adapically
forms rather an extended parietal callus over part of the body whorl. Various
bluish-coloured parts of some of the shells may be remnants of original
colouring.

Remarks. This is the species among the Naticidae in the Gram Clay which
is most easily recognized, as it is the only one of them which has an umbilical
plug. It also attains to the greatest size.

Measurements. The size of the present shells varies from about 1 mm. in the
greatest whorl diameter to 28.0 mm. in a specimen from the clay pit of Gram
Brickworks. This shell has a 27.0 mm. long axis and a 20.2 mm. long aperture.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Langenfelde-
Stufe, Gram-Stufe, and Sylt-Stufe (ANDERSON).

FAMILIA: CASSIDIDAE HERRMANNSEN 1845

Genus: Galeodea LINK 1807
(Type: Buccinum echinophora LINNE 1758)

Galeodea echinophora (LINNE 1758)
1956. Cassidaria echinophora (LINNE) — RASMUSSEN, South Jutland, p. 61, PL. V, f. 3.



Material. Gram Clay.
Skerum Molle. Clay pit:

Lillelund 73.88  49.5 -62.0 m.:
Gronbjerg. Clay pit:

Kodal-Fjaldene 84.1749  21.55-22.55 m.:
Videbak 84.1748 22.95-23.95 m.:

- 84.483 2.0 -10.8
- 84.525 6.2 — 9.0
Mogltrup Brickworks. Clay pit:

- 84.1509 4.6 —18.7
Gjedstrup 85.861 54.0
Vester Hogild 95.1510b 3.9 - 5.7
Drantum 104.1241  36.0 -40.0
Alkearsig Brickworks. Clay pit:

= 93.101 10.0
Forsum Brickworks. Clay pit:

Hauge. Clay pit:
Toending. Clay pit:
Esbjerg 130.59 76.5 -71.5

Esbjerg. Clay pit and beach:
Made Brickworks. Eastern clay pit:
Strandgard Brickworks. Clay pit:

Gording. Clay pit:
Holleskov
Ravning. Clay pit:
Sender Hygum.
Gram

132.46b 49 -11.2

141.261 13 -19
141.277

m.:
m.:

5233

2

m.:
6.90— 7.30 m.:

119

4 def. shells and 36 fragm. (4)
1 fragm. (1)
1 fragm. (1)
1 fragm. @)
?1 fragm. ()
4 fragm. (1)
11 fragm. (1
1 labrum (1)
4 fragm. (1)
1 fragm. (1)
1 apex and 4 fragm. (1)
?1 small fragm. (?1)
2 labra and 1 fragm. 3)
18 small fragments of 1 shell (1)
2 fragm. (1)
Basal parts of 4 shells, 1 apex, and

5 fragm. (5)
3 fragm. 2)
?1 fragm. (L)

2 compl. shells, 4 def. shells,
1 apex, 5 labra, and 50 fragm. (15)
10 apices, 1 labrum, 1 def. shell,

Spandetgard. Clay pit:

Brodersmark

Sad Custom-house 167.445

Rends

166.351b

167.236

7.30- 7.65 m.:
8.05— 8.50 m.:
16.00-16.50 m.:
17.00-17.50 m.:
17.50-18.00 m.:
19.50-20.00 m.:

22.6 -24 s
30 -31 m.:
92.70-93.00 m.:
94.10-94.75 m.:
95.40-96.20 m.:
96.75-97.40 m.:
97.90-98.60 m.:
98.60-99.05 m.:

140"-160"

and 51 fragm. (23)
1 compl. sh., 2 def. sh., 3 apex,

1 cast and 15 fragm. )
1 fragm. (1)
6 fragm. (1)
1 fragm. (1)
3 small parts of base of shells 3)
7 small fragm. (1)
?1 fragm. (?1)
1 small fragm. (1)
S fragm. (H
1 apex and 2 fragm. (€))
1 fragm. (1)
48 fragm. (1)
1 def. shell, 8 apices, 4 basal parts,

51 fragm. (17)
1 fragm. (1)
1 fragm. (1)
6 fragm. (1)
2 fragm. (1
?1 fragm. (1)
11 fragm. ()
1 fragm. (1)
4 fragm. (1)
12 fragm. (1)

Description. The shell is large, ovoid, with a somewhat variable apical angle
The protoconch of the present shells is worn.
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The oldest teleoconch whorls are convex, covered by narrow spiral bands
and thin spiral threads, which are gradually crossed by narrow collabral folds.
The younger whorls of the teleoconch are angular, as, approximately in the
middle, there is an edge or carina. Its location, however, is often a little shifted
adapically or abapically to the middle. The part adapically to the carina is
slightly concave, while the surface of the abapical part is parallel to the axis or
slopes a little abaxially. On the carina there is a number of more or less pointed,
somewhat distantly placed tubercles (14-17). The whorls are covered by flat,
broad or narrow spiral bands. A well-marked band is found on the carina where
it crosses the tubercles. On younger whorls of older shells this spiral band may
have been divided into two narrower ones. Adapically to the carina there are
4-6 spiral bands, between which there may be more spiral bands. Abapically
to the carina there are 3-4 spiral bands, which are often a little broader than
the adapical ones. On the last whorl there are spiral bands all over the surface
right out to the short, oblique spout which encloses the oblique and very
narrow siphonal canal.

Labrum is highly thickened and stands out as a broad bulge on which the
spiral bands project as clearly as on the rest of the surface of the shell. On the
inside of the labrum there are 17-18 short ridges, the uppermost (adapical)
one of which stands out as a more or less pointed tubercle. Labium is
mostly smooth and extends greatly over the base and forms a narrow pseu-
dumbilicus. Its edge is sharp. Adapically there are 3-4 parietal folds, the two
adapical ones of which are rather pronounced bulges.

The aperture is obliquely guttiform, tapering adapically and a little con-
stricted where the adapical one of the parietal folds and the adapical one of
the interior teeth of the labrum occur immediately opposite to each other.

Several of the present shells have varices, which have arisen where the
growth for some time has been at a standstill and a thickened labrum has
developed.

Distribution as mentioned in RASMUSSEN 1956, p. 63.

Genus: Phalium LINk 1807

Subgenus: Semicassis MOERCH 1852
(Type: Cassis japonica REEVE)

Phalium (Semicassis) miolaevigatum (Sacco 1890)

1956. Phalium (Semicassis) miolaevigatum (SAcco) — RASMUSSEN, South Jutland, p. 63,
PLV,f 4.
1964. Phalium (Semicassis) miolaevigatum (SACCO) — ANDERSON, Reinbek-Stufe, p. 231.
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Material. Gram Clay.

Brande Brickworks. Clay pit: 2 complete shells in concretions and
1 def. shell

Drantum 104.1241 46.0-50.0 m.: 1 small, juvenile shell

Esbjerg. Clay pit and beach: 1 def. shell

Strandgard Brickworks. Clay pit: 1 complete shell and 1 fragm.

Spandetgard. Clay pit: 5 complete shells, 6 def. shells and

10 fragments

Description. The shell is large, ovoid to globular, with a comparatively pointed
and low apex.

The protoconch is truncated conical, multispiral, comprising 3-4 smooth,
convex whorls, which rise comparatively high above the rest of the apex. The
initial whorl is small, slightly sinistral, on a level with the following whorl.

The old whorls of the teleoconch are flatly convex or almost flat, covered
by 8-9 very flat spiral bands separated by considerably narrower intervals.
The sutures are depressed. The body whorl is 3-4 times as high as the apex,
convex, mainly smooth. The adapical part has a slight depression in which
there are 1-2 depressed spiral lines. The adapical part is covered by numerous
distinct, comparatively broad spiral bands, separated by filamentous spiral
lines. Such lines are also seen as very weak, often almost obliterated, equidistant
lines all over the whole of the body whorl. Sometimes also some slightly
prominent spirals are seen.

Labrum is thickened and smooth. The inside is provided with 8-9 short
ridges. The adapical ridges are often somewhat weaker than the abapical ones
or are completely obliterated. Thus in the case of all ridges on some of the
shells. Labium is smooth, with a somewhat rough surface, extending adapically
over the last whorl. It is abapically detached from the last whorl by a narrow
pseudumbilicus. On the abapical part 3-4 irregular, but strong folds are seen.
Adapically there are 2-3 weaker parietal folds.

The aperture is rounded-off rectangular, tapering adapically. The siphonal
canal is short, greatly bent, surrounded by a short spout.

Remarks. As for the relation of this species to the recent Cassis saburon
BRUGUIERE, see RASMUSSEN 1956. Recent shells of the latter species in Coll.
NorDMANN (D.G.U.) from the Mediterranean show strong spiral grooves all
over the surface of the shell, furthermore numerous (18-22) ridges on the
inside of the labrum as well as numerous folds on the abapical part of the
inner lip. The same characters are found on a shell in the same collection
from Couches a Strombes (Pleistocene) at Tarento, Sicily.

Distribution as mentioned in RASMUSSEN 1956, p. 65.
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FAMILIA: FICIDAE

Genus: Ficus (BOLTEN) RODING 1798
(Type: Murex ficus LINNE 1758)

Ficus conditus (BRONGNIART 1823)

1956. Pyrula condita BRONGNIART — RASMUSSEN, South Jutland, p. 65, PL. 5, f. 5a, b.

Remarks. No further material of this species is available than the specimen
from Gram Brickworks which was described in 1956.

ORDO: NEOGASTROPODA
(= STENOGLOSSA)

FAMILIA: MURICIDAE FLEMING 1828

Genus: Murex LINNE 1758
(Type: Murex pecten MONTFORT 1810 = Murex tribulus LINNE 1758)

Murex spinicosta (BRONN 1831)

1831. Murex spinicosta — BRONN, Italiens Tert., p. 34.

1854. Murex spinicosta BRONN — BEYRICH, Conchylien, p. 209, PI. 14, f. 2.

1872. Murex spinicosta BRONN — v. KOENEN, Mioc. Nordd. I, p. 147.

1893. Murex spinicosta BRONN — ALMERA Y BoFriLL, Mol. fésiles, Muricidae, p. 38, Pl. 1,

£.7,8:

1944. Murex (Tubicauda) spinicosta BRONN — VOORTHYUSEN, Mioz. Gastrop., p. 63, Pl. 4,
f. 21-23.

1956. Murex cf. (Tubicauda) spinicosta BRONN — RAsSMUSSEN, South Jutland, p. 66, Pl. 5,
2%

1964. Murex (Tubicauda) spinicosta BRONN — ANDERSON, Reinbek-Stufe, p. 238, text-fig. 15.

Material. Gram Clay.

Brande Brickworks. Clay pit: 1 labium of a large shell and 1 frag-

ment of a juvenile shell
Drantum 104.1241 36.0 —40.0

.z 1 fragm. of a protoconch
Holleskov 132.46b 4.9 -11.2 m.: 1 fragm.
Seonder Hygum 141.260 12 -40 m.: 1 small, juvenile shell
Rodding 141.247 20 m.: 1 small, juvenile shell without apex
Gram 141.277 5.30— 5.70 m.: 6 fragm. of at least 3 shells

- - 5.70- 6.10 m.: 1 juvenile shell, 2 fragm. of 1 shell
- - 6.40— 6.90 m.: 1 def. juvenile shell

- - 7.30— 7.65 m.: 1 fragm.

- - 7.65— 8.05 m.: 1 fragm. of a protoconch

- - 8.05— 8.50 m.: 1 small fragm.

- - 8.50- 9.00 m.: 2 small fragm.

- - 9.00- 9.50 m.: 1 juvenile shell

- - 9.50- 9.90 m.: 1 small fragm.

- - 11.25-11.65 m.: 1 fragm.

- - 11.65-12.10 m.: 1 small fragm.

- - 13.50-14.00 m.: 2 fragm.

- - 15.10-15.55 m.: 1 small fragm. of a protoconch
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Gram 141.277 16.50-17.00 m.: 1 juvenile shell

- - 17.00-17.50 m.: 2 fragm. of a small shell

- - 18.00-18.50 m.: 1 juvenile shell and 1 fragm.
Brodersmark 166.351b 22.6 -24 m.: 1 protoconch

- - 26 =27 m.: | protoconch

- - 29 -30 m.: 1 protoconch

Sed 167.445 92.70-93.00 m.: 1 def. juvenile shell and 1 protoconch

- - 97.40-97.90 m.: 1 very def. juvenile shell

Remarks. There are still no shells of adult individuals of the present species
available from the Younger Miocene in Denmark; but in 1962 a fragment of
an adult shell was found in the clay pit of Brande Brickworks. It consists of
a labrum, which in two places is protracted into the spines characteristic of
the species, the adapical one of which must have been the longest. As the
fragment measures 22 mm. in its full extent, the original shell must have been
rather large.

From a number of localities juvenile shells are available, which all correspond
to the specimens from Gram Brickworks which were described in 1956.

In contrast to that time it must now be considered certain that -also the
juvenile shells belong to the present species.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Hemmoor-
Stufe (DiTTMER), Reinbek-Stufe (ANDERSON), Glimmerton at Breklum (STRuCk), Schmal-
feld (Struck), Lieth (GorrscHE & WiBeL), Langenfelde (v. KoeNEN), Elbtunnel (HORN),
and Liineburg (MULLER). Holland: Middle (VOORTHUYSEN).

Atlantic Region. France. Aquitanian Basin: Burdigalien, Helvetien, Tortonien (Coss-
MANN & PEYROT). Portugal: Miocéne (DA CosTA).

Mediterranean Basin. France. Rhone Valley: Pliocéne (FONTANNES). Italy: Piacenziano
(SAacco). Spain (Cataluna): Placenciense (ALMERA Y BOFILL).

Vienna Basin. Austria: “Unterer Tegel und Sand”, “Tegel und Sand des Leythakalkes”
(M. HORNES).
Hungary: ““Miozdn-Mediterran” (STRAUSZ).

Genus: Trophonopsis BucQuoy, DAUTZENBERG & DOLLFUS 1882
(Type: T. muricata (MONTAGU))

Trophonopsis semperi (v. KOENEN 1872)
Plate XV, figs. 5-6

1956. Trophon (Pagodula) vaginata (JAN) var. semperi V. KOENEN — RASMUSSEN, South
Jutland, p. 68, PL. V, f. 6.

1963. Trophonopsis (Pagodula) semperi semperi (v. KOENEN) — TEMBROCK, Muriciden,
ps 313, Pl 11, £ 35 PL 10 £ 3a; by PL. Vi, £.. 5.

1963. Trophonopsis (Pagodula) semperi angustevaricata (Gripp) — TEMBROCK, ibidem,
p- 314, PLLV, f. 6.
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Material. Gram Clay.

Kodal-Fjaldene 84.1749 17.55-18.55 m.: 1 fragment

Gjedstrup 85.861 55.00 m.: 1 small, almost complete shell
Odderup 103.150 14.5 -20.0 m.: I complete, juvenile shell
Hesselho 113.121 50.0 -56.0 m.: 1 small, defective shell

Maéade Brickworks. Eastern clay pit: 3 def. shells

Gram 141.277 11.65-12.10 m.: 1 small, complete shell
Brodersmark 166.351b 31 -32 m.: 1 small shell

Description. The shell is comparatively slender, fusiform.

The protoconch is paucispiral, consisting of 24 whorls. The initial whorl
is relatively large, vesicular. Its surface has a microsculpture which is seen at
25 times magnification: numerous fine parallel collabral threads pass highly
prosocline from suture to suture. At certain intervals there are connecting
threads at right angles to the prosocline set, at a first glance arranged in a
way as if numerous opisthocline threads form a regular network together with
the first set. At 150 times magnification it is, however, clearly seen that the
connecting threads are shifted rather considerably in relation to each other.
If the protoconch should be turned about 90° in relation to the axis of the
shell, a beautifully regular pattern looking like brickwork would appear. All
the threads are extremely fine. The other whorls of the protoconch are com-
pletely smooth and highly convex. On the youngest whorls there is a spiral
thread at some distance above the abapical suture. The sutures are deep-set.

The whorls of the teleoconch are angular, with a carina provided with a
ring of greatly projecting spines. Immediately at the transition from the
protoconch there is a prominent, narrow, collabral rib, which curves sigmoid-
ally. The following collabral ribs soon become more laminate and, already
after traversing the first one whorl and a half, extend leaflike over part of the
surface of the whorl. It seems as if the growth of the shell has been stopped
for a short time after the formation of each lamella. Simultaneously with the
formation of these lamellaec a strong spine develops in the middle of each
lamella. These spines are slightly bent in an adapical direction. Their number
is 11-12 on the shell from Gram pictured in RASMUSSEN 1956, Plate V, fig. 6.
On a larger shell from Made only 8-9. On the younger parts of older adult
shells the whorls have a highly angular relief, the row of spines having been
shifted to the middle of each whorl, whereas both the adapical and the abapical
part are lowered by approximately 45° adaxially. While the adapical part of
the whorls is nearly smooth or only has a rough, undulate surface, there are
on the abapical part 2-4 spiral folds. These are rather irregular and often
indistinct. On a larger, but defective shell from Made they are almost obliter-
ated, whereas in the above-mentioned specimen from Gram they are well
developed and even provided with small spines.

The aperture is a rounded-off oval. Labrum has been broken off the present
shells. The labium is simple, smooth, well demarcated from the surface of the
base. The siphonal canal is narrow, long, and straight.
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Remarks. The relation of this species to the recent 7. vaginata (JAN) is not
definitively clarified. According to v. KOENEN (1872, p. 151) 7. semperi is more
slender. Furthermore, the spines are not directed so obliquely adapically. The
lamellae are more slightly developed, and on the last whorl there are abapically
to the carina 2-3 flat, rounded-off spiral bands, which rise somewhat on the
lamellae and furthermore are partly visible on the old whorls of the teleoconch.
v. KOENEN also mentioned the differences of the species from 7. squamulatus
(Brocchl) and 7. pauwelsii (DE KONINCK).

Latest M. L. TEMBROCK has thoroughly investigated the Trophonopsis species
in the Middle and Upper Oligocene formations and adduced material from
the Upper Miocene at Liineburg in her investigations. TEMBROCK divides
T. semperi into two subspecies: (1) 7. (Pagodula) semperi semperi (v. KOENEN)
with 2-3 spiral bands abapically to the carina of the last whorl, and (2) 7. (P.)
semperi angustevaricata (GRIPP) with 4 more close-set spirals on this side of
the shell. Both subspecies are represented in the Liineburg material, and
TeMBROCK pictures a shell of each of the subspecies from this locality. Both
types are represented in the material from the Danish Gram Formation, but
[ prefer not to let a spiral band more or less be decisive of a division into
sub-species.

Measurements. The pictured shell from Odderup measures:

Length of the axis of the shell: 2.7 mm., diameter: 1.4 mm., height of the
last whorl (including the canal): 2.0 mm., length of the aperture: 0.8 mm.,
length of the protoconch: 0.6 mm., diameter of the protoconch: 0.6 mm.,
length of the canal: 1.1 mm.

Distribution.

North Sea Basin. Oligocene. Germany: Ober-Oligozdn (TEMBROCK) — Miocene. Den-
mark: Gram Formation. North Germany: Oberoligozidn, Vierlandschichten, Hemmoor-
Stufe, Obermiozidn (TemMBROCK). Belgium: Anversien (GLIBERT).

Genus: Lyrotyphis JOUSSEAUME 1880
(Type: Murex cuniculosus NysT 1845)

Lyrotyphis sejunctus (SEMPER 1861)

1861. Tiphys sejunctus — SEMPER, Pal. Unters., p. 116.

1956. Typhis (Cyphonochelus) fistulosus (BRoccHI) — RASMUSSEN, South Jutland, p. 69,
Pl. VL, £ 13, B:

1958. Typhis fistulosus (BRoCCHI) — SORGENFREI, Middle Mioc., p. 204, Pl. 43, f. 138.

1963. Lyrotyphis (Eotyphis) sejunctus priscus (RutoT) — TEMBROCK, Muriciden, p. 325,
PL. VII, £. 6,73 PL VIIL £ 3, 4; PL.IX; £ Ta, b; 8; PL X, f. 8.

1964. Lyrotyphis (Eotyphis) sejunctus priscus (RUTOT) — ANDERSON, Reinbek-Stufe, p. 242,
Pl. 20, f. 176, 176a.
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Material. Hodde Clay.
Méde Brickworks. Eastern clay pit:

Gram 141.277  30.50-30.95 m.:
- - 31.35-31.65 m.:
- - 33.40-33.80 m.:
- - 33.80-34.25 m.:
- - 35.30-35.70 m.:

Gram Clay.

Kodal-Fjaldene 84.1749 15.55-16.55 m.:
- - 17.55-18.55 m.:
- - 22.55-23.55 m.:

Videbxk 84.1748 23.95-24.95 m.:
- 84.358 1.2 =151 m.:
- 84.1727 11.4 -12.4 m.:

Moltrup Brickworks. Clay pit:

Lille Torup 85.379 16.8 -20.0 m.:

Tvermose 85.381 21.0 -25.0 m.:

Gjedstrup 85.861 58.0

Brande Brickworks. Clay pit:

Drantum 104.1241  36.0 -40.0 m.:
- - 40.0 —44.0 m.:
- - 46.0 -50.0 m.:

Hjortsballe 105.320 34 - 82 m.:

Odderup 103.150 14.5 -20.0 m.:

Hesselho 113.121 44.0 -50.0 m.:
- - 50.0 -56.0 m.:

Hauge Clay pit:

Esbjerg 130.59 76.5 -77.5 m.:

- Clay pit and beach:
Made Brickworks. Eastern clay pit:

141.244
132.46b

15.0
4.9

Tiset

Holleskov
Ravning. Clay pit:
Sender Hygum 141.260 12
- 141.261 13

141.277

3.70~
6.90—

7.30—
8.50-
- 9.00-
= = 9.50—

-43.5 m.:

-11.2

-40 111 0
-19 m.:

20 m.!
5.30- 5.70 m.:

2

e

6.10 m.:
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Gram 141.277 12.10-12.60 m.: 1 small fragm. (1)
- - 14.00-14.60 m.: 1 def. shell and | protoconch 2)
- - 15.10-15.55 m.: I def. shell (1)
- - 15.55-16.00 m.: 1 juvenile shell and 1 fragm. 2)
- - 16.00-16.50 m.: 3 almost complete and 2 def. shells (5)
- - 16.50-17.00 m.: 2 def. shells and 1 fragm. (2)
= = 17.50-18.00 m.: 4 def. shells (4)
- - 18.00-18.50 m.: 1 def. shell (1)
- = 19.00-19.50 m.: 2 def. shells 2)

Spandetgard. Clay pit: 6 complete and 5 def. sh. (11)

Tender 166.398 37 3912 1 fragm. (1)
- = 58.85-59.00 m.: 1 def. shell (1)

Brodersmark 166.351b 22.6 -24 m. 7 shells (7)
- - 24 25 m.: 1 def. shell (1)
- - 25 -26 m.: 1 complete and 2 def. shells,

1 protoconch (4)
- - 27 -28 m.: 1 juvenile shell (1)
- - 28 -29 m.: 1 juvenile shell (1)
- - 30 -31 m.: 3 small shells (3)
- - 31 =32 m.: 2 fragm. (1)

Sa@d Custom-house 167.445 93.00-93.70 m.: 1 complete and 1 def. shell, 3 fragm. (2)
- - 93.70-94.10 m.: 1 protoconch (1)
- - 94.10-94.75 m.: 1 protoconch and 4 fragm. (1)
- s 94.75-95.00 m.: 1 complete, juvenile shell and

3 fragm. (3)
- - 95.90-96.20 m.: 1 compl. shell (1)
- - 96.20-96.75 m.: 1 compl., juvenile shell (1)
- - 96.75-97.40 m.: 2 def. shells 2)
- = 97.40-97.90 m.: 6 fragm. (1)
- - 94.00-97.70 m.: 1 complete juvenile shell, 1 def.

shell, 1 apex, and 1 fragm. (3)
- — 97.90-98.60 m.: 1 def. shell and 1 fragm. (1)
- = 98.60-99.05 m.: 1 compl. juvenile shell, 2 def.

shells, and 1 fragm. (3)
- - 99.05-99.55 m.: 1 fragm. (1

Rends 167.236 140—160’ ¢ 4 complete and 9 def. shells,

2 fragm. (14)

Description. The shell is rather small, subfusiform — fusiform.

The protoconch is pointed conical, multispiral, comprising about four
smooth whorls. The initial whorl is small, vesicular. The other whorls are
convex, somewhat more convex on the abapical part. Close to the abapical
suture there fairly soon appears a spiral thread, which is not seen on the whorls
of the teleoconch. On the transition from protoconch to teleoconch a highly
curved leaflike collabral rib is observed on a few shells.

The whorls of the teleoconch are convex, smooth, and provided with a
strong collabral sculpture, which consists of riblike broad, rounded-off folds
of the surface of the shell formed like flat tubes. These folds are grouped in
four groups with two folds in each. One of the folds is more or less prosocyrt
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and without an opening, the other more or less opisthocyrt and ending in an
open projecting tube. The two folds meet at some distance below the adapical
suture, which gives the shell an impression of being provided with an edge
in this place. Abapically the folds pass undiminished down to the abapical
suture and are there comparatively distant from each other. As a consequence
of the presence of the folds the sutures are somewhat irregularly wavy. They
are a little oblique in relation to the axis of the shell. The tubes point obliquely
adapically, sometimes they are a little turned. The folds on the last whorl
continue beyond the ramp and only stop at the neck of the canal.

The aperture is oval, a little protracted in the abapical direction. Labrum
is sharp-edged. Labium is smooth, only a little extended, placed as a thin
well-defined layer (callus) covering a small part of the surface of the base.
The siphonal canal is rather short, narrow, oblique, sometimes completely
surrounded by the neck of the canal, so that it forms a closed tube.

Remarks. The systematic conditions within the subfamily Typhinae have re-
cently been investigated by PAUL VELLA (1961), who arranges it in six groups
on the basis of the types of varix.

Out of these groups the Siphonochelus group is represented in the Younger
Miocene of Denmark. According to VELLA the group is characterized by
having “varices broadly rounded, fold-like, typically without spines, curving
back at the top to coalesce with the tubes.” It includes the following genera:

Siphonochelus: 4.2 growth steps per whorl (JousseAUME 1880).
Lyrotyphis 5 - - - = - -
Semityphis 3 B -  — =  (MARTIN 1931).

VELLA refers i.a. L. fistulosus (BROCCHI) to Siphonochelus and L. cuniculosus
(NysT) and L. schlotheimi (BEYRICH) to Lyrotyphis.

Still later MARIA Luise TEMBROCK (1963) has investigated Typhinae from
the Oligocene formations of Germany as well as material from the Upper
Miocene at Liineburg. She refers L. fistulosus, L. cuniculosus, and L. schlotheimi
= L. sejunctus to the genus Lyrotyphis, but divides this into two subgenera:
Lyrotyphis s.s. and a new subgenus: Eotyphis. The latter, as distinct from the
former, is characterized by having a lengthy, more slender protoconch, by
only having a single leaflike collabral rib at the transition from the protoconch
to the teleoconch, by usually having only 4-41 tubes on the whorls of the
teleoconch, etc.

TEMBROCK considers L. sejunctus to be different from L. fistulosus because
the latter seems to have fewer whorls (21-3% instead of 4-51) on the protoconch
and to be more slender.

L. sejunctus is by TEMBROCK subdivided into two subspecies: L. sejunctus
priscus (Rutot 1876) and L. sejunctus sejunctus (SEMPER 1861). The former
differs from the latter in the shapes of the protoconch and the tubes, the



129

protoconch having equally broad and lower whorls, just as the tubes are
narrower.

However, it seems doubtful to me whether L. fistulosus and L. sejunctus
should be two species, as the size of the protoconch, which seems to be the
main argument in favour of their separation, can very well be different in the
same species under different ecological conditions (cf. THORSEN 1946). The
other differences stated to be present are indistinct and variable. I wish to
refer the shells from the Younger Miocene clay series in Denmark to L. sejunctus
on the ground that at any rate they seem identical with SEMPER’s species.
Presumably the identification also applies to L. fistulosus from the Mediter-
ranean Pliocene, as previously assumed, but the certainty in this case is less
evident as long as the problem has not been investigated as regards variation
statistics of various populations from the Tertiary beds of the Mediterranean
area and the North Sea Basin.

Distribution.

North Sea Basin. Eocene. Germany: Latdorf-Stufe (TEMBROCK). — Oligocene. Denmark:
Middle and Upper Oligocene (RAVN: Tiphys schlotheimi). Germany: Mitteloligozin,
Oberoligozin (TEMBROCK). Belgium: Tongrien, Rupelien (GLIBERT: T. fistulosus schlot-
heimi). — Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde Formation, Gram
Formation. North Germany: Vierland-Stufe, Hemmoor-Stufe, Reinbek-Stufe, Ober-
miozdn (TemBrock). Holland: Middle, Upper (VOORTHUYSEN). Belgium: Anversien
(GLIBERT).

FAMILIA: BUCCINIDAE

Genus: Liomesus STIMPSON 1865
(Type: L. dalei (SOWERBY))

Liomesus ventrosus (BEYRICH 1856)

1956. Liomesus ventrosus (BEYRICH) — RASMUSSEN, South Jutland, p. 70, Pl. VI, f. 2.

Material. Gram Clay.

Skarum Molle. Clay pit: 1 defective shell on cast of concretionary clay.
Karlsgiarde Canal. Unknown locality: 1 weathered apex of a shell.

Esbjerg. Clay pit and beach: 2 def. shells and 1 cast.

Strandgard Brickworks. Clay pit: 1 def. shell and 1 fragment.

Description. The shell is large, ovoid — subfusiform, with rather a large body
whorl.

The protoconch has not been preserved on the present material.

The whorls of the teleoconch are convex, covered by comparatively close-
set, rather broad spiral bands (6-10), between which narrower spiral bands
or threads are often intercalated. The sutures are deep-set. The growth lines
are opisthocyrt. The last whorl is large, distended. The labrum is smooth,

9
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rather sharp-edged. The inner lip is spreading adapically on the last whorl
with a thin callus, abapically forming an erect edge separated from the body
whorl by a slight pseudumbilicus. On the boundary to the siphonal canal
there is a fold. The aperture is rounded-off quadrangular, abapically passing
into a short, broad and oblique canal.

Variations. The shells available show variations in the strength of the spiral
sculpture and the shape of the shell, there being shells which are short and
broad with a highly convex body whorl and shells which are more slender
and more subfusiform.

Remarks. Otherwise reference is made to my previous mention of the species
and the literature cited there.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Glimmerton
at Morsum KIiff, Sylt (BEyricH, HINSCH).

Genus: Sipho BRUGUIERE 1792
(Type: S. gracilis (DA CosTA))

Sipho distinctus (BEYRICH 1856)

1956. Sipho (Sipho) distinctus (BEYRICH) — RASMUSSEN, South Jutland, p. 71, Pl. VI, f. 3a, b.
1958. Sipho distinctus (BEYRICH) — HINSCH, Maade, p. 471.
1958. Sipho distinctus (BEYRICH) — RASMUSSEN, S&d, p. 10, PL I, f. 6.

Material. Gram Clay.

Skerum Mglle. Clay pit: 5 def. sh. and 1 fragm. (&)
Vinding 74.329 76 mes 3 fragm. 1)
Lille Spab=k. Lignite pit: 1 def. sh. and 1 apex 2)
Greonbjerg. Clay pit: 1 def. shell (1)
Fjaldene 84.238 1.0 -15.0 m.: ?2 fragm. (1)
Muldbjerg 83.1006 8.0 — 9.0 m.: 1 apex and 7 fragm. (1)
Kodal-Fjaldene 84.1749 14.55-15.55 m.: 5 fragm. (1)
Videbaxk 84.1748 16.95-17.95 m.: 1 protoconch (1)
- - 23.95-24.95 m.: 2 fragm. (1)
- 84.358 7.2 131 m.: 1 fragm. (1)
= 84.456 2.2 -15.00 m 1 apex and 12 fragm. (1)
- 84.492 5.1 -15.5 m.: 6 fragm. (1)
— 84.1727 114 -12.4 m.: 1 small fragm. (1)
Moltrup Brickworks. Clay pit: 1 apex (1)
Gjellerup 85.380 13 20 m.: 1 fragm. (1)
Snejbjerg 85.775 22.25-23.25 m.: 1 fragm. (1)
Sandfeldbjerg. Clay pit: 1 almost compl. sh. and 2 def. sh. (3)

Brande Brickworks. Clay pit: 1 juvenile sh., 2 def. sh., 3 fragm. (5)



Drantum 104.1241 36.0 —-40.0 m.:
- - 46.0 -50.0 m.:

Alkersig. Clay pit:

Forsum. Clay pit:

Odderup 103.150 14.5 -20.0 m.:
Harkes. Clay pit:

Hesselho 113.121 50.0 -56.0

= - 56.0 -65.0 m.:

Hauge. Clay pit
Tonding. Clay pit:

Hoddemark. Karlsgarde Canal:

- - Unknown loc.:

Esbjerg. Clay pit and beach:
Made Brickworks. Eastern clay pit:
Strandgard Brickworks. Clay pit:

Holleskov 132.46b 49 -11.2 m.:

Ravning. Clay pit:

Hjortvad 141.178  20.1 -23.1 m.:
Hygum 141.260 12 40 m.:
- 141.261 13 -19 m.:
- - 20 m.:
Gram 141.277 6.10— 6.40 m.:
- = 6.40— 6.90 m.:
- == 9.00- 9.50 m.:
- - 9.50- 9.90 m.:
- - 11.65-12.10 m.:
- - 12.10-12.60 m.:

- - 13.10-13.50 m.:
- - 14.00-14.60 m.:
- - 14.60—-15.60 m.:
- - 15.10-15.55 m.;
- - 17.00-17.50 m.:
- - 17.50-18.00 m.:
- - 18.50-19.00 m.:
- - 19.00-19.50 m.:

Spandetgard. Clay pit:

Tender 166.398 45 m.:
- - 58.85-59.00 m.:
Brodersmark 166.351b 26 -27 m.:
- - 27 -28 Tt 3
S@d Custom-house 167.445 93.00-93.70 m.:
- - 93.70-94.10 m.:
- - 94.10-94.75 m.:
- - 94.75-95.50 m.:
- - 95.90-96.20 m.:
- - 94.00-97.70 m.:

Rends 167.236 140"-160’

2

1 shell (1)
2 apices and 3 fragm. 2)
1 almost complete sh., 11 def. sh.,

and 1 apex (13)
1 fragm. (1)
1 fragm. (1)
3 def. sh. and 3 fragm. 3)
I fragm. (1)
1 def. sh. (1)
4 almost compl. sh. and 12 def. sh.,
and 4 fragm. (16)
1 almost compl. sh., 2 def. sh., and

1 fragm. 4)
4 def. sh. 4)
1 def. sh. (1
377 more or less def. shells (377)
282 more or less def. shells (282)
58 more or less def. shells (58)
1 def. shell and 1 fragm. (1)
12 almost compl. shells 12)
1 fragm. (1)
1 def. shell (1)
1 def. sh. and 1 fragm. 2)
3 fragm. 2)
Base of 1 sh. and 3 fragm. 2)
1 def. protoconch and 2 fragm. (2)
1 fragm. (1)
1 protoconch and 1 fragm. (1)
I fragm. (1)
2 fragm. of 1 protoconch and

1 fragm. of 1 shell (1)
1 fragm. (1)
3 fragm. (1)
1 fragm. (1)
1 fragm. (1)
1 def. sh. and 1 fragm. (n
?1 fragm. of 1 protoconch 1)
1 def. sh. and 2 fragm. (1)
6 fragm. (1)
75 more or less def. shells (75)
1 fragm. ()
1 fragm. (1)
1 def. sh., 1 apex, and 1 fr. (2)
1 def. shell (1)
1 def. apex and 14 fr. (1)
3 fi QY]
1 fr. ()
1 fr. (€)]
4 fr. (1)
1 fr. eV
2 fr, (1)

131
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Description. The shell is large, more or less slender, fusiform.

The protoconch is small, obtuse, comprising about 24 convex whorls. The
initial whorl is very small, smooth, slightly sinistral. The medial whorl is
smooth, convex. The terminal whorl has two strong spiral threads abapically
to the middle.

The whorls of the teleoconch are first subangular, with one, later two and
three slighter spiral threads besides the two strong ones. Finally there is aba-
pically to the two original spiral threads a slighter thread situated a little
above the abapical suture. A slight spiral thread is often found between the
two strongest ones and gradually there appear slighter threads of the third or
fourth order between the others, so that the whole whorl is covered by spiral
threads with somewhat irregular distances. Simultaneously the whorls become
flatly convex, sometimes almost quite flat. The whole of the body whorl is
covered by spiral threads or bands right out to the end of the rather long
neck of the canal. The strength of these spiral threads is also variable. The
shell is completely without any collabral sculpture. The growth lines are
flattened opisthocyrt. The sutures are moderately depressed.

Labrum is mostly broken off the shells found in the Gram Clay, but
seems to have been sharp-edged. Labium is smooth, fairly demarcated from
the surface of the base. The aperture is lengthily oval, abapically rather
evenly into the rather long, somewhat oblique siphonal canal.

Variations. The spiral sculpture varies in strength, both as regards the inter-
relations between the spiral threads and bands and as regards relations between
all of them. Furthermore, the shells vary with regard to slenderness. The
population from Gram is comparatively slender-shelled, while among the
shells from Méde Brickworks there may be some comparatively short and
broad ones with a somewhat larger apical angle. Unfortunately the material
from Made was collected without regard to horizon, for which reason it is
not possible to decide with certainty whether the broader and shorter type
has been collected in the lower part of the Gram Clay.

Remarks. This species was presumably by PHiLiPPI (1846) originally included
in the variation range of his Fusus gregarius. BEYRICH segregated Fusus distinctus
as a particular species, but according to the latter author both forms occurred
in the Mica Clay at Liineburg and Giihlitz.

The difference between the two forms appears most clearly from BEYRICH's
pictures (Plate 20, figs. 7-10): S. gregarius has 5-6 spiral bands evenly distributed
on the older whorls of the teleoconch, while S. distinctus has two especially
prominent spiral bands on the abapical half of the older whorls of the teleoconch
besides slighter spiral threads or bands on both sides of the two strong ones.

It has not been possible to arrange the material from the easternmost clay
pit of Made Brickworks in two distinct groups corresponding to S. gregarius
and S. distinctus. Very few shells have been found with the protoconch pre-
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served, and they have all two spiral threads on the youngest whorl of the
protoconch.

HinscH (1958) is of the opinion that nine shells of Sipho found by him in
the older parts of the Gram Clay at Made should be referred to S. gregarius,
because these shells have an apical angle at an average of 36.7° at a diameter
of the whorl of 10 mm. as against the shells from the younger parts of the
Gram Clay, in which the corresponding value is 27.9°. The measurements,
however, have only been made on 4 and 7 specimens, respectively, which is
hardly sufficient to decide whether there are two different species.

If future investigations should show that the two species ought to be merged,
PHILIPPI’S specific name must have the priority to that of BEYRICH. As long as
this has not been decided, and as I have not been able to demonstrate sure
specimens of the type gregarius in my material, I shall retain the name of
distinctus as designation of the species of Sipho occurring in the Gram Clay
in Denmark.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Langenfelde-
Stufe, Gram-Stufe (HinscH). — Pliocene. North Germany: Limonite Sandstone, Morsum
Kliff, Sylt (Gripp).

FAMILIA: NASSARIIDAE

Genus: Hinia LEACH in GRAY 1847
(Type: Buccinum reticulatum LINNE 1758)

Hinia bocholtensis (BEYRICH 1854)
Plate XI, figs. 4 and 8

1956. Nassa (Telasco) bocholtensis (BEYRICH) — RASMUSSEN, South Jutland, p. 72, Pl. VI,
f. 5a, b.

1958. Nassa bocholtense (BEYRICH) — SORGENFREI, Middle Mioc., p. 213.

1962. Nassa bocholtensis BEyRriCH, figure only — HinscH, Twistringen, PI. 28, f. 7 (pp. 310-
311).

1964. Hinia (Hinia) bocholtensis (BEYRICH) — ANDERSON, Reinbek-Stufe, p. 255, Pl. 24,
f. 191.

Material. Hodde Clay.

Leding 93.155 Sce under H. fuchsi

Grode. Karlsgarde Canal: 2 shells 2)
Hodde 113.33a  18.5 -18.9 m.: 1 fragment (1)
Made. Eastern clay pit. North wall: 2 compl. sh., 4 def. sh. (6)

Gram Clay.

Brejning Kro 83.197 42 -45 m.: 1 fr. (1)
Kodal-Fjaldene 84.1749 15.55-16.55 m.: 1 def. sh. (1)
Brande Brickworks. Clay pit: 1 def. sh., 2 apices, and 1 fragm.  (3)
Drantum 104.1241  36.0 —40.0 m.: 1 def. sh. and 3 fr. (2)

Alkarsig. Clay pit: 2 def. sh. ()
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102.55

Lonborg

Forsum Brickworks. Clay pit:

Odderup 103.150
Harkes. Clay pit:

Hesselho 113.121
Hauge. Clay pit:

Esbjerg 130.59

Esbjerg. Clay pit and beach:

6.3 — 7.3 m.:
9.3 -10.3 m.:

14.5 -20.0 m.:

44.0 -50.0 m.:
50.0 -56.0 m.:

73.8 -74.5 m.:

Made Brickworks. Eastern clay pit:

Holleskov 132.46b
Ravning. Clay pit:

Lintrup 132.140
Sender Hygum 141.260
-~ 141.261
Redding 141.76
Gram 141.277

Spandetgard. Clay pit:
Tonder 166.398
Brodersmark 166.351b

S@d Custom-house 167.445

167.236

49 -11.2 m.:

3.25= 3.75

m
12 40 m.:
m

13 -19

20 m.:
28.35-37.15 m.:
5.30— 5.70 m.:
5.70- 6.10 m.:
6.40— 6.90 m.:
6.90— 7.30 m.:
7.30— 7.65 m.:
7.65— 8.05 m.:
8.05— 8.50 m.:
9.90-10.30 m.:
10.80-11.25 m.:
11.25-11.65 m.:
14.00-14.60 m.:
17.00-17.50 m.:
20.50-21.00 m.:

22.6 -24
24 25
25 -26
26 -27
28 -29
29 -30
31 -32

92.00-92.25 m.:
92.25-92.70 m.:
93.00-93.70 m.:
96.20-96.75 m.:
96.75-97.40 m.:
97.40-97.90 m.:
94.00-97.70 m.:
97.90-98.60 m.:
98.60-99.05 m.:

140"-160"

53333333

22 fr.

1 fr.

1 almost compl. sh.

1 def. sh. and 7 fr.

2 almost compl. sh.

1 def. sh.

4 def. sh.

1 def. sh.

1 def. sh.

3 compl. sh. and 2 def. sh.
4 compl. sh., 8 def. sh., and
2 fragm.

2 def. sh.

1 fr.

I fr.

1 fr.

2 almost compl. sh. and 9 fr.

1 apex and 1 fr.

1 def. sh.

6 fr.

1 def. sh. and 7 fr.
1 def. sh. and 1 fr.
3 def. sh. and 8 fr.
Tt

1 def. sh. and 6 fr.
1 def. sh. and 4 fr.
2. fr.

1 fr.

1 fx.

1 ft.

2 fr.

2 def. sh. and 3 fr.

10 compl. sh., 13 def. sh., and 3 fr.

2 fr.

2 def. sh.

1 fr.

2 def. sh.

4 def. sh. and 1 fr.

2 apex-fragm. and 1 other fragm.

1 protoconch and 2 def. sh.
1 fr. of 1 protoconch
2T i

29 fr.

6 fr.

31r,

I fr.

3%

1 def. sh. and 4 fr.

1 compl. sh. and 3 fr.
1 def. sh. and 1 fr.

1 def. sh. and 3 fr.

(1)
(D
(3)
(1)
(2)
(1)
(4)
(1)
(1)
(%)

(12)
()
(M
(1)
@)
(4)
(1)
(1)
(1)
3)
(1
3)
(1)
(1)
(2
(1)
()
(1
(1
(1)
(2)

(25)
()
2
(D
(2)
(5)
(2)
3)
(D

(?2)

(?1)
()
(1)
(1)
(1)
(1)
2
(1
(3)
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Description. The shell is relatively small, subfusiform.

The protoconch is conical, paucispiral, comprising three smooth whorls
rapidly increasing in diameter. The initial whorl is very small, slightly sinistral.
The other whorls are rather greatly convex.

The whorls of the teleoconch are subangular, adapically with a narrow,
abaxially sloping part against an edge or shoulder, the situation of which is
immediately abapically to the suture. The part abapically to the edge is flat,
provided with 5-7 rather broad, flat spiral bands separated by narrow grooves.
The interval between the spiral band on the edge and the abapically following
band is a little broader than that between the others.

Collabral narrow ribs, which especially are highly prominent on the part
abapically to the edge, narrow, with broad intervals. Number: 12-15. The
spiral bands pass over the collabral ribs. On the edge short, projecting, often
pointed tubercles are formed in this way.

The spiral sculpture is furthermore undiminished all over the last whorl,
including the ramp and the neck of the canal. The number of spiral bands on
this part of the shell is 12-16.

The aperture is oval, tapering adapically. The siphonal canal is short,
oblique. The labrum is thickened, interiorly with 11-12 short ridges parallel
to the spiral bands. The inner lip is smooth, with a somewhat rough surface,
demarcated towards the base by a prominent edge.

Remarks. Juvenile shells of H. bocholtensis will sometimes be difficult to
distinguish from H. fuchsi, as the spiral bands — or rather the separating spiral
grooves — may be so indistinct on the oldest part of the former species that
there will be similarity to H. fuchsi (cf, remarks in HINSCH, op. cit., legend
on p. 310).

SORGENEREI (op. cit.) is of the opinion that Nassa vulgatissima (MAYER),
described in CossMANN & PEYROT, 1925, p. 115, pictured Plate II, figs. 65-67,
69-71, is identical with H. bocholtensis.

Measurements. Eight shells from the clay pit of Gram Brickworks have the
following measurements:

Length Greatest diameter Length Protoconch

of shell: of shell: of aperture: Maximum diameter: Length:
(1) 9.5 mm. 4.4 mm. 4.4 mm. 1.3 mm. 0.9 mm.
(2) 6.8 - 3.4 - 3.2 - 1.3 - 1.2 -
3) 6.7 - 3.7 - 3.0 - 1.4 - 0.9 -
4) 72 - 3.6 - 3.2 - 1.2 - 09 -
(5) 9.7 - 48 - 43 - 1.3 - 1.0 -
(6) 10.8 — 53 - 4.7 - 2 2
(7) 10.5 - 49 - 4.1 - ? ?

(8) 6.9 - 3.8 - 3.2 - .1 - 0.7 -
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Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde For-
mation, Gram Formation. North Germany: Hemmoor-Stufe (KAuTsky), Reinbek-Stufe
(HinscH), Obermiozidn (STAEscHE). Holland: Mittelmiozdn (VOORTHUYSEN). Belgium:

Anversien (GLIBERT).

Atlantic Region. Aquitanian Basin: Burdigalien, Helvetien (PEYROT: Nassa vulgatissima).
South Germany (Bavaria): Burdigal (H6LzL).

1856.

Hinia fuchsi (v. KOENEN 1872)

Plate XI, figs. 1-2

Nassa turbinellus BRoccHl — HORNES, Wienerbecken, I, p. 150, Pl. 12, f. 17.

1872. Nassa Fuchsi (see under N. Bocholtensis BEYR.) — v. KOENEN, Mioc. Nordd. I, p. 193.
1907. Nassa Fuchsi v. KOENEN — RAVN, Jylland, p. 315 (111), PL. V, f. 2.
1958. Nassa Fuchsi v. KOENEN — SORGENFREI, Middle Mioc., p. 215, Pl. 44, f. 147.

Material. Hodde Clay.
Leding 93.155

Odderup 130.150
Made. Eastern clay pit:
Redding 141.241
- 141.242
- 141.243
141.205
141.191
141.277

Grennebazk
Enderupskov
Gram

27-28 m.:
- - 31 Hi.3
28-32 m.:
Unknown depth:
24.8 -25.6 m.:

3 def. sh.

14 def. sh., 2 fr.

1 def. sh.

20.0 -33.0
32
30
34.5
20
35

27.00-27.50 m.:
28.00-28.50 m.:
28.50-29.00 m.:
29.00-29.50 m.:

29.50-30.00 m.:
30.00-30.50 m.:
30.50-30.95 m.:
30.95-31.75 m.:
31.35-31.65 m.:
31.65-31.95 m.:
31.95-32.30 m.:
32.30-32.70 m.:
32.70-33.05 m.:
33.05-33.40 m.:
33.40-33.80 m.:
33.80-34.25 m.:
34.25-34.70 m.:
34.70-35.00 m.:

2833888

including H. bocholtensis

1 compl. sh., 11 def. sh.

7 fragm. sh., 9 fragm.

165 more or less compl. sh.
1 protoconch of a shell

6 small fragm.

5 fragm. of one shell

?1 fragm.

?2 small fragm.

1 apex of a shell and 1 fragm.
1 very fragm. sh.

8 fragm.

2 protoc. and 5 fragm.

2 almost compl. sh., 13 def. sh.,
16 fragm.

7 def. sh., 31 small fragm.
22 def. sh., 74 fragm.

5 def. sh., 14 fragm.

17 def. sh., 36 fragm.

4 def. sh., 9 small fragm.

1 juvenile shell, 7 fragm.

9 def. sh. 15 fragm.

4 fragm.

2 fragm. of 2 sh.

3 small fragm.

1 very def. shell

4 protoc., 14 small fragm.
3 apices, 5 small fragm.

2 apices, 1 def. sh., 6 fr.

3)
(15)
(1)
(12)
O]

(165)

(1)
(1)
1
20
(§2))
(1
)
(1
2)

(15)
)
(22)
)
a7
(C))
(€))
®)
M
)
1)
1)
(4)
(3
3)
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Sender Hygum 141.215 26.2 -32.8 m.: 4 def. sh. (4)
Tonder 166.398 85 m.: 1 def. sh. and 12 fragm. (1)
Hajstrup 167.235 154'-174" : ?1 small fragm. (1)
- - 174'-194’ $ 18 def. sh., 14 fragm. (22)

Description. The shell is rather small, ovoid, more or less slender.

The protoconch is conical, multispiral, comprising 23-33 whorls, mostly
moderately flattened, but sometimes more pointed. The initial whorl is small,
only a little raised above the following whorls, which are highly convex and
smooth.

At the transition to the teleoconch there is about 4 of a whorl with 5-6
first slightly prominent, later conspicuous, narrow, straight, collabral ribs.

The whorls of the teleoconch are flat, with 11-18 sharp-edged, distant,
collabral ribs running parallelly to the axis. They are adapically constricted
by a narrow, marked, subsutural spiral groove. In this way a spiral band
with pointed tubercles is formed on the collabral ribs. The remaining and
highly predominant part of the whorl is either completely smooth or also
provided with three slight spiral grooves, which are almost invisible. Sometimes
slight tubercles are also formed on the collabral ribs in this way.

The surface of the shell, however, is always glossy and smooth. The younger
whorls of older shells are provided with more or less distinct spiral grooves,
which cut off broad spiral bands. On the body whorl they are found right
down to the abapical end of the base.

The aperture is a rounded-off oval. Labrum is sharp-edged, sometimes
thickened and interiorly provided with some five short ridges. The inner lip
is smooth, extended a little over the base as a well-defined and well-demarcated
covering layer.

On a few shells there are a few folds on the adapical part, approximately in
the middle of the part situated above the curvature of the last whorl.

The siphonal canal is comparatively broad, short, and oblique.

Remarks. The species is characteristic of the fauna in the Hodde Clay, in which
it is rather common in places.

v. KOENEN set up the species on the basis of material from the Vienna
Basin which M. HORNEs termed Buccinum turbinellus BROCCHI. As to the
relation of this species to H. fuchsi reference is made to SORGENFREI's remarks
on H. turbinella (1958, p. 214).

H. fuchsi is distinguished from H. bocholtensis by its pointed tubercles on
the adapical group of the collabral ribs, by usually lacking the well-defined
and mostly more numerous spiral grooves of the other species, and by its
otherwise smooth and glossy shell.

As to the difference between H. fuchsi and H. schlotheimi (BEYRICH) reference
is made to SORGENFREI's remarks on the latter species (1958, pp. 218-219).
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Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde For-
mation. North Germany: ? Reinbek-Stufe (GOTTSCHE).

Vienna Basin. Miocene. Austria: “Tegel und Sand des Leythakalkes”, Ottnang (M.
HORNES: Buccinum turbinellus).

Hinia ? schlotheimi (BEYRICH 1854)
1958. Nassa Schlotheimi (BEYRICH) — SORGENFREI, Middle Mioc., p. 216, Pl. 45, f. 148.

Material. Hodde Clay.

Gram 141.277  29.00-29.50 m.: 2 fragm. (1)
- - 29.50-30.00 m.: 2 fragm. (1)
- — 30.50-30.95 m.: 1 fragm. (1)
- - 30.95-31.35 m.: 3 fragm. (1)
- - 31.95-32.30 m.: 2 fragm. (1)

Remarks. The present very poor material does not permit any close determination
as to species. The spiral as well as the collabral sculpture, however, suggests
that the fragments belong to H. schlotheimi.

This species is common in Shell Bed I at Hoddemark (the Karlsgiarde Canal).
See picture Plate XII, figs. 1 and 2.

Distribution.

North Sea Basin. Oligocene. Denmark: Upper (HARDER). North Germany: Upper
(BEYRICH). — Miocene. Denmark: Klintinghoved Clay, Arnum Formation (SORGENFREI),
Hodde Formation. North Germany: Vierland-Stufe (Gripp), Hemmoor-Stufe (KAUTSKY).
Holland: Middle (VOORTHUYSEN).

Hinia holsatica (BEYRICH 1854)
Plate XI, figs. 3, 5, 6, and 7

1854. Buccinum Holsaticum — BEYRICH, Conchylien, p. 137, PL. 7, f. 11a, b, c.

1872. Nassa Holsatica BEYRICH — V. KOENEN, Mioc. Nordd. I, p. 193.

1944. Nassa (Telasco) holsatica (BEYRICH) — VOORTHUYSEN, Mioz. Gastrop., p. 105, P1. 12,
f. 8-11.

1958. Nassa holsatica (BEYRICH) — SORGENFREI, Middle Mioc., p. 219, PI. 48, f. 149.

1964. Hinia (Hinia) holsatica (BEYRICH) — ANDERSON, Reinbek-Stufe, p. 258, P1. 25, f. 195.

Original diagnosis. Not given.

Type. The shell from Lieth near Elmshorn pictured by BEYRrICH, 1856, Plate 7,
fig. 11, is the holotype. Stratum typicum: “Glimmerton” (i.e. Upper Miocene
clay). Depository: unknown.

Material. Gram Clay.

Made Brickworks. Eastern clay pit: 64 more or less compl. sh.
Gram 141.277 19.00-19.50 m.: 5 more or less compl. sh.
= - 19.50-20.00 m.: 4 more or less compl. sh.
- - 20.00-20.50 m.: 4 more or less compl. sh.
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Description. The shell is small, ovoid.

The protoconch is conical, with a somewhat flat apex, paucispiral, com-
prising three rather highly convex, smooth whorls. The initial whorl, which
is slightly sinistral, rises but little over the following whorls.

The whorls of the teleoconch are flatly convex, with 5-7 mostly well-defined,
flat spiral bands, separated by equally broad intervals, passing over 19-22
collabral ribs, which are a little stronger than the spiral bands, rather narrow
and separated by much broader intervals.

The collabral ribs gradually disappear on the youngest whorl, whereas the
spiral bands persist almost undiminished all over the base. On many shells a
varix is seen on one of the younger whorls.

The labrum is thickened, interiorly provided with 7-8 ridges, the 4 adapically
situated ones of which are somewhat more close-set than the others. Labium
is smooth, extending over the base, from which it is demarcated by a sharp
edge. Adapically on the inner lip there is a more or less prominent parietal
fold. The aperture is a pointed oval. The siphonal canal is short, oblique.

Remarks. This species, which generally is a small form and at any rate the
smallest of the Nassaidae from the Younger Miocene clay series in Denmark,
may perhaps be mistaken for H. syltensis (BEYRICH) from the younger Gram
Clay. The collabral as well as the spiral sculpture of H. holsatica is, however,
more constant as regards the number and proportions, just as the species
usually seems to be smaller than H. syltensis. These differences, however, are
only conspicuous when whole populations are observed. In certain cases it
will only with difficulty be possible to distinguish single young individuals of
H. holsatica from H. syltensis.

Extraordinarily enough v. KOENEN (1872, pp. 193-194) refers the shell from
Gram to H. holsatica. All the shells from this locality in Danish collections
belong to H. syltensis, to which RAvN (1907), indeed, without hesitation re-
ferred them.

For comparison I have had five shells from Langenfelde labelled “Nassa
holsatica” by C. GOTTSCHE. They correspond in every respect to the shells
from Made.

Measurements. The dimensions of 25 shells from Made (Older Gram Clay)
are grouped within the following intervals:

Length: 3.6-5.4 mm.
Maximum diameter: 2.3-33 -
Length of aperture: 1.3-1.9 -
Length of protoconch: 0.7-0.9 -

Longest diameter of protoconch: 1.2-1.3 -

A single one of the specimens, however, measured about 10 mm. in length
and 5.4 mm. in diameter.
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Distribution.

North Sea Basin. Miocene. North Germany: Reinbek-Stufe (v. KoENEN), Glimmerton
(v. KoeENEN). Holland: Middle Miocene (VOORTHUYSEN). Denmark: Arnum Formation
(SORGENFREI), Gram Formation.

Hinia syltensis (BEYRICH 1854)

1956. Nassa (Telasco) syltensis (BEYRICH) — RASMUSSEN, South Jutland, p. 73, Pl. VI,

f. 4a, b.

Material. Gram Clay.

Lille Torup 85.379
Brande Brickworks. Clay pit:
Drantum 104.1241
Nyholm 104.1166
Esbjerg 130.59

16.8 -20.0

30.0 —40.0
40.0 -44.0
46.0 -50.0
8.2 - 9.2
11.2 -12.2

12.5

Made Brickworks. Northwestern clay pit:
Made Brickworks. Eastern clay pit:

Holleskov
Sgnder Hygum
Rodding
Gram

132.46b
141.260
141.261
141.75
141.277

Spandetgard. Clay pit:

Brodersmark

Sad Custom-house 167.4

166.351b

167.445

49 -11.2 m.:
12 -40 m.:
13 -19 m.:
10.80-16.75 m.:

5.30- 5.70 m.:

5.70— 6.10 m.:

6.40— 6.90 m.:

6.90— 7.30 m.:

7.65— 8.05 m.:
9.00- 9.50 m.:
9.50— 9.90 m.:
10.30-10.80 m.:
10.80-11.25 m.:
12.10-12.60 m.:
13.10-13.50 m.:
13.50-14.00 m.:
14.00-14.60 m.:
14.60-15.10 m.:
15.10-15.55 m.:
15.55-16.00 m.:
16.00-16.50 m.:

24 -25
25 =26
26 -27
28 -29

70

91.50-91.75 m.:
91.75-92.00 m.:

3

333333

53888

2 def. sh.

1 compl. sh. and 3 fragm.
2 small def. sh.

1 def. sh.

1 small, almost compl. sh.
?1 fragm.

1 fragm.

1 def. sh. (may be of H. holsatica)

1 compl. sh.

? Apex of 1 sh.

1 almost compl. sh.

1 protoconch

2 juvenile sh., 20 fragm.
1 small fragm.

1 compl. sh., 3 def. sh., 4 fragm.

2 def. sh., 2 fragm.

1 small def. sh.

1 apex, 1 def. sh., 1 fr.
1 def. sh.

2 apices, 4 fragm.

3 fragm.

1 compl. sh., 1 def. sh., 1 fragm.

1 def. small sh.

3 fragm. of a shell

I apex and 4 fragm.

1 fragm. protoconch, 1 fr.
1 def. sh. and 1 fragm.

2 fragm.

2 def. sh., 1 fragm.

1 small fragm.

1 fragm.

5 compl. sh., 4 fragm.

1 def. sh.

2 fragm. shells

1 small shell

2 fragm.

5 compl. sh. and 1 fragm.
2 protoconchs, 6 fr.

5 protoconchs, 24 fr.

)
®))
)
(0
(1
(71
(1)
(?1)
(1)
(1)
(1)
(1)
(4)
(1)
&)
(3)
(1)
@
(1)
(@)
(1)
(3)
(1)
(1)
(1)
(1)
(1)
(1)
2)
(1)
(1)
(6)
(1)
)
(1
(1)
(6)
)
(©)
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S@d Custom-house 167.445 92.00-92.25 m.: 3 def. sh., 2 fragm. 3)
= = 92.25-92.70 m.: 1 compl. sh., 1 def. sh., 4 proto-
conchs, 27 fragm. (6)
- - 92.70-93.00 m.: | apex, 2 protoconchs, 13 fragm. (3)
- - 93.00-93.70 m.: 2 fragm. i)
- - 94.75-95.50 m.: 9 fragm. 2)
- - 94.00-97.70 m.: 4 fragm. (1)
- - 99.05-99.55 m.: 1 fragm. (1)
- - 99.55-100.10 m.: 5 fragm. (1)
Rends 167.236 140-160" H 2 compl. sh., 2 def. sh., 3 apices,
15 fr. )

Description. The shell is rather small, ovoid.

The protoconch is conical, multispiral, with 3-3% smooth, convex whorls.

The whorls of the teleoconch are flatly convex, covered by 9-12 close-set,
rather narrow spiral bands, separated by narrow grooves. The collabral sculp-
ture comprises 14-19 rounded-off, rather narrow ribs, which are either straight
or oblique or slightly opisthocyrt. On the last whorl there are about 25 spiral
bands, which continue on to the neck of the canal.

The aperture is roundly oval. Labrum is thickened, interiorly with 14
narrow ridges placed at more or less regular intervals. Labium is smooth,
extending very little over the base as a well-defined cover. Adapically there is
sometimes a faint parietal fold. The siphonal canal is rather broad, short and
oblique.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Ober-
miozin (STAESCHE). Holland: ? Mittelmiozin (VOORTHUYSEN).

Hinia prismatica (BroccHr 1814)

1956. Nassa (Uzita) prismatica (BRoccHI) — RAsSMUSSEN, South Jutland, p. 73, Pl. VII,
f. 1a, b.

Material. Gram Clay.

Gram 141.277 7.30- 7.65 m.: 1 compl. sh. (1)
- - 10.30-10.80 m.: 1 def. sh. (1)
Spandetgérd. Clay pit: 1 def. sh. (1)
Sed Custom-house 167.445 93.70-94.10 m.: 1 def. sh., 10 frs (1)
= = 94.10-94.75 m.: 1 compl. sh., 4 def. sh., 6 fragm. (5)
- - 95.90-96.20 m.: 1 apex, 4 fragm. (€))
Rends 167.236 140"-160" 2 2 def. sh., 4 fragm. 3)

Description. The shell is rather large, ovoid to subfusiform, with a comparatively
pointed apex as compared with the other Hinia species.

The protoconch is conical, multispiral, comprising 23-3 smooth, rather
high, convex whorls. The initial whorl is small, slightly sinistral.



142

On the transition to the teleoconch there is one fourth of a whorl with
widely spaced collabral ribs, after which there are all over the whorl some
close-set spiral threads, which gradually broaden. On the present shells their
number vary between 10 and 14. They cross about 14-20 slightly opisthocyrt,
rather narrow collabral ribs, the intervals between which are rather broad.
On the body whorl the spiral ornamentation continues undiminished, with
about 30 spiral bands right out to the neck of the canal. On the other hand,
the collabral ribs are lost on the ramp down to the neck of the canal.

Labrum is not preserved on the present shells. The inner lip is smooth,
clearly demarcated against the surface of the base. The aperture is oval. The
siphonal canal is short, oblique, and rather broad, surrounded by a short
straight spout.

Remarks. Furthermore, reference is made to my mention of the species in the
work cited.

Distribution as mentioned in RASMUSSEN 1956, p. 74.

Hinia cimbrica (RAVN 1907)
Plate XII, figs. 3-4

1907. Nassa cimbrica — RAvN, Jylland, p. 315, PL. V, f. 4.

1916. Nassa cimbrica RAVN — N@RREGAARD, Esbjerg, p. 26.

1925. Nassa (Hima) cimbrica RaAvN — KauTsky, Hemmoor, p. 107.

1944. Nassa (Hima) cymbrica RAVN — VOORTHUYSEN, Mioz. Gastrop., p. 92, P1. 10, f. 16-17.
1958. Nassa cimbrica RAVN — SORGENFREI, Middle Mioc., p. 228, Pl. 47, f. 155.

1964. Hinia (Hinia) cimbrica (RAVN) — ANDERSON, Reinbek-Stufe, p. 256, Pl. 25, f. 193.

Material. Hodde Clay.

Lenborg 102.55 21.3 =22.3 m.: 2 def. sh. and 2 fragm. 3)
Hodde 113.33a 18.5 —18.9 m.: 5 juvenile shells (5)
Gram 141.277 29.50-30.00 m.: 4 def. shells (4)
- - 30.00-30.50 m.: 1 def. shell and 2 fragm. (1)

Description. In the older, lower parts of the Hodde Clay some shells of this
species have been found, which, however, have been poorly preserved. In
characters they are closely related to the form which occurs so abundantly in
Shell Bed I at Hoddemark (the Karlsgarde Canal) and which is to be briefly
described here:

The shell is rather small, ovoid, comprising 3% smooth, convex whorls.

The protoconch is conical, multispiral, more or less slender.

On the transition to the teleoconch there is about } of a whorl with straight,
narrow collabral ribs. The whorls of the teleoconch are rather flat. There are
9-11 collabral ribs to each whorl, which are crossed by 3, more rarely 4 narrow,
indistinct spiral bands, which often are invisible between the collabral ribs,
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but at the passage across them form small pointed tubercles, which lend a
special character to the shell.

On the body whorl there are 6-8 spiral bands, and as the collabral ribs
continue right down to the neck of the canal, the characteristic pointed small
tubercles are also found right down on the base of the shell.

The aperture is oval, tapering adapically and continuing in the relatively
broad siphonal canal, which is rather oblique, surrounded by a short spout.

Labrum is often highly thickened, interiorly with six narrow ridges. Labium
is smooth, well-defined, adapically with a few parietal folds.

Remarks. This form differs from H. cimbrica described by RAVN and SORGEN-
FREI by having constantly 3, more rarely 4 spiral bands. Furthermore, the
number of collabral ribs seems to be a little smaller on the form from the
Hodde Formation, which is also on the whole a little more slender than the
shells of the Arnum Formation.

As there are few specimens available from the Hodde Clay, a close investi-
gation of the relation between the forms in the two formations has been
postponed to a later opportunity.

The shell from the Middle Miocene beds of Holland (bore-hole at Maasbree)
mentioned by VOORTHUYSEN seems to correspond to the form in the Hodde
Formation.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde For-
mation, Gram Formation. North Germany: Hemmoor-Stufe (KAauTsky), Reinbek-Stufe
(HinscH). Holland : Mittelmiozdn (VOORTHUYSEN).

Hinia slieswicia (RASMUSSEN 1966)

1966. Nassa slieswicia nov. sp. — RASMUSSEN, Molluscan Faunas I, p. 190.

As to this species reference is made to the description op. cit.

FAMILIA: FASCIOLARIIDAE

Genus: Lathyrus MONFORT 1810
(Type: Murex gibbulus GMELIN)

Lathyrus rothi (BEYRICH 1856)
Plate XVII, fig. 3 and Plate XIII, fig. 8

1856. Fusus crispus Bors. — M. HORNEs, Wienerbecken I, p. 291, PIL. 32, f. 3.
1856. Fusus Rothi — BEYricH, Conchylien, p. 289, Pl. 24, f. 1a, b, c.

1872. Fusus crispus BorRsoN — v. KOENEN, Mioc. Nordd. I, p. 172.

1890. Fusus crispoides — HORNES & AUINGER, L. u. II. Meditter., p. 251.
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1907. Fusus crispus BorsON — RAVN, Jylland, p. 329 (125), PL. VI, f. 10.

1925. Dolicholathyrus (Pseudolathyrus) rothi BEyr. — KauTsky, Hemmoor, p. 115, PL. &.
f. 19.

1937. Lathyrus (Dolicholathyrus) rothi BEYR. — SIEBER, Fasciolariidae, p. 141.

1940. Dolicholathyrus (Pseudolathyrus) rothi BEYR. — SORGENFREIL, Klintinghoved, p. 45,
Pl VI, :E Z.

1952. Lathyrus (Dolicholathyrus) rothi BEYR. sp. GLIBERT, Mioc. Belg. II, p. 111, PL. VIII,
i I

1958. Lathyrus (Dolicholathyrus) Rothi (BEYRICH) — SORGENFREI, Middle Mioc., p. 232,
Pl. 50, f. 157.

1964. Latirus (Dolicholatirus) rothi (BEYRICH) — ANDERSON, Reinbek-Stufe, p. 262, Pl. 27,
f. 201.

Original diagnosis. Not given. The essential part of BEYRICH’s original descrip-
tion is rendered in SORGENFREI op. cit.

Type material. The shell pictured by BEYRICH — the only specimen known at
the time — is the holotype. Depository: unknown. Type locality: Schildstein
near Liineburg (Northern Germany). Stratum typicum: Glimmerton.

Material. Gram Clay.

Hoddemark. Karlsgarde Canal: 1 shell
Esbjerg. Clay pit or beach: 1 shell
Made Brickworks. Eastern clay pit: 60 more or less complete shells
Gram 141.277 18.00-18.50 m.: 2 shells
- - 19.00-19.50 m.: 1 shell
Tender 166.398 58.85-59.00 m.: 1 shell

Description. The shell is large, fusiform, greatly sculptured.

The protoconch is rather pointed, oblong conical, multispiral, comprising
about four convex and smooth whorls. (A more detailed description of the
protoconch is found in SORGENFREI 1958.) On the transition to the teleoconch
there are some distant collabral threads.

The whorls of the teleoconch are convex. The collabral threads on the
youngest part of the protoconch soon develop into large, strong, rounded-
off ribs, which in a number of 8-9 occur on all whorls, including the body
whorl, where they are lost on the ramp towards the long neck of the canal.

Simultaneously with the appearance of the collabral sculpture — and often
shortly before — a spiral ornamentation makes its appearance. This ornamen-
tation comprises first three narrow, later broader, equidistant spiral bands,
which unimpaired cross the collabral ribs. Immediately below the adapical
suture there is rather a weak irregular spiral band. Gradually there appear
weaker spiral bands or threads: first a spiral band of the second order between
the adapical one of three original strong spiral bands and the adapical suture,
later some weaker spiral bands or threads of the third order, which on the
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younger whorls are close-set all over the surface of the shell in among the
stronger spiral bands.

The sutures are formed as thin, depressed, regularly wavy lines. On the last
whorl, adapically to the 3-4 ordinary strong spiral bands, there are furthermore
about 10 just as strong bands far on to the neck of the canal. The intervals
between these are also covered by 3-4 thin, close-set spiral threads.

The aperture is roundly oval, almost circular, abapically merged into
the comparatively narrow and very long siphonal canal, which is a little
oblique. The labrum is thickened. The inner lip is smooth, narrow, with
an oblique columellar fold.

Remarks. This species is very characteristic, but seems to occur only in the
older part of the Gram Clay.

The specimens from Denmark are in good agreement with the type described
by BEYRICH, RAVN, and SORGENFREL.

The form from the Vienna Basin mentioned and pictured by HORNES as
Fusus crispus has four spiral bands, especially the two abapical ones of which
are prominent. SIEBER has pointed out that the shells from the sandy beds
at Grund have a considerably coarser sculpture than the specimens from the
so-called “Tegel” in the same place. The latter author identifies both forms
with L. rothi.

According to HORNES & AUINGER the only difference between L. rothi and
Fusus crispus seems to be that in the former species there are several spiral
threads between the main spiral bands, whereas there is only one spiral thread
in this place in Fusus crispus.

Distribution.

North Sea Basin. Miocene. Denmark: Klintinghoved Clay (SORGENFREI), Arnum For-
mation (SORGENFREI), Gram Formation. North Germany: Hemmoor-Stufe (KAUTSKY),
Reinbek-Stufe (ANDERSON), Obermiozdn (v. KoENEN). Belgium: Anversien (GLIBERT).

Atlantic Region. Aquitanian Basin: Aquitanien (Lathyrus peyreirensis PEYROT, according
to SORGENFREI = L. rothi).

Mediterranean Basin. Italy: Miocene superiore (MICHELOTTI, SIEBER).

Vienna Basin. Niederosterreich: Grund, Niederleis, Voslau, Soos, Baden, Mollersdorf
(SIEBER).

Genus: Exilia CONRAD 1860
(Type: Exilia pergracilis CONRAD 1860)

Exilia contigua (BEYRICH 1857)
Plate XV, figs. 7-8
1857. Fusus contiguus — BEYRICH, Conchylien, p. 298, PL. 23, f. 2a, b, c, d.

1872. Fusus attenuatus PHIL. — v. KOENEN, Mioc. Nordd. I, p. 171.
1925. Exilia contigua BEYR. — KauTsky, Hemmoor, p. 116.

10
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1964. Streptochetus (Streptolathyrus) contiguus (BEYRICH) — ANDERSON, Reinbek-Stufe,
p- 265, P1. 27, f. 204.

Type material. The holotype is the specimen pictured by BeyrRiCH. Type
locality: Dingden (Western Germany).

Material. Hodde Clay.

Odderup 103.150 24.8 -25.6 m.: 1 apex and 4 fragm.

Hodde 113.33a 18.5 —18.9 m.: 1 small shell without protoconch.
Made Brickworks. Eastern clay pit: 2 shells

Gram 141.277 30.00-30.50 m.: ?1 fragment

- - 30.50-30.95 m.: 1 defective shell and 4 fragments

Description. As the material available from the Hodde Clay is rather in-
complete, it has been necessary also to examine shells from the shell bed under
the Hodde Clay at Hoddemark (= Shell Bed I).

The shell is mostly very slender, fusiform, with only slightly convex whorls.

The protoconch consists of about a whorl and a half, which are smooth,
paucispiral, rather obtuse and convex.

The three oldest whorls of the teleoconch are provided with collabral ribs,
which are opisthocline. On the following whorls, which are completely flat,
the collabral ornamentation has completely disappeared. On the other hand
the opisthocline growth lines are always visible.

When the collabral ribs begin, the spiral ornamentation also starts, con-
sisting of four or five broad, very flat spiral bands which are evenly distributed
over the whorl. Their interspaces are somewhat smaller than their breadth.
They are found on the whole teleoconch including the neck of the canal,
where they are especially numerous and close-set with intercalated spiral
bands of the second order.

The aperture is narrow and oblong oval. Labrum has been broken off the
present shells. The columellar lip is usually smooth, but some of the spiral
bands of the neck of the canal continue over it with undiminished strength.
The siphonal canal is long and narrow.

Remarks. The shell from Made pictured lacks the protoconch, and further-
more it is somewhat corroded on the surface. The spiral ornamentation and
the course of the growth lines are as in the shell from Hoddemark described
above, but it differs by a spiral thread being intercalated between some of the
spiral bands. The shell must also have been somewhat longer than the speci-
men from Hoddemark. It corresponds completely to specimens from Twistrin-
gen, where I have collected nine shells which also have spiral threads in the
intervals between the bands and, for that matter, vary a little as regards the
size of the apical angle.
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It has not been possible to verify the placing of this species in the genus
of Exilia, and it is still doubtful how this genus should be placed in relation
to the other siphonostomatous gastropods. I have here exclusively followed
KAUTSKY’s view.

Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation. North Germany: Hemmoor-
Stufe (KAuTskY), Reinbek-Stufe (ANDERSON), Lieth (fide SEMPER in v. KOENEN). Holland:
Berssenbriick and Eibergen (v. KoOeNEN). Belgium: Anversien at Edeghem (v. KOENEN
and KAUTSKY).

Genus: Streptochetus COSSMANN 1889
(Type: Fusus intortus LAMARCK)

Streptochetus sexcostatus (BEYRICH 1856)
Plate XII, figs. 5-6

1856. Fusus sexcostatus — BEYRICH, Conchylien, p. 287, Pl. 24, f. 2a, b, c.

1872. Fusus sexcostatus BEYR. — v. KOENEN, Mioc. Nordd. I, p. 174.

1907. Fusus sexcostatus BEYRICH — RavN, Jylland, p. 331.

1925. Streptochetus sexcostatus BEYrR. — KAuTsky, Hemmoor, p. 116, PI. 8, f. 20, 21.

1940. Streptochetus sexcostatus BEYRICH — SORGENFREI, Klintinghoved, p. 46.

1952. Streptochetus sexcostatus BEYRICH sp. — GLIBERT, Mioc. Belg. II, p. 110, Pl. VIII,
f. 4.

1958. Fusus cf. sexcostatus BEYRICH — SORGENFREI, Middle Mioc., p. 233, PL. 50, f. 158.

1961. Streptochetus (Streptodictyon) sexcostatus (BEYRICH) — TEMBROCK, Determination,
p. 372, PLL 1, f. 7,8, PL. I, f. 5, 6.

1964. Streptochetus (Streptodictyon) sexcostatus (BEYRICH) — ANDERSON, Reinbek-Stufe,
p- 263, Pl. 27, f. 202.

Original diagnosis. Not given. The chief part of the original description by
BEYRICH has been rendered in SORGENFREI 1958.

Type material. The shell depicted by BEYRICH op. cit. Plate 24, figs. 2a, b, is
the holotype. Depository: unknown. Type locality: Dingden.

Material. Hodde Clay.

Gram 141.277 30.00-30.50 m.: 4 fragments
- = 31.95-32.30 m.: 1 fragment
- - 32.70-33.05 m.: 1 fragment of a protoconch

- - 34.25-34.70 m.: 2 fragments
- - 35.30-35.70 m.: 5 fragments
Hajstrup 167.235 1741947 : 1 fragment

Description. (On the basis of material from Shell Bed I, Hoddemark). The
shell is rather large, fusiform.

The protoconch is conical, multispiral, comprising up to some five convex
whorls. The initial whorl is small, vesicular, slightly heterostrophic. The medial

10*
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whorls are smooth. The terminal whorls, of which there are generally two,
have a regular lattice-work of five equidistant spiral threads crossed by nu-
merous collabral threads, which at first are slightly opisthocyrt, later more
orthocline. On a well preserved shell from Twistringen in Northern Germany
there are 51 collabral threads on the youngest terminal whorl and 35 on the
youngest but one. The abapical one of the five spiral threads is on all the
present shells from Denmark and Northern Germany immediately above the
suture.

The whorls of the teleoconch are convex, covered by rather close-set spiral
bands or threads. On the last whorl there are five spiral threads. They are a
direct continuation of the spiral threads of the terminal protoconch.

Already on the following whorl there is on several shells a new spiral thread
between the five persistent ones. The new spiral threads soon become of the
same strength as the five, so that it is a case of a sculpture of rather close-set
homogeneously shaped spiral threads or bands. Already on the oldest whorl
of the teleoconch there are comparatively broad, rounded-off collabral ribs
at rather great mutual interspaces. On the shells from Twistringen there are
six collabral ribs, whereas on the shells from Shell Bed I at Hoddemark
(Karlsgarde Canal) there are eight or nine. None of the present juvenile shells
from the Hodde Clay have a single complete teleoconch whorl.

The aperture is oval. Labrum is sharp-edged, but has not been completely
preserved on any of the present shells. The inner lip is smooth, well delimited
from the surface of the base, provided with an oblique columellar fold. The
siphonal canal is rather short and straight.

Variations. Among shells from Shell Bed I at Hoddemark there are specimens
with constantly only five collabral ribs. These ribs are placed regularly below
each other on all whorls, so that the shell as seen towards the apex in the
direction of the base has a characteristic, regular, pentagonal outline. It is
doubtful whether these shells should be referred to a special species or not.
In the analytical list of the shells from Shell Bed I on pp. 204-206 in Part I
this form is denoted as S. nov. sp. A specimen is pictured on Plate XV, figs. 1
and 4 (under the name of S. “quinquecostatus™).

Remarks. The Oligocene S. retrorsicosta (SANDBERGER 1863) is interpreted as
a predecessor of S. sexcostatus. Both of these species and other species of
Streptochetus are discussed in detail in the cited work of TEMBROCK, who has
shown that in all the species of the genus there are two different forms of
protoconchs: Form « with four smooth initial and medial whorls and three
fourths of the terminal whorl with a lattice-work sculpture and Form b, on
which the number of these whorls are three and one and one fourth, respec-
tively. Similar deviations are seen in the Danish material. TEMBROCK interprets
these forms as respectively male and female individuals.
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Measurements. A complete shell from Twistringen has the following dimen-
sions: Length: 7.8 mm., greatest diameter: 3.3 mm., length of the aperture
(including the canal): 4.0 mm., length of the protoconch: 2.0 mm., and greatest
diameter of the protoconch: 1.4 mm.

Distribution.

North Sea Basin. Miocene. Denmark: Klintinghoved Clay (SORGENFREI), Arnum For-
mation (SORGENFREI), Hodde Formation. North Germany: Untermiozdn (KAUTSKY)
Hemmoor-Stufe (KAUTsKY), Reinbek-Stufe (ANDERSON), Obermiozdn (STAESCHE). Hol-
land: Mittelmiozdn (MOLENGRAAF & v. d. GRACHT). Belgium: Horizon de Houthaelen,
Anversien (GLIBERT).

Streptochetus abruptus (BEYRICH 1856)
Plate XIII, fig. 7, and Plate XVI, figs. 1-2 and 5-6
1856. Fusus abruptus — BeyricH, Conchylien, p. 286.
1872. Fusus abruptus BEYRICH — v. KOENEN, Mioc. Nordd. I, p. 172.
1933. Fusus (Aquilofusus) abruptus — Gripp, Hamburg, Pl. VI, f. 3.
1962. Streptochetus abruptus (BEYrRiCcH) — HinscH, Twistringen, Pl. 28, f. 10.

1964. Streptochetus (Streptodictyon) abruptus (BEYRICH) — ANDERSON, Reinbek-Stufe,
p. 264, PlL. 27, f. 203.

Diagnosis. Not given by BEYRICH. — A Streptochetus with collabral sculpture
on the oldest 14-2 whorls of the teleoconch, but only with spiral ornamentation
on the other adult whorls.

Type material. BEYRICH’s types consisted of impressions of shells in sandstone
from Bokup and of a few juvenile shells from Reinbek. The neotype chosen
is the shell pictured on Plate XVI, fig. 1, which is kept in the collection of
Danmarks Geologiske Underspgelse and was collected by the present writer
on 26.4.1959. Type locality: the clay pit of Twistringen Brickworks, Northwest
Germany.

Material. Hodde Clay.

The northwestern pit of Made Brickworks: 1 shell, the eastern pit: 1 shell. In the in-
vestigations are furthermore included 1 shell from the shell bed under the Hodde Clay
at Hoddemark and 9 shells from Twistringen, Northwest Germany.

Description. The shell is slender, fusiform, with flat, sometimes slightly concave
whorls.

The protoconch, which is trochiform, multispiral with a small nucleus,
consists of 4-5 whorls, which soon increase in height and diameter. The oldest
one or two whorls are smooth and moderately convex. The youngest 2-3
whorls are more highly convex and provided with a cancellate sculpture of
4 very thin spiral threads crossed by opisthocyrt collabral threads. The net-
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work thus arising has rather wide meshes. The collabral threads are actually
prominent growth lines. On shells from Twistringen they are on certain sec-
tions of the whorls very close-set and numerous, on other sections more
scattered and few in number.

The teleoconch comprises up to six whorls, which as regards sculpture fall
into two main sections, the oldest 14—2 whorls having collabral as well as
spiral ornamentation, while the other whorls have only spiral sculpture.

The first whorl after the protoconch has 8-9 strong, rounded, collabral
ribs, which have arisen by a few of the collabral threads of the protoconch
becoming more and more prominent and after a distance of about one fourth
of a whorl developing into ribs. The distance between them is increasing and
already on the following whorl they disappear on most specimens. On a few
shells, however, this only takes place on the next whorl.

The spiral ornamentation is on the oldest whorls a distinct further develop-
ment of the four spiral threads on the youngest part of the protoconch. Four
rather strong spiral bands make their appearance, their breadth, however,
being smaller than the interspaces between them, and they pass undiminished
over the collabral ribs. Adapically to these spiral bands there are furthermore
one, later two spiral threads immediately below the suture. On the following
whorls more spiral bands are soon added, so that the surface of the shell is
completely covered with some twelve flat spiral bands, the breadth of which
is varying. On some shells four of the spiral bands are constantly more pro-
nounced than the others, especially on the older whorls of the shells. The
dense spiral ornamentation continues uninterruptedly on to the neck of the
canal, right to the extreme end of the canal.

The growth lines close to the adapical suture curve adaxially for a short
distance, in order then to pass orthocline over the rest of the whorl.

The aperture is oblong oval and continues abapically as a narrow canal of
moderate length. The labrum has been broken off all the present shells. The
columellar lip is smooth. On the columella there is an oblique fold.

On the specimen from Hoddemark the surface of the shell is very slightly
folded, as can partly be seen at oblique light, partly is indicated when the shell
is observed in transverse section when seeing the apex in the axial direction.

The shell from the eastern pit of Made Brickworks lacks the uppermost
whorls of the protoconch and its adult whorls are slightly concave.

Measurements. The shells pictured have the following dimensions:

Twistringen Hoddemark Made
Length of the axis: 19.9 mm. 20.0 mm. 14.4 mm.
Maximum diameter: 6.8 - T3 - 50 -
Height of the protoconch: 1.0 - 1.2 -
Height of the aperture: 5.6 - 5.6 - 4.4 -

Length of the canal: 3.3 - 3.3 -
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Remarks. A closely related form from the Lower Miocene Mica Clay at Itzehoe
in Holstein has been described and pictured by Gripp (1914, p. 21, Plate 2,
figs. 17-19) under the name of Fusus abruptus var. Gottschei. As differences
from the main form GRipp states that his subspecies has a somewhat smaller
apical angle and obviously no fold on the columella, and the spiral ornamen-
tation is characterized by the fact that four spiral bands are more prominent
than the other spiral bands, also on the youngest whorls.

Besides, S. abruptus is characterized by Gripp (1933 p. 92) as a guiding
species for the Reinbek-Stufe in Germany. So far the species has not been
described, as BEYrRICH had no suitable material at his disposal. A picture of
a shell from the Middle Miocene beds of Langenfelde was given by GRIPP in
1933 (Plate VI, fig. 3). After completion of the manuscript to the present work
a description was given by ANDERSON (1964, see list of synonyms).

Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation. North Germany: Reinbek-
Stufe (ANDERSON).

Genus: Aquilofusus KAUTSKY 1925
(Type: Fusus waeli NYST)

Aquilofusus festivus (BEYRICH 1856)
Plate XIII, figs. 2-3 and Plate XIV, figs. 3 and 8
1856. Fusus festivus — BEYrRiCH, Conchylien, p. 262, PL. 19, f. 1a, b, 2, 2a.
1872. Fusus festivus BEYR. — v. KOENEN, Mioc. Nordd. I, p. 175.
1925. Agquilofusus festivus BEyrR. — KAuTsky, Hemmoor, p. 125.
1962. Aquilofusus festivus (BEYrRiCH) — HiNscH, Twistringen, PI. 28, f. 9 (only fig.).

1964. Aquilofusus festivus (BEYRICH) — ANDERSON, Reinbek-Stufe, p. 266, Pl. 27, f. 205
and 205a.

Original diagnosis. Not given. Outlines of the original description: “Die Schale
ist spindelférmig. Das Gewinde mit einem kleinen, stumpfen Embryonalende
von nur einer flach liegenden Windung. Die Mittelwindungen sind gewolbt,
nach oben kantig, oberhalb der Kante rinnenartig ausgehohlt, unterhalb der-
selben gewolbt und zur unteren Naht hin eingezogen ... Die oberen Mittel-
windungen haben einen schon am Embryonalende beginnenden Nahtsaum,
eine stirkere iiber die Kante fortlaufende und dieselbe erhebende Leiste, und
darunter anfangs einen, dann zwei minder starke Querstreifen. Zu dieser Quer-
skulptur treten schwache, auf der Kante in einem stumpfen Winkel geknickte
Léngsfiltchen hinzu ... In den unteren Windungen verliert sich der Nahtsaum,
die Rinne bleibt ohne Querstreifen ...” (BEYRICH 1856).

Type material. The specimen pictured by BEYRICH, op. cit. Plate 19, figs. la
and b, is the holotype. Depository: unknown. Type locality: Bersenbriick.
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Material. Hodde Clay.

Made. Eastern clay pit, north wall: 1 defective and weathered shell.

Description. Because of the poorly preserved material from the Hodde Clay
the material from Shell Bed I at Hoddemark (Karlsgarde Canal) and Twistrin-
gen (North Germany) has been used as basis of the following description.

The shell is large, fusiform.

The protoconch is comparatively small, dome-like, paucispiral, comprising
1-14 smooth whorls and 4 terminal whorl with a spiral thread immediately
below the adapical suture and a spiral thread on about the middle of the whorl.

The whorls of the teleoconch are subangular. The oldest whorl with a weak
spiral thread immediately below the adapical suture and two strong spiral
threads or bands in the middle. Simultaneously collabral filamentous ribs ap-
pear, which at first are widely spaced and later close-set. On the next whorl
the collabral ribs increase in size and simultaneously the number of spiral
ribs increases to three. The adapical spiral rib increases in strength and gives
rise to the formation of rather a conspicuous shoulder or edge while at the
same time a cavity forms adapically to it. On the following whorls weak spiral
threads appear adapically to Spiral Rib 2.

The collabral ribs, which are placed obliquely, are gradually only seen
abapically to the adapical spiral rib. They are weaker on the younger whorls
of most shells, but never disappear completely. The spiral sculpture continues
right on to the neck of the canal.

The aperture is roundly oval. Labrum has been broken off the present shells.
The inner lip is smooth, sharply delimited from the surface of the base, often
with an oblique columellar fold. The siphonal canal is comparatively long
and straight.

Variations. The material from Hoddemark shows rather a great variation as
regards the sculpture. There are shells with a highly developed carina and shells
without a carina, but with evenly convex whorls. The number of spiral ribs
varies as well.

The only shell from Twistringen available to me lacks collabral ribs on the
youngest whorls, and the spiral bands on these whorls are greatly blurred.

Remarks. Shells of the type with the convex whorls from Shell Bed I at Hodde-
mark may become so greatly similar to the figures of 4. beyrichi (NysT 1861)
in the literature (KAUTSKY 1925 and GLIBERT 1952) that it seems that they
ought to be referred to this species. I have not had any material of A. beyrichi
for comparison at my disposal, but if my assumption is correct, the species
seems to be a forerunner of A. festivus. The two forms may even be connected
through even transitions so that both of them belong to A. beyrichi. A. festivus
then must be considered a subspecies. So far, however, more material is
needed before this problem can be solved.
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A. festivus seems to be limited to occurring in the German Reinbek-Stufe.
The previous statements of the occurrence of the species at Giihlitz in Mecklen-
burg have later been invalidated by Gripp (1959, p. 101), who states that there
has been a confusion with 4. lategradatus (KAUTSKY 1925).

v. KOENEN’s having recorded A. festivus from Tornskov in Slesvig suggests
that this species together with several others (cf. RASMUSSEN 1956, p. 26)
originates from beds which are equivalent to the Reinbek beds. From the
same locality mainly such species are known as belong to the Gram Formation.

Measurements.
Length of the
aperture Protoconch
Locality Length Diameter including the canal Length Diameter
Hoddemark 6.3 mm. 3.4 mm. 3.6 mm. 0.8 mm. 1.2 mm.
- 1.2 - 1.4 -
Twistringen 26.3 - 11.8 — 1.4 - 1.2 - 1.4 -

A defective shell from Hoddemark must have been at least 25 mm. long.

Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation. North Germany: Reinbek-
Stufe (Gripp, ANDERSON). Holland: Mittelmiozidn (MOLENGRAAFF & V. D. GRACHT).

Aquilofusus luneburgensis (PHILIPPI in VOLGER 1845)

1845. Fusus Luneburgensis PHILIPPI — VOLGER, De Agri Luneburgici, p. 36.

1846. Fusus luneburgensis — PuiLipp1, Verzeichniss, p. 74, Pl. Xa, f. 6.

1856. Fusus luneburgensis PHIL. — BEYRrICH, Conchylien, p. 267, Pl. 19, f. 10.

1872. Fusus liineburgensis PHIL. — v. KOENEN, Mioc. Nordd. I, p. 177.

1925. ?Agquilofusus liineburgensis PHIL. — KAuTsky, Hemmoor, p. 122.

1952. p-Aquilofusus luneburgensis (PuiLipp1) — HinscH, Leit. Moll., p. 164, Pl. B, f. 9-11.
1958. f-Aquilofusus luneburgensis (PuiLipp1) — HINscH, Maade, p. 472.

Original diagnosis. F. testa elongato-fusiformi; anfractibus rotundatis, sutura
profunda divisis, lineisque impressis transversis, plicisque frequentibus longi-
tudinalibus, arcuatis exaratis; cauda satis abrupta; apertura cum canali,
spiram haud aequante. Long 17""'; lat. 81" (PHILIPPI in VOLGER 1845).

New diagnosis by HinscH 1952: Ein relativ gedrungener f-Aquilofusus.
Die letzte Embryonalwindung trigt drei oder vier Primérspiralen. Die Rippen
verloschen sehr selten auf der Schlusswindung. Der Kanal ist relativ kurz.

Type material. PHILIPPI’s holotype (pictured in 1846, Plate Xa, fig. 6) has
presumably been lost. HINSCH’s neotypes are kept at the Geologisches Staats-
institut in Hamburg as Nos. 180, 181 a, and 181b. Type localities: PHILIPPI’'s
material originated from Liineburg (clay pit at Ziegelberg), while HINSCH’s
material has been found in the clay pits at Langenfelde. Stratum typicum:



154

Glimmerton. Derivatio nominis: luneburgensis = from the town of Liineburg
in Northern Germany.

Description. In the luneburgensis-form-cycle I include all the Aquilofusus forms
with the following common characters:

(1) Three spiral threads on the protoconch.
(2) Three main spiral bands on, at any rate, the oldest whorls of the teleoconch.

The variations in the spiral as well as the collabral ornamentation are great.
The material can, however, be grouped in four subspecies, which are connected
through even transitions, but which have each their characteristic stamp, so
that at any rate part of the material can easily be referred to the subspecies
in question.

Distribution. This species has only been found in Upper Miocene strata of North Germany
and Denmark.

1. Aquilofusus luneburgensis tricinctus (BEYRICH 1856)
Plate XIII, fig. 4, and Plate XIV, fig. 9

1856. Fusus tricinctus — BEYrRicH, Conchylien, p. 263, PL. 19, f. 4.
1872. Fusus tricinctus BEYR. — v. KOENEN, Mioc. Nordd. I, p. 175.

Description of an incomplete specimen from Langenfelde kept in the collec-
tions of the Mineralogical Museum of the University of Copenhagen (sub-
mitted to the museum in 1897 from the Naturhistorisches Museum at Ham-
burg).

The shell is big, fusiform. The protoconch is paucispiral. The initial whorl
has been broken off. The terminal whorl is evenly convex with an adapical,
subsutural spiral thread and three other spiral threads, all crossed by numerous
thin orthocline collabral threads.

The whorls of the teleoconch are angular. The subsutural spiral thread has
disappeared. The three other spiral threads have been fortified into strong and
broad spiral bands, the abapical one of which is a little weaker than the others.
The region between the adapical suture and the adapical spiral band is shaped
as rather a steep ramp. The abapical two thirds of the whorl is flatly convex.
In the middle of this section is the middle spiral bands, while the abapical
spiral band is close to the abapical suture. The collabral ornamentation is
fortified simultaneously to the spiral ornamentation by the forming of ribs.
The number of ribs varies between 13 and 16 per whorl.

The basal parts of the shell have been broken off.

Main characters. Three particularly prominent spiral bands and often angular
whorls.
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Distribution.

North Sea Basin. Upper Miocene. Germany: Giihlitz, Reinbek, Liineburg, Langenfelde
(v. KOENEN).
This subspecies has not so far been recorded from Denmark.

2. Aquilofusus luneburgensis luneburgensis (PHILIPPI 1845)
Plate XIV, figs. 1-2 and 7
For list of synonyms see p. 153
Material. Gram Clay.

Hoddemark. Karlsgarde Canal: 3 shells
Grode. Karlsgarde Canal: 1 shell
Made Brickworks. Northwestern clay pit: 1 shell

- Eastern clay pit: 21 shells
Strandgard Brickworks. Clay pit: 5 shells

Description. The shell is big, fusiform. The protoconch as in the preceding
subspecies. The initial whorl is smooth, fairly small, hardly raised over the
following whorl.

The whorls of the teleoconch are convex, with a strong spiral and collabral
ornamentation. There are three characteristic spiral bands of the first order
on the abapical two thirds of the whorl, and a spiral band of the second order
between the abapical suture and the abapical spiral band of the first order.
Gradually there appears one or more spiral bands of weaker orders between
the stronger ones. There are collabral ribs, more or less opisthocyrt, of varying
breadth and prominence, the number ranging from 10 to 19 per whorl. The
aperture is roundly oval. The labrum is sharp-edged. The inner lip is smooth,
well-defined. The siphonal canal is fairly long, often a little oblique.

Main characters. Strong, sometimes rather coarse, spiral and collabral orna-
mentation on all whorls. Three spiral bands are especially prominent. The
whorls are convex.

Measurements. The shell pictured on Plate XIV, figs. | and 2, measures: Length
of the axis: 41.4 mm., longest diameter: 16.2 mm., length of the aperture
(including the canal): 18.5 mm.

Most of the other adult shells from the eastern clay pit of Made Brickworks
measure from 18 to 40 mm. in length and from 8 to 17 mm. in the longest
diameter. The apical angle varies from about 34° to about 41°. The largest
number of adult whorls recorded is 6 in all.

Nearly all the present shells are more or less defective, so that very few
specimens can have all dimensions measured.

Distribution.

North Sea Basin. Upper Miocene. Germany: Liineburg, Langenfelde, Elbtunnel, Wohl-
torf, Lieth (HinscH). Denmark: Made Brickworks, eastern clay pit, Gram Clay (the
oldest horizon).
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3. Aquilofusus luneburgensis meyni (SEMPER in V. KOENEN 1872)
Table X1V, fig. 4

1872. Fusus Meyni SEMPER — V. KOENEN, Mioc. Nordd. I, p. 178, PL. 1, f. 6a, b, c.

Material. Gram Clay.
Made Brickworks. Eastern clay pit: 4 or 5 shells.

Description. The shell is big, fusiform.

The protoconch as in the case of the other subspecies.

The whorls of the teleoconch are moderately convex. The oldest whorl has
three spiral bands of the first order. Between the adapical suture and the
abapical spiral band there is a spiral band of a lower order. A similar one is
seen close to the abapical suture. The next whorl but one and the following
ones are covered by numerous flat and narrow spiral bands of nearly the same
prominence. The number ranges from 9 to 15 per whorl. The collabral orna-
mentation consists of mostly rather narrow, more or less opisthocyrt ribs in
a number of 10-20 per whorl.

The basal parts are as in the other subspecies.

Main characters. Three prominent spiral bands of the first order occur only
on the oldest whorl of the teleoconch. The other whorls have numerous rather
fine spiral bands and comparatively narrow collabral ribs.

Measurements. A shell from Langenfelde (in the collections of the Mineralog-
ical Museum of the University of Copenhagen) has the following measures:
Length: 36.3 mm., longest diameter: 13.8 mm., and length of the aperture:
17.3 mm. (including the canal).

Another shell from the eastern clay pit of Méade Brickworks shows in the
case of the corresponding dimensions: 29.5 mm., 12.3 mm., and 14.1 mm.,
respectively.

Distribution.

North Sea Basin. Miocene. North Germany: Liineburg, Langenfelde, Lieth, Teufels-
briicke (v. KOENEN). Denmark: Gram Formation (Made, Gram Clay).

4. Aquilofusus luneburgensis eximius (BEYRICH 1856)
Plate X1V, figs. 5-6, and Plate XV, figs. 2-3

1856. Fusus eximius — BEYRiCH, Conchylien, p. 265, PIL. 19, f. 3, 5, 5a, 6, 7.
1872. Fusus eximius BEYR. — V. KOENEN, Mioc. Nordd. I, p. 176.
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1907. Fusus eximius BEYRICH — RavN, Jylland, p. 328.
1952. f(3-Aquilofusus eximius (BEYriCH) — HINsCH, Leit. Moll., p. 167.

Material. Gram Clay.

Lille Spabak. Lignite pit: 1 shell
Moltrup Brickworks. Clay pit: 1 shell
Alkearsig Brickworks. Clay pit: 1 shell
Esbjerg. 130.59 73.0 =74.5 m.: 1 shell
- Clay pit and beach: 17 shells
Gram 141.277 14.00—-14.60 m.: 1 shell

Description. The shell is big, fusiform. The protoconch has three spiral threads
crossed by numerous slightly raised collabral threads, which actually are well-
marked growth lines.

The whorls of the teleoconch are convex, with three distinctive spiral bands.
On whorls 3 and 4 there is a spiral band of the second order between the ada-
pical and the middle one of the three spiral bands of the first order. There is
a collabral sculpture of ribs, the mutual distance between which corresponds
to the distance between the spiral bands, with which, for that matter, they
may be compared as regards breadth. The ornamentation of the teleoconch
therefore is often a fairly regular lattice-work.

The basal parts of the shell are as in the other subspecies.

Main characters. Three spiral bands are most prominent. The collabral ribs
and the spiral bands often form a regular lattice-work.

M easurements. The pictured shell from Morsum Kliff measures:
Length 29.5 mm., longest diameter 12.3 mm., and length of the aperture
(including the canal) 13.0 mm.

Distribution.

North Sea Basin. Upper Miocene. North Germany: Morsum Kliff (HinscH). Denmark:
Lille Spabzk, Moltrup, Alkarsig, Esbjerg, Gram.

Remarks. The commonest of the subspecies described here is A. luneburgensis
sensu stricto.

HinscH (loc. cit. p. 167) states that A. eximius has only two primary spirals
(spirals of the first order). This does not apply to the shells of this subspecies
from Morsum KIiff in the collection of D.G.U., which clearly have three
spiral bands of the first order (cf. picture Plate XV, figs. 2-3).

For that matter, I have not sufficient material at my disposal to decide
with certainty whether the form from Morsum Kliff and the form from the
Gram Clay at Esbjerg are completely identical.



158

Aquilofusus semiglaber (BEYRICH 1856)

1956. Agquilofusus semiglaber (BEyRiCH) — RAsMUSSEN, South Jutland, p. 75, Pl. VII,
f..24, b.
1958. f-Aquilofusus semiglaber (BEYRICH) — HINSCH, Maade, p. 472.

Material. Gram Clay.

Shell material is available from the following localities (cf. Tables 15-66 in Part I):

Skerum Molle (clay pit), Lille Spabak (clay pit), Gronbjerg (clay pit), Gjellerup (85.382),
Sandfeldbjerg (clay pit), Brande Brickworks (clay pit), Drantum (104.1241), Alkersig
Brickworks (clay pit), Forsum Brickworks (clay pit), Hauge (clay pit, transition to A.
eximius), Tonding (clay pit), Hoddemark (Karlsgarde Canal), Esbjerg (clay pit and beach),
Made Brickworks (eastern clay pit), Strandgard Brickworks (clay pit), Gording (unknown
pit), Holleskov (132.46b), Ravning (clay pit), Sender Hygum (141.260 and 141.261),
Rodding (141.243), Gram (141.277), Spandetgard (clay pit), Brodersmark (166.351b),
Saed (167.445), and Rends (167.236).

Description. The shell is big, fusiform.

The protoconch is dome-like, paucispiral, comprising about two whorls and
a half. The initial whorl is small, smooth, on a level with the following whorl.
The other whorls are convex. The terminal part comprises about a whorl and
a half with two spiral threads in the middle of the whorl at some distance
from each other, crossed by numerous thin, orthocline, collabral threads.

The whorls of the teleoconch are convex. The oldest of these has two dis-
tinctive spiral bands of the first order in the middle of the whorl, and a spiral
band of the second order between the adapical suture and the adapical spiral
band of the first order. The spiral band of the second order is stronger on the
younger whorls and gradually new spiral bands develop between the two of
the first order and between the abapical one of these and the abapical suture.
The spiral bands are gradually somewhat weakened and then appear with the
same prominence.

The collabral sculpture comprises a number (11-17 or more) slightly opistho-
cyrt ribs, which appear already on the oldest whorl of the teleoconch, but
disappear or are weakened already on the fourth or the fifth whorl, so that
the youngest ones are smooth, apart from the weakened spiral sculpture.

On the lower part of the base and the neck of the canal the spiral sculpture
is again more prominent and directed obliquely in relation to the axis of the
shell.

The aperture is oval, passing abapically into a long, somewhat oblique
siphonal canal surrounded by a straight, comparatively long neck of the canal.
Labrum is sharp-edged, but mostly broken off. The inner lip is well-defined,
smooth.

Remarks. This species, as pointed out by HinscH (1952), clearly differs from
the closely related A. luneburgensis by having only two spiral threads on the



159

terminal part of the protoconch and two pronounced spiral bands on the
oldest whorls of the teleoconch. On the other hand, the absence of collabral
ribs on the youngest whorls of the shell must be considered a secondary
character. Specimens of A. luneburgensis may also show this character. In
1958 HiINnscH pointed out that A. semiglaber generally seems to have a smaller
apical angle than A. luneburgensis.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Gram-Stufe
at Fresenmoor (HINSCH).

Aquilofusus sp.
Plate XIII, fig. 1
Material. Gram Clay.

Made. Strandgard Brickworks: 1 shell
Hodde. Unknown locality on the Karlsgarde Canal: 1 shell.

Description. The shell is big, fusiform, with angular whorls.

The protoconch has been broken off.

The teleoconch has six whorls provided with two distinctive spiral bands.
The part adapical to the adapical spiral band forms an acute angle with the
axis of the shell, while the section abapical to the abapical spiral band has a
relatively slighter inclination adaxially. On the latter part the fifth whorl has
a spiral thread of the second order. The ramp towards the neck of the canal
and the surface of the neck is provided with 15 prominent spiral bands.

The collabral sculpture consists of opisthocyrt ribs, which are somewhat
narrower than the spiral bands and which, following the growth lines, are
only prominent in the interval between the spiral bands, and are perpendicular
to these. On the third whorl there are 17, on the fourth 19, and on the fifth
whorl 23 collabral ribs. On the sixth and youngest whorl they are greatly
blurred.

The aperture is oval, subangular, abapically passing into a siphonal canal
of moderate length. Labrum is sharp-edged. The inner lip is smooth, well-
defined.

Remarks. It has not been possible to identify the shells with any species
described so far. They can to a certain extent be compared with A. luneburgensis
tricinctus, but they have two spiral bands of the first order instead of three.
It would be tempting to consider the present form as a corresponding sub-
species of A. semiglaber. For that matter, the shell from Strandgard Brick-
works was found together with shells of the latter species.

So far the question whether there is here a new species must be left open
until further material is available, at best also with the protoconch preserved.
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Aquilofusus puggaardi (BEYRICH 1856)
Plate XIII, figs. 5-6

1956. Aquilofusus puggaardi (BEYRICH) — RASMUSSEN, South Jutland, p. 76, Pl. VII, f. 3.

Material. Gram Clay.

Shell material is available from the following localities (cf. Tables 15-66 in
Part I):

Skaerum Molle (clay pit), Lille Spabak (lignite pit), Videbzk (83.344), Moltrup Brick-
works (clay pit), Lille Torup (85.379), Alkarsig Brickworks (clay pit), Odderup (103.150),
Hesselho (113.121), Hauge (clay pit), Tonding (clay pit), Hoddemark (Karlsgarde Canal),
Esbjerg (clay pit and beach), Made Brickworks (Eastern clay pit), Strandgard Brickworks
(clay pit), and Gram (141.277).

Description. The shell is of moderate size, fusiform.

The protoconch is obtuse, paucispiral, comprising two whorls and a half.
The initial whorl is fairly small, only a little raised over the following whorl.
The terminal whorl is relatively high, with four prominent spiral threads. The
adapical thread is somewhat below the adapical suture. The spiral threads
are crossed by numerous thin collabral threads.

The whorls of the teleoconch are convex, with four, later five spiral bands.
Between the adapical suture and the adapical one of the four spiral bands on
the oldest whorls there is a greater interspace than between the other spiral
bands mutually and between these and the abapical suture. In this interspace
there are first five spiral bands, later perhaps some more, which are thinner.

On the teleoconch there are immediately after the protoconch some very
prominent, rounded collabral, slightly opisthocyrt ribs, which are somewhat
more widely spaced than themselves. Their number increases from about 10-11
on the oldest whorls to 17-18 on the youngest ones.

The aperture is oval. Labrum is sharp-edged. Labium is smooth, well-
defined. The siphonal canal is comparatively short, slightly twisted.

Variations. The species varies somewhat as regards the collabral sculpture, as,
especially in the older layers of Gram Clay at Made, there are shells with
collabral ribs on the youngest whorls, while shells without such ribs on the
younger part of the shell are most common in the younger layers of the Gram
Clay, e.g. at Gram Brickworks.

Remarks. See RASMUSSEN loc. cit.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Langenfelde-
Stufe, Gram-Stufe, Sylt-Stufe (HinscH). Holland: Upper Miocene at Oploo (GRipp).
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FAMILIA: MITRIDAE

Genus: Uromitra BELLARDI 1887
(Type: Voluta cupressinum BroccHI 1814)

Uromitra cimbrica (OPPENHEIM in KAUTSKY 1925)
Plate XVII, figs. 5-6

1952. Uromitra wirtzi — HINscH, Leit. Moll., p. 169, PI. C, f. 4.
1952. Uromitra cimbrica (OPPENHEIM in KAUTsKY) — HinscH, Leit. Moll., p. 169, Pl. C,

f. 3.

1956. Uromitra cimbrica (OPPENHEIM in KAUTSKY) — RAsSMUSSEN, South Jutland, p. 77,

Pl. VII, f. 4.

Material. Gram Clay.

Lillelund 73.88 28.5 -49.5 m.:
Videbak 84.1748  23.95-24.95 m.:
Moltrup Brickworks. Clay pit:

Drantum 104.1241 46.0 -50.0 m.:
Nyholm 104.1166 15.2 -16.2 m.:

Alkersig Brickworks. Clay pit:
Hauge. Clay pit:

Hoddemark. Karlsgarde Canal:
Esbjerg. Clay pit and beach:

1 shell
1 shell
1 shell
1 shell
1 shell
2 shells
2 shells
1 shell
43 shells

(type: wirtzi HINSCH)

Made Brickworks. Eastern clay pit: U. cimbrica wirtzi: 13 shells
U. cimbrica cimbrica or
U. cimbrica wirtzi: 55 shells
Strandgard Brickworks. Clay pit: U. cimbrica wirtzi: 1 shell
U. cimbrica cimbrica: 1 shell
Holleskov 132.46b 49 -11.2 m.: 1 shell
Sender Hygum 141.261 200 m.: 1 shell
Gram 141.277 14.00-14.60 m.: 1 shell
- - 14.60-15.10 m.: 1 shell
- - 15.10-15.55 m.: 1 shell

Description. The shell is more or less slender, fusiform.

The protoconch is bud-shaped, paucispiral, consisting of one and one fourth
smooth whorls.

The teleoconch has relatively many (up to 8) whorls, which are quite flat
or very flatly convex, provided with a spiral belt immediately below the ada-
pical suture, which gives the shell a more or less pronouncedly stepped relief.
Shells with a broad and prominent spiral belt are comparatively broader and
have a shorter apex than shells with a narrow spiral belt. This belt has arisen
by the merging of 2-3, more rarely 4, spiral bands, and its breadth occupies
from one third to half of the height of the whorl, in very slender shells, however,
a considerably smaller part. The region abapical to the spiral belt is provided
with 3-4 spiral bands. On a few shells with particularly tall whorls, however,
up to six such spiral bands are seen. They are flat and are of the same breadth

11
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as the interspaces between them. These interspaces, however, are often con-
siderably narrower and may even be reduced to being narrow grooves. The
distance between the spiral belt and the adapical spiral band in most shells
seems to be a little broader than between the other spiral bands.

The spiral sculpture crosses numerous (10-21 or more) collabral ribs, which
are almost orthocline, but still a little obliquely placed over the spiral belt.
The number increases rather considerably with age in the same individual.
They are of the same breadth as the interspaces between them. On the slenderer
and more finely sculptured shells the spiral bands cross the collabral ribs. In
the more coarsely sculptured forms with a broader subsutural spiral belt only
the spiral bands in the interspaces between the collabral ribs are seen, the
collabral ribs dominating considerably in prominence as compared with the
spiral sculpture. Both the spiral bands and the collabral ribs continue on the
last whorl right down to the neck of the canal, where there are 3-6 oblique
spiral bands.

The aperture is oblong oval, often comparatively narrow. Labrum is sharp-
edged. The inner lip is smooth, in the case of some shells well delimited from
the surface of the base. The columella has four narrow, oblique folds, the
adapical one being the largest and the abapical one the smallest. They seem
to form a continuation of the spiral bands on the neck of the canal. The
siphonal canal is short and broad in relation to the aperture.

Variations. This species varies rather considerably as regards the sculpture,
the prominence of the spiral belt, and the slenderness of the shell. Shells with
a relatively short apex and an extremely broad and prominent subsutural
spiral belt have been found in the clay pit of Gram Brickworks. In no other
localities completely corresponding shells have been found, but in the younger
part of the Gram Clay at Made Brickworks there are shells with a spiral belt
which is rather strong although not to the same degree as is the case of the
Gram shells. These specimens, however, clearly point towards the form from
Gram Brickworks and form an even transition from the slender form with a
narrow spiral belt and regular spiral and collabral sculptures found in the
older parts of the Gram Clay at Made Brickworks. On a certain number of
the latter specimens there is practically no subsutural spiral belt.

Remarks. The form from Gram Brickworks is by HINSCH (op. cit.) considered
a species different from the form at Langenfelde, which corresponds to the
one occurring in the early parts of the Gram Clay at Méade and by HINSCH
has been referred to a new species: U. wirtzi.

There is so even a transition between the two types that it may not be a
question of two different species. The material from Made Brickworks includes
specimens which cannot clearly be referred to one of the two “species”. It
seems, however, to be a fact that the slender, more finely sculptured form
(the type wirtzi) belongs to the oldest beds of the Gram Clay and the shorter,
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more coarsely sculptured form (the type cimbrica sensu HINSCH) to its youngest
beds. Thus there is here apparently an evolutional form of which at any rate
the extremes have a certain biostratigraphical value. The two forms have
therefore been entered as subspecies in the list of the molluscan fauna of the
Gram Clay in Part I of the present work (see RASMUSSEN 1966, p. 289).

Measurements. The shell from Made pictured measures:
Length 10.8 mm., diameter: 3.9 mm., length of the protoconch: 0.6 mm., and
height of the youngest whorl (including the canal): 5.6 mm.

The largest of the shells available must have been more than 21 mm. in
length and 6.7 mm. in diameter.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Langenfelde-
Stufe (U. wirtzi, HinscH), Gram-Stufe (HiNscH). Belgium: ? Anversien (GLIBERT).

FAMILIA: VOLUTIDAE CHENU 1859

Genus: Scaphella SWAINSON 1832
(Type: Voluta junonia CHEMNITZ 1785)

Scaphella bolli (KocH 1861)
Plate X, fig. 10, Plate XIII, fig. 9, and Plate XVI, figs. 3-4

1854. Voluta Siemssenii BoLL (pars) — BEyricH, Conchylien, p. 81, PI. 5, f. 3.

1872. Voluta (Scapha) Bolli KocH — v. KOENEN, Mioc. Nordd. I, p. 254.

1925. Scaphella Bolli KocH — KauTtsky, Hemmoor, p. 132, P1. 9, f. 13.

1907. Voluta Bolli Kocn — RavN, Jylland, p. 338 (134).

1952. Scaphella (Scaphella) bolli KocH sp. — GLIBERT, Mioc. Belg. 11, p. 119, PL. IX, f. 6.
1964. Scaphella bolli (F. E. KocH) — ANDERSON, Reinbek-Stufe, p. 269, Pl. 28, f. 209.

Material. Gram Clay.

Hoddemark. Karlsgarde Canal: 1 defective shell
Made Brickworks. Eastern clay pit: 14 defective shells and many fragments
Strandgdrd Brickworks. Clay pit: 1 fragm. shell

Description. The shell is very big, fusiform, more or less slender, with an
obtuse apex.

The protoconch is very big, paucispiral, comprising only a big, wart-shaped
whorl, apparently without ornamentation (the surface of the shell denuded
in the specimens available).

The whorls of the protoconch are flatly convex, with the exception of a
more or less pronounced concave depression on the adapical region below
the suture. This is very obliquely placed in relation to the axis of the shell
and not depressed, as the following whorl fits tight to the preceding one for
a short distance and in this way completely covers it abapically.

11*
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Immediately below the adapical suture there is a flat zone, which abapically
is replaced by the depression mentioned, which, again, is followed by the
flatly convex about two thirds of the whorl. This is covered by numerous
close-set, thin and weak spiral threads, which, when magnified, prove to be
stylolith-like and irregularly undulate. The distance between them is somewhat
broader than the threads themselves.

The growth lines form an extremely flat sinus in the deepest part of the
depression, but are otherwise almost orthocline.

The aperture is oblong oval, tapering adapically, Labrum has not been
observed. The inner lip is smooth, with three prominent, oblique columellar
folds.

The abapical part of the base has been broken off the shells from the Gram
Clay. On shells from Shell Bed I at Hoddemark (Karlsgarde Canal) it is seen
that the aperture abapically passes evenly into a gradually rather narrow
siphonal canal, which seems to be completely straight.

Remarks. From Shell Bed I at Hoddemark there are some very slender shells.
The specimens from the Gram Clay on the other hand are comparatively
broader.

In the literature the relations of this species to Scaphella lamberti SOWERBY
from the Pliocene beds in England and Belgium as well as Scaphella siemsseni
(BoLL) from the Middle and Upper Oligocene beds in the North Sea Basin
are often discussed, but an unambiguous definition of the species is not
available.

Because of its considerable size S. bolli attracted attention at an early
stage. In the Mica Clay on Sylt (Morsum Kliff) already FORCHHAMMER (1828,
p. 374) observed shells of this species. Later he (1835, p. 97) as well as H. BEck
(1835, p. 219) identified the species with Voluta Lambertii from the English
Crag. BEYRICH (1854) stresses the size of the specimens from Sylt as “kolossal”
as compared with the shells from the Upper Oligocene strata, uniting the
North German shells under the name V. Siemssenii.

According to v. KOENEN (1872) there was in the German collections material
of this species from three Slesvig localities: Tornskov, Arrild, and Storlund
(according to information from J. O. SEMPER). In Danish collections there is
only material from the older Gram Clay at Made Brickworks. It seems to be
missing from the somewhat younger strata (e.g. the clay pit of Gram Brick-
works), but appears again in the very youngest strata, occurring, as stated
above, in the Mica Clay of Morsum KIiff on Sylt.

Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation, Gram Formation. North
Germany: Holsteiner Gestein (v. KoeNEN), Hemmoor-Stufe (KauTsky), Reinbek-Stufe
(ANDERSON), Obermiozdn (v. KoeNeEN). Holland: Mittelmiozin (MOLENGRAAF & V. D.
‘GRACHT). Belgium: Bolderien, Anversien (GLIBERT).
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FAMILIA: CANCELLARIIDAE H. & A. ADAMS 1853
Genus: Narona H. & A. ADAMS 1854

(Type: Cancellaria clavatula SOWERBY)

Narona lyrata (BroccHr 1814)
Plate XVII, figs. 1-2

1814. Voluta lyrata — BroccHi, Conch. subapp. I, p. 311, PL 111, f. 6 (1843 edit. p. 83).
1814. Voluta spinulosa — BroccHi, Conch. subapp. 11, p. 309, PL. 111, f. 15 (1843 edit. p. 81).
1841. Cancellaria lyrata BRoccH1 — BELLARDI, Cancellariidae, p. 14, P1. I, f. 1, 2.
1856. Cancellaria lyrata BRocc. — HORNES, Wienerbecken I, p. 308, PI. 34, f. 4, 5.
1857. Cancellaria lyrata Broc. sp. — BEYRICH, Conchylien, p. 332, P1. 27, f. 7, 8a, b, c.
1872. Cancellaria lyrata BrRoc. — v. KOENEN, Mioc. Nordd. I, p. 164.
1894. Sveltia lyrata (BRr.) — Sacco, I Molluschi, XVI, p. 59, PL III, f. 57-65.
1899. Sveltia (Calcarata) lyrata BRoccH1 — CossMANN, Essais, 3, p. 22, PL. I, f. 5.
1925. Sveltia (Calcarata) lyrata BROCCH. var. parvicarinata nov. sp. — KAuTsky, Hem-

moor, p. 139, Pl. 10, f. 4.
1928. Sveltia lyrata (BroccHI1) var. spinulosa BrRoccHl — CossMaNN & Pevrot, Conch.

Néog. A.S.L.B. LXXIX, p. 226, Pl. X111, f. 27-28.
1952. Narona ( f-Sveltia) lyrata parvicarinata (Kautsky) — HinscH, Leit. Moll. p. 170.
1955. Sveltia lyrata (BRoccHI) — Rosst RONCHETTI, I tipi, p. 270, f. 144.
1964. Narona (Sveltia) lyrata (BRocCHI) — ANDERSON, Reinbek-Stufe, p. 274, PI. 30, f. 215.

Original diagnosis. Testa turrita, leviter transversim striata, longitudinaliter
oblique costata anfractubus tumidiusculis, infra medium carinatis, carina
coronata, columella triplicata, basi integra (BroccHI 1814).

Type material. The shell pictured by BroccHI (op. cit. Plate 111, fig. 6) is the
holotype. Depository: Museo Civico di Storia Naturale di Milano, collezione
Brocchi, No. 89. — Type locality: Parlascio (Toscana). — Stratum typicum:
Pliocene.

Material. Gram Clay.

Made Brickworks. Eastern clay pit: 2 shells of the typical form and 29 shells
with a slightly developed carina

Description. The shell is rather big, ovoid-subfusiform.

The protoconch is naticiform, with rather a low apex in relation to the
broad terminal whorl. The initial whorl is small. The number of whorls is
about three and one fourth. They are smooth, convex, and separated by rather
deep-set sutures. On the youngest part of the terminal whorl there are 4-5
weak spiral elevations of the surface of the shell, which become 4-5 rather
prominent spiral ribs. The adapical rib is somewhat below the suture, while
the abapical one is immediately above the abapical suture.

The whorls of the teleoconch are slightly subangular, Spiral Rib 2, which
is in the middle of the whorls, being somewhat prominent, so that a faint
carina is formed. This carina has, however, disappeared from many shells, so
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that the whorls are regularly convex. The adapical spiral rib is always the
weakest one. Between the ribs there are up to five very slight spiral threads,
which often are more or less blurred.

On the teleoconch there are furthermore highly prominent, rather narrow
collabral ribs in a number of 11-12 per whorl. The spiral sculpture crosses the
collabral sculpture. On Spiral Rib 2 some small prominent spines are formed
on some of the shells. Both sculptural elements continue undiminished over
the base, where the collabral sculpture gradually is lost down towards the
neck of the canal. The sutures are deep-set, a little oblique in relation to the
axis, undulate because of the placing of the collabral ribs.

The aperture is oval or drawn out semicircularly, broadest adapically,
passing into a very short, oblique siphonal canal abapically. Labrum is sharp-
edged, on the inside with about seven palatal folds. The inner lip is smooth,
with a rough surface, passing imperceptibly into the surface of the base,
having three very oblique columellar folds, the adapical one of which is the
most prominent one, the abapical one being the slightest. A siphonal fasciole
is found on many of the shells. A more or less well-developed pseudumbilicus
is seen on some of the shells.

Remarks. This species, which is first of all known from the Miocene and
Pliocene formations, is very variable as regards the more or less angular form
of the whorls. Generally the Italian shells have a prominent carina-like margin
on the whorls, most pronounced in the subspecies spinulosa (BRoccH1 1814).
The same applies to the shells from the Miocene of the Vienna Basin. As
pointed out by KAUTsKy, the shells in the Miocene of the North Sea Basin
have only a slightly developed margin, for which reason he set up the sub-
species parvicarinata for these shells. The material from the Upper Miocene
beds of Northern Germany as well as Denmark belongs to this type. The
shells from Méde Brickworks, however, generally have an extremely slightly
developed carina or completely lack the carina. Thus a development towards
N. rothi (q.v.) is indicated.

Measurements. The shell pictured in Plate XVII, figs. 1 and 2, measures:
Length: 18.2 mm., diameter: 10.3 mm., length of the protoconch: 1.7 mm.,
diameter of the protoconch: 1.9 mm., and length of the aperture: 9.0 mm.
The largest shell from Made measures 28.6 mm. in length and 14.2 in longest
diameter.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Reinbek-
Stufe (ANDERSON), Glimmerton at Giihlitz, Lineburg (BEYrIiCH), Langenfelde (GOTTSCHE),
in a glacial floe at Hemmoor (KAUTSKY).

Atlantic Region. Aquitanian Basin: Helvétien (CossMANN & PEYROT).
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Mediterranean Basin. Italy: Elveziano, Tortoniano, Piacenziano (SAcco). Spain (Cata-
luna): Placenciense (ALMERA Y BOFILL).

Vienna Basin. Austria: “Unterer Tegel und Sand” at Baden, Véslau, Pfaffstdtten,
Grinzing, Grund, Forchtenau (M. HORNES). — Hungary: ““Miozin-Mediterran” (STRAUSZ).

Narona rothi (SEMPER 1861)

1956. Cancellaria (Narona) rothi (SEMPER) — RAsMUSSEN, South Jutland, p. 79, Pl. VII,
f. 8a, b.

Material. Gram Clay.
Shells are available from the following localities (see Part I, Tables 15-66):

Skaerum Molle (clay pit), Sandfeldbjerg (clay pit), Brande Brickworks (clay pit), Alkarsig
Brickworks (clay pit), Odderup (103.150), Hesselho (113.121), Hauge (clay pit), Karls-
garde Canal (unknown locality), Esbjerg (130.59, clay pit and beach), Made Brickworks
(northwestern and eastern clay pits), Strandgard Brickworks (clay pit), Holleskov (132.46b),
Ravning (clay pit), Sender Hygum (141.260, 141.261), Redding (141.75), Gram (141.277),
Spandetgard (clay pit), Brodersmark (166.351b), Szd (167.445), and Rends (167.236).

Description. The shell is fairly big, ovoid-subfusiform.

The protoconch is naticiform, with smooth whorls in a number of three
and one fourth and increasing rather soon in diameter. The youngest part of
the terminal whorl has four spiral threads.

The whorls of the teleoconch are regularly convex, with four strong and
rather prominent spiral bands, of which No. 2 is in the middle of the whorl.
No. 1 is between the adapical suture and Spiral Band 2 and is the weakest.
No. 4 is immediately above the abapical suture, while No. 3 is halfway between
this and Band 2. On the younger whorls there is furthermore a spiral thread
between the adapical suture and Spiral Band 1, and there are often very faint
spiral threads in the interspaces between the stronger ones.

The spiral sculpture crosses 10-12 prominent oblique, rounded collabral
ribs, the interspaces of which are broader than the ribs themselves. At the
passages of the spiral bands over the ribs there are slight, oblong knobs. On
the younger whorls the spiral bands are rather broad and prominent. They
continue on to the base. There are 12-14 broad spiral bands on the last whorl.
The collabral ribs are only lost down towards the neck of the canal. The
sutures are rather deep-set, undulate.

The aperture is oblong, semicircular. Labrum is sharp-edged, sometimes
thickened, interiorly with 6-7 palatal folds. Labium is smooth, passing evenly
into the surface of the base without any sharp demarcation, provided with
2-3 oblique columellar folds, the adapical fold being the largest. A more or
less well developed siphonal fasciole is seen on some shells. On some shells
there is also a distinct pseudumbilicus.
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Remarks. This form, which is only found in the younger strata of the Gram
Formation, differs from N. lyrata only by having coarser and broader spiral
ribs and by the whorls of the teleoconch always being regularly convex. How-
ever, it is a fact that the form which occurs in the Mica Clay at Langenfelde
and in the stratigraphically deepest parts of the Gram Clay at Méde as a whole
appears different from the form in the younger Gram Clay, which crops up
at Gram, Spandetgard, etc. Perhaps it will appear that N. rothi does not clearly
differ from N. lyrata. Many shells of the latter species from Made thus have
not any distinct carina and only differ from the Gram shells by their finer
spiral sculpture. It seems doubtful whether the latter character is sufficient
to distinguish the species. Perhaps the isolated occurrence of N. rothi in the
North Sea Basin is indicative of the fact that it is a locally developed subspecies
of N. lyrata.

Measurements. See RASMUSSEN 1956, p. 80.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. — North Germany: Gram-
Stufe (HINSCH).

Narona calcarata (BroccHr 1814)
Plate XII, figs. 8-9

1955. Sveltia (Calcarata) calcarata (BroccHI) — Rosst RONCHETTI, 1 tipi, p. 275, f. 147.

1956. Cancellaria (Narona) calcarata (BROCCHI) — RASMUSSEN, South Jutland, p. 78,
Pl. VIL £ 7.

1958. Cancellaria (Narona) calcarata (BROCCHI) — SORGENFREI, Middle Mioc., p. 243,
Pl. 51, 1. 1684, b.

1964. Narona (Calcarata) calcarata (BRoccHI) — ANDERSON, Reinbek-Stufe, p. 275, Pl. 30,
i 207

Material. Gram Clay.

Gram. The clay pit: 1 shell (leg. H. @pum 1926)
- 141.277 12.10-12.60 m.: 1 juvenile shell

Description. The previously described specimen from Gram lacks its apex.
The later appearing juvenile shell from the bore-hole at Gram Brickworks
offers the following information about the form in the Gram Clay:

The shell is rather small, ovoid-subfusiform, with angular whorls.

The protoconch is relatively large, globular, comprising about three and
one fourth highly convex, smooth whorls fast increasing in diameter. The
initial whorl is small.

Only one and one fourth whorl of the teleoconch are available. The tran-
sition to this part of the shell is even, as gradually there appears a more distinct
carina somewhat below the adapical suture. Simultaneously a number of
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collabral lamellae appear (a total of 11 on the youngest whorl), which at the
passage over the carina form spines, the youngest of which point upwards
(adapically). The surface of the shell is otherwise smooth, apart from the
somewhat oblique, a little irregular, but otherwise orthocline growth lines.

The base is demarcated adapically by a rounded-off, but otherwise pro-
nounced edge starting from the adapical corner of the aperture. The aperture
is trapezoidal. Labrum is sharp-edged and the inner lip narrow. There is a
narrow pseudumbilicus.

Remarks. This characteristic species is very rare in the Gram Clay. This also
applies to the corresponding deposits in Northern Germany. BEYRICH had
only one specimen at his disposal (from the Middle Miocene beds at Dingden),
while v. KOENEN had none. On the other hand Gorrtscre (1876, p. 101)
mentions that the species has been shown in the Mica Clay at Langenfelde.
This statement seems to refer to the only finding in the Upper Miocene beds
of Northern Germany.

Measurements. The juvenile specimen from Gram has the following measures:
Length: 3.0 mm., diameter: 2.2 mm., length of the protoconch: 1.3 mm.,
diameter of the protoconch: 1.1 mm., and length of the aperture: 1.7 mm.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Gram Forma-
tion. North Germany: Hemmoor-Stufe (KauTtsky), Reinbek-Stufe (ANDERsSON), Glim-
merton at Langenfelde (GOTTSCHE).

Atlantic Region. Aquitanian Basin: Tortonien (CossMANN & PEYROT).

Mediterranean Basin. Italy: Tortoniano, Elveziano, Piacenziano, Astiano (SAcco).
Spain (Cataluna): Placenciense (ALMERA Y BoriLL: C. calcarata quadrulata).

Vienna Basin. Austria: “Tegel und Sand des Leythakalkes™ at Enzelfeld, Gainfahren,
Pfaffstatten, Kienberg (M. HORNES). — Hungary: ““Miozdn-Mediterran’ (STRAUSZ).

Genus: Admete KROYER in M@LLER 1842
(Type: A. crispa M@LLER)

Admete fusiformis (CANTRAINE 1836)

1835. Cancellaria fusiformis — CANTRAINE, Diagnoses moll., p. 391.

1956. Admete (Babylonella) subangulosa (S. Woop) — RASMUSSEN, South Jutland, p. 80,
Pl VII, f. 5a, b.

1958. Admete cf. fusiformis (CANTRAINE) — SORGENFREI, Middle Mioc., p. 246, Pl. 51,
f. 170.

1964. Babylonella fusiformis (CANTRAINE) — ANDERSON, Reinbek-Stufe, p. 276, Pl. 30,
f. 219, 219a.
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Material. Hodde Clay.

Shells are available from the following localities (see Part I, Tables 4-66):
Leding (93.155), Enderupskov (141.196), Gram (141.277), and Hygum (141.215).

Gram Clay.

Kodal-Fjaldene (84.1749), Videbaxk (84.1748), Mgltrup Brickworks (clay pit), Lille
Torup (85.379), Gjedstrup (85.861), Brande Brickworks (clay pit), Drantum (104.1241),
Hjortsballe (105.320), Hesselho (113.121), Hauge (clay pit), Esbjerg (130.59), Made
Brickworks (eastern clay pit), Holleskov (132.46b), Hjortvad (141.178), Sender Hygum
(141.260, 141.261, 141.273), Gram (141.277), Spandetgard (clay pit), Tender (166.398),
Brodersmark (166.351b), Sad (167.445), and Rends (167.236).

Description. The shell is ovoid-fusiform.

The protoconch is bud-shaped, paucispiral, comprising about 23-3 whorls.
The initial whorl is slightly heterostrophic, only slightly raised above the
following whorl. The other whorls are convex. The terminal whorl has nu-
merous sigmoid collabral threads, which are connected with numerous, slightly
prominent and irregularly passing spiral threads, which point in different
directions in relation to the axis of the shell. This spiral sculpture is a con-
tinuation of a bivirgate spiral striation on the medial whorls.

The whorls of the teleoconch are more or less angular, with rather narrow,
but greatly prominent collabral ribs numbering 10-14, the interspaces between
which are considerably broader than the ribs themselves. The spiral sculpture
consists of narrow, often highly prominent bands, which cross the collabral
ribs. Their numbers range from 5 to 10. The spiral sculpture continues right
down to the end of the canal, while the collabral ribs are soon lost on the
base.

The aperture is more or less rounded-off trapezoidal. Labrum is simple,
sharp-edged. As a rule it has been broken off the shells found. Labium often
abapically has a projecting, smooth, rounded-off margin. Between this and the
base there is a frequently well-developed pseudumbilicus. The siphonal canal
is short and broad.

Variations. The species varies as regards the number of spiral bands. Thus
the majority of shells from Shell Bed I at Hoddemark have only 5 to each
whorl, whereas the shells from the Gram Clay have 8-10 spiral bands, which
are more close-set than those on the Hodde shells. The material from the
Gram Clay thus is more similar to the shells from the Arnum Formation
described by SORGENFREL

Remarks. It has not been possible for me to verify the identity of A. sub-
angulosa and A. fusiformis, but according to the information in the literature
the former species seems only to be a more subangular variant of the latter.
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Distribution.

North Sea Basin. Oligocene. Denmark: Upper (HARDER), Germany: Middle, Upper
(v. KOENEN). — Miocene. Denmark: Arnum Formation (SORGENFREI), Gram Formation.
North Germany: Vierland-Stufe (Gripp), Hemmoor-Stufe (KAuTsky), Reinbek-Stufe
(ANDERSON), Glimmerton (v. KoeNEN). Belgium: Anversien (GLIBERT). — Pliocene. Eng-
land: Coralline Crag (Woopb, HARMER).

Atlantic Region. Aquitanian Basin: ? Aquitanien (Sveltia pyrenaica PEYROT).

Mediterranean Basin. Italy: Tortoniano, Piacenziano, Astiano (SAacco).

FAMILIA: CONIDAE SWAINSON 1840

Genus: Conus LINNE 1758
(Type: Conus marmoreus LINNE 1758)

Conus antediluvianus BRUGUIERE 1792

1956. Conus (Conospira) antediluvianus BRUGUIERE — RASMUSSEN, South Jutland, p. 97,
Pl IX, f. 4a, b.

1964. Conus (Conolithus) antediluvianus BRUGUIERE — ANDERSON, Reinbek-Stufe, p. 317,
Pl. 45, f. 274, 274 4a, b.

Material. Gram Clay.
Shells are available from the following localities (see Part I, Tables 15-66):

Skarum Molle (clay pit), Kodal-Fjaldene (84.1749), Lille Torup (85.379), Frelund
(85.383), Sandfeldbjerg (clay pit), Brande Brickworks (clay pit), Drantum (104.1241),
Hjortsballe (105.320), Alkarsig Brickworks (clay pit), Odderup (103.150), Harkes Brick-
works (clay pit), Hauge (clay pit), Tending (clay pit), Hoddemark (Karlsgirde Canal),
Grode (Canal sect.), Hodde (113.33a), Esbjerg (clay pit and beach), Made Brickworks
(eastern clay pit), Strandgard Brickworks (clay pit), Holleskov (132.46b), Ravning (clay
pit), Sender Hygum (141.261), Redding (141.76), Gram (141.277), Spandetgard (clay pit),
Toender (166.398), Brodersmark (166.351b), Sed (167.445), and Rends (167.236).

Description. The shell is rather slender, with a pronounced conic apex and base.

The protoconch is conical, multispiral, comprising about five whorls. The
initial whorl is small, slightly heterostrophic. The other whorls are flatly
convex and smooth.

The transition to the teleoconch is marked by 10-12 collabral ribs. Further-
more, there is a carina, which gradually becomes rather sharp and prominent.
The collabral ribs develop into knobs on this carina. They are somewhat
tapering abapically and slightly oblique. The number to each whorl ranges
from 15 to about 30 on the youngest whorls of old shells. The part between
the adapical suture and the carina is concave, forming a more or less deep
depression, in which the sinus of the growth lines is situated. The growth
lines sometimes stand out relief-like in the depression. The part abapical to
the carina slopes adaxially and besides the above-mentioned oblique collabral
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folds as a continuation of the knobs has some six thin and very weak spiral
ribs, which on young whorls are still weaker and often cannot be seen at all
on the old shells. The spiral ribs, however, also occur on the surface of the
drawn out conical base, especially on its abapical part. Apart from these often
quite obliterated spiral ribs or bands the surface of the base is quite smooth.
The apex is considerably shorter than the base.

The aperture is narrow and oblong, fissure-shaped. Labrum has been broken
off all the shells available. An inner lip has not been marked.

Remarks. It seems that this species can clearly be distinguished from C. dujar-
dini DESHAYES by the very weak or completely missing knobs on the carina
of the latter species, which obviously also varies somewhat as regards height
of the apex.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Hemmoor-
Stufe (KAuUTsKY), Reinbek-Stufe (ANDERSON), Glimmerton (BEYRICH, V. KOENEN). Hol-
land: Mittel- und Obermiozdn (MOLENGRAAF & V. D. GRACHT).

Mediterranean Basin. Italy: Elveziano, Tortoniano, Pliocene (Sacco). Spain (Cataluna):
Placenciense, Astiense (ALMERA Y BOFILL).

Vienna Basin. Austria: Grunder Schichten, 2. Mediterranstufe (KAuTsky). — Hungary:
“Miozin-Mediterran’ (STRAUSZ).

FAMILIA: TURRIDAE MELVILL 1917

Genus: Gemmula WEINKAUFF 1875
(Type: Pleurotoma gemmata REEVE 1843)

Gemmula zimmermanni (PHILIPPI 1846)
Plate XVIII, figs. 3-4, and Plate XIX, fig. 1

1846. Pleurotoma Zimmermanni — PHILIPPI, Verzeichniss, p. 69, Pl. Xa, f. 3a, b.
1872. Pleurotoma rotata BRroc. var. complanata — v. KOENEN, Mioc. Nordd. I, p. 218,

Pl 11, f. 9a, b.

1925. Pleurotoma Zimmermanni PHILIPPI — KAUTSKY, Hemmoor, p. 161, PL. 11, f. 9.

1954. Turris (Gemmula) zimmermanni PriLIPPI sp. — GLIBERT, Pleurotomes, p. 6, PL II,
f. 3a-h.

1958. Gemmula Zimmermanni (PHILIPPI) — SORGENFREI, Middle Mioc., p. 257, Pl. 53,
f. 176.

1964. Gemmula (Gemmula) zimmermanni (PHILIPPI) — ANDERSON, Reinbek-Stufe, p. 282,
Pl 32, f. 228.

Material. Hodde Clay.

Leding 93.155 31 m.: 3 small, defective shells
and 1 fragm. 4)
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Odderup 103.150  24.8 -25.6 m.: 3 protoconchs and 1 def. shell,
3 fragm. (4)
Hodde 113.33a 18.5 -18.9 m.: 1 apex of a shell and | basal part
of a shell 2)
Made Brickworks. Southwestern clay pit: 1 defective shell (1)
~ Eastern clay pit: 13 more or less def. shells (13)
Gram 141.277 29.00-29.50 m.: 2 def. shells and 2 apices 4)
- - 29.50-30.00 m.: 3 apices and 8 fragm. (3)
- - 30.00-30.50 m.: 1 def. shell (1
- - 30.50-30.95 m.: 2 def. shells 2)
= = 30.95-31.35 m.: 1 def. sh. and 6 fragm. (1)
- - 31.35-31.65 m.: 1 def. sh. and 4 fragm. (1)
= - 31.65-31.95 m.: 6 fragments (1)
- - 31.95-32.30 m.: 1 def. apex and 9 fragm. (?72)
- - 32.70-33.05 m.: 5 fragments (1)
- - 33.05-33.40 m.: 2 apices and 7 fragm. 3)
- - 33.80-34.25 m.: 15 fragments (1)
= - 34.25-34.70 m.: 2 apices and 3 fragm. 2)
- - 34.70-35.00 m.: 1 apex and 11 fragm. (1)
- - 35.00-35.30 m.: 1 small, complete shell and 1 fragm. (1)
- - 35.30-35.70 m.: 1 small, complete shell, 1 apex
and 2 fragm. )
Sender Hygum 141.215 26.2 -32.8 m.: 3 def. shells 3)
Tender 166.398 76 m.: ?5 fragments (1)

Description. The shell is comparatively big, subfusiform-turriform, with a
relatively high conical apex.

The protoconch is conical, multispiral, comprising about five convex whorls.
The initial whorl is small, smooth. The other whorls have distant, sharp,
slightly opisthocyrt, collabral ribs, which rise like sharp crests, highest on the
abapical part of the whorls. The intervals are completely smooth.

The whorls of the teleoconch are rather flat, with a very weak spiral belt
under the adapical suture and another, slightly more developed spiral belt
with a number of close-set, slightly prominent knots immediately above the
abapical suture. The region between these weak spiral belts constitutes the
main part of the height of the whorls and is slightly convex. On the older
whorls the spiral belts are conspicious, just as the intermediate region is some-
what more convex than on the younger whorls. The whole surface is covered
by some 8-12 spiral threads, which are rather slightly prominent and separated
by relatively large interspaces. The knots, the number of which ranges from
about 14 on the oldest whorls to about 25 or more on the youngest ones, are
most sturdily developed on the oldest whorls and soon become weaker and
often disappear completely on the youngest whorls. At the same time the
convex spiral belt as well as the concave belt have been so much levelled that
the whorls seem to be quite flat. The sinus of the growth lines is on the abapical
spiral belt with the row of knots, which is actually only short elevations of
the former.
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The base is convex and forms a steep ramp. The spiral sculpture continues
on the base right out to the end of the canal. The labrum is broken off all the
shells available. The inner lip is smooth and is well-defined. The aperture is
oval. The siphonal canal is rather long, narrow and somewhat obliquely placed.

Remarks. The identity of PHILIPPI’s species and the form occurring in the
Hodde Clay and other Miocene formations is not quite certain. PHILIPPI
(loc. cit.) states that one of his specimens originates from Liineburg and the
other, which is juvenile, has been found at Eversen near Aerze. We are not
informed of the place near Liineburg where the former was found. If, like
the other shells from Liineburg mentioned by PHILIPPL, it originates from the
Upper Miocene Mica Clay, it is probable that it is identical with the form
of G. badensis occurring in the older beds of the Gram Clay (thus at Méde
Brickworks). This form, which is mentioned in the remarks on G. badensis
(p. 175), is not, however, identical with the species from the Middle Miocene
formations in the North Sea Basin which in the literature is usually denoted
as G. zimmermanni. As the difference between them especially consists in the
conditions of the protoconch, it is not possible to decide with certainty whether
the variety complanata (of P. rotata) set up by v. KOENEN (in this case = G.
badensis) is identical with the early form of G. badensis or with G. zimmer-
manni. v. KOENEN mentions that the variety complanata occurs at Giihlitz
and Liineburg as extreme forms of P. rotata (i.e. G. badensis), but that it has
otherwise especially been recorded from Berssenbriick, Dingden, Eibergen,
Antwerp, Edeghem, and Bolderberg, thus from the beds of the Reinbek-Stufe.

The difference in the microsculpture of the protoconch found between
G. badensis from the older Gram Clay and G. zimmermanni from the Hodde
Clay was not observed by v. KOeNEN. In his diagnosis of G. zimmermanni,
PHiLIPPI does not mention the appearance of the protoconch at all.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde For-
mation. North Germany: Hemmoor-Stufe (KAauTsky), Reinbek-Stufe (ANDERSON). Bel-
gium: Boldérien, Anversien (GLIBERT).

Gemmula badensis (R. HOERNES 1875)
Plate X VIII, figs. 2, 5, and 6

1956. Turris (Gemmula) badensis (R. HOERNES) — RASMUSSEN, South Jutland, p. 84, P1. VIII,
f.2a, b.
1958. Gemmula badensis (HORNES) — SORGENFREI, Middle Mioc., p. 252, Pl. 52, f. 173.

Material. Gram Clay.
Shell material is available from the following localities (see Part I, Tables
15-66):

Skerum Moglle (clay pit), Lillelund (73.88), Lille Spabak (lignite pit), Muldbjerg
(83.1006), Kodal-Fjaldene (84.1749), Vidcbak (84.1748, 84.358, 84.456, 84.483, 84.492),
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Moltrup Brickworks (clay pit), Lille Torup (85.379), Gjellerup (85.380), Tvarmose (85.381),
Gjellerup (85.382), Frelund (85.383), Gjodstrup (85.861), Snejbjerg (85.775), Bording
(86.177), Brande Brickworks (clay pit), Drantum (104.1241), Nyholm (104.1166), Hjorts-
balle (105.320), Alkersig Brickworks (clay pit), Lenborg (102.55), Forsum Brickworks
(new clay pit), Odderup (103.150), Harkes Brickworks (clay pit), Albek Eng (102.59),
Hesselho (113.121), Hauge (clay pit), Tonding (clay pit), Hoddemark (Karlsgarde Canal),
Esbjerg (130.59, clay pit and beach), Made Brickworks (clay pits), Strandgéard Brickworks
(clay pit), Tiset (141.244), Holleskov (132.46b), Ravning (clay pit), Hjortvad (141.178),
Seonder Hygum (141.260, 141.261), Redding (141.76), Gram (141.277), Spandetgard
(clay pit), Tender (166.398), Brodersmark (166.351b), Sed (167.4, 167.445), and Rends
(167.236).

Remarks. This species, which is common in the Gram Clay, has been described
by HinscH 1952, p. 174 (Plate C, fig. 9), and in the works of RAsMUSSEN and
SORGENFREI cited. A description in Danish has furthermore been given by
RAVN (1907, p. 355, picture Plate VIII, fig. 4). Further description of the
species therefore is hardly necessary.

HiNscH (op. cit. p. 175 and fig. 11) has pointed out that the number of
knobs on the shells from Langenfelde (early layers of Glimmerton) is higher
than on the specimens from Gram (younger Gram Clay). The same fact can
be observed on the material from Made Brickworks. See figs. 2, 5, and 6 on
Plate XVIII.

On the other hand it is doubtful whether G. zimmermanni represents the
early link in an evolutionary series towards G. badensis as indicated by HINSCH
(op. cit.), as the protoconch of the former species has a sculpture that is
different from that of the latter species.

However, we still miss a direct comparison between G. badensis from the
Miocene formations of Denmark and shells of this species from the type
strata in the Vienna Basin, for which reason there is still a little uncertainty
as to the identity.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Gram For-
mation. North Germany: Hemmoor-Stufe (KauTsky), Langenfelde-Stufe, Gram-Stufe
(HINsCH).

Vienna Basin. Austria: Schlier, 2. Mediterranstufe (HOERNES & AUINGER). — Hungary:
“Miozdn-Mediterran’ (STRAUSZ).

Gemmula annae (HOERNES & AUINGER 1891)

1956. Turris (Hemipleurotoma) annae (HOERNES & AUINGER) — RASMUSSEN, South Jutland,
p. 86, PL. VIII, f. 3a, b.

Material. Gram Clay.
Shell material is available from the following localities (see Part I, Tables
15-66):

Skarum Mplle (clay pit), Lille Spabak (lignite pit), Muldbjerg (83.1006), Kodal-Fjaldene
(84.1749), Videbak (84.1748, 84.344, 84.358, 84.456), Mpltrup Brickworks (clay pit), Lille
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Torup (85.379), Gijellerup (85.380), Tvaermose (85.381), Frelund (85.383), Gjedstrup
(85.861), Sandfeldbjerg (clay pit), Brande Brickworks (clay pit), Drantum (104.1241),
Alkersig Brickworks (clay pit), Odderup (103.150), Harkes Brickworks (clay pit), Hauge
(clay pit), Tending (clay pit), Karlsgarde Canal (unknown loc.), Esbjerg (130.59, clay pit
and beach), Made Brickworks (eastern clay pit), Strandgard Brickworks (clay pit), Holle-
skov (132.46b), Ravning (clay pit), Hjortvad (141.178), Lintrup (132.140), Sender Hygum
(141.260, 141.261), Redding (141.243), Gram (141.277), Spandetgard (clay pit), Tender
(166.348), Brodersmark (166.351b), Sad (167.445), and Rends (167.236).

Description. The shell is big, slender, fusiform, with the apex higher than the
base.

The protoconch is conical, multispiral, comprising about five whorls, which
are all provided with numerous microscopical granulae on the surface. The
initial whorl is slightly sinistral. The medial whorls are convex, more so aba-
pically. This also at first applies to the terminal part of the protoconch, the
youngest part, however, being almost completely flat. The terminal region
comprises one and a fourth up to about two whorls, which have some (14-18
per whorl) first opisthocline, then opisthocyrt, narrow, rather distant collabral
ribs.

The whorls of the teleoconch generally are convex or slightly subangular.
Immediately below the adapical suture there is a more or less conspicious
spiral belt, which abapically demarcates a comparatively narrow concave
region or depression. Then, a little below the middle of the whorl, there is a
convex belt, which is more or less prominent and sometimes forms an in-
distinct shoulder. The abapical part of the whorl slopes adaxially down towards
the suture.

The subsutural belt may be dissolved into knobs, thus especially on the
older whorls. The second convex belt or the shoulder always bears comparatively
strong knobs (in a number of 14-21 per whorl), appearing as short, rather
sickle-shaped elevations of the growth-lines, the sinus of which is just found
on this spiral belt.

The surface of the whorls, for that matter, is covered by numerous close-set,
but weak spiral threads, which also cover the whole surface of the base. On
the knob-bearing spiral belt three spiral threads pass over the knobs. On the
youngest whorls of the older shells the spiral threads are often so obliterated
that the surface becomes almost quite smooth.

The aperture is oblong oval, abapically passing into the comparatively long,
narrow siphonal canal. The labrum has been broken off all the shells available.
The inner lip is smooth, clearly delimited from the sculptured surface of the
base.

Remarks. The identification with the species from the Vienna Basin is mainly
due to KAUTSKY’s authority, as he knew both the Austrian and the North
German form from personal experience. I have not myself had any opportunity
to compare them.
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As the whole form cycle connected with Pleurotoma turricula, to which the
present species belongs, comprises a number of related forms in various
European Tertiary basins, the problem of the inter-relations between the
various forms can only be solved satisfactorily after a closer statistical treat-
ment of a larger material on the basis of biometry.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Hemmoor-
Stufe (KAauTsky), Langenfelde-Stufe, Gram-Stufe (HiNsCH).

Vienna Basin. Austria: Schlier, Grunder Schichten, 2. Mediterranstufe (KAUTSKY). —
Hungary: “Miozidn-Mediterran” (STRAUSZ).
Poland: Miozdn (FRIEDBERG).

Gemmula boreoturricula (KAuTsKY 1925)
Plate XIX, figs. 2-3

1872. Pleurotoma turricula Broc., pars — v. KoENEN, Mioc. Nordd. I, p. 221.

1925. Pleurotoma (Hemipleurotoma) boreoturricula — KAutsky, Hemmoor, p. 165, PL. 11,
f. 14.

1925. Pleurotoma (Hemipleurotoma) boreoturricula var. densestriata — KAUTSKY, ibid.,
p. 165, PL. 11, f. 15.

1925. Pleurotoma (Hemipleurotoma) boreoturricula var. laevigata — KAUTSKY, ibid., p. 165,
PL 11, f. 16.

1954. Turris (Gemmula) boreoturricula Kautsky sp. — GLIBERT, Pleurotomes, p. 9, Pl. II,
f. 8.

1958. Gemmula boreoturricula (KAUTSKY) — SORGENFREI, Middle Mioc., p. 254, PL 52,
f. 174a-c, PIL 53, f. 174.

1964. Gemmula (Gemmula) boreoturricula (KAUTSKY) — ANDERSON, Reinbek-Stufe, p. 280,
Pl. 32, f. 225,

Material. Hodde Clay.

Odderup 103.150 24.8 -25.6 m.: 1 somewhat fragmentary shell
Hodde 113.33a  18.5 —-18.9 m.: 1 very defective, juvenile shell
Made Brickworks. Eastern clay pit: 2 shells

Sonder Hygum 141.215 26.2 -32.8 m.: 1 juvenile, well-preserved shell
Gram 141.277 29.50-30.00 m.: 1 defective shell

- 31.95-32.30 m.: 1 defective, juvenile shell

Description. The shell is rather small, more or less slender, often fusiform.

The protoconch is conical, paucispiral, comprising about five whorls. The
initial whorl is small, slightly sinistral, with numerous microscopical granulae.
The medial whorls are convex, often highest in the abapical part and also
with numerous granulae. The terminal part, which also has convex whorls,
comprises about 13-2 whorls, which are provided with distant, narrow, first
opisthocline, afterwards opisthocyrt, collabral ribs. The surface of the shell
in the interspaces of these is granulated as on the other whorls of the proto-
conch.

12
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The whorls of the teleoconch are, if anything, flat. Immediately below the
adapical suture there is a slightly convex belt consisting of two spiral threads.
On the older whorls, however, there is, as a rule, only a single, more prominent,
spiral thread. Abapically to this belt there is a broad, slightly convex region
with 4-6 rather weak spiral bands.

Next, there is a narrow, slightly convex belt, on which the sinus of the
growth lines form slightly prominent, short, sickle-shaped knobs, crossed by
three weak spiral bands of the same appearance as those on the rest of the
whorl. Between this knob-bearing belt and the abapical suture there is a
narrow flat belt with 1-2 weak spiral bands. The base is covered by flat spiral
bands right out to the end of the canal.

The aperture is oblong oval, abapically passing into rather a long siphonal
canal. The labrum has been broken off all the shells available. The inner lip
is smooth and delimited from the sculptured surface of the base with a well-
defined edge.

Remarks. The material from the Hodde Clay is very modest. However, it
corresponds excellently to the present material from Shell Bed I at Hoddemark
and Twistringen (Northern Germany). From the latter locality there are shells
which only have traces of knobs on the one or two oldest whorls of the teleo-
conch and thus correspond to KAUTSKY’s two varieties densestriata and lae-
vigata.

The present material undoubtedly belongs to KAUTSKY’s G. boreoturricula.
This species may, however, be identical with G. annae (HOERNES & AUINGER),
which is very variable (cf. HOERNES & AUINGER’s figures, 1891, Plate XXXVII,
figs. 17-25).

SORGENFREI (0p. cit.) as the only reason why he did not include G. boreo-
turricula among the synonyms for G. annae adduces the fact that Pleurotoma
monilis (must be a mistake for P. turricula, HOERNES, 1856, p. 351!) = G. annae
(HOERNES & AUINGER 1891, p. 296) has only two whorls of the protoconch.
In all other conditions they are seen to be alike.

The relation between G. annae and G. boreoturricula can hardly be solved
satisfactorily except after a closer examination of all species and populations
belonging to the form cycle including G. turricula and G. annae.

In this work the specific name of boreoturricula is retained with reference
to the shells of the Hodde Clay, as well as those of the other Middle Miocene
shells, as these partly are certainly identical with KAUTSKY’s species, partly
can be distinguished rather clearly from shells of G. annae in the Gram Clay
(see further sub this species).

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde For-
mation. North Germany: Hemmoor-Stufe (KAuTsky), Reinbek-Stufe (ANDERSON). Bel-
gium: Boldérien, Anversien (GLIBERT).



Genus: Fusiturris THIELE 1929
(Type: Pleurotoma undatiruga BivoNa 1832)

Fusiturris duchasteli (NYsT 1836)
Plate XVII, figs. 4 and 7

1836. Pleurotoma Duchastelii — Nyst, Kleyn-Spauwen, p. 172, PI. 1, f. 80.
1867. Pleurotoma Duchastelii NystT — v. KOENEN, Mitteloligocidn, p. 38.
1870. Pleurotoma Duchastelii NYST — SPEYER, Cassel, p. 111, PL. 15, f. 6-13, PL. 16, f. [-3.
1907. Pleurotoma Duchasteli NYST — RAVN, Jylland, p. 351, PL. VII, f. 10, 15.
1913. Pleurotoma Duchasteli NyST — HARDER, Aarhus, p. 94, Pl. VII, f. 26-37.
1914. Pleurotoma Duchasteli Nyst — GRripp, Itzehoe, p. 29.

1916. Pleurotoma Duchasteli NYST — NORREGAARD, Esbjerg, p. 32, P1. 3, f. 9.
1925. Pleurotoma (Hemipleurotoma) Duchasteli NYST var. flexiplicata NyST — KAUTSKY,

Hemmoor, p. 168, PL. 11, f. 21.
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1940. Pleurotoma (Hemipleurotoma) Duchastelii NYST — SORGENFREI, Klintinghoved, p. 53,

Pl. VI; £. 15.

1954. Turris (Fusiturris) duchasteli f. flexiplicata KAUTSKY sp. — GLIBERT, Pleurotomes,

p: 10; Pl II; f. 9a, b; c.

1958. Fusiturris Duchastelii (NYST) — SORGENFREI, Middle Mioc., p. 258, Pl. 54, f. 177.
1964. Turris (Fusiturris) flexiplicata (KAUTSKY) — ANDERSON, Reinbek-Stufe, p. 285, P1. 33,

f. 232, 232a.

Material. Hodde Clay.

Leding 93.155 19 =27 m.:
Grode. Karlsgarde Canal:
Hodde 113.33a 18.5 -18.9 m.:

Made Brickworks. Northwestern clay pit:
= Eastern clay pit:
Gram 141.277

Hajstrup 167.235 174'-194’

27.00-27.50 m.:
27.50-28.00 m.:
29.00-29.50 m.:
29.50-30.00 m.:
30.00-30.50 m.:
30.50-30.95 m.:
31.35-31.65 m.:
31.65-31.95 m.:
32.30-32.70 m.:
33.05-33.40 m.:
33.40-33.80 m.:
33.80-34.25 m.:
34.70-35.00 m.:
35.00-35.30 m.:
35.30-35.70 m.:

1 small, defective shell

1 defective shell

1 shell without protoconch,
and 2 juvenile shells

1 shell

10 more or less defective shells
2 very fragm. sh. and I fragm.
1 fragm. sh. and 3 fragm.

4 small fragments

3 small fragments

1 juvenile shell and 4 fragm.
2 small fragments

6 small fragm.

1 fragm.

8 fragm. of 1 shell

I apex and 7 other fragm.

I fragm. sh. and 2 fragm.
10 fragments

1 apex and 2 other fragm.

8 small fragments

2 fragm.

I small fragment

Description. The shell is comparatively big, slender, fusiform.
The protoconch is tapering, paucispiral, comprising four or five whorls.
The initial whorl is small, smooth, slightly sinistral. The medial whorls are
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smooth, slightly convex or almost flat. The terminal whorl is flat, with mutually
distant narrow collabral ribs (11-14 in number).

Even transition to the teleoconch, the whorls of which are flat or slightly
convex. They are covered with rather a weak spiral sculpture. Immediately
below the adapical suture there is a narrow zone without spiral sculpture,
which, however, may be so narrow that it must be termed a spiral groove.
Abapically to this groove there is a larger, slightly convex region with 4-6
flat spiral bands. The growth lines form a sinus of moderate depth in the
middle of the whorl.

On most of the shells some of the growth lines on the oldest whorls stand
out as short curved collabral ribs. As a rule they disappear already on the
third whorl of the teleoconch, but there are a few shells in which they are
also found on the younger whorls. The apex of the shell is often long as com-
pared with the base.

As a rule the labrum has been broken off the Danish material, but it seems
to have been sharp-edged. The inner lip is smooth, well-defined as regards
the base. The aperture is oblong oval, passing evenly into the straight, mod-
erately long siphonal canal.

Variations. This species is rather variable as regards shape of the shell and
sculpture, as there are short, comparatively broad forms as well as forms that
are slender, with a high apex in relation to the base. The shells from the Hodde
Clay have a spiral sculpture of varying prominence, but it always seems to be
rather weak.

Remarks. A comparison between the material from the Hodde Clay and shells
from the Middle Oligocene clay occurring at Grundfer Brickworks north of
Arhus shows small differences. The latter shells have one or two subsutural
spiral bands, a narrow depressed region with a weak spiral band and the
6-8 rather broad spiral bands separated by narrow spiral grooves. Other shells
from Grundfer are without the narrow depressed region, but have the same
spiral ornamentation. Available shells from the Middle Oligocene clay at
Ulstrup (Sophienlund Brickworks) have a coarser spiral sculpture and collabral
ribs on all the whorls, but the sculptural scheme is here, too: 1-2 spiral bands,
1 spiral groove (which crosses the collabral sculpture), and a concave region
with several broader as well as narrower spiral bands, which, however, can
be almost merged or obliterated.

Distribution.

North Sea Basin. Oligocene. Denmark: Middle, Upper (RAvN, HARDER). Germany:
Middle, Upper (v. KoeENEN). Belgium: Tongrien, Rupélien, Chattien (GLIBERT). Miocene.
Denmark: Klintinghoved Clay, Arnum Formation (SorRGENFREI), Hodde Formation.
North Germany: Vierland-Stufe (Gripp), Hemmoor-Stufe (KauTsky), Reinbek-Stufe
(ANDERSON). Belgium: Boldérien, Anversien (GLIBERT).

South Germany (Bavaria): Burdigal (HoLzL: Turris duchasteli flexiplicata).
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Fusiturris helena (SEMPER in v. KOENEN 1872)

1956. Turris (Fusiturris) helena (SEMPER) — RASMUSSEN, South Jutland, p. 83, Pl VIII,
f. 1a, b.

Material. Gram Clay.

Gram 141.277 5.30- 5.70 m.: 2 defective, juvenile shells (2)
- - 12.60-13.10 m.: 1 apex of a shell (1)
- - 15.55-16.00 m.: 1 protoconch (1)
— - 17.00-17.50 m.: 1 juvenile shell (1)

Spandetgard. Clay pit: 1 juvenile shell (1)

Sed 167.4 70 m.: 2 small, juvenile shells (2)
= 167.445 92.25-92.70 m.: 1 juvenile shell (1)
- - 92.70-93.00 m.: 2 fragments (1)
- - 95.90-96.20 m.: 1 defective shell (1)
- - 99.05-99.55 m.: 1 small, juvenile shell (1)

Rends 167.236 140'-160’ : 2 small, juvenile shells 2)

Description. The shell is fusiform or subconical.

The protoconch is conical, multispiral, comprising 45—5 whorls. The initial
whorl is comparatively small, vesicular, slightly sinistral. The medial whorls
are moderately convex, mainly corroded on the shells available, but seem to
have had numerous small papillae on the greater part of the whorls, especially
the abapical part. The terminal whorl, which only comprises about 1% of a
whole whorl, is rather flat and provided with some (about 12) narrow, mutually
rather distant, slightly opisthocyrt, almost orthocline collabral ribs, which
disappear on the transition to the teleoconch.

The apex is almost regularly conical, while the base of several shells is
considerably shorter than the apex. The whorls of the teleoconch are almost
flat. On the oldest whorl there is a very narrow subsutural spiral zone, which
becomes considerably fainter already on the next whorl and then disappears
almost completely. There is, however, a small suggestion of it to be seen on
the other whorls, too. Abapically to the spiral zone there is a faintly developed
concave region, which already on the second or third whorl becomes flat. The
next, abapical half of the whorl is slightly convex. In the middle of this region
the deep sinus of the growth lines is seen.

From the periphery which delimits the apex from the base, the surface of
the shell slopes steeply down towards the canal in a convex curve. The aperture
is oval. The siphonal canal is often rather narrow and comparatively short.
The labrum has been broken off all the specimens. The inner lip is smooth,
on the shells available only indistinctly delimited from the surface of the base.

Remarks. It is possible that this species will prove only to be a subspecies of’
F. duchasteli. Cf. the remarks in my previous work.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Obermiocin
von Sylt, Langenfelde, Liineburg (v. KOENEN).
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Genus: Bathytoma HARRIS & BURROWS 1891
(Type: Murex cataphracta BRoccHr 1814)

Bathytoma cataphracta (BrRoccHi 1814)

The shells belonging to the form cycle of B. cataphracta is so variable as regards
shape as well as sculpture, that in the course of time a number of species
have been set up. This also applies to the material from the Younger Marine
Miocene formations in the North Sea Basin. Thus in Denmark a form of a
special appearance occurs in the Hodde Clay and another form occurs in the
younger Gram Clay. An intermediate stage is that of the shells from the older
Gram Clay at Made. When viewed apart, the form in the Hodde Clay and
that in the younger Gram Clay seem to be quite different species. I consider
them two subspecies of B. cataphracta and shall describe them apart.

Bathytoma cataphracta jugleri (PHILIPPI 1846)
Plate XXII, fig. 7, and Plate XXIV, figs. 2-3
1846. Pleurotoma Jugleri — PHILIPPI, Verzeichniss, p. 68, Pl. Xa, f. 1.
1856. ? — BEYRrICH, Conchylien, Pl. 30, f. 1 (figure only).
1872. Pleurotoma turbida SoL. — v. KOENEN, Mioc. Nordd. I, p. 215 (pars).
1925. Bathytoma Jugleri PHIL. — KAUTSKY, Hemmoor, p. 179, Pl. 12, f. 1, 2.
1952. Bathytoma jugleri (PHILIPPI) pars — HINscH, Leit. Moll., p. 171, PL. C, f. 5.

1964. Epalxis (Bathytoma) cataphracta jugleri (PHILIPPI) — ANDERSON, Reinbek-Stufe,
p. 287, Pl 34, f. 234.

Original diagnosis. Pl. testa oblonga, biconica; anfractibus superioribus parum
elevatis, canali profundo mediano duplicatis; parte superiore convexa lineis
elevatis transversis striata; parte inferiore aeque convexa plicis parvis, con-
fertissimis arcuatis sculpta; basi cingulis transversis distantibus ornata (PHI-
LIPPI, 1846, p. 69).

Material. Hodde Clay.

Grode. Karlsgarde Canal: 2 shells
Made Brickworks. Eastern clay pit: 6 shells
Gram 141.277 30.50-30.95 m.: 1 defective shell and 3 fragments

Description. The shells from the Hodde Clay in many cases lack the protoconch.
Otherwise the shells correspond completely to material from Twistringen in
Northern Germany collected by myself. Therefore this has also been used for
the following characterization.

The shell is comparatively big, more or less slender, oblong ovoid-fusiform.

The protoconch tapers more or less. It is multispiral, comprising about five
whorls. The initial whorl is small, semi-sinistral, smooth. The medial whorls
are convex, smooth.

The terminal whorl is rather flat, with slightly opisthocyrt, narrow, widely
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separated collabral riblets, after which a subsutural spiral band occurs im-
mediately below the adapical suture.

Immediately after the distinct boundary between protoconch and teleoconch
there is a convex, depressed zone approximately in the middle of the whorl
so that all the whorls of the teleoconch are divided into three sections: (1) A
flat or slightly convex, adapical region immediately below the adapical suture,
first narrow, later usually rather broad, (2) A rather narrow, more or less
groove-shaped, convex zone in or a little abapical to the middle, and (3) A
rather narrow, convex zone situated immediately above the abapical suture
or shifted somewhat adapically, so that a narrower or broader, flat, somewhat
adaxially sloping region appears between the zone itself and the suture. The
abapical convex zone is narrower than the adapical one.

The surface of the whorls is covered by close-set, mostly weak spiral threads
or bands, separated by very narrow grooves. On the adapical part of the whorls
the growth lines are prosocyrt, but change directions when crossing the concave
zone, and over the abapical convex zone form a long and deep sinus, lying
in the middle of the zone. On the last whorl and the base of the shell the growth
lines pass in large prosocyrt curves.

The spiral threads and the growth lines are sometimes equally prominent,
so that together they stand out as a regular network. On some shells, especially
of juvenile individuals, and on the older parts of old shells, the abapical zone
is disintegrated into numerous small, faint knobs. Often,- however, the shells
are quite without such a sculpture. Sometimes there is immediately below the
abapical zone on the youngest whorls of older shells a prominent spiral thread.

The base is covered by numerous weak spiral bands and threads.

The labrum has been broken off all the shells examined. It seems to have
been sharp-edged and to have curved in a prosocyrt direction, conformally
to the growth lines. The inner lip is smooth, often clearly delimited from the
base, the surface of which rises to a slightly higher level, demarcated by a
well-marked edge. The columella has a more or less distinct, oblique fold.

The aperture is oblong oval, passing more or less imperceptibly into the
rather broad, short, and straight siphonal canal.

Chief characters. Very faint knobs on the abapical spiral zone. A rather broad
adapical zone, which is often flat. Slightly prominent spiral sculpture.

Distribution.

North Sea Basin. Denmark: Hodde Formation. North Germany: Reinbek-Stufe
(ANDERSON).

Bathytoma cataphracta mioturbida KAUTSKY 1925

1856. ? — BEYRICH, Conchylien, Pl. 30, f. 2 (figure only).
1872. Pleurotoma turbida SoL. — v. KOENEN, Mioc. Nordd. I, p. 215 (pars).
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1907. Pleurotoma cataphracta BRoccHI sp. — RAVN, Jylland, p. 350 (146), Pl. VII, f. 12.

1874. Pleurotoma (Borsonia ?) cataphracta BRoccHl — MorcH, Forst. i Tert., p. 290 (17).

1925. Bathytoma mioturbida — KauTtsky, Hemmoor, p. 180, Pl. 12, f. 3, 4.

1952. Bathytoma mioturbida Kautsky — HinscH, Leit. Moll., p. 172, P1. C, f. 6.

1956. Bathytoma cataphracta (BrRoccHI) — RASMUSSEN, South Jutland, p. 91, PL IX,
f. 3a, b.

Original diagnosis: Not given. New diagnosis by HINscH, 1952, p. 172: Eine
Bathytoma mit kriftigem, knotigen Nahtwulst, iiber den ziemlich kriftige
Spiralen laufen. Kiel mit kriftiger Knotenreihe.

Material. Gram Clay.

Shell material is available from the following localities (cf. Tables 15-66 in
Part I):

Skazrum Moglle (clay pit), Lillelund (73.88), Kodal-Fjaldene (84.1749), Videbak (84.344,
84.492), Moltrup Brickworks (clay pit), Lille Torup (85.379), Gjellerup (85.380), Sandfeld-
bjerg (clay pit), Brande Brickworks (clay pit), Drantum (104.1241), Hjortsballe (105.320),
Alkarsig Brickworks (clay pit), Lenborg (102.55), Harkes Brickworks (clay pit), Hesselho
(113.121), Hauge (clay pit), Tending (clay pit), Hoddemark (Canal section), Grgde (Canal
section), Esbjerg (beach, clay pit, 130.59), Médde Brickworks (clay pit), Strandgard Brick-
works (clay pit), Holleskov (132.46b), Ravning (clay pit), Sender Hygum (141.261),
Gram (141.277), Spandetgard (clay pit), ? Tender (166.398), Brodersmark (166.351b),
Sad (167.4, 167.445), and Rends (167.236).

Description. The shell is comparatively big, more or less slender, oblong ovoid
— broadly fusiform.

The protoconch is pointed, conical, multispiral, comprising about five
whorls. The initial whorl is small, semi-sinistral, smooth. The medial whorls
are convex, smooth. The terminal whorl has about 14 thin, widely spaced,
opisthocyrt, collabral riblets.

The whorls of the teleoconch have immediately below the adapical suture
a narrow, convex, sometimes knob-bearing spiral zone, abapically replaced
by a convex zone, which, again, is followed by a convex, knob-bearing zone,
which on the younger whorls on older shells is raised somewhat above the
suture. Between the suture and the zone there is then a more or less broad,
slightly adaxially sloping region. In this case the abapical zone forms a more
or less rounded margin.

The sculpture first of all consists of numerous close-set spiral bands, which
especially are strong on the youngest whorl and on the base. Furthermore there
are small knobs on the adapical spiral zone of the older whorls, and on the
margin of all the whorls or their abapical spiral zone. The last-mentioned
knobs are often prominent and round.

The spiral sculpture passes over the knobs, which, for that matter, have
formed at the highest points of the growth lines. The sinus, which is rather
lengthy and deep, is on the margin (respectively the abapical spiral zone).
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Besides, the growth lines have the same form as the type mentioned above.

Reference is made to the description of this type as regards the labrum, the
inner lip, the columella, the aperture, and the siphonal canal, as on these
points there is identity.

Chief characters. Rather prominent knobs on the abapical spiral zone, which
on the younger whorls forms a rounded margin. A narrow adapical spiral
zone with distinct spiral bands. A rather prominent spiral sculpture, especially
on the base.

Distribution.

North Sea Basin. Denmark: Gram Formation. North Germany: Gram-Stufe (HINsCH).
Belgium: Boldérien, Anversien (GLIBERT).

The Intermediary Type in the Lower Gram Clay

From the lower Gram Clay at Made Brickworks there are a few shells available
which in certain respects point towards the jugleri type, e.g. by the fact that
the younger whorls completely lack knobs on the margin. On the other hand
the spiral sculpture is almost as prominent as on the mioturbida type.

Most shells in the lower Gram Clay at Made, however, have a weak row
of knobs on the margin and a moderately prominent spiral sculpture. However,
they especially seem to be characterized by mostly lacking an adapical spiral
zone on the younger whorls, the adapical part of which passes evenly into a
more or less faint, concave hollow, which abapically is delimited by the margin.
It has not been possible to demonstrate specimens in the Made locality which
are completely similar to the form in the Hodde Clay.

Variations. Both the two subspecies and the connecting, intermediary form
are each of them very variable as regards both the shape of the shell and the
sculpture. Short, broad forms occur together with longer and narrower shells.
The knob-bearing margin is more or less rounded. The spiral sculpture varies
as regards the number and prominence of bands and threads.

Remarks. B. mioturbida, which occurs in the Miocene formations of Belgium,
according to GLIBERT’s figures, seems to correspond to the intermediary type
in the older Gram Clay.

The same applies to the shells from Liineburg and Langenfelde referred to
B. jugleri by HINSCH.

The form cycle of B. cataphracta, for that matter, seems to include a number
of species the primitive form of which may be the Eocene Pleurotoma turbida
SOLANDER. The similarity of this species to B. cataphracta and its subspecies
is so great that v. KOENEN (1872) united all Eocene, Oligocene, Miocene, and
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Pliocene shells belonging to this form cycle under P. turbida on the following
grounds:

“In der Gestalt des Gewindes, der Lage des Kiels, der Stirke und Kornelung
der Spiralstreifen, der Gestalt und Stirke der Anwachsstreifen finde ich ferner
bei nochmaligem, sorgfiltigem Vergleiche nicht den geringsten Unterscheid,
vielmehr variiren in der Regel die Exemplare sogar derselben Lokalitit hierin
sehr bedeutend.”

Genus: Turricula SCHUMACHER 1817
(Type: Turricula flammea SCHUMACHER 1817)

Turricula steinvorthi (SEMPER in v. KOENEN 1872)
Plate XX, fig. 2

1872. Pleurotoma Steinvorthi SEMPER — v. KOENEN, Mioc. Nordd. I, p. 228, PIL. 2, f. 10.
1914. Pleurotoma (Surcula) Steinvorthi SEMPER — GRripPP, Itzehoe, p. 29, PL. 111, f. 8-10.
1916. Pleurotoma Steinvorthi SEMP. — NORREGAARD, Esbjerg, p. 33, PL. 3, f. 10.

1925. Surcula Steinvorthi SEmp. — KAuTsky, Hemmoor, p. 158, Pl. 11, f. 4.

1940. Surcula Steinvorthi SEMPER — SORGENFREI, Klintinghoved, p. 50, Pl. VI, f. 13.

1954. Turricula steinvorthi (SEMPER) KOENEN sp. — GLIBERT, Pleurotomes, p. 13, Pl III,

f. 13, b,¢.

1958. Turricula Steinvorthi (voN KOENEN) — SORGENFREI, Middle Mioc., p. 262, Pl. 53,
f. 180a-b.

1964. Turricula steinvorthi (SEMPER in KOENEN) — ANDERSON, Reinbek-Stufe, p. 288, Pl. 35,
f. 235,

Material. Hodde Clay.

Leding 93.155 19-27 m.: 1 fragment of a whorl
Made Brickworks. Eastern clay pit, the north wall: 1 fragment of a shell

Description. The available material is too incomplete for a description which
covers the whole shell, for which reason reference is made to the literature.

From the Hodde Clay at Made Brickworks there is rather a big fragment
available, consisting of two whorls and a half of rather a big shell. The fairly
flat whorls have a flatly convex zone or depression in the middle, in which
the growth lines form rather a deep sinus. Otherwise the surface is covered
by flat, almost obliterated spiral ribs.

The shell from Hoddemark pictured (Shell Bed I) has a worn protoconch
and a partly worn surface on the older part of the teleoconch. The young
part of the latter shows an almost levelled subsutural spiral zone and quite
a flat depression. The abapical, very flatly convex part of the whorls occupy
almost two thirds of their height.

Variations. The three zones into which it is possible to divide the whorls on
the teleoconch of this species, vary somewhat as regards their breadth.
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Distribution.

North Sea Basin. Miocene. Denmark: Klintinghoved Clay, Arnum Formation (SORGEN-
FREI), Hodde Formation. North Germany: Vierland-Stufe (Gripp), Hemmoor-Stufe
(KAauTsky), Reinbek-Stufe (ANDERSON), Glimmerton at Langenfelde, Reinbek, Giihlitz,
Lineburg (v. Koenen), Kummer, Hohenwoos, and Bockup (METZMACHER). Belgium:
Boldérien, Anversien (GLIBERT).

Genus: Spirotropis G. O. SARS 1878

(Type: Pleurotoma carinata BIvVONA 1832)

Spirotropis modiola (JAN 1832)
Plate XXI, figs. 1-4

1956. Drillia (Spirotropis) modiola (JAN) — RAsMUSSEN, South Jutland, p. 82, Pl. VII, f. 6.
1960. Spirotropis modiola JAN sp. — GLIBERT, I.R.S.N.B., Bull.,, T. XXXVI, no. 33, p. 10,
Pl IV, T. 7.

Material. Gram Clay.

Skarum Molle. Clay pit: 1 almost complete shell (1)
Lille Spabak. Lignite pit: 1 defective shell (1
Grenbjerg. Clay pit: 1 defective and weathered shell (4 1)
Videbzk 84.483 2.0 -10.8 m.: 1 fragmentary shell (1
Drantum 104.1241  36.0 —40.0 m.: 1 fragment (M)
- - 46.0 —50.0 m.:  Apex of a shell (1)
Alkersig Brickworks. Clay pit: 2 defective shells )
Hauge. Clay pit: 1 fragment (1
Esbjerg. Beach and clay pit: 22 more or less defective shells (22)
Made Brickworks. Eastern clay pit: 33 more or less defective shells (33)
Strandgard Brickworks. Clay pit: 1 shell (1)
Gram 141.277 12.10-12.60 m.: 1 fragment (1)
Sed 167.445  92.25-92.70 m.: 2 fragments (1)

- - 92.70-93.00 m.: 1 defective shell and 2 fragm. (1)
- - 93.70-94.10 m.: 1 fragment (L)

Description. The shell is fusiform, with edged whorls.

The protoconch is paucispiral, comprising about one whorl and a half,
smooth, convex.

The whorls of the teleoconch are smooth, with a carina situated in the
middle or more abapically. The carina has a rounded or sharp edge, sometimes
directed somewhat upwards (adapically). Between the carina and the adapical
suture there is a broad, concave region with the sinus. The highest point of
the sinus is closest to the carina. The concave zone is otherwise smooth, on
certain shells, however, with numerous very weak spiral threads. The adaxially
directed slope from the carina to the abapical suture is almost inclining 45°.
A more or less weak rounded edge appears in continuation of the suture on
the last whorl. On the neck of the canal there are highly oblique folds.

The aperture is oval, edged, sometimes trapezoidal. The labrum is sharp



188

and simple, with a round, sometimes deep, circular incision in the sinus zone,
conformal with the sinus and sometimes with a slightly swollen margin. The
inner lip is smooth, sharply delimited from the neck of the canal, with a some-
what oblique, irregular bulge. The canal is rather long in relation to the aper-
ture.

Variations. The appearance of the carina in this species varies considerably,
as especially seen in the material from Made. There are shells with a highly
rounded, comparatively broad carina and shells with a sharp-edged, upwards-
adapically directed carina. Sometimes the margin of the carina rises as a
thick wall. The specimens with the sharp-edged carinae were found in the
older beds of the Gram Clay.

Remarks. The genus Spirotropis was set up by SARrs (1878, p. 242), with S.
carinata PHILIPPI as type, on the basis of this animal’s especially equipped
radula. POWELL (1942) was unable to decide the systematic position of this
genus. GLIBERT (1960) suggests that it should be placed in the subfamily
Clavinae. It is, however, still undecided where it ought to be placed. Here it
has been chosen to follow GLIBERT’s interpretation.

S. modiola was named by JAN (Fusus modiolus), but without any description
and picture, on the basis of material from the Tertiary of Italy. PHILIPPI
(1844, p. 176, Plate XXVI, fig. 19) pictured and described a form originally
named by BIvONA, Pleurotoma carinatum, from the Tertiary of Calabria, but
did not refer it to JAN’s species. To all appearances they are identical, but this
has not yet been proved.

S. carinata is stated by JEFFREYS (1869, p. 221) to have been found as recent
near the Orkneys and the Hebrides and by SARrs (1878, pp. 24243, Plate 17,
figs. Sa, b) near the coasts of Norway (the Finmark, Lofoten) at depths from
60 to 300 fathoms. The carina on the shell pictured by SARs has a fairly rounded
margin, and the sinus region is only slightly concave. The shell pictured by
PuiLIPPI, on the other hand, has a sharp-edged carina. The same applies to
the shells from the Tertiary of Italy pictured by Sacco (1904, XXX, Plate XII,
figs. 41a, b).

HOERNES & AUINGER (1891, p. 324, Plate XLI, figs. 9 and 10) state that the
labrum on the shells from the Miocene of the Vienna Basin has been drawn
out into a wing-like extension. Nothing similar has been observed in the
Danish material.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Glimmer-
ton at Sylt, Langenfelde, Liineburg (v. KOENEN). Holland: ‘“Obermiozdn” at Oploo
(Grrpp). — Plio-Pleistocene. Germany: Limonite sandstone in Morsum KIiff, Sylt (Gripp).
Belgium: Scaldisien (GLIBERT). England: Coralline Crag, Red Crag (Woop, HARMER).
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Mediterranean Basin. Italy: Terreno miocenico, pliocenico (BELLARDI).

Vienna Basin. Austria: Baden, Mollersdorf, Nussdorf (M. HOrNEs), Walbersdorf
(HORNES & AUINGER). — Hungary: Torton near Sopron (CSEPREGHY-MEZNERICS), “‘Miozin-
Mediterran’ (STRAUSZ).

Genus: Tahusyrinx POWELL 1942
(Type: Parasyrinx finlayi ALLAN 1926)

Tahusyrinx corneti (v. KOENEN 1872)
Plate XXI, figs. 5-7

1872. Pleurotoma Corneti — v. KOENEN, Mioc. Nordd. I, p. 235, PI. 3, f. 11 (under P. cir-
cumfossa).

1925. Surcula (Ancistrosyrinx) Cornety v. KOeN. — KAuTsKY, Hemmoor, p. 159, PL. 11, f. 5.

1952. Ancistrosyrinx (Tahusyrinx) corneti KOENEN sp. — GLIBERT, Pleurotomes, p. 15,
Pl III, f. 4.

1958. Tahusyrinx cf. Corneti (voN KOENEN) — SORGENFREI, Middle Mioc., p. 264.

1964. Ancistrosyrinx corneti (KOENEN) — ANDERSON, Reinbek-Stufe, p. 289, PI. 35, f. 236,
236a.

Material. Hodde Clay.

Odderup 103.150  24.8 -25.6 m.: 1 defective shell
Grgde (Carlsgarde Canal): 1 fragment of a shell
Made Brickworks. Eastern clay pit, the north wall: 1 shell
Unknown section in the same clay pit, leg. K. DREYER JORGENSEN: 1 shell
Gram 141.277 28.00-28.50 m.: 1 defective apex of a shell
- - 31.35-31.65 m.: 1 broken-off protoconch of a shell

Description. The shell is fusiform, with highly edged whorls.

The protoconch is short, conical, comprising a small, smooth, slightly
sinistral initial whorl and 14 smooth whorls with a slightly prominent central
or a little abapical edge.

On the whorls of the teleoconch this edge soon becomes more prominent,
forming a carina, on which there are about 12 rather pointed mutually distant
knobs. The number of these is increased with the age of the animal (from
about 16 to about 23) and they soon develop into triangles, the apices of which
point obliquely upwards and later inwards towards the axis of the shell. The
edge of the carina is gradually drawn somewhat upwards (adapically) and on
the youngest whorls the edge gets up over the suture. The suture takes a
somewhat more oblique course than that of the edge of the carina and is
seen as an extraordinarily thin, almost invisible spiral groove. The region
between the carina and the adapical suture has, from being an oblique shoulder
on the oldest whorls of the teleoconch, gradually become more and more
concave, forming a deep, broad groove.

The growth lines have a very deep incurvation of the sinus in the groove
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somewhat adapically to the middle of it. The abapical region of the whorls,
delimited by the edge of the carina and the abapical suture, is mostly somewhat
convex, but on the youngest whorl of large shells it is straight. It is smooth
and turns inwards towards the axis at an angle of about 45°. The suture con-
tinues from the aperture on to the last whorl as rather a prominent edge,
which sharply delimits an adapical region with an inclination of about 45°
towards the axis and a neck of the canal with some 8 oblique folds, which
have disintegrated into many knobs.

The aperture is rather narrowly triangular, abapically passing into the long,
narrow canal. The labrum has been broken off the present shells. The inner
lip is smooth, with a distinct delimitation from the neck of the canal.

Measurements. The shell from Méade pictured has the following dimensions:
Length: 11.6 mm. Length of the protoconch: 0.4 mm. Diameter: 5.1 mm.
Length of the aperture: 3.3 mm. Length of the canal: 1.7 mm.
Another shell collected at Méade by K. DREYER JORGENSEN lacks the proto-
conch, but must have been 14-15 mm. in length. Diameter: 6 mm. Length
of the aperture: 4 mm. Length of the canal: 2 mm.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde Forma-
tion. North Germany: Hemmoor-Stufe (KauTtsky), Reinbek-Stufe (ANDERSON). Belgium:
Anversien (GLIBERT).

Genus: Clavatula LAMARCK 1801
(Type: Clavatula coronata LAMARCK 1801)

? Clavatula sp.

A very fragmentary and worn shell from the bore-hole at Hajstrup (167.235,
core 174'-194") shows features characteristic of the genus Clavatula. A sure
determination is, however, impossible.

Genus: Acamptogenotia ROVERETO 1899
(Type: Murex intorta BROCCHI1 1814)

Acamptogenotia intorta (BRoccH1 1814)
Plate XXIII, fig. 8

1956. Acamptogenotia intorta (BRocCcHI) — RASMUSSEN, South Jutland, p. 96, PlL. X, f. 1a, b.

1964. Acamptogenotia intorta straeleni GLIBERT — ANDERSON, Reinbek-Stufe, p. 293.

1964. Acamptogenotia escheri (MAYER) — ANDERSON, Reinbek-Stufe, p. 293, Pl. 36, f. 242,
242a.
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Material. Gram Clay.

Sandfeldbjerg. Clay pit: 2 shells

Karlsgarde Canal. Unknown locality: 1 shell

Esbjerg. Beach and clay pit: 13 more or less complete shells
Made Brickworks. Eastern clay pit: 11 more or less complete shells
Gram 141.277 13.10-13.50 m.:  ?1 fragment

- - 19.00-19.50 m.: 1 shell

Spandetgard. Clay pit: 6 shells

Description. The shell is big, subfusiform.

The protoconch has not been preserved on the present shells.

The whorls of the teleoconch are more or less angular. On the adapical
region there is a concave depression, which abapically is delimited by a more
or less well-defined edge. The abapical half of the whorl is sloping slightly
towards the abapical suture. The sculpture consists of numerous, close-set,
weak spiral threads or bands, which cover the whole whorl. On the margin
there is a number of more or less faint, rounded knobs (15-16), which may
be a little drawn out in the abapical direction. The growth lines form a sinus
of moderate depth, situated in the depression, and then take a course in a
slightly oblique direction towards the abapical suture. On the younger whorls
of the teleoconch these growth lines are sometimes somewhat elevated, filiform,
and almost are as prominent as the spiral threads.

The aperture is oblong oval, passing evenly into the rather short canal. The
labrum has mostly been broken off, but is seen to have been simple. Its edge
must have taken a course conformal to the growth lines and have been curved
outwards abapically and depressed adapically. The inner lip is smooth, well-
defined.

Remarks. The form cycle to which A. intorta belongs, comprises a number
of forms, which have not yet been clearly defined because of the variability
of the shells.

A. morreni (DE KoNINCK 1837) from the Belgian Rupélien supérieur (de-
scribed by DE KonInck 1837, p. 21, Plate I, fig. 3) has the greatest similarity
to A. intorta, from which, however, according to GLIBERT (1954, p. 24) it
differs by i.a. having collabral ribs on the last whorls and by, on the whole,
having coarser and more close-set spiral bands (cf. picture in GLIBERT, loc. cit.,
Plate 1V, fig. 8).

A. escheri GLIBERT 1954 (loc. cit. pp. 23-24, Plate 1V, fig. 9) from the An-
versien of Belgium has close-set fine spiral threads all over the surface of the
whorl, but only collabral ribs or knobs on the youngest whorls. The last whorl
is subangular. There is a moderately convex abapical section of whorl without
an edge or only with a highly rounded edge.

Thus it is the fineness of the spiral and the collabral sculpture and the relief
of the whorls that have been determinative of the delimitation of the species
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mentioned, but as no comparative statistical investigations of the various
populations have been made, it is possible that it is only a case of ecological
variations or perhaps subspecies.

The material from the early sections of the Gram Clay at Made Brickworks
has a clearly developed edge, somewhat finer spiral threads and weaker col-
labral knobs than the shells from the younger Gram Clay at Gram and in other
localities. It seems to be a form which stands between A. straeleni and A. intorta.

From Shell Bed I at Hoddemark there are numerous specimens of a form
which has the greatest affinity to A. straeleni (cf. Plate XXIII, fig. 7). On the ot-
her hand, my material (2 shells and 1 fragment) from the Mica Clay at Twistringen
Brickworksin Northern Germany (Reinbek-Stufe) corresponds best to 4. escheri.

Distribution.

Presumably A. intorta from the North Sea Basin is not quite identical with the same
form from the Mediterranean Pliocene beds of Italy, but perhaps is only a subspecies of
it. Therefore reference is made to my work of 1956 as regards the distribution.

Genus: Inquisitor HEDLEY 1918
(Type: Pleurotoma sterrha WATSON 1886)

Inquisitor borealis (KAUTSKY 1925)

1925. Drillia (Crassispira) obeliscus DEsM. var. borealis — Kautsky, Hemmoor, p. 173,
Pl; 11, £ 25, 26.

1954. Clavus (Crassispira) borealis KauTsky sp. — GLIBERT, Pleurotomes, p. 26, PL. 1V,
£ L1s

1956. Turris (Crassispira) obeliscus (DES MOULINS) — RASMUSSEN, South Jutland, p. 87,
Pl. VIII, f. 4.

1958. Inquisitor obeliscus (DEs MOULINS) — SORGENFREI, Middle Mioc., p. 268, Pl. 56,
f. 189.

1964. Crassispira borealis (KAUTSKY) — ANDERSON, Reinbek-Stufe, p. 294, Pl. 36, f. 243.

Material. Hodde Clay.

Leding 93.155 19 27 m.: 1 fragmentary shell (1
Grode (Karlsgarde Canal): 2 def. shells )
Gram Clay.
Made Brickworks. Eastern clay pit: 2 fragments of a shell (1)
Sonder Hygum 141.261 13 -19 m.: 1 juvenile shell and 1 protoconch (2)
Gram 141.277 16.00-16.50 m.: 1 fragment (?1)
- - 16.50-17.00 m.: 1 juvenile shell (1)
Spandetgard. Clay pit: I almost complete shell and
1 worn shell (2)

Description. The shell is subfusiform, with the apex somewhat longer than
the base.
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The protoconch is lengthened conically, multispiral, comprising about four
whorls and a half.

The initial whorl is rather small, globular, slightly sinistral, smooth. The
medial whorls are moderately convex, smooth. On the youngest one a very
thin spiral thread is seen immediately above the abapical suture. The terminal
part constitutes about one fourth of a whorl with a collabral sculpture of
narrow opisthocyrt ribs.

The whorls of the teleoconch have a spiral zone immediately below the
adapical suture, followed by rather a broad concave zone, in which the sinus
of the growth lines is found. The abapical two thirds of the whorls are convex
and provided with somewhat oblique, rather broad, rounded-off collabral ribs
in a number of 10-12 per whorl. Their interspace is of approximately the same
breadth as themselves. On the oldest few whorls the surface of the shell is
covered by some 8 close-set spiral ribs, which on the younger whorls become
somewhat more numerous, but more and more obliterated and often are al-
most invisible. However, they are usually seen on the abapical half of the whorls
and especially on the base of the shell.

The aperture is oblong oval, abapically passing evenly into the comparatively
short siphonal canal. The labrum has been broken off the present shells. The
inner lip is smooth, clearly delimited from the more highly situated surface
of the base.

Remarks. A thorough investigation of the form cycle of I. obeliscus (DES
MouLins) with all its species and subspecies is still lacking.

The material from the Gram Clay, which in KAUTSKY’s opinion (op. cit.
p. 173) perhaps should be considered a special subspecies of I. obeliscus,
different from 1. borealis, however, does not seem to differ decisively from the
form in the Hodde Clay and Shell Bed I at Hoddemark. The shells from the
latter layer are more slender than the form in the Gram Clay and have a more
pronounced spiral sculpture. They correspond completely to GLIBERT’s picture
of a shell of I. borealis from the Anversien of Belgium. At any rate forms from
the Gram Clay are very closely related to the form in the Anversien and in
the Reinbek-Stufe, and its broader shells with the obliterated spiral sculpture
and the comparatively short, broad ribs can very well be an ecologically
conditioned form.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI: I. obeliscus),
Hodde Formation, Gram Formation. North Germany: Hemmoor-Stufe (KAUTskY), Rein-
bek-Stufe (ANDERsSON), Glimmerton at Morsum KlIiff, Sylt (RAvN), Breklum (STRUCK),
Lieth (GorrscHe & WiBeL), Utersen (WoLrF), Langenfelde (v. KOENEN). Belgium: An-
versien (GLIBERT).
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Genus: Splendrillia HEDLEY 1922
(Type: Drillia woodsi BEDDOME 1883)

Splendrillia selenkae (v. KOENEN 1872)
Plate XVIII, fig. 1

1872. Pleurotoma Selenkae — v. KOENEN, Mioc. Nordd. I, p. 241, PL 3, f. 4a, b, c.

1904. Drillia Selenkae (v. KOENEN) — SAcco, I Molluschi, XXX, p. 46, Pl. XII, f. 39,
40a, b.

1925. Drillia (Cymatosyrinx) Selenkae v. KOENEN — KAuTsky, Hemmoor, p. 176, PIL. 11,
£.29.

1940. Drillia (Cymatosyrinx) Selenkae v. KOENEN — SORGENFREI, Klintinghoved, p. 55,
PL. VL £ 17.

1954. Clavus (Cymatosyrinx) cf. selenkae (KOENEN) — GLIBERT, Pleurotomes, p. 31, PL. V,
e

1958. Splendrillia Selenkae (voN KOENEN) — SORGENFREI, Middle Mioc., p. 270, Pl. 56,
f. 190 a—c.

1964. Splendrillia selenkae (KOENEN) — ANDERSON, Reinbek-Stufe, p. 301, Pl. 38, f. 252.

Material. Hodde Clay.

Maide Brickworks. Eastern clay pit, the north wall: 1 almost complete shell
Gram 141.277 35.30-35.70 m.: 4 small fragments
Hajstrup 167.235 174’194’ : 1 fragment of a whorl of a shell

Description. The shell is fusiform.

The protoconch is paucispiral, obtuse, vesicular, smooth, comprising about
14 convex whorls. The initial whorl is slightly sinistral.

The teleoconch has up to 5 somewhat edged whorls, bearing a number of
rounded knobs (about 9), which rise in the middle of the whorls. They are
not completely lost until right down beside the abapical suture. Between the
row of knobs and the adapical suture there is a concave region, in which the
sinus of the growth lines is situated. This is moderately deep. The surface of
the shell is smooth.

The aperture is oval. The labrum has been broken off the present shells.
The inner lip is smooth, indistinctly delimited from the surface of the base.
The canal is rather short.

Measurements.
Shell Protoconch Aperture
Length Diameter Length Diameter Length
Twistringen
Shell No. 1 7.2 mm. 3.0 mm. 0.7 mm. 0.8 mm. 4.0 mm.
- - 2 8.0 - 3.3 - 0.6 - 0.6 - 4.0 -
- -3 10.2 - 3.7 - 0.6 - 0.7 - 43 -
Hoddemark

(Shell Bed I) 74 - 3.0 - 0.7 - 0.7 - 33 -
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Distribution.

North Sea Basin. Miocene. Denmark: Klintinghoved Clay, Arnum Formation (SORGEN-
FREI), Hodde Formation. North Germany: Hemmoor-Stufe (KAuTsky), Reinbek-Stufe
(ANDERSON), Glimmerton at Giihlitz (ScHULTE), Kummer and Hohenwoss (METZMACHER,
W. v. BULow). Belgium: Anversien (GLIBERT).

Mediterranean Basin. Italy: Formation not stated (Sacco).

Genus: Microdrillia CASEY 1903

(Type: Pleurotoma cossmanni MEYER 1903 (= P. meyeri ALDRICH))

Microdrillia serratula (BELLARDI 1878)
Plate XXII, figs. 1-2, 4, and 6

1847. Pleurotoma crispata JAN var. A. — BELLARDI, Pleurot. Piemonte, p. 70.

1872. Pleurotoma crispata JAN — v. KOENEN, Mioc. Nordd. I, p. 235.

1878. Drillia serratula — BELLARDI, I Molluschi, 11, p. 133, PL. 1V, f. 22.

1891. Pleurotoma (Drillia) serratula BELL. — HOERNES & AUINGER, I, u. 1I. Meditter.
py 325; Pl XLIL £ 1;

1914. Pleurotoma (Drillia) crispata var. Adelae HOERN. & AUING. — Gripp, Itzehoe, p. 34,
PL II1, f. 29.

1925. Drillia (Crassispira) serratula BELL. — KAuTsky, Hemmoor, p. 175.

1964. Microdrillia crispata (JAN) — ANDERSON, Reinbek-Stufe, p. 297, PL. 37, f. 248.

Original differential diagnosis. Distinguunt hanc speciem a Drillia crispata
(JAN) sequentes notae: Carina in omnibus anfractibus denticulata. Long.
14 mm. Lat. 5 mm. (BELLARDI 1878).

Material. Hodde Clay.

Made Brickworks. Eastern clay pit, the north wall:

3 shells
Gram 141.277 30.50-30.95 m.: 1 fragment
Hygum 141.215 26.2 -32.8 m.: 1 shell
Hajstrup 167.235 174’-194’ (0.8-1.3 m. below the top of the core): 1 shell
Gram Clay.
Kodal-Fjaldene 84.1749  20.55-21.55 m.: 1 fragmentary shell
Moltrup Brickworks. Clay pit: 1 defective shell
Hesselho 113.121 56.0 —65.0 m.: 1 complete shell
Made Brickworks. Eastern clay pit. Western part of the south wall:
1 shell
Made Brickworks. Eastern clay pit. No definite statement:
3 shells
Gram 141.277 13.10-13.50 m.: 1 fragment
- - 14.60-15.10 m.: 1 fragment
- - 15.55-16.00 m.: 1 complete shell
- - 17.50-18.00 m.: 1 def. shell
= - 18.50-19.00 m.: 1 small, almost complete shell
Tender 166.398 58.85-59.00 m.: 1 apex of a shell
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Description. The shell is comparatively short, fusiform, and has a well-marked
sculpture.

The protoconch is conical, polygyral, consisting of about 5 whorls. The
initial whorl is small and smooth. The other whorls are moderately convex,
most in the abapical sections. They bear numerous thin, curved ribs, which
by very weak transversal threads take an irregular course. The transition to
the teleoconch is well-defined.

The whorls of the teleoconch are strongly sculptured. Immediately below
the adapical suture there is a marked spiral band. Another, but more promi-
nent one, forms the periphery of the whorl and is disintegrated into 14-17
strong knobs. Between these spiral bands there is a cavity formed as a concave,
groove-shaped hollow, in which the growth lines stand out as curved threads,
marking the sinus, which is in the middle of the hollow. Between the peri-
pheral spiral band and the abapical suture there is yet a marked spiral band.
‘On some shells there is a weak spiral band immediately above the suture.
On the ramp down towards the neck of the canal and its surface there are at
least 10 marked spiral bands.

The aperture is oblong oval. Labrum has been broken off the present shells.
The inner lip is smooth. The canal is relatively short.

Variations. The shells from the Hodde Clay at Made differ from the speci-
mens of the Gram Clay from the same locality by having a thinner sculpture
and a slighter cavity. On a single defective shell the cavity is even so flat that
the sinus region instead forms a slope, on which the sinus lines do not stand
out as threads.

Remarks. The present species has been referred to Microdrillia, which according
to POWELL (1942, p. 33) is characterized by having a depressed sinus region,
situated between a prominent subsutural carina and a peripheral one, and
which has a polygyral protoconch, the top of which is smooth, but the other
whorls of which have axial ribs. Mostly it is only a case of spiral sculpture.

On the closely related M. adelae (HOERN. & AUING.) the formation of knobs
on the peripheral spiral band is but slightly developed. On the other hand,
BALDI (1960, pp. 85-86) has shown that the species crispata JAN, which by
HOERNES & AUINGER is considered closely related to M. adelae, is an Asthe-
notoma because of its obtuse, paucispiral protoconch. The shells from Liine-
burg and Langenfelde which v. KOeNEN (1872, p. 235) referred to Pleurotoma
crispata, according to his description must belong to Microdrillia. A verification
of the species is difficult because of the defective description and the absence
of pictures.

The sculpture of the shells from the Gram Clay corresponds best to that
of M. serratula, but seems to be a little coarser than appears from the pictures
in HOERNES & AUINGER.
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Measurements.
Number of knobs on
the peripheral spiral band,
Shell Whorl No.
Length Diameter 1; 2. 3. 4. Remarks

Hodde Clay.

Made 4.3 mm. 2.0 mm. 14 17 8 knobs on the
youngest
half whorl

Made 22 - 11 13 The upper part of
the apex broken off

Gram Clay.

Maide 5.3 mm. 2.6 mm. 14 The upper part of
the protoconch
broken off

Made ? 24 - The apex broken off

Maéde ? 2.7 -

Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation, Gram Formation. North
Germany: “Untermiozin’ at Itzehoe (Gripp 1914: Pleurotoma (Drillia) crispata var.
Adelae HOERN. & AUING.), Hemmoor-Stufe (KAuTsky), Reinbek-Stufe (ANDERSON:
Microdrillia crispata), Glimmerton at Langenfelde and Liineburg (v. KOENEN: P. crispata),
Breklum (StrRuUCK: cf.).

Vienna Basin. Austria: Porzteich at Nikolsburg (Moravia) (HOERNES & AUINGER).

Mediterranean Basin. Italy: Miocene medio (BELLARDI).

Genus: Asthenotoma HARRIS & BURROWS 1891
(Type: Pleurotoma meneghinii MAYER 1868 = tuberculata PuscH 1837)

Asthenotoma ravni nov. sp.
Plate XXII, fig. 3, and Plate XXIII, figs. 1-4 and 6

1907. Mangilia sp. — RavN, Jylland, p. 360 (156).
1956. Asthenotoma sp. — RASMUSSEN, South Jutland, p. 90, Pl. IX, f. la, b.

Diagnosis. An Asthenotoma with usually two marked, knob-bearing spiral
bands on the abapical part of the whorls of the teleoconch.

Holotype. The shell described and pictured by RASMUSSEN loc. cit. is the holo-
type. Locus typicus: the clay pit of Gram Brickworks. Stratum typicum:
Gram Clay.

Derivatio nominis. Named after J. P. J. RAVN (1866-1951), Docent of Palae-
ontology in the University of Copenhagen, who was the founder of the bio-
stratigraphy of the Danish Tertiary and was the first to mention this species.
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Material. Gram Clay.
Lillelund 73.88  28.5 —49.5

m.: ?1 fragment
Videbzk 84.456 2.2 -15.0 m.: 1 almost complete shell
Gjedstrup 85.861 46.0 m.: 1 defective shell
Hjortsballe 105.320 3.4 - 82 m.: 1 defective shell
Hesselho 113.121 56.0 -65.0 m.: I complete shell
1

Hauge. Clay pit: complete shell
Tenning. Clay pit: fragment
Made Brickworks. Eastern clay pit. Younger section, eastern part:
1 shell
Made Brickworks. Eastern clay pit. Without statement of horizon:
10 shells
Made Brickworks. Eastern clay pit. New digging-zone:
1 shell
Gram 141.277 10.30-10.80 m.: I protoconch and 2 fragments
- - 10.80-11.25 m.: 1 complete shell
- B 12.10-12.60 m.: 1 defective shell
- - 14.00-14.60 m.: I small, complete shell
- - 16.00-16.50 m.: 2 halves of a complete shell
- - 16.50-17.00 m.: 1 fragment
- - 17.00-17.50 m.: 1 fragment
- - 18.50-19.00 m.: 1 almost complete shell
Spandetgard. Clay pit, eastern part: 1 shell

Description. The shell is more or less slender, fusiform.

The protoconch is paucispiral, with 11-2 rather much swollen whorls. The
initial whorl is sometimes clearly sinistral.

The whorls of the teleoconch have a spiral as well as a collabral sculpture.
On the abapical part there are two well-marked spiral bands and a narrower
spiral band immediately below the adapical suture. Between this and the two
main spiral bands there is a more or less concave depression, with one or two
spiral threads.

The two main spiral bands cross the collabral ribs, which in a number of
10-12 are rather prominent on the adapical part of the whorl. They are only
slightly visible in the adapical, concave depression. At the intersection of the
main spirals and the collabral ribs there are often large, round knobs, which
may be so close-set because of their size, that they form two rows of knobs
in place of the main spirals.

The base is covered by 13-18, gradually very obliquely placed, broad spiral
bands. Between these there may be a few spiral threads. The growth lines
form a moderately deep sinus, situated in the cavity, with the peaks immediately
above the adapical main spirals. They are very prominent and filiform in the
sinus region, where they form a network in relief together with the spiral
bands and threads.

The aperture is narrow, oblong. Labrum is poorly preserved on the present
shells. Labium is smooth, well delimited from the sculptured part of the last
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whorl. The canal is rather broad, comparatively short, sometimes turned a
little.

Variations. The collabral as well as the spiral sculpture varies highly in pro-
minence. A few shells (Plate XXIII, figs. 1-2) have slightly developed, but a
few more collabral ribs (13-16 instead of 10-12), nearly flat whorls and highly
prominent growth lines, which cross all spiral elements while forming well-
marked square knobs. Another extreme form (Table XXIII, figs. 3-4) instead
of two main spiral bands has four narrower spiral bands and lacks knobs
proper at the crossing of the collabral ribs by the spiral bands. Most shells
seem to be provided with broad round knobs in these places (Plate XXII,
fig. 3).

Measurements.

Shell Protoconch Aperture
Locality Length Diameter Length Diameter Length
Made 6.5 mm. 2.6 mm. 0.6 mm. 0.7 mm. 3.1 mm.
- 54 - 2.1 - 0.6 - 0.7 - 29 -
- 6.2 - 23 - 04 - 0.7 - 3.6 —
- 6.7 - 2.7 - 0.6 - 0.7 - 33 -
- 53 - 23 - 0.6 - 0.7 - 2.8 -
- 7.8 - 2.8 - 0.7 - 0.7 -
- 5.1 - 22 - 0.6 - 0.6 -
Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation.

Asthenotoma gliberti (HINSCH 1962)
Plate XIX, figs. 4-8
1872. Pleurotoma Hosiusi — v. KOENEN, Mioc. Nordd. I, p. 239, Pl 2, f. 12a, b, c, d.
1925. Peratotoma Hosiusi v KOEN. — KAauTtsky, Hemmoor, p. 192, P1. 12, f. 21.
1962. Clavus (Brachytoma) gliberti — HinscH, Twistringen, p. 308, Pl. 28, f. 5 and 6.

1964. Boreodrillia hosiusi (KOENEN) — ANDERSON, Reinbek-Stufe, p. 300, Pl. 38, f. 251,
251 a-e.

Original diagnosis. “Eine relativ schlanke Brachytoma mit Knotenreihe auf
scharfem Kiel, sonst unberippt, Embryonalgewinde klein, mit 14 glatten Um-
gingen”. (HINSCH 1962).

Type material. The holotype is the shell pictured by HinscH, loc. cit., Plate 28,
fig. 5. Locality: Ziegelei Sunder, Twistringen, Northern Germany. Sediment:
micaceous, silty clay. Formation: Reinbek-Stufe. Depository: Bundesanstalt
fiir Bodenforschung, Hannover, Germany, Type Catalogue No. 3724.
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Material. Hodde Clay. (Listed in Part I under the specific name of Peratotoma
hosiusi).

Gram 141.277 28.50-29.00 m.: 1 fragment of an apex

- - 29.00-29.50 m.: 2 broken-off apices and 8 other
fragments

- - 29.50-30.00 m.: 1 almost complete, juvenile shell

- - 30.00-30.50 m.: 1 broken-off, somewhat corroded apex

Description. The shell is rather small, fusiform.

The protoconch is paucispiral, consisting of a relative large, vesicular,
smooth whorl. The transition to the teleoconch comprises about } whorl
with curved, rather close-set collabral ribs.

The whorls of the teleoconch have an often well-marked spiral rib immedi-
ately below the adapical suture. Next, there is a broad, moderately convex,
smooth zone with the sinus of the growth lines in the middle. The growth
lines are distinct, but not prominent. The abapical boundary of the zone is
at the height of about 4 whorl, or somewhat less, above the abapical suture
and consists of two well-marked close-set spiral ribs. The adapical one of
these ribs forms a more or less projecting edge. On some shells a few thin spiral
threads are seen in the concave zone and a single spiral thread occurs between
the two close-set spiral ribs and the abapical suture. The latter section of the
whorl, which only constitutes rather a small zone, slopes slightly adaxially.
On the last whorl there are 10-15 well-marked, rather widely spaced spiral
ribs right out to the abapical end of the base.

Besides the spiral sculpture there is a collabral sculpture of 9-13 prominent
knobs on the edge. The continuation of these knobs is only in part visible
on both sides of the edge. In the convex zone there is a curved elevation of the
respective growth lines, and abapically to the edge there is an oblique elevation
of the surface of the shell, which, however, has almost disappeared before it
reaches the suture. On the last whorl the collabral sculpture in reality only
shows knobs.

The aperture is oval. Labrum has not been preserved on the present shells.
The inner lip is smooth, more or less well-defined. The siphonal canal is short
and comparatively broad.

Remarks. The material available from the Danish Hodde Clay is so incomplete
that it has been necessary to use shells from Shell Bed I at Hoddemark at the
description of the species. There is no doubt that the shells from the two
layers are identical.

For comparison I have had material from Twistringen and therefore can
vouch for the identity with the form from Twistringen and Woltrup mentioned
by HinscH (loc. cit.).

This form may be identical with Pleurotoma Hosiusi v. KOENEN 1872, but
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the pictures and description in this author are unfortunately too defective to

establish the identity with certainty.

KAuTskY’s description and picture of Peratotoma Hosiusi do not completely
correspond to those of v. KOENEN. KAUTSKY is also doubtful as to the identity
with v. KOENEN’s species. Nor does his publication of P. Hosiusi permit a
sure identification of the shell from the Hodde Clay with this species. Under
these circumstances I suggest that the Danish material should be named by

HiNnscH’s specific name.

Differently from HinscH I refer the species to the genus Asthenotoma be-
cause of the appearances of the protoconch and the sinus belt.

Measurements.
Shell
Length Diameter

Hodde Clay

Gram. 141.277

(29.50-30.00 m.) 1.9 mm. 1.2 mm.
(= Plate XIX, figs. 7-8)

Shell Bed 1

Hoddemark
(Plate XIX, fig. 4) 8.9 mm. 3.2 mm.
Hoddemark 6.8 - 2.8 -
- 5.0 - 2.3 -
- 3.7 - 1.8 -
Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation. North Germany:

Stufe? (KAuTsKky), Reinbek-Stufe (HINSCH).

Protoconch
Length Diameter
0.7 mm. 0.7 mm.
0.6 mm. 0.6 mm.
0.6 - 0.6 -
0.6 - 0.6 —
0.7 - 0.7 -

Genus: Brachytoma SWAINSON 1840
(Type: Pleurotoma stromboides SOWERBY 1842)

Brachytoma obtusangula (BrRoccHI 1814)

Aperture
Length

3.6 mm.

2.4
1.9

Hemmoor-

1953. Drillia obtusangula BRocCHI — CSEPREGHY — MEZNERICS, Mittelmioz. Pleurot., p. 8,

PL I, f. 11-14.

1955. Drillia ( Drillia) obtusangula (BRoccHI) — Rosst RONCHETTI, | tipi etc. p. 325, f. 175.
1956. Brachytoma obtusangula (BRoccHI) — RASMUSSEN, South Jutland, p. 89, Pl. VIII,

f. 6a, b.

1958. Brachytoma obtusangula (BROocCHI) — SORGENFREI, Middle Mioc., p. 275, Pl. 58,

f. 195.

1964. Brachytoma obtusangula (BRoccHI) — ANDERSON, Reinbek-Stufe, p. 295, PI. 37, f. 245.

Material. Hodde Clay.

Gram 141.277 28.00-28.50 m.:
32.70-33.05 m.:
34.25-34.70 m.:
35.00-35.30 m.:

?1 fragm.

(@2)]
(1)
1)
)]
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Gram Clay.

Shell material is available from the following localities (see Part I, Tables
15-66):

Lillelund (73.88), Aulum (74.321), Spjald (83.127), Muldbjerg (83.1006), Kodal-Fjaldene
(84.1749), Videbzk (84.1748, 84.344, 84.358, 84.456, 84.483, 84.525, 84.1727), Mpgltrup
Brickworks (clay pit), Lille Torup (85.379), Tvermose (85.381), Freglund (85.383), Gjod-
strup (85.861), Brande Brickworks (clay pit), Drantum (104.1241), Hjortsballe (105.320),
Skjerris garde (104.1165), Leding (93.155), Alkarsig Brickworks (clay pit), Lenborg
(102.55), Forsum Brickworks (clay pit), Odderup (103.150), Harkes Brickworks (clay pit),
Albzk Eng (102.59), Hesselho (113.121), Hauge (clay pit), Tending (clay pit), Hodde
(113.33a), Esbjerg (130.59, clay pit and beach), Made Brickworks (clay pits), Brestrup
(141.255), Holleskov (132.46b), Hjortvad (141.178), Lintrup (132.140), Sender Hygum
(141.260, 141.261), Rodding (141.243), Gram (141.277), Spandetgéard (clay pits), Spandet
(150.184), Tonder (166.398), Brodersmark (166.351b), Sad (167.4, 167.445), and Rends
(167.236).

Description. The shell is rather small, subfusiform, more or less slender.

The protoconch is relatively big, conical, multispiral, comprising 4-5 slightly
convex whorls. The initial whorl is small, slightly sinistral, generally broken
off. The medial and terminal whorls have numerous extremely thin spiral
threads on the abapical part, taking an oblique and irregular course, casually
arranged. The rest of the medial whorls are smooth. The terminal whorls have
numerous (29 to more than 40) narrow, opisthocline, collabral ribs, which to
begin with are faint and later become very prominent, more opisthocyrt and
abapically drawn somewhat along the suture.

The whorls of the teleoconch have a carina a little adapical to the middle.
A marked spiral band is often seen immediately below the adapical suture.
Between this suture and the carina there is a more or less pronounced cavity
in which the sinus of the growth lines and 2—4 spiral bands are situated. On
the carina there is a spiral band and between this and the abapical suture
there are a further 2-5 spiral bands. The ramp down towards the neck of the
canal and the canal are covered by 20-25 spiral bands, which on the neck of
the canal become more axially, obliquely placed.

The collabral sculpture comprises 10-14 rounded-off ribs, the breadth of
which corresponds to the interspaces between them and which pass at right
angles to the suture or are placed slightly obliquely. They are most prominent
on the surface of the shell between the carina and the abapical suture, but are
often seen as more or less faint elevations on the adapical part of the whorls.
The spiral sculpture crosses the collabral ribs undiminished.

Labrum has in most cases been broken off. It seems to have been simple.
The inner lip is smooth. The aperture is often oblong oval, sometimes little
extended in relation to the canal.

Remarks. According to Rossi RONCHETTI, BROCCHI's holotype of this species
has only 8 collabral ribs, whereas CipoLLA (1914, pp. 116-117) mentions that
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the specimens from the Pliocene layers at Altavilla (Palermo) have 12-13
collabral ribs.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde For-
mation, Gram Formation. North Germany: ““Untermiozidn’ at Itzehoe (Gripp), Hemmoor-
Stufe (KAuUTsKY), Reinbek-Stufe (ANDERSON), Glimmerton at Morsum KIiff (Sylt), Lieth,
Teufelsbriicke, Giihlitz, Bockup, and Liineburg (v. KOENEN).

Mediterranean Basin. ltaly: Elveziano, Tortoniano, Piacenziano (BELLARDI, SAcco).
Spain (Cataluna): Placenciense (ALMERA Y BOFILL).

Vienna Basin. Austria: Tegel at Baden and Lapugy (common), Gainfahrn, Steinabrunn,
Forchtenau, Kestej, Lissitz, Niederleis, Jeromier¢i¢, Vienna (a few shells; HOERNES &
AUINGER). — Hungary: Szob, Szokolya (CSEPREGHY-MEZNERICS), ‘‘Miozdn-Mediterran”
(STRAUSZ).

Genus: Borsonia BELLARDI 1839
(Type: Borsonia prima BELLARDI 1839)

Borsonia uniplicata v. KOENEN 1872
Plate XIX, fig. 9, and Plate XX, figs. 1 and 3
1872. Borsonia uniplicata NYST sp. — V. KOENEN, Mioc. Nordd. I, p. 252, PL III, f. 10a-f.
1925. Borsonia uniplicata Nyst — KAauTtsky, Hemmoor, p. 178, PL. 11, f. 32.
1904. Borsonia uniplicata (NysT) — SAacco, I Molluschi, XXX, Pl. XIII, f. 19, 20.

1954. Borsonia uniplicata (NysT) KOENEN — GLIBERT, Pleurotomes, p. 41, PL. V, f. 14.
1964. Borsonia uniplicata KOENEN — ANDERSON, Reinbek-Stufe, p. 301, P1. 39, f. 253, 253 a.

Material. Hodde Clay.

Made Brickworks. Eastern clay pit, the north wall: 2 almost complete shells

Description. The shell is rather big, spindle-shaped.

The protoconch has been broken off or is corroded in the case of both of
the shells present. To judge from specimens from Twistringen, Northern
Germany, it was short, paucispiral.

The teleoconch comprises 5-7 whorls, which all have a central edge, which,
however, is often somewhat abapical to the middle. Immediately below the
adapical suture there is a narrow, convex spiral zone. Between this zone and
the edge there is a broad concave depression, in which is the sinus of the growth
lines, which is moderately deep, with its peak approximately in the middle of
the depression. The edge bears a number (8-11) of rather big round knobs,
which are more or less prominent, and the interspaces of which correspond
to their breadth. The knobs are sometimes drawn out a little abapically in a
highly oblique direction, but in any case are soon lost. The growth lines are
very oblique abapically to the edge. The surface of the shell usually bears
two or three weak spiral bands (between which there are sometimes a few
other weaker ones) to be seen on the abapical region below the edge.
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On the edge of the material from Made there are two thin close-set spiral
threads, which cross the knobs. In the cavity there is a small number of weak
spiral threads on the present shells from Twistringen. On the convex, subsutural
spiral zone a few very weak spiral threads can also dimly be seen. The spiral
ornamentation on the base stands out most clearly. On the base there are
numerous (up to 20) spiral bands, which come to hold a more and more
oblique position on to the neck of the canal. The transition from the last
whorl to the neck of the canal is somewhat convex. The sutures are often
very oblique in relation to the axis.

The aperture is oval, tapering adapically, with an adapical canal. Labrum
has been broken off all the shells available. The inner lip is smooth, with a
well developed columellar fold. The siphonal canal is rather short.

Remarks. This species usually varies somewhat in the formations in which
it occurs, as appears from the pictures in the literature. According to KAUTSKY
the species varies considerably as regards the slenderness of the shell, the
subsutural spiral belt, the prominence of the knobs, conditions of the spiral
sculpture, etc.

According to GLIBERT the species seems to be common in the Anversien
of Belgium. In the other formations in the North Sea Basin it is less common.

The shells from the Hodde Clay are rather uniformly shaped and correspond
completely to the material collected at Twistringen (Northern Germany).

Measurements.

Length of Number Number
Locality Length Diameter the aperture of whorls of knobs
Hodde Clay
Made ? 4.2 mm. 4.8 mm. 54 10
Twistringen 10.7 mm. 43 - 53 - 6 8-10
- 10.7 - 44 - 49 - 6% 8-11
Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation. North Germany: Hemmoor-
Stufe (KAuUTskY), Reinbek-Stufe (ANDERsSON, HINSCH). Belgium: Anversien (GLIBERT).

Genus: Neoguraleus POWELL 1939
(Type: Drillia sinclairi GiLLIES 1882)

Neoguraleus kochi (v. KOENEN 1872)
Plate XXIV, fig. 1

1872. Mangelia Kochi — v. KOENEN, Mioc. Nordd. I, p. 249, PI. 3, f. 8a, b, c.

1907. Mangilia Kochi v. KOENEN — RAVN, Jylland, p. 360 (156), Pl. VIII, f. 8.

1956. Cythara (Mangelia) kochi (v. KOENEN) — RASMUSSEN, South Jutland, p. 92, PL. VIII,
£ 7
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Material. Glauconite Clay.
Gram 141.277  25.00-25.50 m.: 1 fragment of an apex

Gram Clay.

Shells are available from the following localities (see Part I, Tables 15-66,
pp. 228-285):

Skerum Moglle (clay pit), Videbzk (84.1748), Mpltrup Brickworks (clay pit), Lille
Torup (85.379), Frelund (85.383), Gjodstrup (85.861), Snejbjerg (85.775), Brande Brick-
works (clay pit), Drantum (104.1241), Nyholm (104.1166), Odderup (103.150), Hauge
(clay pit), Holleskov (132.46b), Hjortvad (141.178), Sender Hygum (141.261), Gram

(141.277), Spandetgard (clay pits), Brodersmark (166.351b), S@d (167.445), and Rends
(167.236).

Description. The shell is small, rather slender, subfusiform.

The protoconch comprises 3-4 convex whorls. The initial whorl is small,
slightly sinistral, a little downward curved (abapically). The medial whorls are
smooth. The terminal whorl has numerous (20-30) opisthocyrt, filiform,
collabral ribs, which to begin with are very weak, later more prominent. They
are crossed by 4-5 spiral threads, which are parallel to the sutures and se-
parated by approximately equally broad interspaces. The two sculptural ele-
ments together form a regular network, which especially on the youngest part
of the terminal whorl stands out rather strongly.

The whorls of the teleoconch are moderately convex, with a rounded carina
a little adapically to the middle. Between the adapical suture and the carina
there is a more or less faint depression. The surface of the shell is covered by
numerous (about 13-20) close-set, little prominent, narrow spiral bands of
nearly the same strength.

The collabral sculpture consists of 12-14 rather strong and broad, rounded-
off, a little obliquely placed ribs, of the same breadth as their interspaces,
and most strongly marked on the slightly adaxially sloping region between
the carina and the abapical suture. The growth lines are more or less promi-
nent, with rather a deep sinus in the middle of the depression.

The aperture is oblong oval, passing evenly into the rather short canal.
Labrum is simple. Labium is smooth, well delimited from the base.

Remarks. See Remarks on N. sethensis (RASMUSSEN 1966, p. 192).

Measurements.
Shell Protoconch Aperture + canal

Length Diameter Length Diameter Length
Gram Silt
Gram Brickworks 4.3 mm. 2.0 mm. 0.7 mm. 0.8 mm. 2.1 mm.
= 33 = 1.7 = 0.9 - 0.9 -
- 2.1 - 1.2 - 0.8 - 0.9 - 1.2 -
= 2.6 - 1.3 = 08 = 0.9 - 1.4 -

- 1.7 - 09 - 0.9 - 09 - 1.1 -
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Gram Clay

Gram Brickworks 4.9 mm. 2.2 mm. 0.6 mm. 0.8 mm. 2.4 mm.
Original to
RASMUSSEN, 1956,
PL VIII, fig. 7

- 3.4 - 1.8 - 09 - 1.0 - 1.7 mm.

Brodersmark 1.9 - 1.1 - 0.8 - 0.9 - 1.1 -

Spandetgard 24 - 1.2 - 09 - 0.9 - 1.3 -

- 1.7 - 1.0 - 09 - 09 - 1.2 -

- 3.8 - 1.9 - 1.9 -

- 2.3 - 1.4 - 09 - 1.0 - 1.2 -

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation.

Neoguraleus s@thensis RASMUSSEN 1966
Plate XX1V, fig. 4

1966. Neoguraleus s@thensis nov. sp. — RASMUSSEN, Molluscan Faunas, I, p. 191.

This species is described in the work cited (Part I) to which reference is
made.

Neoguraleus sp.
Plate XXIII, fig. 5
Material. Hodde Clay.

Made Brickworks. Eastern clay pit. The north wall: 1 shell

Description. The shell is rather small, subfusiform.

The protoconch comprises about 3 whorls rapidly increasing in diameter.
The initial whorl is small. The medial whorls are convex and seem to be
quite smooth. The terminal whorls have about 13 opisthocyrt, filiform, col-
labral ribs, which are crossed by 5 spiral cords forming a wide-meshed network.

The whorls of the teleoconch are almost angular with a prominent carina-
like spiral rib in the middle. All 5 spirals from the protoconch continue on the
teleoconch. The adapical and the abapical ones are situated close to the sutures,
the latter rib being the most prominent. The three strongest spiral ribs are
on the middle part of the whorls.

Three, four, or five spiral cords are seen between each of the spiral ribs.
They are crossed by numerous growth lines, and small granules are formed at
every point of intersection between them. The whole surface of the adult
whorls are thus covered by thousands of granulae, beautifully arranged in
spiral and curved lines.

The teleoconch whorls are furthermore sculptured by well-marked, rather
narrow and distant collabral ribs in a number of about 10. At the intersections
between these and the middle spiral rib or carina small spine-like excrescences
are formed. Both the spiral and the collabral sculpture continue out on the
neck of the canal.
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The siphonal canal is rather long. Labrum is broken on the present shell.
The inner lip is smooth and well delimited from the base.

Remarks. This shell is considered a species of the genus Neoguraleus. 1t has
not been possible to identify it with any known species.

Better preserved specimens must be required before a possible new species
can be established.

Genus: Haedropleura BucQuoy, DAUTZENBERG & DoLLFUS 1883
(Type: Murex septangularis MONTAGU 1803)

Haedropleura maitreja (SEMPER in v. KOENEN 1872)
Plate XX, figs. 4-6

1956. Haedropleura maitreja (SEMPER in V. KOENEN) — RASMUSSEN, South Jutland, p. 88,

Pl VI, £. 5.
1964. Haedropleura maitreja (SEMPER in KOENEN) — ANDERSON, Reinbek-Stufe, p. 307,
PI. 40, f. 260.
Material. Hodde Clay.
Maédde Brickworks. Eastern clay pit: 1 complete, but worn shell
Rodding 141.241 28.0 -33.0 m.: 1 juvenile shell
Gram 141.277 29.50-30.00 m.: 2 small fragm.
- - 30.00-30.50 m.: 2 defective shells
- - 30.95-31.35 m.: 1 def. shell and 1 broken apex
- - 31.35-31.65 m.: 1 def. shell
- - 34.25-34.70 m.: 2 fragments
Gram Clay.
Maide Brickworks. Eastern clay pit: 3 complete shells
Holleskov 132.46b 49 -11.2 m.: 1 defective shell
Gram 141.277 6.90- 7.30 m.: ?1 fragment

- - 15.55-16.00 m.: 2 fragments

Description. The shell is slender, spindle-shaped. The apex is often rather long
as compared with the base.

The protoconch is short, paucispiral, comprising 14—2 convex whorls without
sculpture. The initial whorl is slightly sinistral. The teleoconch has about 5,
sometimes more, more or less flat whorls, with a slightly concave region below
the adapical suture. The growth lines are opisthocyrt, with a flat sinus a little
abapically to the middle of the whorls.

The surface of the shell is smooth, forming 9-11 collabral folds or more
prominent ribs conformal to the growth lines. These collabral ribs are more
or less sharp-edged and often are most prominent on the abapical part. The
sutures are but slightly depressed.

The aperture is oblong oval. Labrum has been broken off the present shells.
The inner lip is smooth, more or less clearly delimited from the rest of the
surface of the shell. On some shells there is a narrow, highly constricted
pseudumbilicus. The canal is short, comparatively broad.
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Variations. The present shells from the Hodde Clay have stronger collabral
ribs than the shells of the Gram Clay. Furthermore, the slightly concave
region is flatter and the collabral also very prominent adapically (cf. Plate XX,
fig. 5). A single shell from the clay pit of Gram Brickworks (leg. H. @pum
1926) is extremely long (10.5 mm.), but in the other dimensions it is normal.
This shell has a well developed pseudumbilicus. A shell from the Gram Clay
at Made has 7 oblique, close-set spiral bands on the surface of the neck of
the canal.

Measurements.

Shell Protoconch Aperture Number of
Locality Length Diameter Length Diameter Length collabral ribs
Hodde Clay
Made 5.0 mm. 2.3 mm. 2.1 mm. 9-10
- 48 - 2.1 - 22 - 9
Gram Clay
Maéade 6.1 — 2.6 - 0.4 mm. 0.7 mm. 2.8 -
- 6.9 - 2.7 - 0.3 - 0.7 - 3.0 - 9-12
Distribution.

North Sea Basin. Miocene. Denmark: Hodde Formation, Gram Formation. North
Germany: Hemmoor-Stufe (D1TTMER), Reinbek-Stufe (ANDERSON), Glimmerton at Langen-
felde (v. KOoENEN), Elbtunnel (HorN), and Liineburg (MULLER). — Plio-Pleistocene. Holland
(BEETS).

Genus: Pleurotomoides BRONN 1831
(Type: Defrancia pagoda MILLET 1826)

Pleurotomoides luisae (SEMPER in v. KOENEN 1872)
Plate XXII, fig. 5

1956. Lienardia luisae (SEMPER) — RASMUSSEN, South Jutland, p. 93, PL. IX, f. 2a, b.

1958. Pleurotomoides cf. Luisae (v. KOENEN) — SORGENFREI, Middle Mioc., p. 285, PI. 62,
f. 204a, b.

1964. Pleurotomoides luisae (SEMPER in KOENEN) — ANDERSON, Reinbek-Stufe, p. 307,
Pl. 39, f. 261.

Material. Hodde Clay.

Hygum 141.215 26.2-32.8 m.: 1 def. shell
Hajstrup 167.235 174'-194" 1 fragment
Gram Clay.

Shell material is available from the following localities (see Part I, Tables
15-66):

Skerum Molle (clay pit), Lillelund (73.88), Aulum (74.321), Muldbjerg (83.1006),
Kodal-Fjaldene (84.1749), Videbak (84.1748, 84.344), Lille Torup (85.379), Tvarmose
(85.381), Frelund (85.383), Gjedstrup (85.861), Brande Brickworks (clay pit), Drantum
(104.1241), Nyholm (104.1166), Hjortsballe (105.320), Leding (93.155), Odderup (103.150),
Harkes Brickworks (clay pit), Albzk Eng (102.59), Hesselho (113.121), Hauge (clay pit),
Tending (clay pit), Grede (Karlsgarde Canal), Hodde (113.33a), Esbjerg (clay pit and
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beach), Made Brickworks (clay pits), Tiset (141.244), Holleskov (132.46b), Ravning
(clay pit), Sender Hygum (141.260, 141.261), Gram (141.277), Spandetgard (clay pits),
Tonder (166.398), Brodersmark (166.351b), Sed (167.445), and Rends (167.236).

Description. The shell is spindle-shaped.

The protoconch is conical, almost trochiform, comprising up to 5 whorls,
14 of which constitute the small, smooth initial whorl. The others are provided
with a carina a little abapically to the middle. It divides the whorl into an
adapical and an abapical region. The former slopes greatly abaxially, while the
latter inclines adaxially at a somewhat smaller angle and is provided with a
microsculpture of numerous thin, obliquely placed, non-parallel, collabral
threads.

The teleoconch comprises up to 6 sculptured whorls. On the abapical part
of the whorl there are two prominent spiral bands. On the youngest whorls
of large shells there are sometimes thin spiral threads between these spiral
bands. The adapical part is slightly convex and bears some 5 spiral threads
or narrow bands. The one of these spiral threads nearest to the middle of the
whorl is the strongest. The sinus of the growth lines is moderately deep and
is situated between the adapical one of the two main spirals and the adapical
suture.

On the whorls there are also 10-13 relatively broad, rounded, collabral
ribs, the highest elevation of which is found on the adapical one of the two
spiral bands, but which are otherwise more prominent on the abapical than
on the adapical part. The interspaces of the collabral ribs are of the same
breadth as the ribs themselves. The spiral bands all pass over the collabral
ribs.

The base has up to 18 relatively broad spiral bands, which slope more and
more down on the neck of the canal. The surface of the shell is in several
places seen to be slightly granulated. On most shells it is not, however, possible,
even at high magnification, to see any granulae.

The aperture is oblong oval. Labrum has been broken off the shells present.
The inner lip is smooth, well delimited from the sculptured surface of the base.

Measurements.
Shell Protoconch Aperture

Locality Length Diameter Length Diameter Length

Gram Clay

Maide Brickworks

Eastern clay pit 8.3 mm. 3.8 mm. 1.7 mm. 1.7 mm. 3.9 mm.
- - - ab.7.0 - 33 - 1.6 - 1.6 - ab.3.5 -
- - - 15.1 - 6.0 - 1.7 - 1.7 - 7.7 -
- - = 10.2 - 43 - 1.6 - 1.6 - 1.6 -
- - - 100 - 4.3 - ? 1.2 - 5.0 -
= - = 7.0 - 3.0 — 1.7 - 1.5 - 3.3 -
- - - ab.9.0 - 3.8 - 1.8 - 1.3 - 42 -
- - - 9.5 - 3.8 - - 1.2 - 4.7 -

- - - 7 - 45 = = . T2 -
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Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (cf., SORGENFREI), Gram
Formation. North Germany: Hemmoor-Stufe (KAuTsky), Reinbek-Stufe (ANDERSON),
Glimmerton of Sylt, Langenfelde, Liineburg, Giihlitz (v. KOENEN).

Pleurotomoides sp.
Material. Gram Clay.
Sad 167.445 92.25-92.70 m.: 1 defective shell

Description. There is only an incomplete shell available, which lacks the whole
of the base and the abapical part of the apex.

The shell is small, slender. It must have been fusiform.

The protoconch is high, conical, multispiral, comprising about 4 whorls.
The initial whorl has been broken off. The medial part is convex. The terminal
region consists of about 2 whorls with a sharp carina on the abapical part
somewhat above the suture, immediately above which there is a thin spiral
thread. The surface is somewhat worn, so that no microsculpture is seen.
Traces of a thin network of weak threads are, however, seen abapically to the
carina.

The whorls of the teleoconch have a slight concave depression adapically,
comprising nearly half of the height of the whorls. They are convex abapically
and sculptured with 11 collabral ribs, which first stand out on the abapical
part of the whorls and, besides, are crossed by 8-11 spiral threads, which are
weakest and densest on the concave part of the whorls, while on the convex
part there are 24 spiral bands of the first order, with interspaces considerably
broader than they are.

The surface of the shell is close-set with numerous granulae arranged in
three close-set lines in the interspace between each pair of spiral ribs.

Remarks. The shell undoubtedly belongs to the genus Pleurotomoides, but it
has not been possible to identify it with any species described in the literature.
It is considerably slenderer than P. luisae, from which it also differs in the
conditions of the spiral sculpture.

Genus: Philbertia MONTEROSATO 1884
(Type: Pleurotoma philberti MicaauD 1829)

Philbertia cordieri (PAYRAUDEAU 1826)

1956. Philbertia (Philbertia) reticulata (RENIERT) — RASMUSSEN, South Jutland, p. 94, PL. IX,
f. 5a, b

1964. Philbertia echinata (BROCCHI) — ANDERSON, Reinbek-Stufe, p. 311, Pl. 42, f. 266,
266a, b.



Material. Gram Clay.

This species is cited in the

Philbertia reticulata (RENIERI).

Brande Brickworks. Clay pit:
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lists of analyses, Tables 15-66 in Part I, as

1 defective shell

Drantum 104.1241 36.0 —-40.0 m.: 2 protoconchs
- - 40.0 -44.0 m.: 1 protoconch and another fragment
Odderup 103.150 20.0 -21.0 m.: 1 apex of a shell
Holleskov 132.46b 49 -11.2 m.: 1 juvenile shell
Sender Hygum 141.261 13 =19  m.: 1 shell
Gram 141.277 5.30- 5.70 m.: 1 protoconch and another fragment
- - 5.70- 6.10 m.: 1 protoconch and 1 fragment
- - 6.10- 6.40 m.: 1 small, complete shell
- - 6.90- 7.30 m.: 1 defective shell
- - 7.30- 7.65 m.: 1 fragment
- - 9.90-10.30 m.: I almost complete shell
- - 12.10-12.60 m.: 1 complete shell and 2 fragments
- - 15.10-15.55 m.: 1 protoconch, probably of this species
- - 15.55-16.00 m.: 1 protoconch
- - 16.00-16.50 m.: 6 fragments of the same shell
- - 19.00-19.50 m.: 1 small, worn shell
Spandetgard. Clay pit: 1 almost complete shell and 1 beauti-
fully preserved shell
Brodersmark 166.351b 22.6 -24 m.: 3 complete and 3 defective shells
- - 24 -25 m.: 1 defective shell
= = 25 -26 m.: 1 fragmentary shell
— - 28 -29 m.: 1 almost complete shell
- - 30 -31 m.: 1 fragment
Sad 167.445 93.70-94.10 m.: 2 small fragments
- - 94.10-94.75 m.: 3 fragments
- - 94.00-97.10 m.: 1 fragment
(special sample)
- - 99.55-100.10 m.: 1 fragment
Rends 167.236 140-160" 1 protoconch and 5 fragments

Remarks. Shells of this characteristic species were described by me in 1956
under the name of P. reticulata. However, BucQuoy, DAUTZENBERG & DOLL-
FUS’ argumentation (1882, pp. 92-94) in favour of an invalidation of RENIERI’S
specific name seem so weighty to me that I find it necessary to give up the
specific name of reticulata in favour of cordieri.

The three authors mentioned state in their work that they have examined a
large number of shells of the type cordieri and that they can separate a special
species P. rudis (ScAccHi) from P. cordieri (PAYRAUDEAU). It is maintained
that the latter species differs from the former by always having a smaller shell,
by its slenderer form, its pointed spire, its long canal, and its collabral sculp-
ture without lamellae. Furthermore, it is stated that RENIERI referred to two
earlier pictures of his new species, viz. one in LISTER and one in GUALTIERL
Both figures are, however, so defective that they do not resemble any of the

14%
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Philbertia species from the Mediterranean, for which reason it is not possible
to identify them with P. cordieri or P. rudis.

BroccHr’s picture (1814, Plate VIII, fig. 3) of Murex echinatus BROCCHI is
considered by BucqQuoy, DAUTZENBERG & DOLLFUS as a sure documentation
of the identity of this species with P. cordieri. However, the specific name
echinatus had already in 1814 been preoccupied for an exotic Pleurotoma
species.

Distribution.

North Sea Basin. Miocene. Denmark: Gram Formation. North Germany: Hemmoor-
Stufe (KauTtsky), Reinbek-Stufe (ANDERSON: P. echinata) — Plio-Pleistocene. England:
Coralline Crag, Waltonian, Newbournian (Woop, HARMER). Holland: Diestien superieur
(TESCH).

Atlantic Region: Recent (BucQuoy, DAUTZENBERG & DOLLFUS).

Mediterranean Basin. Miocene. Italy: Miocene medio (BELLARDI). — Plio-Pleistocene.
Italy: Pliocene inferiore, P. superiore (BELLARDI), Monte Mario, Roma (CERULLI — IRELLI).
France: Rhone Valley: Pliocene (FONTANNES: Homotoma reticulata). Recent (WEINKAUFF,
BucqQuoy, DAUTZENBERG & DOLLFUS).

Philbertia sinuosula SORGENFREI 1958
Plate XXIV, figs. 5-7

1958. Philbertia sinuosula — SORGENFREI, Middle Mioc., p. 290, P1. 63, f.209 a—c, PI. 76, . 209.
1964. Philbertia sinuosula SORGENFREI — ANDERSON, Reinbek-Stufe, p. 312, Pl. 42, f. 268,

268a.
Material. Hodde Clay.
Gram 141.277 31.95-32.30 m.: | defective shell
Gram Clay.

Lille Torup 85.379 16.8 -20.0 m.: I small, complete shell

Drantum 104.1241 46.0 -50.0 m.: 1 juvenile shell

Hesselho 113.121 56.0 —65.0 m.: | protoconch, probably of this species

Hauge. Clay pit: I protoconch, probably of this species

Sender Hygum 141.261 13 -19 m.: 1 worn shell and 1 fragment of another
shell

Gram 141.277 9.50- 9.90 m.: 1 juvenile shell and 1 protoconch of
another shell

- - 17.50-18.00 m.: 1 juvenile shell

- - 19.50-20.00 m.: 1 juvenile shell

- - 21.00-21.50 m.: 1 juvenile shell

Spandetgard. Clay pit: 1 beautifully preserved shell

S=d 167.445 92.25-92.70 m.: 1 protoconch, probably of this species

Description. The shell is relatively small, subfusiform.

The protoconch is pointed-conical, consisting of about 54 whorls. The
initial stage consists of 14 slightly sinistral whorls, on the surface of which
there are numerous small granulae arranged in parallel spirals. The following
medial whorls (about 3}) are covered by a diagonal network of elevated thin
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threads. The adapical third of these whorls, however, have only one set of
collabral threads, which abapically enter into the dense abapical network. The
terminal stage comprises 3—3 whorl, where, simultaneously with the retention
of the reticulate ornamentation there is rather a marked carina a little aba-
pically to the middle of the whorls. Abapically to this carina, there is one more
or less prominent spiral rib, and adapically to this there is a very weak one.

The sculptural shaping of the teleoconch is introduced by the appearance
of a collabral rib, which takes an oblique course from suture to suture, but
which only really stands out a little below the adapical suture. The terminal
carina of the protoconch continues as a spiral rib on the teleoconch and
sometimes keeps its rank of being the most prominent rib. Like the carina
mentioned, it is found a little abapically to the middle of the whorl.

Between this carina and the abapical suture there are 2-3 almost equally
prominent spiral ribs, one of which is close to the suture. This total of 3-4
spiral ribs are sometimes weakened somewhat on the younger whorls of the
shell. On the adapical part of the whorl there are 2-9 weak spiral ribs, which
become weaker adapically. The rather flat sinus of the growth lines is found
immediately below the adapical suture. There are 9-11 collabral ribs. They
are, if anything, sub-angular and rather narrow.

The surface of the whole teleoconch is densely set with granulae, which
are easily seen at 20 x magnification. On larger shells it is seen that they are
irregularly arranged in rows parallel to the spiral ribs (2-5 rows).

The aperture is a rounded oval. The canal is straight, rather short. Labrum
has been broken off the present shells. The inner lip is smooth, well delimited
from the base.

Remarks. The main difference between this species and P. scabra (PHILIPPI)
is that the latter species has a well-defined sinus belt, rounded collabral ribs
and an apertural sinus of moderate depth.

The shells from Hesselho and Drantum have a fairly distinct sinus belt and
seem to suggest the possibility of even transitions between P. scabra and P.
sinuosula.

Otherwise reference is made to the mention and description of the two
species in SORGENFREI (1958, pp. 289 ff.).

Measurements.

Shell Protoconch Aperture
Locality Length Diameter Length Diameter Length
Spandetgard 6.5 mm. 3.2 mm. 5.7 mm. 1.2 mm. 3.1 mm.
Lille Torup 3.0 - 20 -
Hesselho 24 - 1.3 -
Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde For-
mation, Gram Formation. North Germany: Reinbek-Stufe (ANDERSON).
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SUBCLASSIS: OPISTHOBRANCHIATA
ORDO: PLEUROCOELA
FAMILIA: ACTEONIDAE

Genus: Actaeon MONTFORT 1810
(Type: Voluta tornatilis LINNE 1758)

Actaeon semistriatus (FERUSSAC in GRATELOUP 1840)
Plate XXV, figs. 1-2

1821. Tornatella semistriata DEFRANCE — FERUssAc, Table system. moll., p. 108.

1825. Tornatella semistriata — BASTEROT, Mém. Bordeaux, p. 25.

1840. Tornatella semistriata FER. — GRATELOUP, Bassin de I’Adour 1, P1. 11, f. 18.

1856. Actaeon semistriatus FER. — HOERNES, Wienerbecken I, p. 507, Pl. 46, f. 22-23.

1897. Actaeon semistriatus (FER.) — SAcco, 1 Molluschi XXII, p. 33, PL. 3, f. 21-23.

1907. Actaeon tornatilis LINNE sp. (pars) — RAvN, Jylland, p. 363 (159), PI. VIII, f. 10.

1925. Actaeon semistriatus FEr. — KAuTsky, Hemmoor, p. 201.

1932. Actwon semistriatus FErussac — CossMANN & Peyrot, Conch. Néog. A.S.L.B.
LXXXIV, p. 154, P. XI, f. 36, 45, 46, 58-60.

1952. Actwon semistriatus FERUSSAC sp. — GLIBERT, Mioc. Belg. II, p. 139, PL. X, f. 10.

1956. Actaeon sp. — RAsSMUSSEN, South Jutland, p. 98.

1958. Acteon semistriatus (BASTEROT) — SORGENFREI, Middle Mioc., p. 298, PL. 65, f. 216.

1964. Actaeon semistriatus (FERUSSAC) — ANDERSON, Reinbek-Stufe, p. 330, PL. 50, f. 295.

Material. Gram Clay.

Videbak 84.1748 23.95-24.95 m.: | fragment (1)
- 84.358 7.2 -15.1 m.: 1 def. shell and 1 fragment )
Lille Torup 85.379 16.8 -20.0 m.: 1 fragment (1)
Drantum 102.1241 36.0 —-40.0 m.: 1 fragment (1)
Made Brickworks. Eastern clay pit: 3 defective shells 3)
Holleskov 132.46b 49 -11.2 m.: 1 complete, juvenile shell (1)
Hygum 141.260 12 —40 m.: 1 broken-off apex (1)

- 141.261 13 =19 m.: 1 complete, juv. sh. and
4 protoconchs )

Description. The shell is rather small, ovoid, more or less slender.

The protoconch is heterostrophic, sinistral, and deeply depressed, so that
only part of the convex last whorl rises above the teleoconch. The whorls are
smooth. The axis of the protoconch forms rather a small angle with the axis
of the teleoconch.

The whorls of the teleoconch are flatly convex or more convex and have
a sculpture of narrow spiral grooves, which are disintegrated into numerous
points. As a rule the grooves occur all over the whorl. Still, two more close-set
grooves are often seen under the adapical suture. Next, a narrow, smooth
zone follows which looks as if lacking a spiral groove. On the rest of the whorl
they are found right down under the abapical suture and on the last whorl
right down to the abapical end of the base. The grooves are either equidistant
or at varying distances. On the last whorl there are often 15-20 spiral grooves.
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The suture is canaliculate. The last whorl, including the aperture and the
base, is high in relation to the spire.

The aperture is guttiform, tapering adapically, rounded abapically. Labrum
has been broken off all shells. It continues uninterrupted into the inner lip,
which abapically rises in a narrow edge, but adapically forms a thin callus
on the base. Between the base and the inner lip there is a narrow umbilicus
or pseudumbilicus. On the columella there is a narrow, oblique fold.

Remarks. SORGENFREI points out that the convexity of the whorls is very
variable. As the present material from the Gram Clay mainly consists of
juvenile shells, I have not made corresponding observations. On the other
hand, the shells of the Gram Clay on the whole seem to have more spiral
grooves than the Middle Miocene shells, which seem to have a broader smooth
area on the adapical part of the whorls. Perhaps the Upper Miocene shells
represent an intermediate stage between A. semistriatus and the Pliocene and
Recent A. tornatilis (LINNE).

Measurements.
Shell Aperture
Locality Length Maximum diameter Length
Made Brickworks ab. 3.0 mm. 2.1 mm. 2.1 mm.
Holleskov 1.7 - 1.2 - 1.0 -
Sonder Hygum. 141.261 1.3 - 1.0 - 09 -
(pictured on
the plate)
Sad 1.8 - 1.2 - 1.2 -
Rends 1.2 - 0.8 - 0.8 -

There are defective shells available which must have been larger, thus a
shell from Made Brickworks must have been about 4 mm. in length.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Gram Forma-
tion. North Germany: Hemmoor-Stufe (KAuTsKy), Reinbek-Stufe (ANDERSON), Glimmer-
ton at Morsum KIiff, Sylt (RAVN 1907: Actaeon tornatilis LINNE sp.). Belgium: Anversien
(GLIBERT).

Atlantic Region. Aquitanian Basin: Aquitanien, Burdigalien, Helvétien (CossSMANN &
PeyroT). Portugal: Tortonien, Helvétien (DoLLFUs, COTTER & GOMES).

Mediterranean Basin. Italy: Elveziano, Tortoniano, Piacenziano, Astiano (SAcco).
France: Rhone Valley: Pliocene (FONTANNES: A. fornatilis semistriata).

Vienna Basin. Austria: Baden and Voslau beds (M. HORrNEs). — Hungary: “Miozin-
Mediterran™ (STRAUSZ).
Poland: Miozdn (FRIEDBERG).
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FAMILIA: PYRAMIDELLIDAE

Genus: Chrysallida CARPENTER 1857
(Type: Odostomia torrita DALL & BARTSCH)

Chrysallida pygmaea (GRATELOUP 1840)
Plate XXV, figs. 10-11, and Plate XXVI, fig. 4-5

1840. Acteon pygmaea — GRATELOUP, Bassin de I’Adour, PI. 11, f. 77.

1856. Turbonilla pygmaea GRATELOUP — HOERNES, Wienerbecken I, p. 502, Pl. 43, f. 32.

1892. Pyrgulina pygmaea var. postica — Sacco, I Molluschi, XI, p. 651, PI. 1, f. 113.

1918. Chrysallida pygmaea (GRAT.) — CossMANN & PeyroT, Conch. Néog., A.S.L.B. LXX,
p. 134, PL. IX, f. 61-63.

1925. Pyrgulina pygmaea GRAT. — KAuTsky, Hemmoor, p. 73, Pl. 6, f. 26.

1952. Chrysallida cf. pygmaea (GRATELOUP) — GLIBERT, Mioc. Belg. II, p. 53, PL. 1V, f. 6.

1958. Chrysallida pygmaea (GRATELOUP) — SORGENFREI, Middle Mioc., p. 309, Pl. 68,
f. 229

1964. Chrysallida (Pyrgulina) pygmaea (GRATELOUP) — ANDERSON, Reinbek-Stufe, p. 321,
Pl 46, f. 279, 279a.

Material. Hodde Clay.

Hajstrup 167.235 194'-214’ : 1 fairly whole shell
Gram Clay.

Drantum 104.1241  36.0 -40.0 m.: 2 defective shells

Gram 141.277 16.00-16.50 m.: 1 well-preserved shell

Description. The shell is small.

The protoconch is heterostrophic, smooth, comprising about 14 visible
whorls, which rise a little above the teleoconch, thus making the shell look
as if having rather a flat apical end.

The whorls of the teleoconch are angular-subangular. The transition be-
tween the protoconch and the teleoconch consists of about half a whorl with
close-set, slightly curved collabral ribs. Next, there is a prominent subsutural
spiral zone immediately below the adapical suture. This spiral zone stands
out so much that an edge is formed on the whorl immediately below the suture.
On the other parts of the whorls there are 6-8 flat, regular spiral ribs, the
interspaces between which are now quite narrow, as filiform depressions, now
are of the same breadth as the ribs themselves. These are found right on to
the abapical end of the base.

Besides with the spiral sculpture the teleoconch is ornamented with a pro-
minent collabral sculpture in the shape of narrow, prominent ribs, with an
almost orthocline direction, the interspaces between which are mostly some-
what broader than the ribs themselves. The spiral ribs are often visible only
between the collabral ribs. These are found on the whole of the base and only
disappear together with the spiral ribs.

The aperture is oval. Labrum is sharp-edged, simple, passing in an even



217

curvature into the also sharp-edged inner lip, which rises into a projecting
edge. This edge is by a pseudumbilicus separated from the base. The columella
bears a narrow, slightly oblique fold.

Variations. The species seems chiefly to vary as regards the breadth of the
spiral ribs, the shape of the subsutural spiral zone, and the narrower or broader
shape of the collabral ribs.

Remarks. The species is common in Shell Bed I at Hoddemark. The form
occurring there corresponds to the material from Hajstrup and Drantum.

The shell from Gram has smaller angular whorls and a less pronounced
subsutural spiral zone, just as the spiral ribs are broader and more blurred, so
that the interspaces between them are seen only as narrow grooves between
the collabral ribs. The latter are broader and more rounded than those on
the other shells available.

Measurements. Besides the shells from the Gram Clay 11 shells from Shell
Bed I at Hoddemark have also been measured.

Shell Number of whorls
Length Diameter on the teleoconch

Gram Clay
Drantum 104.1241 36 -40 m. 1.8 mm. 1.0 mm.

- - - 1.7 - 09 -
Gram 141.277 16.00-16.50 m. 2.1 - 1.1 - 3
Hodde Clay
Hajstrup 167.235 194-214/ 2.1 mm. 1.1 mm.
Shell Bed I. Hoddemark 2.6 — 1.3 - 41

- - - 29 - 1.3 - 41

- - - 29 - 1.3 - 4%

- - - 2.7 - 1.3 - 4

- - - 2.7 - 1.3 - 34

- - - 2.7 - 1.3 - 4

- - - 2.6 - 1.2 - 33

- - - 24 - 1.3 - 4%

- - - 2.7 - 1.3 - 4

- - - 1.8 - 1.0 - 23

- - - 22 - 1.2 - 33
Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Gram Forma-
tion. North Germany: Hemmoor-Stufe (KAuTsky), Reinbek-Stufe (ANDERSON), Glimmer-
ton at Elbtunnel (HorN). Belgium: ? Anversien (GLIBERT).

Atlantic Region. Aquitanian Basin: Burdigalien (CossMANN & PEYROT).
Mediterranean Basin. Italy: ? Tortoniano, Piacenziano (SAacco).

Vienna Basin. Austria: Baden and Steinabrunn (HoErNEs). Hungary: ‘““Miozin-Medi-
terran’’ (STRAUSZ).
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Chrysallida nodifera SORGENFREI 1958
1958. Chrysallida nodifera — SORGENFREI, Middle Mioc., p. 306, Plates 66 and 67, fig. 224.

Material. Hodde Clay.

Leding. Unknown depth: 1 defective, juvenile shell
Hodde 113.33a 18.5-18.9 m.: 1 defective shell and 1 defective
juvenile shell

Description. The present shell fragments give an incomplete impression of this
species, only.

The protoconch is heterostrophic, with an oblique axis in relation to that
of the teleoconch, and is deeply depressed, so that only part of the youngest
of the whorl rises a little above the adapical end of the teleoconch.

The whorls of the teleoconch slope immediately below the adapical suture
for a very short distance down towards a fairly marked projecting edge. Next,
there is a very faint depression, which, again, is followed by a somewhat
broader, concave region. The sculpture consists of curved, rather slightly
rounded collabral ribs, which form quite small knobs on the subsutural edge
and then curve down towards the abapical suture. The basis is smooth.

The aperture is oval, tapering adapically. Labrum has been broken off. It
must have passed evenly into an erect inner lip. Between this and the base
there is a narrow pseudumbilicus. No fold is seen on the columella.

Remarks. The species has been thoroughly described by SORGENFREL The
material from the Hodde Clay corresponds completely to the shells from the
Arnum Formation. It is also common in Shell Bed I at Hoddemark.

Distribution.

North Sea Basin. Miocene. Denmark: Arnum Formation (SORGENFREI), Hodde For-
mation.

Chrysallida semireticulata SORGENFREI 1958
Plate XXV, figs. 8-9, and Plate XXVI, fig. 3

1958. Chrysallida semireticulata — SORGENFREI, Middle Mioc., p. 308, Pl. 67, 227a-b.

Material. Gram Clay.

Brande Brickworks. Clay pit: 1 shell
Gram 141.277 11.65-12.10 m.: 1 shell
- - 12.60-13.50 m.: 1 shell

- - 14.00-14.60 m.: 2 shells (with half smooth whorls on the
teleoconch)
Spandetgard. Clay pit: 1 shell
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Description. The shell is small.

The protoconch is heterostrophic, smooth, consisting of only one visible
whorl, while the others are completely depressed.

The teleoconch has about 3-4 rather flat whorls, which are sculptured with
22-30 curved collabral ribs. These are rather close-set and separated by inter-
spaces of the same breadth as their own. On the abapical part of the whorls
there are 3-4 narrow spiral bands, which only stand out between the collabral
ribs. On the last whorl at least 6 are seen, while the older whorls have first 1,
then 2, and finally 3-4 spiral bands. The basis is convex. Otherwise the surface
of the shell is smooth.

The aperture is oval, tapering somewhat adapically. Labrum is sharp-edged,
passing unbroken into the also sharp-edged inner lip, which rises as an edge.
The columella has a narrow, oblique fold.

Remarks. From the drillings at Gram Brickworks there is a shell available
of a Chrysallida, pictured on Plate XXVI, fig. 3, and presumably belonging
to the present species. Its heterostrophic protoconch seems to form a slightly
wider axial angle with the axis of the teleoconch. Its whorls have only collabral
ribs or folds on the oldest one or two whorls. Only faint traces of a single
spiral rib are seen immediately above the abapical suture. The shell is<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>