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SUMMARY

Revision of the celebrated Maastrichtian ammonite 
fauna from the Gosau Group of Neuberg, Steiermark, 
Austria revealed a diverse assemblage from a 20 m se­
quence of terrigeneous clastic sediments: Partschiceras 
forbesianum (D’ORBIGNY, 1850), Anagaudryceras lue- 
neburgense (SCHLÜTER, 1872), Anagaudryceras sp., 
Saghalinites wrighti BIRKELUND, 1965, Pseudophylli- 
tes cf. indra (FORBES, 1846 a), Pachydiscus (Pachydis- 
cus) neubergicus (VON HAUER, 1858), Pachydiscus (Pa­
chydiscus) epiplectus (REDTENBACHER, 1873), Menui- 
tes costatus sp. nov., Diplomoceras cylindraceum (DE- 
FRANCE, 1816), Diplomoceras sp. indet., Eubaculites ly- 
elli (D’ORBIGNY, 1847), Hoploscaphites constrictus (J. 
SOWERBY, 1817) and Hoploscaphites ? sp. The Neuberg 
fauna is in stratigraphic isolation and can be dated only by 
comparison with other Maastrichtian sequences. When 
compared with north-west European successions it can be 
shown to be lower but not lowest Maastrichtian in age. In 
terms of nannoplankton stratigraphy it is equivalent to 
the Arkhangelskiella cymbiformis Zone (CC 25 b). This 
is in terms of belemnite zonation middle sumensis Zone 
and/or younger.

The dominance of species with cosmopolitan distribu­
tions during the Maastrichtian (e.g. Partschiceras forbesia­
num, Pachydiscus neubergicus, Diplomoceras cylindra­
ceum, Eubaculites lyelli) together with the occurrence of 
species that are widespread in the White Chalk facies of 
NW Europe (e. g. Anagaudryceras lueneburgense, Saghali­
nites wrighti, Hoploscaphites constrictus) shows the Neu- 
berg area to have been in free marine communication with 
other areas, notably the north and north-west.

ZUSAMMENFASSUNG

Der Steinbruch in Krampen bei Neuberg (Steiermark) 
hat in der Mitte des 19. Jahrhunderts eine Reihe von Am­
moniten geliefert, die von HAUER (1858) und REDTEN­
BACHER (1873) beschrieben worden sind. Neuaufsamm- 
lungen sind eher unergiebig. Die Fauna wird in dieser Ar­
beit systematisch revidiert und eine stratigraphische Ein­
stufung vorgelegt.

Die Revision ergab, daß die gesamte Fauna (14 Taxa) 
aus einem etwa 20 Meter mächtigen Schichtpaket stammt. 
Der kleine Steinbruch am Westende von Krampen exi­
stiert noch und schließt die gesamte Folge auch heute 
noch relativ gut auf. Es handelt sich um graue, sandig-sil- 
tige Sedimente terrigener Herkunft, die unter Bedingun­
gen tieferen Wassers (Zoophycos Fazies) abgelagert wor­
den sind. Die unterlagernde Serie heller, gröberer Sand­
steine, Konglomerate und Brekzien (Textfig. 2) ergab kei­
nerlei stratigraphische Anhaltspunkte. Überlagernde Ge­
steine sind nicht aufgeschlossen.

Mikrofauna fehlt weitgehend. Nanhoplankton ist sel­
ten. Nur eine Probe ermöglicht eine Einstufung in das Nan- 
noplankton-Zonenschema: CC 25 b. Dieses Ergebnis, um­
gesetzt in die Begriffe der Belemnitenstratigraphie der 
Schreibkreidefazies, ergibt für Neuberg eine Einstufung 
in die mittlere sumensis-Zone und/oder jünger. Dies ist 
der tiefere Teil des oberen Untermaastrichts. Die Aus­
wertung der Ammoniten ergibt einen Schwerpunkt um 
die Wende vom unteren Untermaastricht zum oberen 
Untermaastricht (B. lanceolata ZJB. occidentalis Z.).

Die systematische Revision der Pachydisciden hat er­
geben, daß der indischen Art Pachydiscus (Pachydiscus) 
chrishna (FORBES, 1846) Priorität über Pachydiscus 
(Pachydiscus) neubergicus (HAUER, 1858) zukommt. 
Jedoch wurde ein entsprechender Antrag bei der Interna­
tionalen Kommission für Zoologische Nomenklatur ein­
gebracht (KENNEDY & HENDERSON, im Druck), die 
Priorität des FORBES’schen Artnamens zugunsten des 
Artnamens n e u b e r g i c u s  zurückzustellen.

Es zeigte sich ferner, daß der REDTENBACHER’schen 
Art Pachydiscus (Pachydiscus) epiplectus (REDTENBA­
CHER, 1873) Priorität über zahlreiche, zum Teil gut ein­
geführte Namen besitzt.

Überwiegend kosmopolitische Arten wie Partschiceras 
forbesianum, Pachydiscus neubergicus, Diplomoceras cy­
lindraceum, Eubaculites lyelli und eine Reihe von Arten, 
die vor allem in der Weißen Kreide Nord- und Westeuro­
pas verbreitet sind (Anagaudryceras lueneburgense, Sag­
halinites wrighti, Hoploscaphites constrictus), zeigen an, 
daß im Untermaastricht ganz allgemein gute Migrations­
möglichkeiten, besonders aber in den Norden und Westen 
des heutigen Europa bestanden haben müssen.

* Geological Collections, University Museum, Oxford. 0X1 3PW, U. K.
** Naturhistorisches Museum Wien, A-1014 Wien, Austria.
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INTRODUCTION

The fauna described in the present contribution is that 
of the classic Maastrichtian locality of Neuberg in Steier- 
mark, Austria. This is the type locality of Ammonites neu- 
bergicus HAUER, 1858, a widely quoted Maastrichtian in­
dex fossil, and we illustrate and describe the type material 
and a series of topotypes of the species plus other elements 
of the ammonite fauna as a contribution to our understand­
ing of Maastrichtian ammonite taxonomy and biostratigra- 
phy.

All of the material mentioned in the literature or in 
museum collections is labelled ’Neuberg', ’Krampen' or 
’Krampen bei Neuberg', Krampen is a small village west 
of, and now included in the community of Neuberg, in 
the Miirz valley (Text-fig. 1). There are no natural out­
crops, and all the material came from a single quarry, now 
in the garden of a private house at the western end of the 
village.

The occurrence of ammonites at Neuberg was first not­
ed by HAIDINGER (1846, p. 45). HAUER described a 
giant ’Hamites1 (H. hampeanus) from this locality in 1847 
(p. 75); in 1858 he recognised this as a synonym of Hami­
tes cylindraceus DEFRANCE, 1816, and also described

three additional species, Ammonites neubergicus HAUER, 
1858, Scaphites multinodosus HAUER, 1858 and Scaphi- 
tes equalis J . SOWERBY, 1813. REDTENBACHER revis­
ed the Gosau ammonites in 1873, and pointed out that 
HAUER’s S. multinodosus was a synonym of Scaphites 
constrictus J . SOWERBY, 1817 and that his S. equalis al­
so belonged to that species. REDTENBACHER described 
two new forms, Ammonites anaspastus REDTENBACHER 
1873 and Ammonites epiplectus REDTENBACHER 1873, 
as well as recording Ammonites neubergicus, Ammonites 
spec, indet. cfr. Ammonites lünebergensis SCHLÜTER, 
1872 Scaphites constrictus, Hamites cylindraceus and 
Baculites faujassi LAMARCK, 1822. REDTENBACHER 
recognised that the Neuberg fauna was to be correlated 
with that of the Mucronatenkreide of north Germany 
(1873, p. 129).

GEYER (1889) recorded anew species of ’Desmoceras', 
finer-ribbed than ’D ‘ mite (HAUER) from Neuberg, but 
the specimen has disappeared.

The most recent account of the Neuberg fauna is that 
of BRINKMANN (1935, p. 5) who recorded fourteen spe­
cies, five of them pachydiscids, as well as an anomalous re­
cord of the Cenomanian Forbesiceras largilliertianum 
(D.ORBIGNY, 1841).

Text-fig. 1. Locality map of the Neuberg area.



KENNEDY, W. J. & SUMMESBERGER, H., Cretaceous ammonites, Neuberg . . 183

The section of Neuberg, Steiermark, 1 500: Campanian — Lower Maastrichtian transgression series
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Text-fig. 2. The lithostratigraphic sequence of Neuberg, Steiermark. The top is exposed in the old quarry of Krampen. The lower part 
and the transgression surface are roadside seen in exposures W of the quarry.
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Latterly, REYMENT (1958, p. 32, pl. 11, fig. 1) 
reillustrated the Kolotype of Ammonites anaspastus, 
placing it in Mesograudryderas SPATH, 1927, and referr­
ing it to the Maastrichtian with a query. This remains the 
only Neuberg ammonite to be adequately illustrated.

LOCALITY DETAILS

The quarry at Krampen, although discused in HAUER’s 
day, is in remarkably good condition, still showing a 2 0  m 
sequence of sediments. Neither upper nor lower bound­
aries are visible, while the whole sequence has been 
more-or-less tectonised. The succession consists of grey 
siltstones with argillaceous intercalations, and is locally 
carbonaceous, comparing with the Tnoceramen-Schich- 
ten‘ of the Neue Welt basin to the north-east of Neuberg. 
A detailed section is shown in Text-fig. 2.

Collecting is now poor at Neuberg, although badly 
preserved bivalves (including Inoceramus), gastropods and 
coral fragments occur. We feiled to find topotypes of Pa- 
chydiscus neubergicus; juvenile Saghalinites are relatively 
common, especially towards the top of the section, 
together with less frequent Hoploscaphites constrictus. 
Trace fossils include cylindrical burrows and Zoophy- 
cos MASSALONGO, 1885, the last suggesting, perhaps, a 
relatively deep water origon for the sequence.

LOCATION OF SPECIMENS

The following abbrevations are used to indicate the 
sources of material cited in the text:

NHMW — Department of Geology & Paleontology, 
Naturhistorisches Museum, Vienna.

GBA — Geologische Bundesanstalt, Vienna
PIUW —University of Vienna, Institute of Paleontology.
GIUW — University of Vienna, Institute of Geology.
GIG — Geologisches Institut, formerly Technische 

Hochschule, Graz.
BMNH — British Museum (Natural History), London. 
JOAG — Steiermärkisches Landesmuseum Joanneum, 

Graz.

SUTURE TERMINOLOGY

The suture terminology of WEDEKIND (1916, see 
KULLMANN & WIEDMANN, 1970) is followed in the 
present work:

Is = Internal lobe with septal lobe 
U = umbilical lobe 
L = lateral lobe 
E = external lobe

DIMENSIONS OF SPECIMENS

All dimensions given below are in millimetres: D = dia­
meter, Wb = whorl breadth, Wh = whorl height, U = umbi­
licus. Figures in parentheses are dimensions as a percent­
age of the total diameter. The term rib index as applied

to heteromorphs is the number of ribs in a distance equal 
to the whorl height.

SYSTEMATIC PALAEONTOLOGY

Phylum MOLLUSCA; CLASS CEPHALOPODA 
CUVIER, 1797

Order AMMONOIDEA ZITTEL, 1884, pp. 355, 392 
Suborder PHYLLOCERATINA ARKELL, 1950, p. 355 
Superfamily PHYLLOCERATACEAE ZITTEL, 1884, 

p. 434
Family PHYLLOCERATIDAE ZITTEL, 1884, p. 434  
Subfamily PHYLLOCERATINAE ZITTEL, 1884, p. 434

(= Hypophylloceratinae SPATH, 1927, p. 38; Calliphyllo- 
ceratinae SPATH, 1927, p. 38)

GenusPARTSCHICERAS FUCINI, 1920, p. 95 
(for synonymy see WIEDMANN, 1962 b, p. 257; 1964, 

p. 229)

Type species. Ammonites partschi STUR, 1851, p. 26, 
by the subsequent designation of SPATH, 1927, p. 38.

Discussion: WIEDMANN (1962 b, p. 257; 1964, p. 
229) reviewed the genus at length. Only two specimens 
are before us, and we therefore follow him in regarding 
Phyllopachyceras SPATH, 1925 a, Procliviciceras FUCINI, 
1920, Macrophylloceras SPATH, 1927, Hoplophylloceras 
SPATH, 1927, Partschiphylloceras ROMAN, 1938 and 
? Calcaiceras KOVACS, 1939 as synonyms. HENDER­
SON & MCNAMARA (1985, p. 43) afford Phyllopachy­
ceras subgeneric status.

Occurrence: Sinemurian to Maastrichtian; in the Creta­
ceous species have a near world-wide distribution but are 
rare in the boreal region of north-west Europe and absent 
from the western interior of North America.

Partschiceras forbesianum (D’ORBIGNY, 1850)
Plate 1, figs. 2, 3, 6 ; Plate 15, figs. 3, 6

1846 a Ammonites rouyanus D’ORBIGNY; FORBES, p. 108, 
pl. 8, fig. 6 (non FORBES).

1850 Ammonites forbesianum D’ORBIGNY, p. 213.
1872 Ammonites Velledaeformis SCHLÜTER, p. 60,pl. 18, fig. 6 

only.
1907 Phylloceras sp. WISNIOWSKI, p. 200 (10), pl. 17 (1), fig. 8. 
1935 Forbesiceras largilliertianum BRINKMANN (non D’ORBIG­

NY), pp. 5, 10.
1970 Phyllopachyceras forbesianum  (D’ORBIGNY); HENDER­

SON, p. 7, pl. 1, figs. 2, 4, 5 (with synonymy).
1971 Phyllopachyceras forbesianum  (D’ORBIGNY); DUNDO, pl. 

1, pl. 2, fig. 9.
1976 Phyllopachyceras forbesianum  DEL VALLE & FOURCAR- 

DE, p. 14, pl. 3, fig. 6.
1985 Partschiceras (Phyllopachyceras) forbesianum (D’ORBIG­

NY, 1850); HENDERSON & MCNAMARA, p. 43, pl. 1, 
figs. 4 -6 ; text-fig. 3 f.



KENNEDY, W. J. & SUMMESBERGER, H., Cretaceous ammonites, Neuberg . 185

Holotype: BMNH C51081, from the Valudayur Beds 
of Pondicherry, southern India, by monotypy.

Material: Two specimens, NHMW 1935. III. 14, and 
JOAG 60, the latter, labelled ’Gosau? 1 but, by its preser­
vation, from Neuberg.

Description: The most complete specimen, NHMW 
1935. III. 14, is a distorted and crushed body chamber 
fragment of an individual with an original estimated dia­
meter of 80—90 mm (pi. 1, figs. 2, 3, 6 ). Coiling appears 
to have been very involute, the umbilicus tiny, but sur­
rounded by a larger, funnel-shaped circumbilical depres­
sion. The whorl section appears to have been depressed 
and swollen, with rounded outer flanks, shoulders and 
venter.

Ornament consists of broad radial ribs on the outer 
flank and the venter, connected to the umbilicus by weak 
striae. On the flanks, the ribs and interspaces bear poorly 
preserved dense striae; on the venter, these strenghten into 
fine, dense, crowded sharp lirae over the siphonal line, par­
ticularly prominent on the ribs.

Discussion: The poorly preserved described specimen 
was determined by BRINKMANN (1935) as Forbesiceras 
largilliertianum (D’ORBIGNY, 1841). In fact, it appears 
to be the largest described Upper Cretaceous Partschiceras, 
matching in ornament with the Indian holotype at the 
largest diameter preserved on that specimen (FORBES 
1846 a, pi. 8 , fig. 6 ), material from British Columbia de­
scribed by USHER (1952, p. 52, pi. 2, figs. 1 - 5 ;  pi. 31, 
figs. 11, 12) and from Alaska described by JONES (1963, 
p. 24, pi. 41, figs. 2, 4 —6; text-fig. 9).

According to HENDERSON (1970, p. 7), P. ezoense 
(YOKOYAMA, 1890) (p. 178, pi. 19, fig. 2),P. minimum 
(MARSHALL, 1926) (p. 138, pi. 19, fig. 8 ; pi. 26, figs. 
5—9), P. inflatum (SHIMIZU, 1935) (p. 172), P. marshalli 
COLLIGNON, 1937 (p. 26) and P. zelandicum COLLIG- 
NON, 1956, p. 31) are synonyms of P. forbesianum; the 
reader is referred to HENDERSON’S work for a full dis­
cussion on the species.

Occurrence: P. forbesianum is recorded, under various 
names, from southern India, Japan, British Columbia, Alas­
ka, California, New Zealand, the sub-Antarctic Islands, 
Western Australia, Spain, North Africa, and Madagascar. 
One of SCHLÜTER’S specimens of Ammonites velledae- 

formis (1871, pi. 18, fig. 6  only) from Lüneburg, north 
Germany is also a P. forbesianum according to Dr. H. C. 
KLINGER (personal communication 1984), as is WISNI- 
OWSKI’S specimen from the Flysch of Leszczyny, Galicia, 
now in the USSR. The species has not been previously 
recorded from the Gosau Beds. The age of P. forbesianum 
appears to be chiefly late Campanian to late Maastrichtian, 
although recorded from the early Campanian of Spain 
(WIEDMANN, 1962 a) and Santonian of Madagascar 
(COLLIGNON, 1956, 1966).

Suborder LYTOCERATINA HYATT, 1889, p. 7 
Superfamily TETRAGONITACEAE HYATT, 1900, p. 568 
Family GAUDRYCERATIDAE SPATH, 1927, p. 6 6

Genus ANAGAUDR YCERAS SHIMIZU, 1934, p. 67 
(= Paragaudryceras SHIMIZU, 1934, p. 67; Murphyella 

MATSUMOTO, 1972, p. 208)

Type species: Ammonites sacya FORBES 1846 a, p. 
113, pi. 14, fig. 9 by the original designation of SHIMIZU 
1934, p. 67.

Diagnosis: Medium-sized gaudryceratids in which the 
early growth stages show an evenly rounded, circular to 
depressed whorl section which may become compressed in 
later growth stages. Ornament of early and middle growth 
stages typically consists of very fine radial lirae, often invi­
sible to the naked eye, and periodic rounded, collar-like 
radial ribs. Internal moulds are typically smooth, save for 
radial constrictions corresponding to the site of the period­
ic ribs. Ornament frequently changes on the body cham­
ber, where constrictions become closely spaced, and fold- 
or scale-like ribs develop between them. Suture line gau- 
dryceratid, with deeply incised, bifid lobes and saddles 
and a retracted suspensive lobe.

Discussion: Nomenclatural problems associated with the 
erection of Anagaudryceras have been reviewed by 
WRIGHT & MATSUMOTO (1954, pp. 1 1 1 -1 1 3 ) and the 
interpretation of the genus is discussed by MATSUMOTO 
(1959 a, p. 138, 1959 b, p. 73), WIEDMANN (1962 a, 
pp. 1 5 6 -1 5 8 ), HOWARTH (1965, p. 357) and KENNE­
DY & KLINGER (1979, p. 144).

Occurrence: The known time range of Anagaudryceras 
is from Middle Albian to Upper Maastrichtian. The geo­
graphic distribution includes Antarctica, New Zealand, Zu- 
luland, Madagascar, Angola, North Africa, France, Germa­
ny, Austria, Roumania, southern India, Japan, Sakhalin, 
Kamchatka, Alaska, British Columbia, California and we­
stern Australia.

Anagaudryceras lueneburgense (SCHLÜTER, 1872) 
Plate 3, fig. 6 ; Plate 15, fig. 4

1872 Ammonites lüneburgensis SCHLÜTER, p. 62, pi. 18, 
figs. 8-9.

? 1873 Ammonites spec, indet. cfr. Ammonites Lüneburgensis
SCHLÜTER; REDTENBACHER, p. 126.

1894 Gaudryceras Lüneburgense SCHLÜTER sp.; DE 
GROSSOUVRE, p. 231.

1902 Desmoceras lüneburgense SCHLÜTER sp.; RAVN, p. 
252.

1902 Gaudryceras Lüneburgense SCHLÜTER sp.; WOLLE­
MANN, p. 94.

1925 Gaudryceras lüneburgense SCHLÜTER; DIENER, p. 48.
1935 Gaudryceras lüneburgense SCHLÜTER; BRINKMANN, 

p. 5.
1979 Gaudryceras lueneburgense (SCHLÜTER); BIRKE­

LUND, p. 53.
1979 Anagaudryceras lüneburgense (SCHLÜTER); KENNE­

DY & KLINGER, p. 146.
1982 Anagaudryceras lueneburgense (SCHLÜTER); BIRKE­

LUND, p. 14, pl. 1, fig. 1.
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Type: The lectotype, by the subsequent designation of 
BIRKELUND, 1982, p. 14 is the original of SCHLÜTER, 
1872, pi. 18, fig. 8  from the Upper Campanian or Lower 
Maastrichtian Mucronatenkreide of Lüneburg, north Ger­
many. The specimen is no. 65—4 in the Geologisch-Paläon- 
tologisches Institut, Universität Göttingen.

Material: Two specimens; one in the GBA collections, 
the other is JOAG. 55.514.

Description: The larger specimen is a crushed and de­
formed individual approximately 130 mm in diameter. 
Over half the last whorl appears to be body chamber, and 
traces of aragonitic test are present in many places.

Coiling appears to have been moderately evolute, the 
umbilicus comprising an estimated 35 % of the diameter. 
Because of crushing, it is not possible to determine the ori­
ginal whorl section. Ornament consists of fine, dense lirae. 
These arise at the umbilical seam, sweep strongly forwards 
across the shoulder, and are markedly prorsiradiate across 
the inner flank. The ribs flex backwards and are convex 
across the mid-flank, concave on the outer flank, and cross 
the venter with a distinct convexity. Parallel to the striae 
are numerous narrow, quite deep constrictions and assoc­
iated collar-ribs, totalling 13—14 per whorl. The collars 
are particularly prominent across the umbilical shoulder.

The sutures are not exposed.

Discussion: Although crushed, the flexuous lirae and 
numerous constrictions of this species are quite distinctive, 
and separate the specimens from most Anagaudryceras 
known to us — the A. sacya group develop strong folds at 
the same diameter, whilst forms such as A. politissimum 
(KOSSMAT, 1895) (p. 128 (32), pi. 15 (1), fig. l ) ,A . ya-  
mashitai (YABE, 1903) (p. 38, pi. 4, fig. 7) and A. miko- 
bokense COLLIGNON, 1956 (p. 59, pi. 8 , fig. 1) lack such 
strinkingly flexuous constrictions. There are some simila­
rities to the Gaudryceras glaneggense group, especially 
Gaudryceras lauteli COLLIGNON, 1956 (p. 57, pi. 7, 
fig. 1 ) but here, lirae are coarser, and constrictions do not 
appear to be either as numerous or as prominent. The lec­
totype of A. lueneburgense lacks, according to SCHLÜ- 
TER’S figure both lirae and collars, but a series of speci­
mens from the White Chalk facies of Denmark kindly 
shown to us by Professor TOVE BIRKELUND link the 
lectotype to our material, the lack of lirae on the chalk 
specimens being a matter of preservation in our view. Gau­
dryceras hamanakense MATSUMOTO & YOSHIDA, 1979, 
p. 6 8 , pi. 1 0 , figs. 1—3; pi. 1 1 , figs. 1 —2 ; text-fig. 2  from 
the Maastrichtian of eastern Hokkaido, Japan, is a close 
ally. The constrictions and collars are a little less flexuous 
on the inner whorls and appear more distantly spaced on 
the outer.

Occurrence: According to BIRKELUND (1982, p. 14) 
precisely localised specimens from Hemmoor and Jylland 
range from the upper part of the Lower Maastrichtian to 
the lower part of the Upper Maastrichtian Belemnitella ju­
nior Zone. There are also records from Rügen (SCHLÜ­
TER, 1874), Scania (MOBERG, 1885), the Carpathians 
(WISNOWSKI, 1907) and Tercis, Landes, France (DE 
GROSSOUVRE, 1894; Ecole des Mines and Sorbonne 
Collections).

Anagaudryceras sp.
Plate 2, figs. 3, 4

? 1935 Gaudryceras mite VON HAUER; BRINKMANN, p. 5.

Material: One specimen, GIUW unregistered (ex. Vien­
na High School Collections).

Description: This fragment is wholly septate, and ori­
ginally had a whorl height of over 80 mm. It is of interest 
in showing a massive septal lobe, and a fine, dense liration, 
indicating the presence of a further species with delicate 
ornament.

Family TETRAGONITIDAE HYATT, 1900, p. 568 
Genus Saghalinites WRIGHT & MATSUMOTO, 1954,

p. 1 1 0

Type species: Ammonites cala FORBES, 1846a, p. 104, 
pi. 8 , fig. 4, by original designation.

Discussion: KENNEDY & KLINGER (1977, p. 167) re­
view the limits and members of this genus. In that work 
the range is given as Santonian to Lower Maastrichtian. It 
is now clear that the genus extends to the Upper Maast­
richtian in western Europe (BIRKELUND, 1979, p. 53, 
text-fig. 1; 1982, p. 15). Poorly preserved Saghalinites have 
been recorded widely in the Maastrichtian of Europe, but 
have generally been overlooked, as with the records of 
MARIANI, 1898 (as Hauericeras pseudo-gardeni SCHLÜ­
TER sp., p. 57 (7), pi. 8  (1), fig. 6 ) from Brenno, Lombar­
dy, Italy; BÖHM (1909, p. 52, pi. 1, fig. 5, as Tetragonites 
subepigortum BÖHM) from Beerenbach, Switzerland, and 
WISNIOWSKI (1907, p. 201 (11), pi. 17 (1) figs. 5 a -c ,  
as Lytoceras ( Tetragonites) sp.) from Leszczyny, Galicia, 
now in the Ukrainian SSR.

Occurrence: Santonian to Upper Maastrichtian; Antarc­
tica, south Patagonia, Zululand, Madagascar, southern In­
dia, Japan, Sakhalin, northern Spain, south-western Fran­
ce, Holland, Switzerland, Austria, north Germany, USSR 
and Denmark.

Saghalinites wrighti BIRKELUND, 1965 
Plate 1, figs. 4, 5, 7; Plate 3, fig. 4; Text-fig. 3

1876 Ammonites sp. n. ?; SCHLÜTER, p. 161, pi. 42, figs. 
6-7.

1902 Ammonites n. sp. ? SCHLÜTER; RAVN, p. 257, p. 3, 
fig. 1.

1965 Saghalinites wrighti BIRKELUND, p. 30, pi. 1, fig. 5; 
pi. 2, figs. 1 -5 ; pi. 3, fig. 1; text-figs. 14-25.

1979 Saghalinites n. sp. aff. wrighti BIRKELUND; BIRKE­
LUND, p. 53.

1982 Saghalinites wrighti BIRKELUND; BIRKELUND, p. 
15, pi. 1, figs. 2-3.

non 1982 Saghalinites aff. wrighti BIRKELUND, 1965; IMMEL, 
KLINGER & WIEDMANN, p. 10, pi. 2, figs. 1-2.

Holotype: Mineralogical Museum, Copenhagen Collec­
tions, no. 9747, the original of Birkelund, 1965, pi. 2,
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fig. 5, text-fig. 19, by original designation; Maastrichtian 
of Nugssuaq, west Greenland.

Material: NHMW 1977.1924.7 ; NHMW 1977.1924.8; 
NHMW 1985/69 a -c ,  GIG 487.

Description: The specimens are all distorted internal 
moulds retaining traces of partially recrystallised shell.

The dimensions of the best preserved specimen, GIG 
487, are:

D Wb Wh Wb:Wh U
50.5(100) - ( - )  16.8(33) -  22.8(45)

Coiling is very evolute, the umbilicus comprising 45 % 
of the diameter, broad and shallow, with a low, flattened 
umbilical wall. The whorl section is secondarily compress­
ed, but appears to have originally been polygonal with an 
abruptly rounded umbilical shoulder, flattened flanks, 
rounded ventrolateral shoulders and a venter that is round­
ed on the inner whorls but flattened on the last half whorl.

There are poorly preserved prorsiradiate lirae, which pa­
rallel well-developed constrictions, of which there are four 
on the last half whorl of GIG 487 (Plate 1, fig. 7). They 
arise at the umbilical seam, pass forwards across the umbi­
lical wall, and are markedly prorsiradiate across the flank, 
straight to mid flank, then flexed backwards to produce 
a marked convexity over outer flank and shoulder with a 
shallow concave sinus over the siphonal region. There are 
ventrolateral and a siphonal ridge, separated by grooves 
(Plate 1, fig. 5); one specimen (NHMW 1977.1924.7) 
shows additional ridges on the outer flank. The suture line 
(Text-fig. 3) is poorly exposed, but appears relatively sim­
ple, with a large E/L and smaller L/U 2, both of wich are 
irregularly trifid. The suspensive lobe is strongly retracted, 
with small auxiliary lobes and saddles. L is large and bifid.

Text.-fig. 3.External suture of Saghalinites wrighti BIRKELUND, 
1965. GIG 487. Bar scale is 10 mm.

Discussion: These specimens are referred to Saghalini­
tes wrighti on the basis of the shape and number of con­
strictions per whorl. This species (BIRKELUND, 1965, p. 
30, pi. 1, fig. 5; pi. 2, figs. 1—5; pi. 3, fig. 1; text-figs. 14— 
25), originally described from East Greenland but subse­
quently recorded from low in the Upper Maastrichtian of 
north Germany and Denmark has straight constrictions ra­
ther than the flexuous constrictions of the type species, 
S. cola (FORBES, 1846) (see KENNEDY & KLINGER, 
1977, p. 168, text-figs. 10A -B , 11A -B , 12D -G , 1 3 A -  
B, E —K, ?C—D, 14A—F, 15A—F, for a full discussion of 
this species). The Saghalinites n. sp. discussed by BIRKE­
LUND (1979, p. 53; 1982, p. 15) from the Upper Maast­
richtian of Kunrade, Holland, and north Jylland, Denmark, 
was described by DE GROSSOUVRE (1908, p. 34, pi. 10, 
fig. 5) as Gaudryceras cf. kayei FORBES, 1846. It differs

from S. wrighti, following BIRKELUND, in being more 
evolute and having much stronger constrictions.

We doubt that the specimens from the Santonian 
Gosau Beds of Brandenberg (Tirol) described by IMMEL, 
KLINGER & WIEDMANN (1982, p. 10, pi. 2, figs. 1 -2 )  
belong here.

Occurrence: According to BIRKELUND (1982, p. 16) 
the Greenland, north German and north Jylland (Den­
mark) occurrences are all around the Lower/Upper Maast­
richtian boundary in belemnite terms.

Genus PSEUDOPHYLLITES KOSSMAT, 1895, p. 137(41)

Type species: Ammonites indra FORBES, 1846 a, p. 
105, pi. 7, fig. 7, by original designation.

Discussion: For a recent review of this genus, see KEN­
NEDY & KLINGER (1977).

Occurrence: Campanian and Maastrichtian: Antarctica, 
South Africa, Madagascar, southern India, New Zealand, 
western Australia, Japan, Sakhalin, southern and central 
Europe, west Greenland, British Columbia, United States, 
Gulf Coast, Brazil. Also recorded from the Upper Santo­
nian of Madagascar (COLLIGNON, 1956).

Pseudophyllites cf. indra (FORBES, 1846)
Plate 1, figs. 1 ,8 ; Plate 3, fig. 5; text-fig. 4

1873 Ammonites anaspastus REDTENBACHER, p. 113, pi. 26, 
fig. 1.

1935 Gaudryceras sp. (= anaspastus REDT.); BRINKMANN, p. 5. 
1958 Mesogaudryceras anaspastum (REDTENBACHER); REY- 

MENT, p. 32, pi. 9, fig. 1.
1968 Mesogaudryceras cf. anaspastum (REDT.); SUMMESBER­

GER, p. A 62.

Material: GBA 1873.01.16, the holotype, by monoty- 
py, of Ammonites anaspastus REDTENBACHER, 1873, 
pi. 26, fig. 1 .

Description: The specimen is a crushed and distorted in­
ternal mould 75 mm in diameter, with almost three-quar­
ters of the outer whorl body chamber. Coiling is involute, 
with a small umbilicus comprising approximately 20—23%  
of the diameter. The umbilical wall appears to have been 
rounded and outward-sloping, the flanks gently inflated 
and the venter rounded. There are poorly preserved prorsi­
radiate lirae on one flank of the body chamber together 
with delicate spiral and transverse ridges. Such as can be 
deciphered of the suture line is shown in Text-fig. 4.

Discussion: Ammonites anaspastus was referred to the 
genus Mesogaudryceras SPATH, 1927 in REYMENT’S 
(1958) revision of some of REDTENBACHER’S types. 
WRIGHT & KENNEDY (1984) treat Mesogaudryceras as 
a subgenus of Gaudryceras, and show it to be an exclusi­
vely Cenomanian form which has well-developed distant 
flexuous lirae. Absence of constrictions in Ammonites ana­
spastus differentiate it from most genera of Tetragonitidae



188 Beitr. Palâont. Osterr., 12, Wien 1986

Text-fig. 4. External suture of Pseudophyllites cf. indra (FORBES, 
1846). Taken from the holotype of Ammonites ana- 
spastus REDTENBACHER, 1873, GBA 1873.01.06. 
Bar scale is 10 mm.

and Gaudryceratidae, while the coiling and whorl profile, 
although distorted by crushing (Plate 1, fig. 1) are close to 
those of Pseudophyllites. The combination of fine radial 
and spiral ornament is seen in many individuals of this ge­
nus, including the lectotype of P. indra and some other 
specimens (e. g. USHER, 1952, pi. 3, figs. 11—13). The 
present specimen is compared with P. indra on the basis of 
the whorl section and form of umbilicus. KENNEDY & 
KLINGER (1977, p. 186) provide a full discussion of this, 
and other species; see also HENDERSON & MCNAMARA, 
1985, p. 50, pi. 2, figs. 7, 8 ; pi. 3, figs. 4, 5; text-figs. 5a, d.

Occurrence: Campanian to Upper Maastrichtian. South­
ern India, Madagascar, Zululand, northern Australia, Ja ­
pan, Sakhalin, British Columbia, Alaska, California, Brazil 
(?), south-eastern France, Poland and Austria. Also record­
ed from the Upper Santonian of Madagascar.

Suborder AMMONITINA HYATT, 1889, p. 7 
Superfamily DESMOCERATACEAE ZITTEL, 1895, 

p. 426
(nom. transi. WRIGHT & WRIGHT, 1951, p. 18 ex Des- 
moceratidae ZITTEL, 1895).

Family PACHYDISCIDAE SPATH, 1922 a, p. 132 
(nom. transi. SPATH, 1923, p. 39 for Pachydiscinae 
SPATH, 1922 a, p. 132).

Genus PACHYDISCUS ZITTEL, 1884, p. 466

Type species: Ammonites neubergicus HAUER, 1858, 
p. 12, pi. 2, figs. 1—4, pi. 3, figs. 1—2, by the subsequent 
designation of DE GROSSOUVRE, 1894, p. 177.

Diagnosis: Compressed to depressed, moderately in­
volute, with high, flat or convex sides. Ornamented by 
straight to feebly curved primary ribs, feebly bullate or 
not with well-differentiated secondaries. Ornament may 
persist, reduce to umbilical ribs, with or without feeble 
bullae or disappear completely at maturity. Many reach a 
large size.

Occurrence: Campanian to Maastrichtian, world­
wide.

Subgenus PACHYDISCUS ZITTEL, 1884, p. 466  
(= Parapachydiscus HYATT, 1900, p. 570; Joaquinites 
ANDERSON, 1958, p. 218)

Diagnosis: Pachydiscus in which ornament persists in­
to middle growth, with umbilical or lateral ribs retained 
to maturity.

Discussion: The type species, P. (P.) neubergicus 
(HAUER, 1858), is revised below. A series of very similar 
Maastrichtian forms are grouped round it, including!5, eger- 
toni (FORBES, 1846), P. jacquoti (SEUNES, 1890), P. 
gollevillensis (D’ORBIGNY, 1850) (the type species of 
Parapachy discus, which is thus a synonym), P. compressus 
(SPATH, 1922a), P. llarenai WIEDMANN, 1960, P. carin- 
thiacus THIEDIG and WIEDMANN, 1976, P. excelsus 
MATSUMOTO, 1979, P. subcompressus MATSUMOTO, 
1954, and others. Pachydiscus fascicostatum (ANDER­
SON, 1958), the type species of Joaquinites, is a junior 
synonym of Pachydiscus subcompressus, following MAT­
SUMOTO, 1959, p. 46; hence Joaquinites is a synonym of 
Pachydiscus (Pachydiscus).

Pachydiscus (Neodesmoceras) MATSUMOTO, 1947, p. 
39 (republished in English in 1951, p. 24; = Neodesmoce­
ras MATSUMOTO, 1938, p. 193, nom. nud.) includes the 
type species, P. (N.) japonicus MATSUMOTO, 1947, P. 
(N.) mokotibense COLLIGNON, 1952, P. (N .) obsoleti- 
formis JONES, 1963, P. (N.) catarinae (ANDERSON & 
HANNA, 1935); fide MATSUMOTO, 1959 b, p. 41) and 
P. (N .) gracilis MATSUMOTO, 1979. These have an equi- 
dimensional whorl section, distant ribs on the nuclei and 
are near smooth in middle and later growth although striae 
and fine riblets develop in some.

A third group, long recognised (e. g. MATSUMOTO, 
1959 b, p. 41) has massive whorls with abundant ribs, most 
or all of which extend low on the flanks or branch from 
the umbilical shoulder, and reach a large size. In Europe, 
the earliest member of this group is Pachydiscus duelmen- 
sis (SCHLÜTER, 1872) of the Lower Campanian, while P. 
launayi DE GROSSOUVRE, 1894 and P. colligatus 
(BINKHORST, 1861) are other well-known Campanian 
representatives with, in the Maastrichtian, P. epiplectus 
(REDTENBACHER, 1873). Its origin lies, perhaps, in 
Eupachydiscus SPATH, 1922 a (= Mesopachydiscus YABE 
and SHIMIZU, 1926) of the Coniacian to Campanian. 
Forms such as Eupachydiscus jeani (DE GROSSOUVRE, 
1894) (p. 127, pi. 26, fig. 5) of the Santonian are possible 
ancestors.

Compressed Upper Campanian forms with complex 
ribbing such as Pachydiscus oldhami (SHARPE, 1855) and 
P. koeneni DE GROSSOUVRE, 1894 seem unlikely ance­
stors for the neubergicus group, but the inner whorls of 
Upper Campanian Pachydiscus perfidus DE GROSSOUV­
RE, 1894 (p. 213, pi. 34, fig. 1); KENNEDY & SUMMES- 
BERGER 1984 (p. 16, pi..3; pi. 6 , fig. 6 ) show strong simi­
larities to mature Pachydiscus (Pachydiscus) from low in 
the Maastrichtian (e.g. FAVRE, 1869, pi. 4, fig. 2), sugge­
sting a paedomorphic origin for these species.

Occurence: Campanian to Maastrichtian, world-wide.
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Pachydiscus (Pachydiscus) neubergicus 
(VON HAUER, 1858)

Plate 2, figs. 1—2; Plate 3, figs. 1—3; Plate 4, figs. 1—5;
Plate 5, figs. 1, 4, 5; Plate 6 , figs. 1, 2, 5; Plate 15, figs. 7, 

8 , Text-fig. 5A, B.

1846a Ammonites chrishna FORBES, p. 103, pi. 9, fig. 2.
1858 Ammonites Neubergicus HAUER, p. 12 (pars.), pi. 2, 

figs. 2, figs. 1-3 only (non pi. 3, figs. 1-2 , = Pachy - 
discus haueri COLLIGNON)

1865 Ammonites egertonianus, FORBES; STOLICZKA, 
p. 104 (pars), pi. 53, fig. 4 only.

1869 Ammonites Neubergicus V. HAUER; FAVRE, p. 14, 
pi. 4, figs. 2-3.

1872 Ammonites Neubergicus, V. HAUER, SCHLÜTER, p. 
59. pi. 18, figs. 1-3.

1873 Ammonites Neubergicus HAUER: REDTENBACHER, 
p. 120, pi. 27, fig. 5.

1891 Pachydiscus neubergicus (HAUER); BÖHM, p. 48.
1894 Pachydiscus neubergicus F. VON HAUER, sp. emend.,

A. DE GROSSOUVRE, p. 207 (pars) pi. 30, fig. 4 (non 
pi. 26, fig. 3, PI. 38, fig. 3; text-fig. 80 = Pachydiscus 
jacquoti SEUNES, 1890).

1898 Pachydiscus neubergicus HAUER; KOSSMAT, p. 95 
(160).

1901 Pachydiscus neubergicus HAUER sp.; IMKELLER, 
p. 56.

non 1901 Pachydiscus neubergicus V. HAUER sp. var. nov. 
Stallauensis IMKELLER, p. 57, pi. 3, fig. 5.

1902 Pachydiscus neubergicus (VON HAUER); WOLLE- 
MANN, p. 102.

1902 Pachydiscus neubergicus V. HAUER sp. emend. DE 
GROSSOUVRE; LIEBUS, p. 117, pi. 6, fig. 1.

1908 Pachydiscus neubergicus (VON HAUER); SCHMIDT, 
p. 243.

non 1908 Pachydiscus neubergicus V. HAUER sp. emend. DE 
GROSS; DE GROSSOUVERE, p. 30, pi. 9, figs. 3, 4 
(=P. jacquoti SEUNES, 1890).

non 1909 Pachydiscus neubergicus HAUER sp. emend. DE 
GROSS; NOVAK, p. 796, pi. 1, fig. 6.

1925 Pachydiscus egertoni FORBES -neubergicus HAUER; 
DIENER, p. 115 (pars).

1935 Pachydiscus neubergicus V. HAU.; BRINKMANN, 
p. 5.

non 1938 Parapachydiscus neubergicus V. HAUER; COLLIG­
NON, p. 95 (45), pi. 8, fig. 4.

non 1938 Parapachydiscus neubergicus V. HAUER var. jacquoti 
SEUNES; COLLIGNON, p. 98 (48), pi. 9, fig. 1.

1951 Pachydiscus neubergicus HAUER; MICHAILOV, p. 62, 
pi. 7, figs. 36, 37; text-figs. 22, 23.

non 1951 Pachydiscus neubergicus HAUER var. nowaki MICHAI­
LOV, p. 65.

1951 Pachydiscus gollevillensis D’ORBIGNY; MICHAILOV, 
p. 66, pi. 8, fig. 39, text-fig. 24.

1959 Pachydiscus neubergicus (VON HAUER); NAIDIN & 
SHIMANSKIJ, p. 186, pi. 10, figs. 1 -3 ; text-fig. 18 a.

1965 Pachydiscus neubergicus (HAUER); BLASZKIEWICZ, 
p. 151, pi. 1, figs. 1, 2; pi. 2, fig. 1.

1969 Pachydiscus gollevillensis neubergicus (V. HAUER); 
ATABEKIAN and AKOPIAN, p. 7, pi. 2, fig. 1.

non 1971 Pachydiscus neubergicus (VON HAUER); COLLIG­
NON, p. 28, pi. 651, figure 2407.

1976 Pachydiscus sp. juv. aff. neubergicus (HAUER); THIE-

DIG and WIEDMANN, p. 20, text-figs. 2A-B.
1980 Pachydiscus neubergicus raricostatus BLASZKIEWICZ, 

p. 43(pars), pi- 36, figs. 1—4, 7 —10; ? non pi. 35,figs. 
6 - 8.

1980 Pachydiscus neubergicus neubergicus (HAUER, 1858); 
BLASZKIEWICZ, p. 44, pi. 35, figs. 4, 5; pi. 36, figs. 
5,6.

1982 Pachydiscus gollevillensis neubergicus (HAUER, 1858); 
TZANKOV, p. 36, pi. 16, fig. 1.

1985 Pachydiscus (Pachydiscus)dossantosi (MAURY, 1930); 
ZABORSKI, p. 20, figs. 17, 18, 20.

Lectotype: GBA 1858.01.6, the original of HAUER, 
1858, p. 12, pi. 2, figs. 1—2. Designated by DE GROSS­
OUVRE, 1894, p. 209.

Material: Three paralectotypes, GBA 1858.01.6; and 
the following topotypes: GBA 1935.01.39 (= BRINK- 
MANN 1935, p. 5) PIUW Coll. Vienna High School no. 
1876.XV.6, 7; JOAG nos. 34, 6109 and 6110, 6112; 
GBA 1873.01.23 = REDTENBACHER 1873, p. 120, pi. 
27, fig. 5 c; NHMW 1851.XXI.1880, NHMW 1852.XXI. 
1881; GIUW. 1875.XXX.I.

Description: All the available specimens are distorted 
to varying degrees, and are preserved as internal moulds, 
most retaining traces of powdery aragonitic shell.

The lectotype is absolutely typical of the smallest 
individuals we have seen, and is distorted into an ellipse 
with a maximum diameter of 93 mm.

Coiling is relatively involute, approximately two thirds 
of the previous whorl being covered, the umbilicus comp­
rising an estimated 28—30 % of the diameter, relatively 
shallow, with a low, rounded undercut wall on moulds. 
The whorl section appears to have been compressed, with 
rounded inner and convergent outer flanks, and a narrow­
ly rounded venter. Ribs arise at the umbilical seam and 
sweep backwards and are concave across the umbilical 
wall. They strengthen on the umbilical shoulder, giving 
rise to sixteen long strong umbilical bullae which extend 
across the inner third of the flank and are straight at the 
smallest diameter visible, but become concave as size in­
creases. From the bullae arise narrow primary ribs. These 
are straight and prorsiradiate on the inner two thirds of 
the flank in most cases and only occasionally concave. 
They bi- or rarely trifurcate at variable points on the 
outer flank, the secondary ribs passing slightly forwards 
across the venter, accompanied by occasional short inter­
calated ribs, so that there are a total of fifty ventral ribs 
corresponding to the sixteen umbilical bullae. Other spe­
cimens show some variability in rib density, strength, 
form and direction of bullae and ribs at the same diame­
ter as the holotype; PIUW, Vienna High School 1876.XV.7 
has seventeen bullae and fifty-six ventral ribs; in NHMW 
1851.XXI. 1880 the figures are fourteen and approaching 
sixty; in the PIUW specimen, the figures are seventeen and 
forty-eight.

As size increases, the bullae elongate in many specimens 
(Plate 5, figs. 4 —5), and the ribbing weakens, so that the 
outer flanks and venter bear only very feeble, broad, rath­
er distant ribs. The suture lines are well-exposed (if some­
what distorted) on several specimens, as shown in text-fig. 
5.
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Text-fig. 5: External suture of A, B Pachydiscus (Pachydiscus) neubergicus (HAUER, 1858), taken from: A, GBA.1858.01.6; B, GBA.
1873.01.23. C, D Pachydiscus (Pachydiscus) epiplectus (REDTENBACHER, 1873).. GBA 1873.01.24. C is the external,
D the internal suture. Bar scale is 10 mm.
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Discussion: As will be seen from the description, the 
quarry at Krampen yields specimens with an oval whorl 
section, 14—17 umbilical bullae and 48 to almost 60 ven­
tral ribs. The Indian species Pachydiscus chrishna (FOR­
BES, 1846a) (p. 103, pi. 9, fig. 2) (see Pi. 2, figs. 1, 2) with 
a comparable whorl section, 14—15 umbilical bullae on the 
outer whorl and 27 ventral ribs on the first half of the out­
er whorl is clearly the same species and has priority. HEN­
DERSON and KENNEDY (in press) have asked the Inter­
national Commission on Zoological Nomenclature to give 
the name neubergicus nomenclatural priority over chrish­
na for reasons set out in that application.

Pachydiscusgollevillensis (D’ORBIGNY, 1850) (p.212) 
is an Upper Maastrichtian species from the Calcaire a Ba- 
culites of the Cotentin Peninsula, Manche, France. A revi­
sion of the species (KENNEDY, 1986) shows it to have 
the greatest breadth close to the umbilical shoulder, 9  — 1 1  

umbilical bullae per whorl and approximately 80 ventral 
ribs. There are thus fewer umbilical and more ventral ribs 
than in typical neubergicus, while ornament is weaker. 
Pachydiscus egertoni (FORBES, 1846a) (p. 108, pi. 9, fig. 
1) has U = 28—29 % with strongly convergent flanks, a 
whorl breadth to height ratio of 0 .8 8 , 1 2  umbilical bullae 
in the lectotype at a diameter of just over 1 0 0  mm, while 
the secondary ribs are restricted to the ventral region and 
do not persists beyond 65 mm diameter.

Pachydiscus jacquoti SEUNES, 1890 (p. 5, pi. 3 (2), 
figs. 1—3; for a recent revision see KENNEDY 1986). Is 
closely allied to, and probably an Upper Maastrichtian de­
scendant of, P. egertoni. If differs from P. neubergicus in 
being evolute at maturity (U = 32 % at D = 122 mm) with 
a slowly expanding, subcircular whorl section (Wb:Wh = 
0.91 — 1.14), fewer primary ribs and coarser, more distant 
ventral ornament. P. jacquoti australis HENDERSON & 
MCNAMARA, 1985 (p. 76, pi. 8 , figs. 1, 2, 7, 8 , 9, 10; 
text-figs. 12 a, 13 b, 15 a) is more depressed, and coarser 
ribbed and tuberculate.

Pachydiscus neubergicus stallauensis IMKELLER (p. 
57, pi. 3, fig. 5), from the Pattenauer Mergel of the Baye- 
rischen Alpen is a Campanian form. The figured specimen 
is crushed according to RIEDEL (1932), and appears to 
be closer to the P. haldemsis (SCHLÜTER, 1967) — P. 
oldhami (SHARPE, 1855) group.

Pachydiscus neubergicus nowaki MICHAILOV, 1951 
(p. 65) is based on the original of NOWAK, 1913, p. 354, 
pi. 41, fig. 13 (= holotype) and FAVRE, 1869, p. 14, pi. 4, 
figs. 2, 3 (= paratypes). The holotype has feebler ornament 
and far more ventral ribs thanP. neubergicus, being better 
referred to P. gollevillensis. NOWAK speaks of up to 8  pri­
mary ribs with up to 5 short ribs intercalated between. The 
larger paratype (FAVRE, 1869, pi. 4, fig. 2) is shown with 
fourteen umbilical and more than sixty ventral ribs, al­
though FAVRE speaks of 40 —50 ribs in the text; the small­
er paratype has twelve umbilical ribs and coarser ventral 
ribs. We have not seen FAVRE’S specimens but place 
them in the synonymy of P. neubergicus.

Pachydiscus gollevillensis armenicus ATABEKIAN and 
AKOPIAN, 1969, p. 8 , pi. 1, fig. 2; pi. 3, figs. 1—2, has 
16—20 umbilical ribs and 62—73 ventral ribs. It thus has 
more umbilical and ventral ribs than typical P. neubergicus 
(14—17, 4 8 —60) plus more umbilical but an equal or small­
er number of ventral ribs than P. gollevillensis (9—11, up 
to 80).

Pachydiscus neubergicus raricostatus BLASZKIEWICZ, 
1980 (p. 43, pi. 35, figs. 6 - 8 ; pi. 36, figs. 1—4, 7 —10) is 
based on crushed material. According to its author it has 
an umbilical diameter of 27—29 %, eleven to fifteen pri­
mary ribs, some of which bifurcate, and 30—40 ventral 
ribs. There is thus little overlap of rib density with neuber­
gicus sensu stricto, while the bifurcating ribs and ribs aris­
ing in pairs from bullae would place it close to the Upper 
Campanian P. perfidus DE GROSSOUVRE, 1894, as 
BLASZKIEWICZ notes. The holotype (BLASZKIEWICZ, 
1980, pi. 36, figs. 3 ,4 , 8 ) has, however, 14 umbilical bullae 
and more than 40 venter ribs according to the photograph, 
with the rib bifurcations no more pronounced than is oc­
casionally seen in topotypes of neubergicus (Plate 4, fig. 5). 
The small specimen figured by BLASZKIEWICZ (1980) as 
pi. 35, fig. 6  is sparsicostate when compared with the pre­
sent material, so that more than one form may be present.

Fragmentary specimens from the Lower Maastrichtian 
Nkoporo Shale of Nigeria identified as P. (P.) dossantosi 
(MAURY, 1930) appear to belong, rather, to neubergicus 
(ZABORSKI, 1985, p. 20, figs. 17, 18, 20).

P. (P.) neubergicus from the lower Upper Maastrichtian 
of Western Australia belong to a distinctive subspecies 
dissitus HENDERSON & MCNAMARA, 1985 (p. 72, pi. 7; 
fig. 7; pi. 9, figs. 3, 4, 5, 6 ; text-figs. 11, 12c, 13c) that 
has nuclei like those of the present material but an outer 
whorl with fine ventral ribbing, as in P. (P.) gollevillensis.

Pachydiscus neubergicus of the Lower Maastrichtian and 
P. gollevillensis of the Upper Maastrichtian thus appear to 
represent the early and late members of a stock in which 
evolution involved an overall weakening of ornament, in­
cluding effacement at mid-flank in middle growth, reduc­
tion in the number of umbilical bullae and primary ribs 
but increase in outer lateral and ventral ribs, with a range 
of specimens varying round this theme to which subspecif­
ic names such as armenicus, nowaki and dissitus have been 
applied. P. neubergicus raricostatus appears to be a distinc­
tive early form, perhaps forming a link with the Campan­
ian Pachydiscus.

Occurrence: Where well-localised,P. neubergicus is Low­
er Maastrichtian, as in Poland and the USSR, southeastern 
France, Nigeria and southern India. In north Germany the 
precise records of SCHULZ, ERNST, ERNST & SCHMID 
(1984) show it restricted to the upper part of the lower 
Lower maastrichtian, the Belemnella obtusa Zone, of Lii- 
neburg.

In Poland, BLASZKIEWICZ (1980) records P. neuber­
gicus neubergicus from his Belemnella occidentalis Zone 
only and P. neubergicus raricostatus from the underlying
B. lanceolata lanceolata Zone, suggesting the restricted 
form appears some way above the base of the stage, al­
though he records only 3 specimens of the former. In 
Denmark, BIRKELUND (1979, text.-fig. 1) reports, but 
does not discuss, specimens from the top of the Lower 
Maastrichtian Belemnella occidentalis Zone and the base 
of the Upper Maastrichtian Belemnitella junior Zone, with 
no Pachydiscus recorded from the Belemnella lanceolata 
Zone. In Western Australia, subspecies dissitus is Upper 
Maastrichtian. In summary, P. neubergicus appears in the 
lower Lower Maastrichtian, occurs in the upper Lower 
Maastrichtian, and is also recorded from the lower Upper 
Maastrichtian.
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Pachydiscus (Pachydiscus) epiplectus 
(REDTENBACHER, 1873)

Plate 6 , figs. 3, 4; Plate 7, figs. 1, 2; Plate 8 , figs. 1, 2; Plate 
9; Plate 10, figs. 1—3;Plate 11, figs. 1—4;Plate 12;Plate 13, 

figs. 1—3.

1958 Ammonites neubergicus n. sp. VON HAUER, p. 12 
(pars), pl. 3, figs. 1 -2  only.

1873 Ammonites epiplectus REDTENBACHER, p. 121, pl. 
28, figs. 1 a-c.

1891 Pachydiscus fresvillensis SEUNES; SEUNES, p. 14, pl. 
12(3), fig. 1.

1894 Pachydiscus colligatus VON BINKHORST sp. emend. A. 
DE GROSSOUVRE; DE GROSSOUVRE, p. 202 (pars) 
non pl. 24, figs. 1 ,3 ; non pl. 33.

1898 Pachydiscus colligatus VON BINKHORST sp.; MARIA- 
NI, p. 53, pl. 8, fig. 2.

1908 Pachydiscus colligatus BINKHORST VAN DEN BINK­
HORST sp. emend. DE GROSS.; DE GROSSOUVRE, 
p. 28 (pars) non pls. 4, 5, 6, 7, 8.

1913 Pachydiscus colligatus BINKHORST sp.; NOWAK, p.
361 (pars), ? pl. 43, fig. 30; pl. 44, fig. 39.

1925 Pachydiscus colligatus V. BINKHORST; DIENER, p. 
114 (pars).

1935 Pachydiscus colligatus BINK.; BRINKMANN, p. 5.
1935 Pachydiscus colligatus BINK.; (= epiplectus REDT.); 

BRINKMANN, p. 6.
1951 Pachydiscus colligatus BINKHORST; MICHAILOV, 

p. 56, pl. 5, figs. 28-30.

1951 Pachydiscus colligatus BINK. var. epiplecta REDTEN­
BACHER; MICHAILOV, p. 59, pl. 6, fig. 33.

1952 Pachydiscus sp. aff. colligatus VAN BINKHORST; 
COLLIGNON, p. 79, pl. 26, fig. 2.

1952 Pachydiscus haueri COLLIGNON, p. 80.
1955 Pachydiscus sp. aff. colligatus VAN BINKHORST; 

COLLIGNON, p. 74, pl. 26, fig. 2.
1955 Pachydiscus haueri COLLIGNON; COLLIGNON, p. 75.
1959 Pachydiscus colligatus NAIDIN & SHIMANSKIJ, p. 

186, pl. 9, fig. 4.
1969 Pachydiscus colligatus colligatus (BINKHORST); ATA- 

BEKIAN & AKOPIAN, p. 11 (pars), pl. 4, fig. 2; pl. 5, 
fig. 1.

1969 Pachydiscus haueri haueri COLLIGNON; ATABEKIAN 
& AKOPIAN, p. 16, pl. 8, fig. 1; pl. 9, fig. 1.

1969 Pachydiscus haueri sersensis ATABEKIAN & AKO­
PIAN, p. 17, pl. 8, fig. 2; pl. 10, fig. 1; pl. 11, fig. 1-

1982 Pachydiscus colligatus colligatus (BINKHORST); TZAN- 
KOV, p. 38, pl. 17, fig. 1; pl. 18, fig. 1.

Types: Lectotype, here designated is GIUW 1868.X .15, 
the original of REDTENBACHER 1873, pl. 28, fig. la, b 
from Muthmannsdorf. GBA 1873.01.24 from Griinbach 
appears to be the original of REDTENBACHER 1873, 
pl. 28, fig. lc  and is thus a paralectotype. We have been 
unable to recognise the third, Neuberg specimen cited by 
REDTENBACHER.

Material: GIUW unregistered; GIUW 1876.XV.8; GBA, HAUER collection.

Dimensions: D Wb Wh Wb;Wh U

GIUW 1868 XI5* 
(lectotype)

165(100) 70.0(42.4) 78.5(47.5) 0.89 30.0(18.2)

at* 1 1 2 ( 1 0 0 ) 53.0(47.3) 55.8(49.8) 0.95 24.5(21.9)

GIUW 1876.XV.8* 230.(100) 108(46.9) 110(47.8) 0,98 42.0(18.3)

(* all specimens are distorted by post-mortem crushing)

Description: All the Neuberg specimens studied are dis­
torted to varying degrees, while the lectotype is also second­
arily compressed. The earliest whorls are seen only in the 
dorsal impressed zones of GBA 1873.01.24 and GIUW un­
registered where ornament is identical to that shown by 
the inner whorls of the lectotype, GIUW 1868.X.15 (Plate 
10, figs. 1 ,2 ). The whorl section varies from compressed to 
depressed, sometimes on the same specimen, due to post­
mortem crushing, with a small deep umbilicus, the umbili­
cal wall and shoulder rounded. The inner flanks are inflat­
ed, the outer flanks flattened and convergent, with a broad­
ly rounded venter. The greatest breadth is below mid-flank. 
Primary ribs arise at the umbilical shoulder, singly or in 
pairs, from feeble bullae or not and are narrow, sharp and 
prorsiradiate, separated by wide interspaces. They forwards 
across the inner flank, while intercalated ribs are inserted at 
various positions high or low on the flank to give an estim­
ated 2 0 — 2 2  bullae at the umbilical shoulder and a total of 
50—55 ribs per whorl at a diameter of 100—150 mm. The

ribs appear slightly flexuous in some specimens (due to 
post-mortem distortion?) but all sweep forwards over the 
ventrolateral shoulders where they are markedly concave, 
and pass across the venter in a broad convexity. The best- 
preserved of the larger specimens, GIUW 1876.XV.8 (Pl. 
9; Pl. 10, fig. 3; Pl. 11, fig. 4) is distorted, with a major 
diameter of 220 mm. It shows the same style of orna­
ment persisting to around 170 mm, beyond which it is 
poorly preserved, although flank ribs persist and there is 
strong ventral ribbing, the rib density being an estimated 
60 per whorl. In the largest specimen (Pl. 12) the ribbing 
appears to be effacing on the mid-flank-region.

Suture line typical for genus (Text-fig. 6 C, D).

Discussion: Pachydiscus epiplectus has been a neglect­
ed species, for authors from DE GROSSOUVRE (1894, 
p. 202) onwards have treated it as a synonym of Pachy­
discus colligatus (BINKHORST, 1861). This latter species 
presents numerous problems. One of us was able to reexa­
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mine the surviving types in the Museum fur Naturkunde, 
East Berlin in 1984, and the results are published else­
where (KENNEDY in press). The lectotype, by the sub­
sequent designation of KENNEDY (in press) is the origi­
nal of BINKHORST 1861, pi. 8 . It is from the low Upper 
Campanian of Jauche, Brabant, Belgium and has been fig­
ured photographically by DE GROSSOUVRE (1908, pis. 
7, 8 ) and KENNEDY (in press). It differs from P. epi- 
plectus in being much more evolute with slower expand­
ing whorls (dimensions are D = 260(100), Wb = 104(40), 
Wh = 118(45), Wb:Wh = 0.88, U = 64.5(24.8)), where 
epiplectus has a smaller umbilicus (U = 18.2 % in the dis­
torted lectotype; less than 2 0  % in the large specimens) 
and more massive whorls. Little ornament survives on the 
lectotype of colligatus at a size where epiplectus retains 
ornament, including coarse ventral ribbing.

DE GROSSOUVRE (1894, p. 202) also placed Pachy- 
discus fresvillensis SEUNES, 1890 (p. 3, pi. 2(1), fig. 1) in 
the synonymy of his colligatus, together with epiplectus. 
As KENNEDY (1986) has shown, fresvillensis has strong 
umbilical spines and is an Anapachydiscus. The propor­
tions recall, however, those of epiplectus (lectotype at 
D = 148.0(100), Wb = 72.0(48.6), Wh = 77.0(52.0), Wb: 
Wh = 0.94, U = 31.0(21.1)) while the whorls are similarly 
massive, with coarse persistent ventral ribs (see, for in­
stance the huge specimen figured by PETHO (1906, p. 
8 8 , pi. 5, fig. 1) as Pachydiscus supremus). The two differ 
when young in the coarser ribs, 32—33 in total per whorl, 
with prominent rounded umbilical tubercles (the bases of 
septate spines) of fresvillensis while adults have fewer ribs 
(40 in topotypes) and flank ornament that completely ef­
faces beyond a diameter of 1 2 0  mm, whereas it is strong in 
epiplectus.

There are also similarities to Pachydiscus ootacodensis 
(STOLICZKA, 1865) (p. 109, pi. 54, figs. 3, 4; pi. 56, non 
pi. 57) recently revised by JONES (1963) (p. 38, pi. 29, 
figs. 1—3, 13—16; pis. 30, 31; pi. 32, fig. 1).

A fine topotype in the Oxford University Museum Col­
lections (OUM KY444) shows much coarser ribbing on 
the venter and inner flank ornament already effacing at 
a diameter of 120 mm, while juveniles figured by JONES 
(1963, pi. 29, figs. 1—3, 13—15) are utterly distinct.

Pachydiscus haueri COLLIGNON, 1952 (p. 80) has, 
as type specimen, the original of Ammonites neubergicus 
VON HAUER, 1858 (p. 12 (pars), pi. 3, figs. 1, 2 only), 
a specimen from Neuberg. COLLIGNON distinguished it 
from other species because of its ’’forme discoidale plate, 
a flancs peu bombees, presques plats au voisinage de la 
fosse ombilicale Ses cotes concaves en avant le mettre 
un peu plus a part. Je le considere, a condition que la fi­
gure de la Pi. Ill de V HAUER soit bien la reproduction 
exacte du fossile de Neuberg, comme une espece nouvel- 
le“ (1952, p. 80).

The holotype is missing, but the very compressed whorl 
section shown in HAUER’S figure is undoubtedly due to 
post-mortem crushing, as with so many Neuberg speci­
mens. We believe the curious changes in ornament are due 
to artistic license, and place the species in synonymy with 
epiplectus. P. haueri sersensis ATABEKIAN & AKOPIAN, 
1969 (p. 17, pi. 8 , fig. 2; pi. 10, fig. 1 ;pi. 11, fig. 1) is prob­
ably a finely ribbed ally of P. epiplectus. It will also be 
seen that we regard some of the Maastrichtian records of 
Pachydiscus colligatus as being epiplectus. Most are poorly

preserved and perhaps others should be added; the fine 
specimens from the USSR figured by MICHAILOV (1951) 
and ATABEKIAN & AKOPIAN (1969) certainly belong 
here. Other Maastrichtian specimens referred to P. colli­
gatus seem to encompass a number of forms. P. colligatus 
michailovi of ATABEKIAN & AKOPIAN (1969, p. 14, 
pi. 5, fig. 2; pi. 6 , fig. 2; pi. 7, figs. 1, 2) is more distantly 
and sparsely ribbed (40 per whorl) and may be Anapachy- 
discus fresvillensis (SEUNES, 1890) (fide KENNEDY in 
press). The Pachydiscus sp. aff. colligatus of COLLIG­
NON (1952, p. 79, pi. 26, fig. 2; 1955, p. 74, pi. 26, fig. 2) 
has inner whorls with ribs not unlike the present species 
and might belong here, to A. fresvillensis or some other 
form. In the absence of a fuller description it is difficult 
to be certain.

The Pachydiscus colligatus of COLLIGNON, 1971 
(p. 32, pi. 453, fig. 2409; pi. 454, fig. 2409) is rather 
coarsely and distantly ribbed, with ornament comparable 
to that ofjP. colligatus michailovi; similar comments apply.

The Pachydiscus colligatus latiumbilicatus of BLASZ- 
KIEWICZ, 1980 (p. 46, pi. 37, fig. 3; pi. 38, figs. 1 - 4 ;  
pi. 50, fig. 1) and cf. latiumbilicatus of that author (1980, 
p. 46, pi. 54, fig. 5; pi. 55, fig. 1) have a much wider um­
bilicus than P. epiplectus, fewer, more distant ribs while 
the smaller paratype (BLASZKIEWICZ, 1980, pi. 38, fig. 
3) appears to have umbilical spines and to be an Anapachy- 
discus, allied to A. fresvillensis.

Occurrence: The lectotype is from the Lower Maast­
richtian of Muthmannsdorf in the Neue Welt Basin, and 
the Neuberg occurrence is also Lower Maastrichtian. It is 
described from the Lower Maastrichtian of the USSR and 
Bulgaria and may also occur in southern France and Mada­
gascar.

Genus MENUITES SPATH, 1922 a, p. 123 
(= Besairieites COLLIGNON, 1931, p. 19)

Type species: Ammonites menu FORBES, 1846 a, p. 
I l l ,  pi. 1 0 , fig. 1 .

Discussion: Menuites is based on a microconch probably 
of Anapachydiscus YABE & SHIMIZU, 1926, over which 
it would thus have priority. We have seen undoubted ma­
croconch microconch pairs of Anapachydiscus /Menuites 
from the Campanian, but have not as yet found the macro­
conch of the type species, M. menu, to prove the point 
beyond doubt. The microconch of Anapachydiscus fasci- 
costatus (YABE, 1921) has been figured recently as Menui­
tes sanadai MATSUMOTO, 1984 (p. 17, pi. 5, fig. 1; text- 
fig. 5). As a result we continue to use both names as a 
convenience. A single specimen from Neuberg represents a 
previously undescribed form, which we are unable to link 
conclusively with other, macroconch pachydiscids in the 
fauna.

Occurrence: Upper Santonian to Upper Maastrichtian, 
with a near world-wide distribution.

Menuites costatus sp. nov.
Plate 5, figs. 2, 3

1935 Pachydiscus ex. aff. menu FORBES; BRINKMANN, p. 5.
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Holotype: GIUW 1876.XV.9 from Krampen, Neuberg, 
Styria.

Description: The holotype and only available specimen 
is a crushed body chamber retaining most of the original 
aragonitic shell. It is 70 mm in diameter. Coiling appears 
to have been relatively involute, with a small deep umbili­
cus and depressed, rounded whorl section. There are six 
umbilical bullae on the half whorl preserved, giving rise 
to one or two narrow ribs, with occasional non-bullae ribs 
extending to the umbilicus towards the aperture. The ribs 
are prorsiradiate and gently flexuous, and on the first part 
of the body chamber, most bear a prominent finger-like 
ventral tubercle. These tubercles are linked across the ven­
ter by single narrow convex ribs. Towards the aperture, all 
tubercles decline, and narrow ribs extend across the whole 
of the whorl.

Discussion: Although only a fragment, this specimen is 
immediately distinguished from all other Menuites. M. me­
nu (FORBES, 1846a) (p. I l l ,  pi. 10, fig. 1) has weaker 
bullae and lacks the distinctive ribs of our species. M. ja- 
ponicus MATSUMOTO, 1955 (p. 158, pi. 31, figs. 1 - 3 ;  
pi. 33, figs. 2, 3; texts-figs. 4, 5) has stronger, sparser ribs, 
which are single, and do not branch from umbilical bullae, 
although they may loop between ventral tubercles. In Me­
nuites portlocki (SHARPE, 1855) (p. 30, pi. 13, figs. 2, 3) 
the shell is larger, with much coarser bullae; although these 
do give rise to pairs of ribs as in our form, the ventral tu­
bercles do not develop until a much greater diameter 
(SHARPE, 1855, pi. 13, fig. 2), and the ribs are blunter. 
M. pusillus (MATSUMOTO, 1955), M. sturi (REDTEN- 
BACHER, 1873) and M. selbensis (PERVINQUIERE, 
1907) are much smaller species. The American M. stephen- 
soni YOUNG, 1963 (p. 57, pi. 15, figs. 1—2; text-figs. 70, 
9n) has a tabulate venter, and lacks umbilical bullae.

Occurrence: as for type.

Suborder ANCYLOCERATINA WIEDMANN, 1966, p. 54 
Superfamily TURRILITACEAE GILL, 1871, p. 3 
(= Diplomocerataceae BRUNNSCHWELLER, 1966, p. 14) 
Family DIPLOMOCERATIDAE SPATH, 1926, p. 81 
(= Neocrioceratinae SPATH, 1953, p. 17)
Subfamily DIPLOMOCERATINAE SPATH, 1926, p. 81 
(= Scalaritinae WARD, 1976, p. 455)
Genus DIPLOMOCERAS HYATT, 1900, p. 571 
(= Eudiplomoceras BRUNNSCHWEILER, 1966, p. 18)

Type species: Baculites cylindracea DEFRANCE, 1816, 
p. 160, by original designation.

Discussion: We regard Glyptoxoceras SPATH, 1925 c, 
as a genus distinct from Diplomoceras, following WARD 
(1976). The adult coiling of the two is quite distinct. Eu­
diplomoceras was separated from Diplomoceras on^he ba­
sis of a circular, rather than compressed whorl section. 
Many collections of Diplomoceras/Eudiplomoceras inclu­
de compressed and near-circular forms; they are regarded 
as synonyms here.

Occurrence: Maastrichtian of western and central Euro­

pe, the transcaucasian region of the USSR, Greenland, Zu- 
luland, Madagascar, southern India, Japan, Alaska, British 
Columbia, California, Antarctica, South America, New 
Zealand and Western Australia.

Diplomoceras cylindraceum (DEFRANCE, 1816)
Plate 15, figs. 1, 2, 5; Plate 16, figs. 14, 15; text-fig. 6 .

1816 Baculites cylindracea DEFRANCE, p. 160.
1842 Hamites cylindraceus D’ORBIGNY, p. 551, pi. 136, 

figs. 1-4.
1846b Hamites elatior FORBES in DARWIN, p. 265.
1847 Hamites hampeanus HAUER, p. 75.

1851-1856 Hamites cylindraceus WOODWARD, p. 96, fig. 58.
1858 Hamites cylindraceus DEFR. sp.: HAUER, p. 8, pi. 1, 

figs. 3-6.
1861 Hamites cylindraceus, D’ORBIGNY; BINKHORST, 

p. 36, pi. 5b, figs. 5 -7  (with additional synonyny).
1869 Hamites cylindraceus, DEFRANCE sp.; FAVRE, p. 26, 

pi. 7, fig. 1.
1872 Hamites cf. cylindraceus DEFR. sp.; SCHLÜTER, p. 

103, pi. 31, figs. 10-14; pi. 29, figs. 8, 9 (with synony­
my).

1873 Hamites cylindraceus DEFR. sp.; REDTENBACHER, 
p. 130.

? 1890 Hamites elatior FORBES?; WHITE, p. 13, pi. 2, figs. 1,2.
1895 Hamites cf. cylindraceus DFR. sp.; STEINMANN, p. 89.
1898 Pachydiscus sp., MARIANI, p. 56 (6), pi. 8 (1), fig. 5.
1898 Hamites cf. cylindraceus DEFR. sp., MARIANI, p. 57.
1903 Hamites elatior FORBES?; WELLER, p. 418, pi. 2, fig. 3.
1903 Hamites sp. indet. WELLER, p. 418, pi. 2, fig. 4.
1903 Diplomoceras notabile WHITEAVES, p. 335, pi. 44, 

fig. 4.
1909 Anisoceras notabile WHITEAVES; KILIAN and RE- 

BOUL, p. 15, pis. 2, 3, ?4; pi. 5, pi. 6, fig. 1.
1913 Hamites cylindraceus DEFRANCE sp.; NOWAK, p. 382, 

pi. 41, fig. 10; pi. 42, fig. 35; pi. 45, fig. 47.
1925 Diplomoceras cylindraceum DEFRANCE; DIENER, p. 

74 (with synonymy).
1925 Diplomoceras cf. cylindraceum (DEFR.); DIENER, p. 

75, (pars) (with synonymy).
1925 D. sp.; ind. aff. cylindraceo (DEFR.); DIENER, p. 75 

(with synonymy).
1925 Anisoceras (an Diplomoceras) notabile WHITEAVES; 

DIENER, p. 72 (with synonymy).
? 1930 Glyptoxoceras parahybense MAURY, p. 185, pi. 1,

fig. 2.
1951 Diplomoceras cf. cylindraceum (DEFRANCE); MICHAI- 

LOV, p. 41, pi. 2, figs. 9, 10; text-fig. 10.
1951 Diplomoceras cylindraceum DEFR. var. Ivovensis var. 

nov., MICHAILOV, p. 42, pi. 2, figs. 7, 8; text-figs. 11 
a-b.

1952 Diplomoceras notabile WHITEAVES, 1903; USHER, p. 
109, pi. 29, fig. 2; pi. 30, fig. 1; pi. 31, figs. 26, 27.

1953 Hamites cylindraceus DEFRANCE; PETKOVIC, p. 33, 
pi. 6, figs. 1, 4 -6 .

1953 Diplomoceras Iambi SPATH, p. 17, pi. 2, figs. 1 -3 ; pi. 3, 
fig. 1.

1953 Diplomoceras notabile WHITEAVES; SPATH, p. 17; pi. 
2, fig. 4.

1953 Diplomoceras cylindraceum (DEFRANCE in D’ORBIG­
NY); SPATH, p. 17.
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? 1957 Diplomoceras sp. WRIGHT, p. 806.
? 1958 Diplomoceras jim boi ANDERSON, p. 199, pl. 68, fig. 5.
? 1958 Diplomoceras o ’shaughnessyi ANDERSON, p. 201, pl.

56, fig. 2.
1959 Diplomoceras cylindraceum (DEFRANCE); NAIDIN & 

SHIMANSKIJ, p. 181, pl. 3, fig. 2.
1962a Diplomoceras (Diplomoceras) cf. notabïle WHITEAVES; 

WIEDMANN, p. 208.
1963 Diplomoceras notabïle WHITEAVES; JONES, p. 32, pl. 

21, fig. 1; text-fig. 15.
1964 Diplomoceras cylindraceum (DEFRANCE); TSANKOV, 

p. 152, pl. 4, fig. 2.
1965 Diplomoceras sp. BIRKELUND, p. 67, pl. 16, figs. 1, 2.
1966 Eudiplomoceras raggati BRUNNSCHWEILER, p. 18, pl. 

8, fig. 7; text-figs. 4 -5 .
1966 Diplomoceras cf. D. notabile (WHITEAVES, 1903); 

BRUNNSCHWEILER, p. 20, pl. 7, fig. 3; text-fig. 6.
1966 Diplomoceras notabile (WHITEAVES); BRUNN­

SCHWEILER, text-fig. 7.
? 1970 Diplomoceras sp. HENDERSON, p. 27, pl. 3, fig. 5.

1971 Diplomoceras notabile WHITEAVES; COLLIGNON, p. 
11, pl. 644, figs. 2377-9.

1971 Diplomoceras cf. notabile WHITEAVES; DUNDO, pl. 1, 
fig. 12.

1975 Diplomoceras Iambi SPATH; DEL VALLE and RINAL­
DI, p. 1, pis. 1-10.

1976 Diplomoceras cylindraceum DEFRANCE; KLINGER, p. 
81 et. seq.

1976 Diplomoceras gr. ex. Iambi SPATH; KLINGER, p. 82.
1976 Diplomoceras gr. ex. cylindraceum DEFRANCE; KLIN­

GER, p. 82.
1976 Diplomoceras (Diplomoceras) notabile WHITEAVES, 

1903; KLINGER, p. 82, pl. 34, figs. 2, 4.
1979 Diplomoceras cylindraceum (DEFRANCE, 1816); BIR­

KELUND, p. 55.
1980 Diplomoceras cylindraceum Ivoviense MICHAILOV; 

BLASZKIEWICZ, p. 30, pl. 54, fig. 4.
1980 Diplomoceras cylindraceum cylindraceum (DEFRANCE, 

1816); BLASZKIEWICZ, p. 30, pl. 54, fig. 2, pl. 55, figs. 
6, 7.

1982 Diplomoceras cylindraceum (DEFRANCE, 1822); 
TZANKOV, p. 22, pl. 6, figs. 1-3.

? 1982 Diplomoceras notabile ? WHITEAVES; MARTINEZ, p.
168, pl. 29, fig. 6.

1986 Diplomoceras cylindraceum (DEFRANCE, 1816); KEN­
NEDY, p. 51, pl. 4, figs. 1, 2; pl. 9, figs. 8-10; pl. 10; 
text-figs. 3 I-M, 6, 7 G-M.

Types: DEFRANCE’S specimens are lost. Most authors 
have taken D’ORBIGNY’S description as the basis for this 
species, but his surviving material is inadequate and is not 
from Maastricht, the only locality mentioned by DEFRAN­
CE. Neotype designation must await revision of the Maast­
richt material.

Material: Three specimens: GBA 1858.01.1 a, the origi­
nal of HAUER 1858, p. 8 , pl. 1, fig. 4; GBA 1858.01.1 b, 
the original of HAUER 1858, pl. 1, fig. 6 ; GBA unregister­
ed.

Description: Both specimens are crushed and retain the 
original shell material. It is impossible to determine wheth­
er the rounded whorl section was originally depressed or 
compressed. The available material suggests at least three

Text-fig. 6. Suture of Diplomoceras cylindraceum (DEFRAN­
CE, 1816) GBA 1858.01.1 b. Bar scale is 10 mm.

sub-parallel shafts were present, although there is no trace 
of the earliest whorls. Ornament consists of strong sharp 
straight prorsiradiate ribs, 12—13 in a distance equal to 
the whorl height. They pass forwards across the flanks, 
straight across the venter (where they are at their maxi­
mum strength: Plate 15, fig. 1; Plate 16, fig. 14) and dorsum 
(where at their minimum strength: Plate 15, fig. 5).

There is a tendency to crowd on the hooks. One speci­
men (Plate 15, figs. 1, 2) shows a prominent constriction 
at a whorl height of 16 mm; it runs parallel to the ribs. A 
fragment associated with this individual shows the intrica­
tely subdivided suture line, illustrated by VON HAUER 
(1858, pl. 1, fig. 6 ) and shown here as Text-fig. 7. Intern­
al moulds are smooth (Plate 15, fig. 5).

Discussion: Better-preserved, uncrushed specimens
from the Upper Maastrichtian Calcaire a Baculites of the 
Cotentin Peninsula, Manche, France (KENNEDY, 1986), 
have phragmocone whorl heights of 21.9 to 51 mm. The 
whorl breadth to height ratio varies from 0.89 to 0.99, the 
whorl section from ovoid/rounded subtrigonal to nearly 
circular. Internal moulds are virtually smooth to feebly 
ribbed. On straight shafts rib direction varies from near rec- 
tiradiate to markedly prorsiradiate, even in the same speci­
men. The rib density varies from 11—13 in a single speci­
men and between specimens where ornament is well-pre­
served. Occasional interspaces are strengthened into con­
strictions. The Neuberg specimens are inseparable from 
this material, differing only in their excellent preservation 
of shell material.

HAUER (1847, p. 75) introduced the name Hamites 
hampeanus for a Neuberg specimen. In 1858 he illustrated 
the specimen as plate 1, fig. 3. Since lost, it is a typical cy­
lindraceum, as HAUER noted (1858, p. 8 ). He originally 
separated it from cylindraceum because it had an oval ra­
ther than circular section. Subsequently he found speci­
mens with a circular section, like that figured by BLAIN- 
VILLE (1825, p. 382, pl. 23, fig. 1) and regarded the two 
as synonyms.

Diplomoceras notabile WHITAVES, 1903 (p. 335, pl. 
44, fig. 4) is discussed in detail by USHER (1952), JONES 
(1963) and KLINGER (1976). Study of a cast of the holo- 
type plus topotypes in the British Museum (Natural Histo­
ry) showed a whorl breadth to height ratio of 0 .87—0.9 and
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a rib index of 12—14. Alaskan examples have a whorl 
breadth to height ratio of 0.80 to 0.89 and a rib index of 
11 — 12. All figured specimens have ribs that are prorsira- 
diate or both prorsiradiate and rectiradiate on the same 
specimen. Contrary to the view of WHITEAVES (1903), 
there are no major sutural differences between the two.
D. notabile is, at most, a subspecies of D. cylindraceum 
and they are placed in synonymy here. Diplomoceras 
Iambi SPATH, 1953 (p. 17, pi. 2, figs. 1 - 3 ;  pi. 3, fig. 1) 
is also a synonym. Study of the type series in the British 
Museum (Natural History) shows internal moulds ofphrag- 
mocones to be smooth or feebly ribbed, but internal 
moulds of body chambers are strongly ribbed. The rib di­
rection varies as in cylindraceum, the whorl breadth to 
height ratio ranging from 0.95 to 1.06, with 5 specimens 
slightly compressed and 4 slightly depressed. The rib in­
dex, measurable on only 3 specimens, was 13, 14 and 17. 
Hamites elatior FORBES, 1846 b and Glyptoxoceras pa- 
rahybense MAURY, 1930 (p. 185, pi. 11, fig. 2) are based 
on material that is too poor for satisfactory discussion. 
The latter is said to have a compressed oval whorl section, 
but from the account is obviously crushed. The rib index 
is 13, the ribs distinctly prorsiradiate.

The Hamites elatior of WHITE (1890, p. 13, pi. 2, figs. 
1 , 2 ) has an oval section with flattened, sub-parallel flanks 
(whorl breadth to height ratio 0.77) and a rib index of 20. 
WHITE states that it has been deformed by post-mortem 
compression. It resembles the finely ribbed specimens of 
KILIAN & REBOUL (1909, pi. 4) and WELLER (1903). 
Diplomoceras cylindraceum Ivoviense MICHAILOV, 1951 
(p. 42, pi. 2, fig. 7, 8 ; text-fig. 11), the holotype of which 
is the original of NOWAK, 1913, p. 382, pi. 41, fig. 10, 
has, according to MICHAILOV’S figure, a compressed, 
ovoid section, but this is due to post-mortem distortion. 
The rib index of 16—17 is higher than in specimens from 
Cotentin, but the sample is small, and specimens from 
Maastricht show a similar rib index (BINKHORST, 1861, 
p. 5 b, fig. 6  a). It too is regarded as a synonym. Diplomo­
ceras australe HUNICKEN, 1965 (p. 67, pi. 4, figs. 1—4) 
has a whorl breadth to height ratio of 1 . 6  and a rib index 
of 1 2 , this being beyond the limits of variation of material 
discussed here.

Diplomoceras species from California described by AN­
DERSON (1958) are said to range from Turonian to Maast- 
richtian. Figures and descriptions are inadequate, but D. 
jimboi and D. oshaughnessyi probably belong here.

Eudiplomoceras raggati BRUNNSCHWEILER, 1966 
(p. 18, pi. 8 , fig. 7; text-figs. 4 —5) with, according to its 
author, a circular cross section and rib index of 13—15 ap­
pears inseparable from D. cylindraceum.

Occurrence: This species ranges throughout most of the 
Maastrichtian. The Danish records are the most precise 
(BIRKELUND, 1979, p. 55, text-fig. 1) and show the spe­
cies first appearing very low in the Lower Maastrichtian 
Belemnella lanceolata Zone and ranging to the top of the 
Upper Maastrichtian Belemnella casimirovensis Zone. The 
species has a world-wide distribution, with records from 
north-west France, Holland, Denmark, north Germany, 
Poland, Austria, the USSR, southern India (?), Zululand, 
Madagascar, Western Australia, the Antarctic, south Ame­
rica, California, British Columbia and Alaska plus doubt­
ful records from Greenland and New Zealand.

Diplomoceras sp. indet.

Material: NHMW 1935.III.16, 1935.III.23.

Description: These two specimens are fragments of a 
huge Diplomoceras; NHMW 1935.III.16 has a whorl height 
in excess of 70 mm. NHMW 1935.III.23 approaches 80 mm 
whorl height. Both are ornamented by strong, sharp crow­
ded ribs, and the latter specimen appears to preserve an 
aperture associated with four much stronger ribs and a 
marked broad, deep constriction. Neither specimen shows 
the sutures.

Discussion: These huge specimens from Neuberg may 
be fragments of adults of the material described above as 
D. cylindraceum. They exceed in size the huge body 
chambers described by SPATH (1953, p. 17, pi. 3, fig. 1).

Family BACULITIDAE GILL, 1871, p. 3 
(= Eubaculitidae BRUNNSCHWEILER, 1966, p. 4)

Genus EUBACULITES SPATH, 1926, p. 80 
(= Giralites BRUNNSCHWEILER, 1966, p. 33; Eubaculi- 
ceras BRUNNSCHWEILER, 1966, p. 33; Cardabites 
BRUNNSCHWEILER, 1966, p. 38).

Type species: Baculites vagina var. Ootacodensis STO- 
LICZKA, 1866, p- 199, pi. 90, fig. 14 by original designa­
tion.

Diagnosis: Large, curved or straight, with pyriform 
whorl section, venter fastigiate or narrow and tabulate 
with sharp ventrolateral shoulders. Dorsum flattened. 
Smooth or ornamented by crescentic ribs and riblets, 
with or without dorsolateral and lateral bullae. Venter 
smooth, ribbed or notched. Ribs may extend to ventro­
lateral region. Suture with plump, minutely frilled ele­
ments.

Discussion: Eubaculites was introduced without diagno­
sis: ’’Eubaculites gen. nov. for the carinate forms of the 
group of E. vagina (FORBES) and otacodensis STOLICZ- 
KA sp. (KOSSMAT, ’’Untersuch. Siidind. Kreideform“ : 
Beitr. Pal. Geol. Osterr. Ung., vol. IX, 1895, p. 157, pi. 
XIX, figs. 15 a, b, genotype)“ . A genotype is a species, 
not a specimen, and as KOSSMAT identifies his pi. 19(5), 
fig. 15a—b as ’’Baculites vagina FORBES var. Otacodensis 
STOL.“, ootacodensis is the type species.

Most descriptions of Eubaculites have stressed the ta­
bulate venter, yet STOLICZKA’S figure shows a speci­
men with a fastigiate venter although his description: 
’’the dorsal edge is somewhat narrower than in many 
Pondicherry specimens; further, the siphuncle often lies 
nearer to one edge than to the other“ (1866, p. 199) sug­
gests it is actually tabulate. Further discussion of this 
point must await restudy of the type material. The most 
comprehensive reviews of the genus are those of BRUNN­
SCHWEILER (1966) and KLINGER (1976). The former 
recognised a subfamily Eubaculitinae plus genera Eubacu­
lites, Giralites BRUNNSCHWEILER, 1966, Eubaculiceras 
BRUNNSCHWEILER, 1966 and Cardabites BRUNN-
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SCHWEILER, 1966, with some 11 species referred to 
them. All are from a limited stratigraphic interval. KLIN­
GER (1976) regarded all BRUNNSCHWEILER’S genera 
as synonyms of Eubaculites, and recognised only four spe­
cies, rather than the 11 of BRUNSCHWEILER. KLIN­
GER’S views are accepted here with minor modification.

Occurrence: Eubaculites is restricted to the Maastricht- 
ian. In Europe it is known from the Lower Maastrichtian 
of Austria and the Ukraine, the upper Maastrichtian of 
south-western France and Holland. Records elsewhere sug­
gest it ranges from very low in the Maastrichtian to near 
the top of the stage. It occurs in southern India, Assam, 
Mozambique, Zululand, Madagascar, western Australia, 
Chile, Peru, Argentina, Patagonia, California, southwestern 
France, Austria, Holland and the Ukrainian SSR. Records 
from New Zealand and Yugoslavia are doubtful.

Eubaculites lyelli (D’ORBIGNY, 1847) 
Plate 14, figs. 1—5, 9 —14

1846 
1846b
1847 
1850 
1861

1864

1895

1895

1895

1897b 
1904 

non 1907

1925 
non 1925

1925

1930

1940

1940
1944

1953
1957

1957b

1959c

1963

1964a

Baculites vagina E. FORBES; DARWIN, p. 126. 
Baculites vagina FORBES; FORBES, pi. 5, fig. 3. 
Baculites lyelli D’ORBIGNY, pi. 1, figs. 3-7. 
Baculites lyelli D’ORB.; D’ORBIGNY, p. 215. 
Baculites anceps LAMARCK; BINKHORST, p. 42, 
pi. 5d, fig. 5a-d.
Baculites chicoensis GABB, p. 80 (pars), pi. 14, fig. 
29, 29a, non pi. 17, figs. 27,27a; non pi. 14, fig. 27b. 
Baculites vagina FORBES n. var. simplex KOSSMAT, 
p. 156(60), pi. 19(5), figs. 14a, b only.
Baculites vagina var. Otacodensis STOL.; KOSSMAT, 
p. 157(61) (? pars), pi. 19(5), fig. 16, ? non 15. 
Baculites vagina FORBES; STEINMANN, p. 89, pi. 6, 
fig. 4; text-figs. 8-10.
Baculites vagina FORBES; KOSSMAT, pi. 6, fig. 4. 
Baculites vagina FORBES; WILCKENS, p. 188. 
Baculites vagina var. cazadoriana PAULCKE, p. 177, 
pi. 16, figs. 5a-b.
Baculites vagina FORBES; DIENER, p. 63 (pars). 
Baculites vagina var. cazadoriana PAULCKE; DIE­
NER, p. 63.
Baculites vagina FORBES var. otacodensis STOLICZ- 
KA; DIENER, p. 63 (pars).
Baculites vagina FORBES; WETZEL, p. 90, pi. 10, 
figs. 3,4.
Eubaculites otacodensis (STOLICZKA); SPATH, p. 
48, pi. 1, fig. 3; text-fig. lb.
Eubaculites aff. vagina FORBES; SPATH, p. 50. 
Baculites lyelli D’ORBIGNY; OLSSON, p. 104, pi. 
16, figs. 3 -5 ; text-fig. 1.
Eubaculites lyelli D’ORBIGNY; SPATH, pp. 46-47. 
Baculites vagina FORBES; HOFFSTETTER, FUEN- 
ZALIDA & CECIONI, pp. 300, 302.
Eubaculites otacodensis (STOLICZKA); WRIGHT, 
p. L218, fig. 245,6.
Eubaculites otacodensis (STOLICZKA); MATSUMO- 
TO, p. 166, pi. 43, fig. 6; pi. 44, figs. 1 -3 ; text-figs. 
84a, b; 85a, b.
Eubaculites lyelli D’ORBIGNY; MATSUMOTO & 
OBATA, p. 97.
Eubaculites argentinicus (WEAVER); LEANZA, p.

95, pi. 1, figs. 1-5.
1966 Eubaculites ootacodensis (STOLICZKA, 1866); 

BRUNNSCHWEILER, p. 27, pi. 1, figs. 9 -14; text- 
figs. 9-11.

1966 Eubaculites vagina (FORBES, 1846); BRUNN­
SCHWEILER, p. 29, pi. 1, fig. 7; pi. 2, figs. 1-14; 
text-figs. 12-14.

1966 Eubaculites kossmati sp. nov. BRUNNSCHWEILER, 
p. 31, pi. 2, figs. 15-17; pi. 3, figs. 1 -7 ; text-fig. 15.

1966 Eubaculites multicostatus sp. nov.; BRUNNSCHWEI­
LER, p. 32, pi. 3, figs. 8-12; text-fig. 16.

1974 Eubaculites ootacodensis (STOLICZKA); RICCAR- 
DI, p. 388, pi. 1, figs. 1 -7 ; pi. 2, figs. 1-4, 6; pi. 3, 
figs. 1 -6 ; pi. 4, figs. 1 -7 ; text-fig. 2.

1975 Eubaculites lyelli (D’ORBIGNY); HUNICKEN & 
COVACEVICH, p. 149, pi. 1, figs. 5-12; pi. 2, figs. 
4 -9 ; pi. 3, figs. 1 -8 ; pi. 4, figs. 1 -8 ; pi. 5, figs. 1-4; 
text-figs. 6-28.

1976 Eubaculites ootacodensis (STOLICZKA), 1865; 
KLINGER, p. 90 (pars), pi. 39, fig. 1, non 3; pi. 42, 
fig. 3, 8; pi. 41, figs. 1, 2; ? non pi. 43, fig. 1; text- 
fig. 11c.

Types: The catalogue of the D’ORBIGNY Collection 
lists 3 specimens of Baculites lyelli from ’’Concepcion“ 
under the number 7206. All survive in the Collections of 
the Museum National d’Histoire Naturelle in Paris, recata­
logued as no. 1020a—c. It should be noted that D’ORBIG­
NY (1850, p. 215) gives the locality as Quiriquina Island.

Material: 8  specimens: NHMW 1852.11.215; NHMW 
1935.III.18, 19, 19a; NHMW 1935.III.20; GBA 1873.01. 
39a, b, c.

Description: The material is all crushed and distorted to 
varying degrees. Whorls slowly expanding, straight when 
young, becoming slightly curved when adult. Whorl sec­
tion, best shown by NHMW 1935.III.19a (Plate 14, figs.
2—5), with broad flattened dorsum, narrowly rounded dor­
solateral region, flanks flattened, slightly divergent dorso- 
laterally, maximum breadth above mid-flank, thereafter 
converging to narrow tabulate venter with sharp ventrola­
teral angulation. Ornament varies from weak to strong. 
Where well developed the dorsum is crossed by feeble rib- 
lets and striae. These strengthen into strong crescentic ribs 
on the flanks, concave across the inner to mid-flank but 
declining on the outer flank. The rib index, measured on 
crushed specimens, varies between 3 and 5. Some specim­
ens also have short ventrolateral ribs. More numerous than 
the primaries, these arise on the outer flank and strengthen 
over the ventrolateral shoulder and venter, which may be 
markedly notched as a result (Plate 14, figs. 2—5, 10).

Sutures not seen.

Discussion: The Neuberg specimens agree very well with 
the extensive suite of topotypes illustrated by HUNICKEN 
& COVACEVICH (1975), which show well the strong flank 
ribs and distinctive ventrolateral and ventral ribbing seen 
on several of our specimens (Plate 14, figs. 2—5, 10—14), 
while it is not unreasonable to regard our almost smooth 
individual as probably merely a feebly ornamented variant 
of the species (Plate 14, figs. 6 —8 ).

It will be seen from the synonymy that we regard spe­
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cimens of Eubaculites ootacodensis with tabulate venters 
as synonyms of lyelli, but exclude those specimens with 
a fastigiate venter at this time, regarding ootacodensis as 
an independent species. STOLICZKA’S figure (1866, pi. 
90, fig. 14) also shows the ribs to be very widely spaced, 
with a rib index of 1. The Baculites vagina var. Otacoden- 
sis of KOSSMAT (1895) is difficult to interpret as his pi. 
19(5), fig. 15 lacks the venter. His fig. 16a—c with tabula­
te venter appears to be a large specimen of the present 
form. The Baculites anceps of BINKHORST (1861, p. 
42, pi. 5d, figs. 5a—d) is a. Eubaculites with a tabulate ven­
ter but lacking ventral and ventrolateral ornament on the 
mould; this is a variable feature in topotypes of E. lyelli 
and the Dutch specimen and comparable forms (e.g. Ba­
culites vagina var. simplex KOSSMAT, 1895, p. 156(60) 
(pars), pi. 19(5), figs. 14a, b only, Eubaculites ootacoden­
sis ofMATSUMOTO, 1959c, E. ootacodensis, vagina, koss- 
mati and multicostatus of BRUNNSCHWEILER, 1966) 
are also regarded as synonyms. It is far more difficult to 
place the moderately inflated smooth Eubaculites with ta­
bulate venters that occur with these forms; they may be 
variants of lyelli or some other form. The very compress­
ed forms Giralites latecarinatus BRUNNSCHWEILER, 
1966 (p. 33, pi. 3, figs. 13, 14; pi. 4, figs. 1—5; text-figs. 
17, 18) with a whorl breadth to height ratio of 0.6; G. 
quadrisulcatus BRUNNSCHWEILER, 1966 (p. 35, pi. 4, 
figs. 11 — 14; text-fig. 20) with a whorl breadth to height 
ratio of 0.59; Eubaculiceras compressum BRUNNSCHWEI­
LER, 1966 (p. 36, pi. 4, figs. 15—17; pi. 5, figs. 1—3; text- 
fig. 21) with a whorl breadth to height ratio of 0.45 and 
Cardabites tabulatus BRUNNSCHWEILER, 1966 (p. 38, 
pi. 5, figs. 16—21; text-fig. 24) with a whorl breadth to 
height ratio of 0.43 seem to be a different species (or 
species) (fide KLINGER, 1976).

Eubaculites lyelli is easily separated from most speci­
mens of Eubaculites vagina (FORBES, 1846a) (p. 114, pi. 
10, fig. 4), which have dorsolateral and lateral tubercles, 
although as KLINGER (1976) notes, smooth variants may 
be indistinguishable.

Occurrence; Upper Campanian to Upper Maastrichtian. 
Europe, Israel, Chile, Grahamland, U.S.A., Canada and 
Greenland.

Hoploscaphites constrictus (J. SOWERBY, 1817) 
Plate 16, figs. 1—5, 8—10, 13; text-fig. 7

1817 Ammonites constrictus J. SOWERBY, p. 189, pi. A, 
fig. 1.

1858 Scaphites multinodosus HAUER, p. 9, pi. 1, figs. 
7-8.

1872 Scaphites constrictus SOW. sp.; SCHLÜTER, p. 92, 
pi. 28, figs. 5 -9  (with synonymy).

1873 Scaphites constrictus SOW. sp.; REDTENBACHER, 
p. 127.

non 1873 Scaphites spec, indet. cfr. Scaphites constrictus 
SOW.; REDTENBACHER, p. 130, pi. 30, fig. 12. 

1894 Scaphites niedzwiedzkii UHLIG, p. 220, fig. 2.
1911 Scaphites constrictus var. crassus mihi; LOPUSKI, p.

115, 134, pi. 2, figs. 5 -6 ; pi. 3, figs. 1-2.
1911 Hoploscaphites constrictus SOWERBY vulgaris NO­

WAK, p. 583, pi. 32, fig. 6; pi. 33, figs. 8-12.
1915 Scaphites constrictus SOWERBY; FRECH, p. 562 

(pars), text-figs. 9, ? 10.
1925 Discoscaphites constrictus SOWERBY; DIENER, p. 

210 (with synonymy).
1979 Mesoscaphitesgrossouvrei ATABEKIAN, p. 523.
1979 Mesoscaphites kneri ATABEKIAN, p. 523.
1980 Hoploscaphites constrictus anterior BLASZKIEWICZ 

p. 36, pi. 17, fig. 5; pi. 18, figs. 4-10.
1982 Hoploscaphites constrictus (SOWERBY, 1818); BIR- 

KELUND, p. 19, pi. 3, figs. 1-14 (with synonymy). 
1982 Hoploscaphites constrictus constrictus (SOWERBY, 

1817); TZANKOV, p. 24, pi. 7, figs. 6 -8 .
1982 Scaphites (Hoploscaphites) constrictus J. SOWERBY;

MARTINEZ, p. 172, pi. 30, fig. 6.
1986 Hoploscaphites constrictus (J. SOWERBY, 1817); 

KENNEDY, p. 64, pi. 13, figs. 1-13, 16-24; pi. 14, 
figs. 1-38; pi. 15, figs. 1-31;  text-fig. 11, A-H.

Occurrence: The type material of E. lyelli is of Upper 
Maastrichtian date, as are Australian, French and Dutch 
occurrences. It appears to occur at a lower level in Zulu- 
land. The geographic range extends to Argentina, Chile, 
California, Holland, southern France, Zululand, Madagas­
car, southern India and western Australia.

Superfamily SCAPHITACEAE GILL, 1871, p. 3 
(nom. transi. WRIGHT and WRIGHT, 1951, p. 13, ex 
Scaphitidae GILL)
Family SCAPHITIDAE GILL, 1871, p. 3
Subfamily SCAPHITINAE GILL, 1871, p. 3
(nom. transi. WRIGHT, 1953, p. 473 ex Scaphitidae
GILL)

Genus HOPLOSCAPHITES NOWAK, 1911, p. 565 
(= Mesoscaphites ATABEKIAN, 1979, p. 523 (nom nud.))

Type species: Ammonites constrictus J . SOWERBY, 
1817, p. 189, pi. A, fig. 1, by original designation.

Diagnosis: See BIRKELUND, 1965, p. 102.

Types: Much confusion surrounds the types of this spe­
cies. SOWERBY obviously possessed several specimens 
and there are five surviving syntypes, BMNH 43988, 
C36733 and C 70 6 4 5 -7 . SPATH (1953, p. 13) referred to 
BMNH 43988 as the ’holotype‘, but as PHILLIPS (1977, 
p. 90) notes, BMNH C36733 closely resembles SOWER- 
B Y ’s figure. The syntypes are described elsewhere and a 
lectotype designated (KENNEDY, 1986); BMNH C 367 33.

Material: 5 specimens: GBA 1858.01.2a (with counter­
part), the lectotype, here designated, of Scaphites multi­
nodosus HAUER, 1858; GBA 1858.01.2b—d, paralectoty- 
pes of S. multinodosus; GIG.166.G.S.

Description: The macroconch is represented by 3 speci­
mens, GBA.1858.01.2a and b and GIG.166.G.S. The lecto­
type of S. multinodosus is the best preserved of these spe­
cimens. It is 34 mm long. The ribbing of the phragmocone 
appears to have been relatively coarse, but typical of the 
species. There is a prominent umbilical bulge at the beginn­
ing of the shaft, which is broad and short.

There are two, possibly three umbilical bullae. Ventral 
clavi appear at the end of the phragmocone, and there are
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Text.-fig. 7.External suture of Hoploscaphites constrictus (J.
SOWERBY, 1817), taken from GBA 1858.01.2a, the 
lectotype of Scaphites multinodosus HAUER, 1858, 
pi. 1, figs. 7, 8. Bar scale is 10 mm.

fourteen on the body chamber. These decline markedly in 
size around the hook (Plate 16, fig. 5) and disappear well 
before the aperture. Flank ornament is not well preserv­
ed. There are traces of broad primary ribs on the inner 
flank at the beginning of the body chamber, arising in 
pairs from the bullae and linking to the ventral clavi. They 
decline on the later part of the shaft; there are fine ribs on 
the venter linking the tubercles over the last part, while 
the venter and flanks immediately before the aperture are 
covered in fine riblets. The aperture is marked by a con­
striction; the aperture angle is 1 2 0

There are two microconchs, GBA 1858.01.2c—d, one 
being an external mould only (Plate 16, fig. 13). Both are 
rather distorted, with lengths of 21 and 26 mm. They lack 
the umbilical bulge of the macroconchs, have a relatively 
slender body chamber, a coarsely ribbed phragmocone but 
very finely ribbed body chamber. Ventral clavi appear at 
the end of the phragmocone and persist to the beginning of 
the final hook (e. g. Plate 10, fig. 13) in both specimens. 
The final section of the hook bears very fine, delicate rib- 
lets. The aperture is constricted. The apical angle cannot 
be measured due to deformation.

Suture line simple, typical of species (Text-fig. 8 ).

Discussion: BIRKELUND (1982) discusses this species 
in detail and shows that Scaphites niedzwiedzkii UHLIG, 
1894, S. constrictus vulgaris NOWAK, 1911, S. constric­
tus crassus LOPUSKI, 1911 and Hoploscaphites constric­
tus anterior BLASZKIEWICZ, 1980 do not merit separa­
tion. Mesoscaphites grossouvrei ATABEKIAN, 1979 (p. 
523) a nomen nudum has Scaphites constrictus of DE 
GROSSOUVRE, 1894, pi. 31, fig. 1, as holotype and is a 
typical Upper Maastrichtian form of the species. Mesosca­
phites kneri ATABEKIAN, 1979 (p. 523), also a nomen 
nudum has the original of KNER, 1852, pi. 11, fig. 13 as 
holotype. At first sight rather distinctive, with what appear 
to be outer lateral and ventral tubercles it is no more than 
a crushed example close to that figured by FAVRE, 1869, 
pi. 5, fig. 2, the original of which is before us.

Macroconchs from Neuberg are unmistakeably H. con­

strictus. The microconchs appear, at first sight, to be H. 
tenuistriatus (KNER, 1848), but this species lacks ventral 
tubercles (BIRKELUND, 1982, p. 22). NOWAK (1911, p. 
585) referred forms with fine ribbing and ventral tubercles 
to H. constrictus tenuistriatus, but his specimens (NO­
WAK, 1911, pi. 33, fig. 14), are better referred to H. con­
strictus, for forms with very fine riblets on the body cham­
ber occur within the type population from the Cotentin.

The best preserved Neuberg specimens most closely re­
call those from Nagoryany, in particular FAVRE’S (1869) 
pi. 5, fig. 3. There is also a similarity to some of the speci­
mens from Hemmoor (NW Germany) figured by BIRKE­
LUND (1982, pi. 3, figs. 1 -1 4 ).

Occurrence: Hoploscaphites constrictus extends through 
virtually the whole of the Maastrichtian. At Kronsmoor 
in north Germany the first specimen appears 3.5 to 5 m 
above the base of the Belemnella lanceolata Zone while 
in Denmark it ranges to the top of the Belemnella casimi- 
rovensis Zone (which is, however, incomplete). The most 
southerly records are from the Petite Pyrenees (south we­
stern France) and northern Spain (Ernst Collection). It 
occurs in the Calcaire a Baculites of the Cotentin Peninsu­
la in north western France (the type locality) in the Maast­
richtian area of Holland, the Germanies, Denmark, south­
ern Sweden, Poland, Austria, Bulgaria and the Soviet Union 
(Donbas region, Transcaspia, Kopet Dag).

Hoploscaphites ? sp.
Plate 16, figs. 6 , 7, 11, 12

Material: 3 specimens, NHMW 1852.2.803; NHMW 
1977.1924.9 and NHMW 1985/70.

Description: Small; NHMW 1985/70 is adult at a dia­
meter of 26 mm. Moderately evolute, whorls slowly ex­
panding. All specimens are crushed, but the whorl section 
appears to have been compressed, with flattened sides and 
a narrow, tabulate venter. Phragmocone unknown. Body 
chamber near planispiral in best-preserved specimen (Plate 
16, figs. 11, 12) extending for approximately 230 . Strong 
primary ribs, of which there are 2 2 , arise either singly or 
in pairs from weak umbilical bullae, are prorsiradiate on 
the inner flank, flex back and are convex at mid-flank and 
sweep forwards and are concave over the outer flank. Ribs 
increase by branching or intercalation on the outer flank 
so that there are almost twice as many ribs on the outer 
flank as on the umbilical shoulder. All ribs bear a small 
ventrolateral clavus, while the clavi are linked over the 
venter by a distinct convex linguoid rib (Plate 16, fig. 7). 
Ornament weakens, the ribs become finer and loose the 
ventral tubercles at the end of the adult body chamber, 
which is marked by an apertural constriction.

Sutures not seen.

Discussion: These specimens are, by their coiling, slend­
er whorls, ribbing and tuberculation, utterly distinct from 
the Hoploscaphites constrictus found at Neuberg, from 
Lower Maastrichtian specimens figured by FAVRE (1869, 
pi. 5, figs. 1—5), mid-Maastrichtian specimens figured by 
BIRKELUND (1982, pi. 3, figs. 1 -1 4 )  and upper Maast­
richtian material figured by BINKHORST (1861, pi. 5d,
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figs. 6 a—g), DE GROSSOUVRE (1908, pi. 11, figs. 3 - 7 )  
and others. Instead, the apparently planispiral coiling with 
body chamber and phragmocone in contact (Plate 16, fig. 
6 , 7 — the apparently elliptical coiling is due to post-mor­
tem deformation) suggests a recoiled derivative of Hoplo- 
scaphites analogous to Haresiceras REESIDE, 1927 of the 
Campanian of the U. S. Western Interior and Greenland 
(COBBAN, 1964 reviews American occurrences; BIRKE- 
LUND, 1965 those in Greenland). This, however, is much 
more involute, with very feeble ribs. The Maastrichtian 
Indoscaphites korojonensis BRUNNSCHWEILER, 1966 
(p. 54, pi. 5, figs. 4 —6) is a further comparable form, but 
is more involute. The Campanian Parabinneyites A. F. 
LEANZA, 1964 ( = Patagoniceras A. F. LEANZA, 1963 
(non WETZEL, I960)) is evolute, but has strong primaries 
and fine secondaries and tiny ventral tubercles which are 
connected over the venter by transverse striae (LEANZA, 
1963, pi. 3, figs. 2 - 4 ;  see also BLASCO DE NULLO, 
NULLO and PROSERPIO, 1980, pi. 1, figs. 1 -4 ) .

Occurrence: Lower Maastrichtian ofNeuberg.

THE AGE OF THE NEUBERG FAUNA

The quarry at Neuberg exposes 20 m of section. The 
ammonite fauna is as follows:

Partschiceras forbesianum (D’ORBIGNY, 1850) 
Anagaudryceras lueneburgense (SCHLUTER, 1872) 
Anagaudryceras sp.
Saghalinites wrighti BIRKELUND, 1965 
Saghalinites sp. juv.
Pseudophyllites cf. indra (FORBES, 1846 a)
Pachydiscus (Pachydiscus) neubergicus (HAUER, 1858) 
Pachydiscus (Pachydiscus) epiplectus (REDTENBA- 

CHER, 1873)
Menuites costatus sp. nov.
Diplomoceras cylindraceum (DEFRANCE, 1816) 
Diplomoceras sp. indet.
Eubaculites lyelli (D’ORBIGNY, 1847)
Hoploscaphites constrictus (J. SOWERBY, 1817) 
Hoploscaphites ? sp.

There is at present no agreed ammonite zonation for 
the Maastrichtian stage; indeed, the only well-documented 
basis for recognising the base of the Maastrichtian using 
ammonites is the appearance of Hoploscaphites constric­
tus (see reviews in BIRKELUND et al., 1984; KENNEDY, 
1984; SCHULZ, ERNST, ERNST & SCHMID, 1984; 
SURLYK, 1984), and even this is rare at the beginning of 
its range. Instead, it is at this time only practicable to dis­
cuss the age of the Neuberg ammonite assemblage in terms 
of what we know of ammonite occurrences in the White 
Chalk sequences of western Europe, where the basic zona­
tion is established on belemnites. A long-established stand­
ard sequence is as follows:

Belemnella casimirovensis
Upper Maastrichtian

Belemnitella junior

Lower Maastrichtian
Belemnella occidentalis 

Belemnella lanceolata

While SCHULZ (1979) divides the Lower Maastrichtian 
of north Germany into six Belemnella zones:

B. fastigiata \
B. cimbrica ( occidentalis
B. sumensis \

B. obtusa )
B. pseudobtusa > lanceolata
B. lanceolata )

Ammonites are generally uncommon in the Maastricht­
ian White Chalk facies of Western Europe, except at well- 
defined horizons, and the apparent ranges of some of the 
rarer species are unlikely to correspond to their total ran­
ge in facies more favourable for ammonite preservation. 
The most complete records are from the Danish chalk, 
presented by BIRKELUND (1979) who shows several ele­
ments of the Neuberg fauna to be long-ranging (e. g. H. 
constrictus, D. cylindraceum, and others restricted to the 
top occidentalis and bottom junior Zones (A. luenebur­
gense, S. wrighti, P. (P.) neubergicus). In north Germany 
BIRKELUND (1982) shows A. lueneburgense restricted 
to the lower part of the junior Zone and suggests that 5. 
wrighti comes from the top of the occidentalis Zone 
(= fastigiata & cimbrica Zones). SCHULZ, ERNST, ERNST 
& SCHMID (1984) provide further information, indicating 
P. (Pachydiscus) neubergicus) (specifically the form figur­
ed by SCHLÜTER 1872, p. 59, pi. 18, figs. 1 - 3 ,  = P. neu­
bergicus raricostatus according to BLASZKIEWICZ, 1980) 
to be restricted to the upper part of the lower Lower Maa­
strichtian, the Belemnella obtusa Zone (= top lanceolata 
Zone) of Lüneburg. In Poland BLASZKIEWICZ (1980) 
records what seems to be typical P. (P.) neubergicus from 
the lanceolata and occidentalis Zones.

This evidence is clearly unsatisfactory, suggesting no 
more than a probably Lower Maastrichtian age for the 
Neuberg fauna. More promising is the assemblage o£ Hop­
loscaphites, for BIRKELUND (1978) and others have 
shown how these may be used to determine relative posi­
tion within the Maastrichtian stage. We note in particular 
the absence of Hoploscaphites tenuistriatus (KNER, 1848) 
— KENNEDY, 1984, p. 159 was in error in recording this 
species from Neuberg — and the presence of specimens in­
cluding the lectotype of Scaphites multinodosus HAUER, 
1858 (pi. 10, figs. 3—5), that match Hoploscaphites con­
strictus anterior BLASZKIEWICZ, 1980 (p. 36, pi. 17, fig. 
5; pi. 18, figs. 4 —10) which is restricted to the upper Low­
er Maastrichtian occidentalis Zone of BLASZKIEWICZ’S 
scheme.

Our conclusion from available ammonite records from 
the European sequence is that the Neuberg fauna probab­
ly falls around the lower/upper Lower Maastrichtian (lan­
ceolata/occidentalis Zone) boundary.

We note the complete absence of undisputedly Upper 
Maastrichtian taxa such as Anapachydiscus fresvillensis 
(SEUNES, 1890) and Pachydiscus (Pachydiscus) gollevil- 
lensis (D’ORBIGNY, 1850), as well as lower Lower Maast­
richtian species such as. Hauericeras sulcatum (KNER, 
1848) and Pseudokossmaticeras galicianum (FAVRE, 
1869) from the fauna. The poor gastropod fauna (identi­
fication by H. A. KOLLMANN, Vienna) does not provide 
detailed stratigraphic information: Homalopoma sp., Sola- 
riaxis sp., Tessarolax pyriformis (KNER).
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Parallel investigations on foraminifera and nannoplank- 
ton produced mixed results. F . RÖGL (Vienna) investigat­
ed six samples, but found only one indeterminate foram.
K. PERCH-NIELSEN (Zürich) studied samples from am­
monites in museum collections for nannofossils, but with 
disappointing results, finding only poorly preserved floras 
of limited stratigraphic value: Micula sp., Lucianorhabdus 
sp., Watznaueria barnesae (BLACK, 1959) PERCH-NIEL­
SEN, 1968.

M. WAGREICH (Vienna) subsequently studied out­
crop samples with generally poor results, but one (field nr. 
3 ; fig. 2 ) yielded a rich and stratigraphically significant as­
semblage:

Arkhangelskiella cymbiformis VEKSHINA, 1959 
Calculites obscurus (DEFLANDRE, 1959) PRINS & 

SISSINGH, 1977
Lithraphidites praequadratus ROTH, 1978 
Lithraphidites quadratus (form I sensu LAMBERT, 

1980) BRAMLETTE & MARTINI, 1964 
Prediscosphara cretacea (ARKHANGELSKY, 1912) 

GARTNER, 1968
Prediscosphaera grandis PERCH-NIELSEN, 1979 
Ceratolithoides aculeus (STRADNER, 1961) PRINS & 

SISSINGH, 1977
Micula decussata VEKSHINA, 1959 
Micula concava (STRADNER, 1960) BUKRY, 1969 
Micula swastica STRADNER & STEINMETZ, 1984 
Lucianorhabdus cayeuxi DEFLANDRE, 1959 
Lithraphidites carniolensis DEFLANDRE, 1963 
Prediscosphaera spinosa (BRAMLETTE & MARTINI, 

1964) GARTNER, 1968 
Microrhabdulus attenuatus DEFLANDRE, 1959 
Microrhabdulus decoratus DEFLANDRE, 1959 
Watznaueria barnesae (BLACK, 1959) PERCH-NIEL­

SEN, 1968 
Cyclagelosphaera sp.
Cylindralithus sp.
Chiastozygus litterarius (GORKA, 1957) MANIVIT, 

1971
Cretarhabdus crenulatus BRAMLETTE & MARTINI, 

1964
Eiffelithus turriseiffeli (DEFLANDRE, 1954) REIN­

HARDT, 1966
Cribrosphaerella ehrenbergi (ARKHANGELSKY, 1912) 

DEFLANDRE, 1952
Ahmuellerella octoradiata (GORKA, 1957) REIN­

HARDT, 1966 
Rhagodiscus sp.
Zygodiscus spiralis BRAMLETTE & MARTINI, 1964 
Rucinolithus ? sp.

This assemblage can be compared with the recently de­
scribed M o o s g r a b e n  material from the Ultrahelvetic 
of Bavaria, German Federal Republic. Here, nannofossils, 
forams and belemnites co-occur. Nannoplankton, studied 
by CEPEK (1983, p. 637—652) indicate the Arkhangels­
kiella cymbiformis Zone sensu auctorum; Zones 24 and 
25 a, b of SISSINGH (1977).

Note, however, that Lithraphidites quadratus is absent 
in the Moosgraben flora. The forams (HAGN & HERM, 
loc. cit., p. 613—635) indicate the gagnebinii Subzone of 
the falsostuarti Zone, that is to say the lower part of the 
upper Lower Maastrichtian, while the belemnites (SCHULZ

& SCHMID, 1. c., p. 653—661) indicate the lower to midd­
le sumensis Zone: again, lower part of the upper Lower 
Maastrichtian.

The presence of L. quadratus in the Neuberg flora sug­
gests an age younger than the Moosgraben; upper part of 
CC Zone 25 b (PERCH-NIELSEN, 1985). The absence of 
Micula murus, indicative of Zone 25 c elsewhere allows us 
to state that, in terms of belemnite stratigraphy, the Neu- 
berg flora and fauna is middle sumensis Zone and younger, 
but possibly not younger than upper sumensis Zone. In 
terms of planktonic foram zones this is the Globotruncana 
vansseri Zone in the sense of BELLIER et al., 1983 (p. 
6 0 9 -6 1 1 ).

L. quadratus appears low in the Maastrichtian in north­
ern Aquitaine, associated with Sphenodiscus ubaghsi DE 
GROSSOUVRE, 1984, Nostoceras (Nostoceras) hyatti 
STEPHENSON, 1941 and Baculites leopoliensis NOWAK, 
1908 (KENNEDY in preparation) around Maurens (NEU­
MANN et al. 1984; NEUMANN & ROBASZYNSKI 1985). 
Its appearance in the Upper Maastrichtian junior Zone in 
the Maastricht area (ROBASZYNSKI et al. 1985) is a loc­
alised phenomenon only.
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Explanation of Plates

Plate 1

Figs. 1, 8. Pseudophyllites cf. indra (FORBES, 1846). 
GBA. 1873.01.16. The holotype of Ammonites 
anaspastus REDTENBACHER, 1873, pl. 26, fig. 1. 

Figs. 2, 3, 6. Partschiceras forbesianum (D’ORBIGNY, 
1850). GBA. 1935.III.14.

Figs. 4, 5, 7. Saghalinites wrighti BIRKELUND, 1965. 4, 
5, are NHMW 1977.1924.8 7 is GIG 487.
All specimens are from the Lower Maastrichtian 
of Neuberg, Steiermark, Austria.
All figures are x 1.

Plate 2

Figs. 1, 2. Pachydiscus (Pachydiscus) neubergicus (HAU­
ER, 1858), the holotype of Ammonites chrishna 
(FORBES, 1846) (p. 103, pl. 9, fig. 2) from Pondi­
cherry, southern India, BMNH C51041.

Figs. 3, 4. Anagaudryceras sp. GIUW unregistered, from 
the Lower Maastrichtian of Neuberg, Steiermark, 
Austria.
All figures are x 1.

Plate 3

Figs. 1, 2, 3 .Pachydiscus (Pachydiscus) neubergicus (HAU­
ER, 1858). GBA. 1858.1.6, the lectotype, the origi­
nal of HAUER, 1858, pl. 2, figs. 1—3.

Fig. 4. Saghalinites wrighti BIRKELUND, 1965; NHMW 
1977.1924.8.

Fig. 5. Pseudophyllites cf. indra (FORBES, 1846). GBA. 
1873.01.16. The holotype of Ammonites anaspastus 
REDTENBACHER, 1873, pl. 26, fig. 1.

Fig. 6. Anagaudryceras lueneburgense SCHLÜTER, 
1872). GBA unregistered.
All specimens are from the Lower Maastrichtian 
of Neuberg, Steiermark, Austria.

Plate 4

Figs. 1—5. Pachydiscus (Pachydiscus) neubergicus (HAU­
ER, 1858). 1 is JOAG 6109; 2, 3 NHMW 1852. XXI. 
1881; 4 is PIUW unregistered; 5 is JOAG 6112.
All specimens are from the Lower Maastrichtian of 
Neuberg, Steiermark, Austria.
All figures are x 1.
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Plate 5

Figs. 1 ,4 , 5. Pachydiscus (Pachydiscus) neubergicus (HAU­
ER, 1858). 1 is NHMW 1851.XXI.1880. 4, 5, GIUW 
1875.XXX .1.

Figs. 2, 3. Menuites costatus sp. nov. GIUW 1876.XV.9. 
All specimens are from the Lower Maastrichtian of 
Neuberg, Steiermark, Austria.
All figures are x 1.

Plate 6

Figs. 1, 2, 5. Pachy discus (Pachy discus) neubergicus (HAU­
ER, 1858). 1, 2, GIUW 1876.XV.7.

Figs. 3, 4. Pachydiscus (Pachydiscus) epiplectus REDTEN- 
BACHER, 1873) 3 is the paralectotype GBA 1873/ 
01.24 from Griinbach, Lower Austria. The original 
of REDTENBACHER 1873, pi. 28, fig. lc . 4 is 
from the GBA collections.
All specimens with the exception of the original of 
fig. 3 are from the Lower Maastrichtian, Neuberg, 
Steiermark, Austria. 1, 2 are x 1,25; 3, 4, 5 are x 1.

Plate 7

Figs. 1, 2. Pachydiscus (Pachydiscus) epiplectus (RED­
TENBACHER, 1873). The lectotype, GIUW ex 
Vienna High School Collections no. 1868.X .15, the 
original of REDTENBACHER 1873, pi. 28, figs, la, 
lb, from Muthmannsdorf, Lower Austria.
All figures are x 1.

Plate 8

Fig. 1, 2. Pachydiscus (Pachydiscus) epiplectus (REDTEN­
BACHER, 1873). The lectotype, GIUW ex Vienna 
High School Collection no. 1868.X .15, the original 
of REDTENBACHER 1873, pi. 28, figs, la, lb, 
from Muthmannsdorf, Lower Austria.
All figures are x 1.

Plate 9

Pachydiscus (Pachydiscus) epiplectus (REDTENBA­
CHER, 1873) GIUW 1876.XV.8, from the Lower 
Maastrichtian of Neuberg, Steiermark, Austria. 
Slightly reduced; the original is 230 mm in diameter.

Plate 10

Figs. 1—3. Pachydiscus (Pachydiscus) epiplectus (RED­
TENBACHER, 1873). 1, 2, are the inner whorls of 
the lectotype GIUW ex Vienna High School Collec­
tions no. 1868 .X .15, the original of REDTENBA­
CHER, 1873, pi. 28, figs, la, lb, from Muthmanns­
dorf, Lower Austria. 3 is the venter of GIUW. 1876. 
XV.8 , from the Lower Maastrichtian of Neuberg,

Steiermark, Austria (see also Pi. 9).
Figs. 1, 2 are x 1; Fig. 3 is slightly reduced.

Plate 11

Figs. 1—4. Pachydiscus (Pachydiscus) epiplectus RED­
TENBACHER, 1873. 1—3 are paralectotype GBA 
1873.01.24 from Griinbach, Lower Austria, the 
original of REDTENBACHER 1873, pi. 28, fig. lc. 
4 is the apertural view of GIUW 1876.XV .8, from 
the Lower Maastrichtian on Neuberg, Steiermark, 
Austria (see also Pi. 9).
Figs. 1—3 are x 1; 4 is slightly reduced.

Plate 12

Pachydiscus (Pachydiscus) epiplectus (REDTEN­
BACHER, 1873) GBA „Typensammlung Hauer“ 
from Neuberg, Steiermark, Austria.
Reduced x 0.98.

Plate 13

Pachydiscus (Pachydiscus) epiplectus (REDTEN­
BACHER, 1873) GBA from Neuberg, Steiermark, 
Austria. The outer whorls of this specimen are 
shown in Pi. 12.
All figures are natural size.

Plate 14

Figs. 1 - 5 ,  9 - 1 4 . Eubaculites lyelli (D’ORBIGNY, 1847). 
1, 14 are NHMW 1935.III.19; 2 - 5  are NHMW 
1953.3. 19a; 9 is GBA 1873.01.39a; 10 is GBA 
1873.01.39b; 11 is NHMW 1935.III.20; 12, 13 are 
NHMW 1935.III.18.

Figs. 6 - 8 .Eubaculites sp. NHMW.1977.1924.5. 1 - 8 ,  1 1 -  
14 are from the Lower Maastrichtian of Neuberg, 
Steiermark, Austria. 9, 10 are from Gadenweit 
next Sieding, Lower Austria.
All figures are x 1.

Plate 15

Figs. 1, 2, 5. Diplomoceras cylindraceum (DEFRANCE, 
1816). GBA 1858.01.1 the original of HAUER, 
1858, pl. 1, figs. 4, 5.

Figs. 3, 6 .Partsckicerasforbesianum (D’ORBIGNY, 1841), 
JO AG 60.

Fig. 4. Anagaudryceras lueneburgense (SCHLÜTER, 
1872). JOAG 55.514.

Figs. 7, 8 . Pachydiscus (Pachydiscus) neubergicus (HAU­
ER, 1858). G BA.1935.01.39.
All specimens are from the Lower Maastrichtian of 
Neuberg, Steiermark, Austria.
All figures are natural size.
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Plate 16

Figs. 1—5, 8—10, 13. Hoploscaphites constrictus (J. SO- 
WERBY, 1817). 1, 2, GBA 1858.01.2b, a macro­
conch, a paralectotype of Scaphites multinodosus 
HAUER, 1858; 3, 4, 5, GBA 1858.01.2a, a macro­
conch, the lectotype of S. multinodosus HAUER, 
1858, pi. 1, figs. 7, 8 ; 8 , 9, GBA 1858.01.2 c, a 
microconch, a paralectotype of S. multinodosus; 
10, GIG 166.G.S., a macroconch; 13 GBA 1858. 
0 1 .2 d, a microchonch.

Figs. 6 , 7, 11, 12. Hoploscaphites ? sp. 6 , 7, NHMW 
1977.1924.9; 11, 12, NHMW unregistered.

Figs. 14, 15. Diplomoceras cylindraceum (DEFRANCE, 
1816). GBA unregistered.

Fig. 16. Pachydiscus (Pachydiscus) neubergicus (HAUER, 
1858)? PIUW.1991.1698. All specimens are from 
the Lower Maastrichtian of Neuberg, Steiermark, 
Austria.
All figures are x 1 except figs. 7, 9 and 13, which 
are x 2 .
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