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RESTUDY OF SOME LARGER DINOFLAGELLATE CYSTS AND AN ACRITARCH 

FROM THE UPPER CRETACEOUS OF BELGIUM AND GERMANY 1 

by 

Maria LEJEUNE-CARPENTIER 2 & · William A.S. SARJEANT 3 

(12 figures and 6 Plates) 

RESUME.- Cette publication rend compte d'une revision des materiaux typiques de 13 especes de kystes de 
dinoflagelles et d'une espece d'acritarche des silex du Cretace Superieur de Belgique et d' Alleinagne. Les combinai­
sons nouvelles Amphorosphaeridium major (Lejeune-Carpentier), Hystrichokolpoma? crassipes (Reade) et Defemdrea 
damasi (Lejeune-Carpentier) so pt proposees. La sous-espece decrite anterieurement comme Exochosphaeridium 
spinosum var. deflandrei est elevee au rang d'espece sous !'appellation Fibrocysta? deflandrei (Lejeune-Carpentier). 
L'ancienne espec~ Hystrichosphaeridium cruciatum do it etre consideree · comme un acritarche : la combinaison nou­
velle Veryhachium? cruciatum (0. Wetzel) est proposee. Une remise ajour des diagnoses imposait de nombreuses modi­
fications et precisions pour ces 5 especes ainsi que pour les suivantes : Gonyaulacysta wetzeli (Lejeune-Carpentier), 
Gonyaulacysta? obscura (Lejeune-Carpentier) Criboperidinium ventriosum (0. Wetzel), Leptodinium porosum (Le­
jeune-Carpentier), Deflandrea galeata (Lejeune-Carpentier) et Lejeunecysta tricuspis (0. Wetzel). La liste synony­
mique complete est etablie pour Oligosphaeridium complex (White) et Areoligera senonensis Lejeune-Carpentier, 
deux especes dont la distribution stratigraphique et geographique est discutee. Sont egalement envisages les probiemes 
de taxinomie poses par Palaeoperidinium subconicoides. Toutes les especes citees ont ete photographiees et leurs 
photos, reproduites ici, le sont en general pour la premiere fois. Des dessins dans le texte illustrent les nouvelles inter­
pretations ; ils ont ete pour la plupart executes sur les dessins originaux du premier auteur. 

ABSTRACT.- An account is presented of a restudy of type material of 13 species of dinoflagellate cysts- and one 
species of acritarch from Upper Cretaceous flints of Belgium and Germany. The new combinations Amphorosphaeri­
dium major (Lejeune-Carpentier), Hystrichokolpoma? crassipes (Reade) and Deflandrea damasii (Lejeune-Carpentier) 
are proposed. The former Exochosphaeridium spinosum var. deflandrei is elevated to specific status, as Fibrocysta? 
deflandrei (Lejeune-Carpentier). The former Hystrichosphaeridium cruciatum is shown to be an acritarch ; the new 
combination Veryhachium? cruciatum (0. Wetzel) is proposed. Emended diagnoses are presented for these five species 
and for the following : Gonyaulacysta wetzeli (Lejeune-Carpentier), Gonyaulacysta? obscura (Lejeune-Carpentier), 
Cribroperidinium ventriosum (0. Wetzel), Leptodinium porosum (Lejeune-Carpentier), Deflandrea galeata (Lejeune­
Carpentier) and Lejeunecysta tricuspis (0. Wetzel). Full synonymies are presented for the species Oligosphaeridium 
complex (White) and Areoligera senonensis Lejeune-Carpentier ; their stratigraphical and geographical distribution is 
discussed. The taxonomic problems presented by Palaeoperidinium? subconicoides are considered. Photographs of all 
species are presented, in most cases for the first time ; and interpretative drawings, most of them redrawn versions of 
the first author's original figures, supplement the text. 

Around 1836, the great German microscopist 
Christian Gottfried Ehrenberg first observed micro­
fossils enclosed within the translucent to transparent 
interiors of flakes of chert and flint. Among these were 
structures of two principal types. One group he imme­
diately recognised as dinoflagellates ; though, as we 
now know, these were not fossilized motile forms, as 
Ehrenberg thought, but cysts. The others were spiny 
bodies which he misinterpreted as being zygospores 

of desmids and placed into the living genus Xhfl,nthi­
dium ; these also, as we n.ow know, largely comprise 

1 Quatorzieme note de la serie "L 'etude microscopique des 
silex ". Ma nu scrit depose le 30 novembre 1980. 

2 Conservateur honoraire d l'Universite de Liege. Lab. de 
Paleontologie animale, 7, place du XX Aout, ·4000 Liege, 
Belgium. 

3 Professor of Geological Sciences, University of Saskatchewan, 
Saskatoon, Canada, S7N OWO. 
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dinoflagellate cysts, though a few remain of problema­
tical affinity and are presently called " acritarchs" . 

The examination of tliese fossils enclosed in 
flakes of silica has continued from that time to this. 
The study flourished briefly in the mid-19th century 
anq then faded, to be reactivated and brought to a 
fuller fruition in. this century by four microscopists 
in particular ; Walter and Otto Wetzel, Georges De­
flandre and the first author. Since that time the use of 
chemical techniques to extract the microfossils from 
enclosing sediments, initiated by Alfred Eisenack and 
others, has largely supplanted their examination in situ 
in silica ; but the latter method is still intermittently 
employed, e.g. by Foucher (1971, 1974). Moreover, 
some microfossils observed in flints (e.g. Raphzdodi­
nium fucatum Deflandre, 1936) have not yet been 
reported from chemically concentrated assemblages 
and may actually be destroyed by the reactions involved 
in the production of such concentrates. 

Between 1937 and 1951, the first author reported 
the results of her researches, first, on the classic type 
materi~l of Ehrenberg and later, on new material from 
the Chalk flints of Belgium and Germany, in papers 
mostly presented to the Societe Geologique de Belgique 
and published in its Bulletins as a series ·of numbered 
notes under the collective title "L'etude microscopique 
des silex" . Since that time, the morphological approach 
to the description of dinoflagellates has changed ; a 
redescription of the species recorded and illustrated in 
those notes has thus become necessary. This was un­
dertaken jointly by the writers during a visit to Liege 
by the second author in November, 1979 (1). The 
results will be presented in two papers, of which this is 
the first. 

To facilitate comparison with the earlier notes, 
the original drawings are here presented in modified 
form wherever necessary, and surfaces not originally 
illustrated are figured using the same conventions of 
lettering and shading. Other than the recognition of 
the archaeopyle in several specimens, it will be seen 
that the new observations are essentially confined to 
details not perceptible under the microscope initially 
used. In view of the vast advances in microscopic 
equipment that have taken place in the last thirty 
years, the original observations are shown to be of 
remarkable accuracy. 

Class Dinophyceae Pascher 
Order Peridiniales Schlitt 

Suborder Gonyaulacystineae Norris, 197 8 

Family GONYAULACYSTACEAE Sarjeant and Downie, 
1966, emend. Sarjeant and Downie, 1974. 

Note: 

Because of difficulties encountered in employing 
the classification of acavate to bicavate cysts with 
a single-plate precingular archaeopyle proposed by 
Stover and Evitt (1978), the genus Gonyaulacysta 
is used in the wider sense in which it was employed 
before their studies and the generic name Millioudo­
dinium is not utilised. A full study of this taxonomic 
problem is in preparation by the second author. 

Genus Gonyaulacysta Deflandre, 1964, ex Norris 
and Sarjeant, 1965, emend. Sarjeant, in 

Davey et al., 1969 

Gonyaulacysta wetzeli (Lejeune-Carpentier, 1939) 
Sarjeant in Davey et al., 1969, emend. 

Plate 1 : 1-2 ; Plate 5 : 5-6 ; Text-fig. 1 

1939 Gonyaulax wetzeli Lejeune-Carpentier, p. B526-
B529, figs. 1-2. 

1946 G. wetzeli Lej.-Carp., emend. Lejeune-Carpen­
tier, p. Bl 89-190, fig. 1. 

?1952 G. wetzeli Lej.-Carp. W. Wetzel, p. 408, fig. 28. 

1955 G. wetzeli Lej.-Carp. Deflandre and Cookson, 
p. 255,pl.1.fig. 3. 

1964 G. wetzeli Lej.-Carp. Eisenack and Klement, 
p. 413-414. 

1964 G. wetzeli Lej.-Carp. Downie and Sarjeant, 
p.116. 

1966 Gonyaulacysta wetzeli (Lej .-Carp.) Sarjeant, 
p. 131, nomen nudum. 

l 967a G. wetzeli (Lej .- Carp.) Sarjeant, tab. II p. 
328), nomen nudum. 

1969 G. wetzeli (Lej.-Carp.) Sarjeant in Davey et 
al., p. 11. 

1973 G. wetzeli (Lej.-Carp.) Lentin and Williams, 
p. 64. 

( 1) Mme Lejeune-Carpentier apprecie infiniment la bienveillance 
du Prof W.A.S. Sarjeant qui a pratiquement assume tout le 
travail publie ici et a neanmoins voulu la placer comme pre­
mier auteur. Elle tient aussi a rendre hommage a cet emi­
nent specialiste dont elle a pu admirer !'immense talent, 
la rare erudition et /'extreme affabilite. 
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Figure~- .... Gonyaulacysta wetzeli (Lejeune-:.Carpentier, 1939 ), emend. The paratype ; left, in ventral view and right, 
in dorsal view. The position of the archaeopyle is shaded. 

1975 G. wetieli (Lej.-Carp.) Harker and Sarjeant, 
chart 8. 

1977 G. wetzelii (Lej .-Carp.) Len tin and Williams, 
p. 70. 

1978 "G ". wetzelii (Lej.-Carp.) Stover and Evitt, 
p. 159. 

Emended Diagnosis 

Cyst rounded-polyhedral ; length slightly greater 
than breadth. The flanks of the epitract, as seen in 
ambit al view, are flat to slightly concave ; those of 
the hypotract are convex. Apex surmounted by a strong 
apfoal horn of moderate length. Boundaries of para­
plates, cingulum and sulcus are marked by raised crests 
of moderate height and simple, unornamented structure. 
Tabulation 4', Oa, 6", 6c, 6"', 1 p, lpv, 1 '"', 6s. Phrag­
ma finely and irregularly punctate, the punctations so­
metimes forming irregular lines. Cingulum deeply 
hollowed and markedly laevorotatory ; sulcus short, 
broad. and divided into small paraplates, exhibiting 
clear flagellar marks. Paraplate 3" is lost in archae­
pyle formation. 

Ho lo type 

Specimen 495 (ex : 0. Wetzel Collection) ; 
lodged in the collections . of the Laboratoire de Pa­
leontologie, Universite de Liege, Belgium and figured 
by Lejeune-Carpentier, 1939, figs. 1-2, and herein, 
Plate 5 : 5-6. 

Para type 

Specimen 335 (ex : 0. Wetzel Collection), same 
lodgement : figured by Lejeune-Carpentier, 1946, 
fig. 1 and herein, Plate 1 : 1-2 and Text-fig. 1. 

Description and Dimensions 

See Lejeune-Carpentier (1939, pp. B526-B529, 
and 1946, pp. Bl89-Bl90) for details. 

Type Horizon and Locality 

Upper Cretaceous flints in glacial drift, Eutin, 
Germany (FRG). 

Remarks 

The diagnosis is emended to clarify the cingular 
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paratabulation and to indicate the nature of the archaeo­
pyle. The apical horn of the holotype is present but 
distorted (see Pl. 5 : 5-6), causing problems in its in­
terpretation. The new observations are thus based essen­
tially on the paratype, which is better preserved and pre­
sented. However, the same features (and, in particular, 
the same type of archaeopyle) are developed on both. 
It should be noted that the absence of paraplate 3" 
was recognised from the outset (see Lejeune-Carpen­
tier, 1946, p. B189) but the significance of this observ­
ation was not originally appreciated. 

Gonyaulacysta? obscura (Lejeune-Carpentier, 1946) 
Sarjeant in Davey et al., 1969, emend. 

Plate 2 : 3-5 ; Text. fig. 2 

l 936a Palaeoperi.dinium ventriosum (O. Wetzel). De­
flandre, p. 58, fig. 100. 

1936b P. ventriosum (0. Wetzel). Deflandre, p. 175-
176, pl. 5: 1-4. 

1946 Gonyaulax obscura Lejeune-Carpentier, p. B191-
192, figs 3-5. 

1964 G. obscura Lej .-Carp. Downie and Sarjeant, 
p.115. 

1964 G. obscura Lej.-Carp. Eisenack and Klement, 
p.' 387-388. 

1966 Gonyaulacysta obscura (Lej.-Carp.) Sarjeant, 
p. 131, nomen nudum. 

1967a G. obscura (Lej.-Carp.) Sarjeant, tab. I (p. 
327), nomen nudum. 

1969 G. obscura (Lej.-Carp.) Sarjeant in Davey et al., 
p.10. 

1973 G. obscura (Lej .-Carp.) Lentin and Williams, 
p. 63. 

1975 G. obscura (Lej.-Carp.) Harker and Sarjeant, 
chart 8. 

1977 G. obscura (Lej .-Carp.) Lentin and Williams, 
p. 68. 

1978 G.? obscura (Lej .-Carp.) Stover and Evitt, 
p. 158. 

Emended Diagnosis 

Cyst rounded-polyhedral, somewhat compressed 
dorsoventrally, with length markedly greater than 
breadth. Apical horn strong and acute, of moderate 
length. Epitract somewhat larger and more angular 
in outline than hypotract ; phragma thick and coarse-

Figure 2. . 
Gonyaulacysta? o bscura (Lejeune-Carpentier, 1946 ), 
emend. The paratype, in slightly oblique ventral view. 

ly granular or punctate to reticulate. Strongly developed 
crests of moderate height, similarly ornamented, outline 
the paratabulation 4', Oa, 6-?7", ?7c, 6'", lp, 1"". 
Cingulum broad, shallow, strongly laevorotatory, and 
subdivided by low crests into paraplates ; it exhibits 
the same ornamentation as the bulk of the cyst surface. 
Sulcus somewhat sigmoidal, relatively narrow, lacking 
obvious divisions and partially or entirely lacking orna­
mentation. A small paraplate of roughly the shape of 
a right-angled triangle abuts against paraplate 6" and the 
cingulum ; it may be regarded either as a sulcal para­
plate or as a possible seventh precingular. 

Holotype 

Specimen CXII-420, lodged in the collections of 
the Laboratoire de Paleontologie, Universite de Liege, 
Belgium ; figured by Lejeune-Carpentier, 1946, figs. 
3-4 and herein, plate 2 : 3-4, text-fig. 2. 

Para type 

Specimen CXV-2 ; same lodgement ; figured by 
Lejeune-Carpentier, 1946, fig. 5 and herein, plate 2 : 5. 

Type Horizon and Locality 
Flints from Craie de Spiennes (Upper Cretaceous), 

quarry of Mortiau, Cuesmes, Belgium. 



RESTUDY OF SOME LARGER DINOFLAGELLATE CYSTS AND AN ACRITARCH FROM THE UPPER CRETACEOUS 5 

Description and Dimensions 

See Lejeune-Carpentier (1946, p. B191-B192) 
for details. 

Remarks 

This species is distinguished by its thick phragma 
and dense ornament, which serve to obscure from ca­
sual view the crests, prominent though they in fact 
are. Its diagnosis is emended to include reference to 
the number of apical paraplates, the division into para­
plates of the cingulum and the peculiar small "seventh 
precingular,, paraplate. The holotype lacks all indica­
tion of an archaeopyle : and, though a precingular 
single-plate archaepyle, formed apparently by loss 
of paraplate 3", appears to be present in the paratype, 
the orientation of this specimen and its depth of burial 
in the flint preclude any certainty of recognition. 
For this reason, the generic assignation of this species 
must remain a matter for question. 

Note 

Genus Cribroperidinium Neale and Sarjeant, 
1962, emend. Davey, 1969 

The " Modified description" of Stover and Evitt 
(1968, p. 149) is not here considered to constitute, by 
intent or in practice, an emendation of the generic 
diagnosis. 

Cribroperidinium ventriosum (0. Wetzel, 1933) Sarjeant, 
l 967b, emend. 

Plate 1 : 3-4; Text-fig. 3 

1933 Peridinium ventriosum 0. Wetzel, p. 180, pl. 2 : 
4-6, text-fig. 8. 

1935 Palaeoperidinium ventriosum (0. We.) Deflandre, 
p. 228, pl. 5 : 5 ; Pl. 6 : 9-10. 

1936a P. ventriosum (0. We.) Deflandre, p. 57, fig. 100. 

1936b P. ventriosum (0. We.) Deflandre, p. 175-176, 
Pl. 5 : 4. 

1940 P. ventriosum (0. We.) 0. Wetzel, p. 135, pl. 4: 
4. 

1946 P. ventriosum (0. We.) Lejeune-Carpentier, 
p.Bl90-Bl91,fig.2. 

1964 P. ventriosum (0. We.) Downie and Sarjeant, 
p. 115. 

1964 P. ventriosum (0. We.) Eisenack and Klement, 
p. 681-682. 

1967a Cribroperidinium? ventriosum (0. We.) Sar­
jeant, tab. I (p. 327), nomen nudum. 

1967b C. ventriosum (0. We.) Sarjeant, p. 256-257. 

1973 C. ventriosum (0. We.) Lentin and Williams, 
p. 35. 

1975 c. ventriosum (0. We.) Harker and Sarjeant, 
chart 8. 

1977 c. ventriosum (0. We.) Lentin and Williams, 
p. 35. 

1978 C. ventriosum (0. We.) Stover and Evitt, p. 
150. 

Emended Diagnosis 

Cyst rounded-pentagonal, almost as broad as 
long, with a short but strong, truncate apical horn. 
Epitract and hypotract of almost equal size ; epitract 
(as seen in lateral view) in the form of a truncated cone, 
hypotract more rounded. Low but well-marked crests, 
unornamented but distally irregular in form, outline the 
following paratabulation : 2pr, 4', Oa, 6", 7c, 6"', lp, 
2-?3 "". Cingulum narrow, relatively weakly laevoro­
tatory, divided by low ridges into paraplates ; sulcus 
narrow, without or only with weakly defined divisions. 
Surface of phragma irregularly granulate or punctate ; 
the precingular and postcingular paraplates are typically 
subdivided by accessory crests, which may constitute a 
penitabular simulation of the enclosing paraplate's shape 
or may be mere isolated ridges. Archaeopyle precingu­
lar, formed by loss of paraplate 3". 

Holotype 

Specimen 680 (ex : 0. Wetzel Collection) ; lodged 
in the collections of the Laboratoire de Paleontologie, 
Universite de Liege, Be]gium. Figured by 0. Wetzel 
(1933, pl. 2 : 4), Lejeune-Carpentier (1946, fig. 2) and 
herein, pl. 1 : 3-4, text-fig. 3. 

Other Specimens 

Specimens 113 and 646, 0. Wetzel Collection, 
Geologisches Institut der Universitat, Kiel, Germany : 
and Ehrenberg Collection, flint XXVI no 131, Alexander 
von Humboldt Universitat, Berlin, Germany (DDR). 

Type Horizon and Locality 

Upper Cretaceous flints in glacial drift, Eutin, 
Germany (FRG). 

Description 

The apical horn is broad based, narrows abruptly 
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Figu,re 3.- Cribroperidinium ventriosum (O. Wetzel, 1933), emend. The holotype ; left, in left lateral view and 
right, in right lateral view. 

at about two-thirds length and is blunt-tipped. The 
flattened tip is occupied by preapical paraplate lpr, 
the incurved dorsal portion of the horn by preapical 
paraplate 2pr, which separates para plate 3' from the 
horn tip. Paraplate 1' is elongate, occupying the ven­
tral face of the horn and the anterior prolongation of 
the sulcus : the two lateral flanks of apex and horn 
are occupied by paraplates 2' and 4'. 

Six large precingular paraplates are developed ; 
the boundary between 5" and 6" is, however, incom­
pletely marked in the holotype. Para plate 3", largest 
of the precingulars, is lost in archaeopyle formation. 

The cingulum is narrow and weakly laevorotatory, 
its. two ends differing in anteroposterior position by its 
width or less. The first and seventh cingular paraplates 
are smaller than the others, which are of relatively 
constant size and shape. 

Postcingular paraplate 1"' is small and divided 
from the antapex by a somewhat larger posterior inter­
calary paraplate. The other paraplates of the postcin-

gular series are all quite large. Both pre- and postcingu­
lar paraplates are in varying degree subdivided by ac­
cessory ridges, giving the impression of "plates within 
plates,, so characteristic of this genus. 

Davey, in his revision of Cribroperidinium (1969) 
specified "O'"' (-?2'"'),, at the antapex ; Stover and 
Evitt (1978) however considered a single antapica'i 
para plate to be developed. We must concur with Davey's 
judgement or differ from that of Stover and Evitt, for at 
least two, possibly three, small antapical paraplates are 
present in this species. 

Dimensions 

See Lejeune-Carpentier (1946, p. B191). 

Remarks 

Re-examination of the type material demonstrates 
that the earlier reassignment of this species to Cribro­
peridinium by one of us (Sarjeant, l 967b) was indeed 
correct. The diagnosis is emended to include a full 
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specification of the paratabulation and statement of the 
style of archaeopyle ; noteworthy is the presence of two 
preapical paraplates, a feature several times noted in 

I . 

species of Gonyaulacysta but not hitherto recognised 
in Cribroperidinium. 

-Genus Leptodinium Klement, 1960, emend. 
Stover and Evitt, 197 8 

Leptodinium porosum (Lejeune-Carpentie!, 1946), 
Sarjeant in Davey et al., 1969, emend. 

Plate 3 : 1-2. Text-fig. 4. 

1946 Gonyaulax porosa Lejeune-Carpentier, p. B193, 
B 196, fig. 6. 

1964 G. porosa Lej.-Carp. Downje and Sarjeant, 
p.115. 

1964 G. porosa Lej.-Carp. Eisenack and Klement, 
p.399-400. 

1966 ?Gonyaulacysta porosa (Lej.:.Carp.) Sarjeant, 
p. 132, nomen nudum. 

.1967a G. porosa (Lej.-Carp.) Sarje~nj tab. I, nomen 
nudum. 

1969 Leptodinium porosum (Lej.-Carp.) 
in Davey et al., p. 13. 

Sarjeant 

1973 L. porosum (Lej .-Carp.) Lentin and Williams, 
p.88. 

1977 L. porosum (Lej .-Carp.) Lentin and Williams, 
p.99. 

1978 "L ". porosum (Lej .-Carp.) Stover and Evitt, 
p. 171. 

Emended diagnosis 

Cyst spheroidal to slightly sub polygonal in shape, 
without horns. Epitract and hypotract are of almost 
equal size and similar shape. Strong, short crests, 
striate or perforate and with undulose distal margins, 
demarcate the paraplates, those bounding the cingulum 
being especially prominent (though the cingulum itself 
is not much inset). Ventral region slightly sunken and 
sulcus narrow, especially in its hypotractal portion 
where it may be obscured from view by convergence 
of the crests on its boundaries. Paratabulation 4', 6'', 
?6c, 6"', lp, l "", ?s: paraplate 1 "' small and elongate, 
it and the much larger para plate 2 "' being separated 
from the antapex by the. large, subpentagonal posterior 
intercalary paraplate. Apical paraplate 4' is somewhat 
less long, and much broader, than the adjacent 1'. 
Phragma ornamented generally by large pustules and a 
finer granulation or punctation ; only the latter oma-

Figure 4.- Leptodinium porosum (Lejeune-Carpentier, 1946), emend. The holotype: left, in slightly tilted ventral 
view and right, in slightly tilted dorsal view. 
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ment, however, is developed on the surfaces of cingulum 
and sulcus. 

Holotype 

Specimen XIX-85, collections of the Laboratoire 
de Paleontologie, Universite de Liege, Belgium ; figured 
by Lejeune-Carpentier (1946, fig. 6) and herein, pl. 3 : 
1-2, text-fig. 4. 

Type Horizon and Locality 

Flint filling the cavity of an echinoid test (Echi­
nocorys ), Upper Cretaceous (Upper Senonian), Hallem­
baye, Belgium (= Formatie van Gulpen, of Felder, 
1975). 

Description 

Though the crests on this unique and distinctive 
specimen are quite prominent, they are masked by the 
undulose lines formed by adjacent pustules seen in pro­
file. The posterior portion of the sulcus is masked also, 
by converging crests ; its central and wider portion, 
somewhat sunken, shows flagellar marks and may be 
subdivided into small sulcal para platelets. The sulcus 
scarcely extends onto the epitract, its anterior prolonga­
tion being occupied by the large apical paraplate 1 '. The 
four apicals converge at the exact apex. Paraplates 2' 
and 3' are polygonal and of comparable size and shape' 
4' somewhat larger, precingular paraplate 6" being 
concomitantly reduced. Paraplate 1" is also small and 
almost quadrate, its boundary with the sulcus poorly 
defined. The four remaining precingulars are all much 
larger. A small intercalary paraplate appears to be 
present at the junction of paraplates 3', 4', and 4", 
but its presence cannot be affirmed with complete 
confidence. 

Paraplate 1"' occupies a narrow strip bulging out 
a little into the sulcus ; 2"' is much larger and of qua­
drate shape. 6"' is larger than either of these paraplates 
but somewhat smaller than the three other postcingu­
lars. The posterior intercalary paraplate (lp) is unusual­
ly large, the antapical (1 '"') almost exactly hexagonal 
and of moderate size. 

Dimensions 

Holotype : length (in oblique view) 65 µm, 
maximum breadth 67 µm. 

Remarks 

The single specimen for which this species was 
erected remains the only one yet reported. It shows 

no indication of an archaeopyle and, in view of the 
pores penetrating the pustules in the wall, resembles 
living motile dinoflagellates so markedly that the pos­
sibility of its being a freak inclusion into flint of a motile 
form cannot be excluded. However, in all other instan­
ces, the dinoflagellates preserved in flints can be shown 
to be cysts and, if for no better reason, we consider it 
most likely that this also is a cyst. Since, in all features 
save the absence of an archaeopyle, this species accords 
with the generic diagnosis of Leptodinium, it is assigned 
to that genus with fair confidence. However, the disco­
very of future specimens must be awaited before the 
nature of this species can be finally decided. 

The specific diagnosis is emended to include 
reference to the apical paraplates and to specify more 
exactly the shape of the ventral hypotractal paraplates. 

Suborder Hystrichosphaeridiineae Norris, 1978 

Family HYSTRICHOSPHAERIDIACEAE Evitt, 1963, 
emend. Sarjeant and Downie, 197 4 

Genus Oligosphaeridium Davey and Williams, 1966 
Oligosphaeridium complex (White, 1842) Davey and 

Williams, 1966 

Plate 4 : 1--2 ; Text-fig. 5 

1842 Xanthidium tubiferum complex White, p. 39, 
pl. 4 div. 3: 11. 

1844 X. tubiferum complex White, p. 83, pl. 8 : 10, 
2 unnum. text-figs. 

1848 Xanthidium complexum (White). Bronn, p. 
1375. 

1860 Sporangium of Desmidiacea. Griffith and 
Henfrey, pl. 19 : 25 . 

1940 Hystrichosphaeridium elegantulum Lejeune-Car­
pentier, p. B222, figs.11-12. 

1946 Hystrichosphaeridium complex (White). De­
flandre, p. 111. 

1952 H. complex (White). Firtion, p. 156, pl. 9 : 
2, 4, 5; text-figs. lA-F. 

?1952 Hystrichosphaeridium cf. elegantulum Lejeune­
Carpentier. W. Wetzel, p. 399, fig. 12. 

?1953 Hystrichosphaeridium cf. tubiferum (Ehrenberg). 
Cookson, pl. 2 : 24. 

1955 Hystrichosphaeridium complex (White). Deflan­
dre and Cookson, p. 270, pl. 1 : 9-10. 
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?1955 H. cf. complex (White). W. Wetzel, p. 38, fig. 
12. 

?1958 H. complex (White). Cookson and Eisenack, 
p. 42, pl. 12 : 10. 

1958 H. complex (White). Eisenack, p. 400, pl. 26 : 
3-5,16? 

1959 H. complex (White). Gocht, p. 66, pl. 3 : 2-3, 
pl. 7 : 5-6. 

1961 H. complex (White). Cookson and Eisenack, 
p. 73. 

? 1962 Hystrichosphaeridium tubiferum (Ehrenberg). 
Pocock, p. 83, pl. 15 : 230. 

1962 Hystrichosphaeridium complex (White). Va­
chey and Jardine, p. 103. 

?1963 Hystrichosphaeridium tubiferum (Ehrenberg). 
Balte~, p. 586, pl. 2 : 1-3, 5-6. 

1964 Hystrichosphaeridium complex (White). Cook­
son and Hughes, p. 46-47, pl. 9 : 6. 

1964 H. complex (White). Vavrdova, p. 93. 

1964 H. complex (White). Serpagli, p. 99-100, pl. 
18 : 8. 

?1964 H. complex (White). Varma and Dangwal, 
pl. 2 : 2-3. 

1964 H. complex (White). Downie and Sarjeant, 
p.120. 

1965 H. complex (White). Balte~, p. 14, figs. 109-
111. 

1966 Oligosphaeridium complex (White). Davey and 
Williams, p. 71-74, pl. 7 : 1-2, pl. 10 : 3, text­
fig. 14. 

1967 Hystrichosphaeridium complex (White). Drugg. 
p. 26, pl. 4 : 14. 

1967 H. complex (White). Clarke and Verdier, p. 
53-54, pl. 11 : 10-11. 

1967a H. complex (White). Millioud, p. 68. 

1967b H. complex (White). Millioud, fig. 2. 

1967a Oligosphaeridium complex (White). Sarjeant, 
tab. 6 (p. 332). 

1969 0. complex (White). Davey, p. 146-147, pl. 5 : 
6-7. 

1969 0. complex (White). Millioud, p. 431. · 

1970 Hystrichosp/1.aeridium complex (White). De­
flandre and Cookson, p. 28, pl. 1 : 9-10. 

?1970 Oligosphaeridium cephalum Sah, Kar and Singh, 
p.147,pl. 2: 22-23, pl. 4: 5-7. 

1970 Oligosphaeridium complex (White). Verdier, 
p.10. 

1971 0. complex (White). Davey and Verdier, p. 26. 

1971a 0. complex (White). Foucher, p. 7, pl. 2 : 7. 

197lb 0. complex (White). Foucher, p. 102, pl. 8 : 
8-10. 

1971 0. complex (White). Singh, p. 333-3~4, pl. 
53 : 4-6, text-fig. 54, tab. 3. 

1972 0. complex (White). Corradini, p. 140-141, 
pl. 20: 4-5. 

1973 0. complex (White). Lentin and Williams, p. 79. 

1973 0. complex (White). Kjellstr6m, p. 37-38, 
fig. 30. 

1974 0. complex (White). Foucher,p. 27. 

1974 0. complex (White) .. Gruas-Cavagnetto, p. 87. 

1975 0. complex (White). Foucher, p. 15, pl. 4 : 
8-11. 

1975 0. complex (White). Playford, Haig and Dett­
mann, p. 354. 

197 5 0. complex (White). Verdier, fig. 45. 

1975 0. complex (White). Williams and Brideaux, 
pl. 19 : 9' pl. 21 : 2 . 

1975 0. complex (White). Brideaux and Mcintyre, 
p. 28,pl. 8: 2. 

1975 0. complex (White). Jain and Millepied, p. 134, 
143, 163. 

1975 0. complex (White). Harker and Sarjeant, 
charts 5, 12, 22. 

1976 0. complex (White). Gruas-Cavagnetto, p. 45. 

1976 0. complex (White). Brideaux and Myhr, fig. 
43.3. 

1976 0. complex (White). Wilson, p. 128. 

1977 0. complex (White). Foucher and Robaszynski, 
p.9. 

1977 0. complex (White). Lentin and Williams, p. 
113. 

?1977 0. aff. complex (White). Boltenhagen, p. 45-
46, pl. 4: 7. 

1978 0. complex (White). Davey, p. 892, pl. 5 : 13, 
fig. 3. 

? 0. cf. complex (White). Davey, p. 892, pl. 5 : 
10. 

1978 O:complex (White). Habib, fig. 3. 

1979 0. complex (White). Fauconnier,p. 18. 
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1979 0. complex (White). Barss, Bujak and Williams, 
p.29,39,76. 

1979 0. complex (White). Davey, fig. 1. 

1980 0. complex (White). Burger, p. 78, pl. 30 : 
1-3. 

? 0. cf. complex. (White). Burger, pl. 30 : 2. 

1980 0. complex (White). May, p. 59-60, pl. 7 : 
1-3, charts 1-11. 

1980 0. complex (White). Antonescu and Avram, 
pl. 12 : 1, 3; tab . 2. 

1"" 

Figure 5. 
Oligosphaeridiuni complex (White). Specimen CVIII-4 
(formerly the holotype of Hystrichosphaeridium ele­
gantulum Lejeune-Carpentier) ; in oblique apical view. 
(The detached archaeopyle, seen at upper left, does 

not belong to this specimen I). 

Remarks 

Our restudy of the holotype of Hystrichosphae­
ridium elegantulum Lejeune-Carpentier, 1940, shows 
an apical archaeopyle to be developed and confirms 
the reassignation of this species to Oligosphaeridium. 
The branching of the process extremities is somewhat 
more elaborate than in the neotype, and other speci­
mens, of Oligosphaeridium complex illustrated by Davey 
and Williams (1966). However, the differences are too 
slight to warrant the maintenance of a differentiation 
at species level ; and, indeed, the many other published 
illustrations of this species show it to be exceptionally 
variable in the detail of process tip morphology. The 

treatment of elegantulum as a junior synonym of com­
plex, originally proposed by Deflandre (1946), is thus 
confirmed by our observations. 

This species is one of the most widely distributed 
and frequently reported of fossil dinoflagellate cysts, 
having been observed not only in France, Belgium, 
Germany and Britain, but also in Switzerland (Millioud, 
1967a and b ), Italy (Serpagli, 1964), Czechoslovakia 
(Vavrdova, 1964), Roumania (Balte§, 1965), Sweden 
(Kjellstrom, 1973), offshore western Atlantic sediments 
(Habib, 1978 ; Barss et al., 1979) and assemblages from 
Canada (Singh, 1971, and others), the United States 
(May, 1980), Senegal (Jain and Millepied, 1975), the 
Ivory Coast (Vachey and Jardine, 1962), questionably 
from Gabon (Boltenhagen, 1977) and India (Varma 
and Dangwal, 1964 ; Sah et al., 1970), and even from 
Australia (Playford et al., 1975 and others) and the 
Chatham Islands, near New Zealand (Wilson, 1976). 
Its stratigraphical range is also considerable, from 
Barremian to Paleocene and perhaps higher. 

Genus Hystrichokolpoma Klumpp, 1953, emend. 
Williams and Downie, 1966 

Hystrichokolpoma? crassipes (Reade, 1839). 
comb. nov., emend. 

Plate 3 : 3 ; Text-fig. 6 

1839 Xanthidium crassipes Reade, pl. 9 : 2. 

1941 Hystrichosphaeridium crassipes (Reade). Le­
jeune-Carpentier, p. B79-B80, fig. 9. 

1964 H. crassipes (Reade). Downie and Sarjeant, 
p.120. 

1966 ?Litosphaeridium crassipes ·(Reade). Davey 
and Williams,p. 83,nomen nudum. 

1967a Litosphaeridium? crassipes (Reade). Sarjeant, 
tab. 6, nomen nudum. 

1969 ?Litosphaeridium crassipes (Reade). Davey 
and Williams in Davey eta!., p. 5 .. 

1973 L.? crassipes (Reade). Lentin and Williams, 
p. 89. 

1975 ?L. crassipes (Reade). Harker and Sarjeant, 
chart 12 (p. 245). 

1978 L.? crassipes (Reade). Stover and Evitt, p. 62. 

Emended Diagnosis 

Cyst spheroidal to broadly ovoidal, the apex 
lost in archaeopyle formation. Intratabular processes 
of three types are developed : 
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I. Large processes, broad-based and tapering slightly 
towards their tips, closed proximally but open 
distally. These processes correspond in position 
to precingular, postcingular and antapical para plates. 

2. Smaller, spine-like processes, acuminate or obiate, 
closed or open proximally but consistently closed 
distally. These processes correspond in situation 
to cingulum and sulcus (and possibly to a second 
posterior intercalary plate). 

3. A single broad, flat, blade-like process, closed distally 
and proximally, corresponds in situation to the pos­
terior plate. 

The antapical process is the longest, exceeding in 
length one-quarter of the cyst breadth. The length 
of all the other processes is less than one-quarter of the 
cyst breadth. 

The processes reflect a paratabulation as follows : 
?', Oa, 6", 6 or 7c, 5 or 6'", 1-?2p, 1 pv, l'"', 9-?lls. 
Rootlike ridges radiate out across the surface of the 
phragma from the bases of the larger processes and 
faint lines between adjacent processes, simulating pa­
raplates, mark the limits of extension of these ridges. 
The phragma also exhibits a coarse granulation or 
punctation. 

Neotype 

Specimen CXII-43, collections of the Labora­
toire de Paleontologie, Universite· de Liege, Belgium ; 
figured by Lejeune-Carpentier (1941, fig. 9) and herein, 
pl. 3 : 3, Text-fig.?· 

Type Horizon and Locality (of Neotype). 

Flint of Craie de Spiennes (= Formatie van Gulpen 
of Felder, 1975), Upper Cretaceous, (Senonian), Mortiau 
quarry, Cuesmes, Belgium. 

Description 

The neotype is seen in slightly oblique ventral 
view, so that the ventral and right lateral surfaces are 
well shown ; the morphology of the dorsal and left 
lateral surfaces is less easy to determine. Orientation 
is imposed on the basis (a.) of the archaeopyle, cer­
tainly essentially apical ; (b.) of an unusually large 
single process, here considered antapical in· situation ; 
and (c.) of the single line of smaller processes separa­
ting the larger ones on both surfaces, considered to 
be cingular processes. On this basis, a striking feature 
of this ·specimen (and species) is the high number of 
sulcal processes : at least nine are present, perhaps 

Figure 6. 
Hystrichokolpoma? crassipes (Reade, 1839 ), comb. nov., 
emend. The neotype, in oblique right lateral view. 

eleven if the supposed seventh cingular and second 
posterior intercalary processes (see Text-fig. 6) are 
also sulcals. 

The faint lines separating the convergences of 
rootlike extensions from adjacent processes may deli­
mit para plates ; but if so, the cingulum is not directly 
indicated and the limits of the sulcus are obscure. 

Dimensions 

Neotype : length of cyst 38 µm, breadth 46 µm, 
length of antapical process 13 µm, maximum length 
of other processes c. 10 µm. 

Remarks 

This species was first illustrated, without des­
cription, by Reade (1839) : despite prolonged enquiry 
by the second authqr in British museums and collec­
tions, the holotype has not come to light and must 
be presumed lost. The specimens attributed to this 
species by White (1842, 1844) differ too substantially 
in the morphology and proportionate length of their 
processes to be regarded nowadays as attributable even 
to the same genus, let alone to the same species ; in any 
case, they too are lost. Moreover, the locality and stra-
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tigraphical horizon of Reade's specimens were not pre­
cisely stated, precluding the collection of new material 
from the same position. In consequence, the specimen 
described and illustrated earlier by one of us (Lejeune­
Carpentier, 1941) is here selected as neotype and the 
revised diagnosis is based on that specimen. 

The archeopyle is certainly essentially apical, 
though it may also involve a dorsal precingular para­
plate ; the position of the neotype in the enclosing 
flint precluded confidence in this regard. Despite this 
uncertainty, the presence of processes of three dis­
tinct types, including cingular processes and a high 
number of sulcal processes, sufficently facilitates the 
identification of this species as to fully justify its re­
tention. 

Its generic placement must, however, be regarded 
as provisional. It is certainly not attributable to Li­
tosphaeridium, which has fewer processes (16-19) 
and lacks cingulars and sulcals. Though similar in many 
respects, Achilleodinium has a precingular archaeopyle 
only. The archaeopyles of Florentinia and Silicisphaera 
likewise consistently involve (and may be entirely 
formed by) loss of a precingular para plate ; however, 
the apical paraplates may also be lost. Placement in 
Silicisphaera is clearly inappropriate, since that genus 
lacks a distinctive antapical process and has equatorial 
(precingular and postcingular) processes with transver­
sely elongate bases. Provisional attribution to Hystri­
chokolpoma is made on the basis that the archaeopyle 
appears exclusively apical ; if it proves otherwise, then 
reallocation to F!orentinia may become appropriate. 
However, it should be noted that, in the typical species 
of both latter genera, the number of sulcals does not 
exceed five, so that placement of the species crassipes 
into a genus yet unnamed may well ultimately prove 
necessary. 

Family EXOCHOSPHAERIDIACEAE Sarjeant and 
Downie, 1974 

GenusAmphorosphaeridium Davey, 1969b 
Amphorosphaeridium major (Lejeune-Carpentier, 1940) 

comb. nov., emend. 

Plate 2 : 6-7 ; Text-fig. 7 

?1837 Oeuf de Cristatelle. Turpin, p. 313, fig. B. 

1940 Hystrichosphaeridium major Lejeune-Carpentier, 
p. B220-B221, fig. 13. 

?1958 Hystrichosphaeridium cf. major Lej.-Carp. De­
flandre and Deflandre-Rigaud, fiche 1416. 

1964 H. major Lej.-Carp. Downie and Sarjeant, 
p. 121. 

1966 ?Polysphaeridium major (Lej .-Carp.) Davey 
and Williams, p. 95, nomen nudum. 

1967a P. ? major (Lej.-Carp.) Sarjeant, tab. 6 (p. 
332). 

1969 ?P. major (Lej.-Carp.) Davey and Williams 
in Davey et al., p. 6., 

1972 Cordosphaeridium major (Lej.-Carp.) Corra-
dini,p. 149-150, pl. 22: 6-8. 

1973 Polysphaeridium? major (Lej. -Carp.) Lent in 
and Williams, p. 115. 

1975 Cordosphaeridium major (Lej .-Carp.) Harker 
and Sarjeant, chart 11 (p. 244). 

1977 c major (Lej .-Carp.) Len tin and Williams, 
p. 33. 

1978 Polysphaeridium major (Lej.-Carp.) Stover 
and Evitt,p. 147-148. 

Emended Diagnosis 

Cyst spheroidal to ovoidal, skolochorate. Pro­
cesses tubular, often fibrous. They appear to be es­
sentially intratabular in position and number around 
60, being less than one-half the cyst diameter in length. 
The processes are typically broad--based but vary greatly 
in thickness and in style of distal termination, the latter 
including bifurcate, trifurcate, foliate, digitate and 
aculeate forms; Archaeopyle single-plate precingular, 
type P. 

Holotype 

Specimen XIX-133 : lodged in the collections of 
the Laboratoire de Paleontologie, Universite de Liege, 
Belgium : figured by Lejeune-Carpentier, 1940, fig. 13, 
and herein, Pl. 2: 6-7 and Text-fig. 7. 

Type Horizon and Locality 

Flint filling of echinoid, Craie de Spiennes (=For­
matie van Gulpen of Felder, 1975), Upper Cretaceous 
(Senonian), Hallembaye, Limbourg Basin, Belgium. 

Dimensions 

Holotype (in polar view) :diameterof cyst 64.Sµm, 
length of processes around 21.6 µm. 

Range of Dimensions 

Maximum cross-measurement of cyst 5 5-70 µm. 
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Figure 7.- Amphorosphaeridium major (Lejeune-Carpentier, 1940), comb. nov., emend. The holotype : left, in 
slightly oblique antapical view and right, in slightly oblique apical view. 

Description 

The holotype is seen in antapical view : the an­
tapical process is surrounded by a groove of polygonal 
outline, simulating the shape of a single antapical para­
plate. Many of the other, larger processes are considered 
to be likewise intratabufar in positon, though in many 
instances there are clearly several processes per para­
plate. The thinner processes appear to correspond to 
cingular and sulcal para plates ; however, it is possible 
that some may be sutural in situation. 

In view of the position of the holotype in the 
enclosing flint, the apical surface is hard to see and 
our reconstruction of it (Text-fig. 7, right) must certain­
ly be inaccurate in detail. However, the size, shape and 
position of the archaeopyle make it clear that this was 
formed by loss of a single precingular paraplate (pro­
bably 3"). 

The surface of the phragma shows a dense orna­
ment of granules and/or punctae. The processes, form­
ed from periphragm only, have this ornament to a re­
duced degree but are commonly fibrous. 

Remarks 

Determination of the style of archaeopyle makes 
it impossible any longer to retain the species major in 

the genus Polysphaeridium, which characteristically 
has an apical archaeopyle. Nor can the attribution of 
it to Cordosphaeridium by Corradini (1972) be upheld, 
since the processes of that genus are much less nume­
rous (22-30). 

The diagnosis of Amphorosphaeridium, as de­
fined by Davey (1969b) and "modified" by Stover and 
Evitt (1978, p. 140-141), specifies fibrous, hollow 
processes that are non-tabular (or "frequent intrata­
bular") and a single-plate precingular archaeopyle. 
The apical process is distinctive ; in the type species 
it is "a broad, fibrous structure which gives rise medially 
to two to four subsidiary processes" (Davey, 1969, 
p. 31). The structure of the apical surface of the ho­
lotype of major proved difficult to determine : whilst 
no such strongly fibrous structure was noted, the five 
apical processes appear to arise from a ridge or boss, 
which may be a foreshadowing of the sort of structure 
Davey describes. The antapical process is not ne~essa- · 
rily distinctive in Amphorosphaeridium, but (as in 
several other genera) may be unusually large. In the 
species major, though the outlining of the antapical 
paraplate identifies the antapical process, that process 
itself is in no way exceptional. In view of these diffi­
culties, the species major cannot be considered to 
conform exactly to existing concepts of Amphorosphae-
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ridium ; but the minor differences are, in our view, 
outweighed by the major similarities and it is allocated 
to that genus with fair confidence. 

Despite the criticisms of Stover and Evitt (1978, 
p. 76), we consider that Corradini .was correct when 
he. recognised this spec.ies from the Upper Cretaceous 
flysch of the Appenines (1972)' ; one of his figures 
(pl. 22 : 8) indeed accords particularly closely with 
our concept of this species. We trust this redescrip­
tion will facilitate its future recognition from other 
Upper Cretaceous localities also. 

Genus Fibrocysta Stover and Evitt, 1978 
Fibrocysta? deflandrei (Lejeune-Carpentier, 1941) stat. 

et comb. nov., emend. 

Plate 4 : 5-6 ; Text-fig. 8 

1941 Hystrichosphaeridium spinosum (White) var. 
deflandrei Lejeune-Carpentier, p. B78-B79, 
fig. 6 (Styled H. cf. spinosum var. deflandrei 
in text-captions, p. B90). 

1964 Baltisphaeridium spinosum var. deflandrei Lej .­
Carp. Downie and Sarjeant, p. 96 .. 

1969a Exochosphaeridium spinosum var. deflandrei 
Lej.-Carp. Davey, p. 166. 

1973 E. spinosum subsp. deflandrei (Lej.-Carp.) 
Lentin and Williams, p. 56. 

1975 E. spinosum var. deflandrei Lej.-Carp. Harker 
and Sarjeant, chart 12. 

1977 E. spinosum subsp. deflandrei (Lej.-Carp.) 
Lentin and Williams, p. 60. 

Emended Diagnosis 

Cyst broadly ellipsoidal, with a short, strong 
apical horn and a much less prominent, rather flattened 
antapical mamelon. Surface of phragma irregularly 
areolate, the elongation of the areolations around some 
processes suggesting a root-like structure. Processes 
non-tabular (or apparently so) and thornlike, broad 
and flattened at the base but tapering to an acute point; 
their length shows some variation, but is always between 
one-third and one-half the shortest cyst diameter. 
Archaeopyle single-plate precingular (type P). 

Holotype 

. Specimen CXII-33 ; lodged in the collections 
of the Laboratoire de Paleontologie, Universite de 
Liege, Belgium : figured by Lejeune-Carpentier, 1941, 
fig. 6, and herein, pl. 4 : 5-6, text-fig. 8. 

Figure 8.- Fibrocysta? deflandrei (Lejeune-Carpentier, 1941 }, stat. et comb. nov., emend. The holotype ; left, in 
right lateral view and right, in left lateral view. 
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Type Horizon and Locality 

Flint from Craie de Spiennes (= Formatie van 
Gulpen of Felder, 1975), Upper Cretaceous, (Senonian), 
quarry of Mortiau, Cuesmes, (Hainaut), Belgium. 

Dimensions 

Holotype : overall length of cyst 48 µm, length 
of apical horn 5 µm, height of antapical mamelon c. 
2 µm, breadth of cyst 39 µm, length of processes up 
to 19 µm. 

Range of Dimensions 

Overall length of cyst 36-49 µm, length of pro­
cesses 14-21 µm. 

Description 

Our restudy showed that, instead of exhibiting 
the convergent web of rootlike extensions from process 
bases that the original figures (Lejeune-Carpentier, 
1941) suggest, the surface of the phragma has an irre­
gular overall areolation with meshes of very variable 
size and shape. In some instances, these are indeed 
elongate and seem to converge on particular proces­
ses, so that their boundaries simulate roots ; but in 
other instances, the meshes surrounding a process show 
no such relation to it, their shape instead appearing 
random. 

The flattened bases of the ·spines are noteworthy, 
-suggesting possible alignment along a reflected suture ; 
but no pattern of process distribution could be eluci­
dated and they inust for the moment be regarded as 
non-tabular. The spines arising on and about the api­
cal horn give a bifid appearance to that structure in 
some specimens : but this varies according to position. 

Remarks 

White's illustrations of Xanthidium (now Exo­
chosphaeridium) spinosum (1842) depict a more rotund 
form, with processes of dissimilar morphology and 
without apical or antapical protuberances. Our restudy 
makes it evident that the Belgian forms are certainly not 
conspecific, and indeed not even congeneric, with 
White's specimens. Since a survey of the literature has 
brought to light no species that is exactly· comparable, 
the former variety deflandrei is here elevated to specific 
status. 

In its overall shape, polar protrusions and pos­
session of hollow, non tabular processes, this species 
accords with the diagnosis of Fibrocysta and in par-

ticular resembles F. lappacea (Drugg, 1970) Stover and 
Evitt, 1978. However, it lacks the fibrous processes, 
with expanded or branching tips, characteristic of that 
genus, instead having pointed processes that are not 
evidently fibrous. Moreover, though the overall shape 
is strikingly similar to that of F. lappacea, the proces­
ses are much longer and slimmer and the single-plate 
precingular archaeopyle appears less broad (though 
this may be a result of orientation). The species de­
flandrei is thus placed only tentatively into Fibro­
cysta and may shortly merit transfer to another genus 
yet undescribed. 

Fibrocysta? cf. deflandrei (Lejeune-Carpentier, 1941 ), 
emend. Lejeune-Carpentier and Sarjeant, herein. 

Plate 2 : 1-2 

1941 Hystrichosphaeridium spinosum (White) var. 
deflandrei Lejeune-Carpentier, p. B90, fig. 7. 

Remarks 

The "fragment of a cyst" illustrated by the 
first author (1941, fig. 7) differs so substantially from 
the holotype of Fibrocysta? deflandrei that we cannot 
now assign it to the same taxon with any confidence. 
The spines are stronger, longer and more flexible, and 
somewhat fewer. Moreover, a system of radiating 
ridges about the process bases is much more clearly 
developed, though the surface remains essentially 
areolate ; and the cyst is either very severely damaged 
or else has developed a combination, rather that a 
single-plate precingular, archaeopyle. Both the gene­
ric and the specific assignment of this specimen must 
thus now be considered in the highest degree ques­
tionable. 

Family AREOLIGERACEAE Evitt, 1963, emend. 
Sarjeant and Downie, 1966 

Genus Areoligera Lejeune-Carpentier, 19 38, 
emend. Williams and Downie, 1966 

Areoligera senonensis 'Lejeune-Carpentier, 1938. 

Plate 3 : 5-6 ; Plate 4: 1-2 

1938 Areoligera senonensis Lejeune-Carpentier, p. 
B164-B166, figs. 1-3. 

1952 A. danica W. Wetzel, p. 396, pl. A : 5-6, text­
fig. 8. 
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1961 Areoligera cf. A. senonensis Lej.-Carp. Evitt, 
pl. 8: 11-15, pl.9: 3-7. 

1964 A. senonensis Lej .-Carp. Downie and Sarjeant, 
p. 86. 

?1965 A. cf. senonensis Lej.-Carp. Stanley, p. 228, 
pl. 26 : 1-8. 

?1966 A. cf. senonensis Lej.-Carp. Williams and Dow­
nie, p. 230-231, pl. 25 : 6, text-fig. 64. 

1967a A. senonensis Lej .-Carp. Sarjeant, tab. 7 (p. 
333). 

1969 ?Cleistosphaeridium danicum (W. We.) Davey, 
Downie, Sarjeant and Williams, p. 15. 

1969 A. senonensis Lej.-Carp. Gocht, p. 56-58, 
pl. 8 : 4-9, text-figs. 40-41. 

1971 

1971 

1971 

1973 

A. senonensis Lej.-Carp. Downie, Hussain and 
Williams, pl. 2 : 1. 

A. senonensis Lej.-Carp. Eisenack and Kjell-
strom, p. 91-92. 

A. senonensis Lej .-Carp. Zaitzeff and Cross, 
pl. 4 : 33, tab. 1. 

A. senonensis Lej .-Carp. Lentin and Williams, 
p. 15. 

Cleistosphaeridium? danicum (W. We.) Lentin 
and Williams, p. 28. 

1975 A. senonensis Lej.-Carp. Harker and Sarjeant, 
charts 11, 20. 

Cleistosphaeridium? danicum (W. We.) Harker 
and Sarjeant, chart 20. 

1976 Areoligera senonensis Lej.-Carp. Eaton, p. 
244, pl. 3 : 1, figs. 22, 30. 

A. cf. senonensis Lej.-Carp. Eaton, p. 244, 
pl. 3 : 4-5, figs. 22, 30. 

1977 A. senonensis Lej.-Carp. De Coninck, encl. 1. 

1977 A. senonensis Lej.-Carp. Lentin and Williams, 
p. 11. 

Cleistosphaeridium? danicum (W. We). Lentin 
and Williams, p. 27. 

1978 Areoligera senonensis Lej.-Carp. Jain, p. 150, 
pl. 2 : 16. 

1978 A. senonensis Lej .-Carp. Stover and Evitt, 
p. 18. 

1979 A. senonensis Lej.-Carp. Barss et al., p. 24, 
25, 29, 40, 67, 93. 

1979 A. senonensis Lej .-Carp. complex. Costa 
and Downie, tabs. 1, 3, 5. 

Remarks 

Photographs of the holotype of this species 
(pl. 3 : 5-6) and a paratype (pl. 4 : 1-2) are here pu­
blished for the first time. Our restudy. endorses the 
reinterpretation of this genus by Evitt (1962) and 
our observations fit well with the detailed study of its 
morphology by Gocht (1969). We further believe tl!at 
the form poorly illustrated and described by Walter 
Wetzel (1952) as Areoligera danica falls within the 
range of variation of A. senonensis and should be treated 
as a subjective junior synonym (though this conclusion 
needs to be crosschecked by a re-examination of the 
holotype). 

We consider the stratigraphical range of A. seno­
nensis, as presently defined, to be from Upper Creta­
ceous (upper Campanian) to upper Eocene. Its geogra­
phic range is also known to be considerable ; it has 
been reported from northwest Europe (France, Ger­
many, Belgium, England and Denmark), .offshore At­
lantic sediments (Barss et al., 1978), doubtfully from 
South Dakota and confidently from Texas, U.S.A. 
(Stanley, 1965 ; Zaitzeff and Cross, 1971) and from 
southern India (Jain, 1978). However, this species -
and, indeed, this genus - has not yet been recorded 
from Africa, Australia, or south America ; nor has 
it been encountered in Arctic and western Canada 
or the western United States. Its distribution may 
thus, in the future, help in the elucidation of past 
patterns of oceanic curculation. 

Suborder Deflandreinaeae Eisenack, 1961, emend. 
Norris, 1978 

Family DEFLANDREACEAE Eisenack, 1954, emend. 
Sarjeant and Downie, 1974. 

Genus Defiandrea Eisenack, 1938, emend. Lentin and 
Williams, 1976 

Deflandrea damasii (Lejeune-Carpentier, 1942) comb. 
nov., emend. 

Plate 6 : 3 ; Text-fig. 9 

1942 Peridinium damasii Lejeune-Carpentier, p. Bl85-
B186, figs. 9-14. 

1964 P. damasii Lej.-Carp. Eisenack and Klement, 
p.669-670. 

1964 P. damasii Lej.-Carp. Downie and Sarjeant, 
p.139. 

1967a P. damasii Lej .-Carp. Sarjeant, tab. 4 (p. 330). 
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1973 Cooksoniella? damasii (Lej.-Carp.) Lentin and 
Williams, p. 31. 

1975 C.? damasii (Lej .-Carp.) Harker and Sarjeant, 
chart 14. 

1976 Palaeoperidinium damasii (Lej.-Carp.) Lentin 
and Williams, p. 110. 

1977 P. damasii (Lej .-Carp.) Lentin and Williams, 
p.119. 

1978 P. damasii (Lej.-Carp.) Stover and Evitt, p. 218. 

Emended Diagnosis 

Cornucavate to bicavate (or very narrowly cir­
cumcavate) cysts of small size, flattened dorsoventrally, 
with a broad-based, tapering and acute apical horn and 
two antapical horns, of shape and size similar to each 
other and to the apical horn, arising from the periblast. 
(The length of all horns approaches one-third of the 
length of the endoblast ). Epitract of both periblast 
and endoblast convex, rounded anteriorly : hypotract 
slightly smaller, somewhat flattened posteriorly. Both 
layers of the phragma are thin and ornamented by a 
faint granulation or punctation. Strong ridges on the 
periblast demarcate a broad, almost planar to weakly 
laevorotatory cingulum. The sulcus and other elements 

a b 

of the paratabulation are less clearly defined by faint 
ridges. Paratabulation 4', 3a, 7", ?6c, 5'", Op, 2"". 
Archaeopyle single-plate intercalary (type I/I), of 
broad-hexa type and formed by the loss of paraplate 2a. 

Holotype 

Specimen CXIII-83 ; lodged in the collections of 
the Laboratoire de Paleontologie, Universite de Liege, 
Belgium ; figured by Lejeune-Carpentier (1942, fig. 
10) and herein, pl. 6 : 3, text-fig. 9a. 

Type Horizon and Locality 

Flint of Craie de Spiennes (= Formatie van Gulpen 
of Felder, 1975), Upper Cretaceous (Senonian), Mortiau 
quarry, Cuesmes, Belgium. 

Dimensions 

Holotype : overall length 64 µm, length of apical 
horn 13 µm, length of endoblast 38.5 µm, length of 
antapical horns c. 13 µm, overall breadth 39 µm,breadth 
of endoblast 34 µm. 

Range of Dimensions 

Overall length 58-78 µm, overall breadth 38-
5 3 µm, dorsoventral thickness 22-31 µm. 

c 

. "-~·· . 

\ 
\ 
'~ 

Figure 9.- Deflandrea damasii (Lejeune-Carpentier, 1942), comb. nov., emend. a. The holotype, in dorsal view. 
b.-c. Specimen CXIII-31 (b. in ventral view; c. in dorsal view). 
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Description 

The holotype and three of the other four figured 
specimens originally studied and illustrated by the first 
author (1942) were reexamined ; the fifth specimen 
then figured, specimen CXII-188, coµld not be examin­
ed. since the flint fragm.ent in which it is contained has 
come free from its slide and requires remounting before 
it can be again studied. The holotype shows the archaeo­
pyle and dorsal paratabulation well ; specimen CXIII-31 
(illustrated by Lejeune-Carpentier, 1942, figs. 13-14 
and herein, Text-figs. 9b-c) shows the full paratabula­
tion best - - and indeed, exceptionally well for a cavate 
cyst. 

Apical paraplate l' is approximately rhomboidal 
but broadest near its posterior margin and prolonged 
anteriorly to the horn tip ; 2' and 4' are almost sym­
metrical, narrower than 1' ; 3' is shorter and almost 
triangular. 2a is the largest of the anterior intercalary 
paraplates· and of "broad hexa,, type ; the two other 
anterior intercalaries are similar in size and shape and 
much narrower. The largest of the precingulars are 
paraplates 2" and 6", both asymmetrically pentagonal 
and elongate ; 3" and 5" are also asymmetrically 
pentagonal, but shorter : 4" is quadrat~ and laterally 
broad ; 7" and 1" are the smallest of the series, again 
pentagonal and symmetrical about the junction of 1' 
with the sulcus. The· largest of the postcingulars is 
the broad, symmetrical paraplate 3"', occupying the 
median dorsal portion of the hypotract ; 2"' and 4"' 
are almost equally large and of similar shape ; 5 "' 
appears almost quadrate and 1"' appears similar. Two 
large paraplates, symmetrical in size, shape and posi­
tion, occupy the antapex. 

Characteristic features are the three acute, quite 
long and almost symmetrical horns ; the meagre se­
paration of the wall layers in ·lateral positions and at 
the antapex; and the very broad cingulum. 

Remarks 

Our restudy makes clear the fact that this species 
is cavate, not proximate as hitherto supposed, and has 
a paratabulation and style of archaeopyle exactly ty­
pical of the genus Deflandrea, as emended by Lentin 
and Williams (1976, pp. 35-36). It is thus transferred 
to that genus with confidence. 

The two most comparable species previously 
assigned to that genus are perhaps Deflandrea war­
denensis Williams and Downie, 1966 and D. sibirica 
(Vozzhennikova, 1963) Lentin and Williams, 1976. 
However, the former species is distinguished by its 

less broad archaeopyle and both species by relatively 
poor expression of the paratabulation. 

Defiandrea galeata (Lejeune-Carpentier, 1942) 
Lentin and Williams, 1973, emend. 

Plate 5 : 1-2. Plate 6 : 1-:-2, Text-figs. 10-11 

1933 Peridinium cf. claudicans Paulsen. 0. Wetzel, 
p. 163-164, pl. 2 : 10. 

1942 Peridinium galeatum Lejeune-Carpentier, p. 
Bl86-Bl88, figs. 15-20. 

1964 P. galeatum Lej.-Carp. Downie and Sarjeant, 
p. 139. 

1964 P. galeatum Lej.-Carp. Eisenack and Klement, 
p.671-672. 

1967a P. galeatum Lej .-Carp. Sarjeant, tab. 4 (p. 330). 

1973 Defiandrea galeata (Lej.-Carp.) Lentin and 
Williams, p. 41. 

1975 D. galeata (Lej .-Carp.) Harker and Sarjeant, 
chart 14. 

1976 D. galeata (Lej.-Carp.) Lentin and Williams, 
p. 40, pl. 4: 45. 

1977 D. galeata (Lej .-Carp.) Lentin and Williams, 
p'. 42. 

1978 D. galeata (Lej .-Carp.) Stover and Evitt, p. 100. 

Emended Diagnosis 

Circumcavate cysts of relatively large size. Apical 
horn large, symmetrically tapering from a very broad 
base to a slightly blunt tip : the horn base is about 
three-quarters as wide as the horn length, which in turn 
is between one-third and one-half the length of the 
endoblast. The two antapical horns are only slightly 
smaller and almost equally broad-based, with latei:al 
margins straight to slightly convex and inner margins 
concave. Epitract of periblast in the form of a trun­
cated cone from which the apical horn arises : hypo­
tract trapezoidal, its profile altered by the two horns. 
Endoblast spheroidal to broadly ovoidal. Cingulum 
well marked on the periblast by strong ridges but only 
slightly hollowed ; sulcal region quite deeply indented. 
Paraplate boundaries elsewhere indicated only by 
folds or low ridges on the periphragm ; paratabulation 
?4', ?3a, 7"., ?c, 5"', Op, 2"". Surface of periphragm 
very irregularly papillate to echinate, the papillae and 
short spines corresponding in position to nodes on a 
fine polygonal network (not otherwise expressed). 
Archaeopyle single-plate intercalary (type I/I), of 
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Figure 10. 
Deflandrea galeata (Lejeune-Carpentier, 1942), emend. 
The holotype ; left, in oblique ventral view and right, 

in oblique dorsal view. 

broad-hexa type and formed by the loss of paraplate 
2a. 

Holotype 

Specimen no 407 (ex : 0. Wetzel Collection), 
collections of the Laboratoire. de Paleontologie, Uni- 1 

versite de Liege, Belgium ; figured by 0. Wetzel (1933, 
pl.· 2 : 10), Lejeune-Carpentier (1942, figs. 15-16) 
and herein, pl. 5 '. 1-2, text-fig. 10. 

Type Horizon and Locality 

Flint from the Upper Cretaceous, collected from 
drift at Holtenau, near Kiel, Germany. 

Dimensions 

Holotype (in slightly oblique dorsoventral view) : 
Maximum overall length 106 µm, length of apical horn 
28 µm, length of endoblast 79.5 µm, length of antapical 
horns c. 27 µm, maximum overall breadth 64 µm, 
breadth of endoblast 53 µm. 

Range of dimensions 

Overall length 95-116 µm, overall breadth 52-
72 µm, thickness ( dorsoventral) 36-39 µm. 

Description 

All the specimens figured by the first author 
(1942) were re-examined ; and all are contained in the 

Figure 11. 
Deflandrea galeata (Lejeune-Carpentier, 1942 }, emend. 
Specimen CXIII-31 ; left, in ventral view and right, 

in dorsal view. 

same flint flake (specimen no. 407). The slightly obli­
que position of the holotype gives a misleading impres­
sion of asymmetry to the horns and renders it less 
satisfactory for examination than another in the same 
flake (that figured by Lejeune-Carpentier, 1942, figs. 
18-19, and herein, pl. 6 : 1-2, text-fig. 11). It is essen­
tially from the latter that the paratabulation was de­
termined. The shape of the apical and first and third 
anterior intercalary paraplates could not be elucidated 
with any certai_nty ; in all other respects, however, 
the shape and proportions of the paraplates are exactly 
as specified for Defl.andrea damasii (see description 
above). 

The ornament of papillae or short spines is more 
evident on the dorsal than on the ventral surface, but 
it is nowhere dense and is quite lacking from some 
parts of the periphragm. In addition, a very fine overall 
ornamentation of granules or punctae may be developed 
on endophragm and periphragm. 

The divergence of the antapical horns forms an 
angle of approximately 600. 

Remarks 
Our restudy of the type material of D. galeata 

shows it to correspond in all respects with the emended 
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diagnosis of the genus Deflandrea, as formulated by 
Lentin and Williams (1976), and thus confirms its 
assignation to that genus by those authors. The species 
is characterised by its large size, large and almost symme­
trically developed horns, and periphragm ornament. 

Deflandrea galeata has been reported also from 
Senonian flints of Belgium by the first author (1942) 
but has not yet been encountered in other localities. 
Deflandrea speciosa Alberti 1961, and in particular its 
subspecies glabra Gocht, · 1969, is strikingly similar in 
most features but lacks the surficial ornament characte­
ristic of D. galeata ; Deflandrea subquadra Corradini, 
1973, is again similar but lacks that ornament and has 
a yet longer apical horn. 

Family PHTHANOPERIDINIACEAE Drugg and 
Loeblich, 1967, emend. Bradford, 1977. 

Genus Lejeunecysta Artzner and Dorhofer, 197 8 
Lejeunecysta tricuspis (0. Wetzel, 1933) 

Artzner and DorhofeJ,", 1978, emend. 

Plate 6 : 5 

1922 Peridinium cf. conicum (Gran) Ostenfeld and 
Schmidt. W. Wetzel, p. 59, pl. 2: 6. 

1933 Peridinium tricuspis 0. Wetzel, p. 166, pl. 2 : 
14. 

1942 "Peridinium,, tricuspis 0. We. Lejeune-Car­
pentier, p. B188-B189, figs. 21-22. 

?1963 Lejeunia cf. tricuspis (0. We.) Gorka, p. 40-
41, pl. 5: 1-3. 

1964 L. tricuspis (0. We.) Downie and Sarjeant, 
1964, p. 126. 

1964 "Peridinium,, tricuspis 0. We. Eisenack and 
Klement, p. 679-680. 

1967a Lejeunia tricuspis (0. We.) Sarjeant, tab. 4 
(p. 330). 

1970 Astrocysta tricuspis (0. We.) Davey, p. 360. 

1973 A. tricuspis (0. We.) Lentin and Williams, 
p. 18. 

1975 A. tricuspis (0. We.) Harker and Sarjeant, chart 
9. 

1976 Lejeunia tricuspia (sic) (0. We.) Lentin and 
Williams, p. 71, pl. 10 : 152. 

1977 Senegalinium tricuspis (0. We.) Harland,p.188. 

1978 Lejeunecysta tricuspis (0. We.) Artzner and 
Darhofer, p. 1381-1382. 

1978 Phelodinium tricuspis (0. We.) Stover and 
Evitt, p. 118. 

Emended Diagnosis 

Proximate cyst of relatively large size, dorsoven­
trally compressed and hollowed in the ventral region. 
Ambitus asymmetrically pentagonal, all flanks being 
strongly concave. Phragma apparently composed of 
a single layer (autophragm). Apical horn long, slender 
and pointed ; antapical horns of similar size and shape, 
long, pointed, slightly broader based than the apical 
horn. Cyst prolonged equatorially, at the line of the 
cingulum, into two hornlike extensions, imparting an 
overall five-horned appearance to the cyst. Cingulum 
narrow, only feebly laevorotatory, bordered by low 
but well-marked ridges. Ridges or folds of the auto­
phragm partially outline a peridinioid paratabulation ; 
in addition, the cyst is ornamented by longitudinal 
striations. 

Holotype 

Specimen no. 473 (ex : 0. Wetzel Collection), 
collections of the Laboratoire de Paleonto.logie, Uni­

. versite de Liege, Belgium ; illustrated by 0. Wetzel 
(1933, pl. 2 : 14), Lejeune-Carpentier (1942, fig. 21) 
and herein, pl. 6 : 5. 

Type Horizon and Locality 

Flint of Upper Cretaceous, presumably from the 
drift of north Germany (provenance not indicated on 
slide and not stated by Otto Wetzel). 

Dimensions 

Holotype : overall length 116 µm, length of 
apical horn 28 µm, length of antapical horns c. 22.5 µm, 
maximum overall breadth 82 µm, thickness (dorso­
ventral) c. 22 µm. 

Range of Dimensions 

Overall length 100-160 µm, overall breadth 
50-82 µm. 

Description 

The surface of the autophragm may exhibit a 
fine granulation or punctation, in addition to the mark­
ed striations. Here and there may also be seen dark 
spots of uncertain significance (possibly pyritic ?) 
The ridges or folds demarcating paraplates do so too 
poorly for the paratabulation to be determined in 
detail, though it is evidently peridinioid. 
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The five horns impart a pronounced and dis­
tinctive polygonality to the cyst ; the two antapical 
horns diverge from one another at about 450, but the 
angle of divergence of the other adjacent horns is 
shallower (close to 700). No archaeopyle could be 
discerned. 

Remarks 

This distinctive species has been much transferred 
but rarely encountered ; indeed, the records by the two 
Wetzels remain the only ones. Since the specimens do 
not exhibit a discernible excystment aperture, the pos­
sibility that they are fossil motile thecae cannot be 
entirely excluded ; but, since closely similar forms 
(most often without a visible archaeopyle) have been 
extracted from sediments and are demonstrably cysts, 
we regard these specimens as cysts also. 

The transfer· of this species to Phelodinium by 
Stover and Evitt was made on the basis of published 
illustrations, which do indeed suggest that tricuspis 
is cavate. This appearance results entirely from the 
surficial ridges and folds ; on close examination of 
the type specimens, this illusion vanishes and only one 
wall layer can be discerned. Thus we follow Artzner 
and DorhOfer in assigning this species to Lejeunecysta, 
a genus with autophragm only in which not all indivi­
duals exhibit (or, indeed, appear to have developed) 
an excystment aperture. 

Family PALAEOPERIDINIACEAE Vozzhennikova, 
1961, emend. Sarjeant, 1967 

Genus Palaeoperidinium Deflandre, 1937, emend, 
Lentin and Williams, 1976 

Palaeoperidinium? subconicoides (Lejeune-Carpentier, 
1942) Lentin and Williams, 1973. 

Plate 6: 4 

1942 Peridinium subconicoides Lejeune-Carpentier, 
p. B183-Bl85, figs. 1-8. 

1964 P. subconicoides Lej.-Carp. Downie and Sar­
jeant, p. 140. 

1964 P. subconicoides Lej .-Carp. Eisenack and Kle­
ment, p. 677-678. 

1967a P. subconicoides Lej.-Carp. Sarjeant, tab. 4 
(p. 330). 

1973 Palaeoperidinium? subconicoides (Lej.-Carp.) 
Lentin and Williams, p. 106. 

1975 P.? subconicoides (Lej .-Carp.) Harker and 
Sarjeant, chart 9. 

1976 P.? subconicoides (Lej .-Carp.) Lent in and 
Williams, p. 111, pl. 14 : 219. 

1977 P.? subconicoides (Lej.-Carp.) Len tin and 
Williams, p. 121, 

1978 P.? subconicoides (Lej .-Carp.) Stover and 
Evitt,p. 218. 

Remarks 

All specimens originally figured by the first 
author (1942) save one (XLl-3, whose containing 
flint has slipped too close to the edge of the mount 
for it to be visible) were re-examined. One specimen 
(XVIII-1, figured by Lejeune-Carpentier, 1942, fig. 8, 
and herein, pl. 6 : 4) shows an opening in the lateral 
and posterior surfaces of the hypotract, but this is 
considered to be random damage. None of the spe­
cimens gives any least indication of an archaeopyle. 

Three principal possibilities thus exist. First, 
that we may be dealing with fossil motile thecae (high- · 
ly improbable). Second, that we may be dealing with 
cysts from which excystment did not occur (possible 
but unusual). Third, that we are dealing with forms in 
which the aperture has closed up again after excystment. 

Peridinioid forms are known which open by means 
of a transapical suture (see Norris and Hedlund, 1972 : 
Evitt, 1974) : they appear to intergrade with forms 
having a combination epitractal archaeopyle and are 
placed, together with those forms, into the genus Palaeo­
peridinium. Whether the species subconicoides has 
such an archaeopyle remains to be demonstrated when 
further specimens are recovered from other localities ; 
but it is sufficiently similar in general morphology to 
other species of Palaeoperidinium for its provisional 
placement into that genus to seem perfectly proper. 

Group Acritarcha Evitt, 1963 
Subgroup POLYGONOMORPHITAE Downie, 

Evitt and Sarjeant, 1968 

Genus Veryhachium Deunff, 1959, emend. 
Loeblich and Tappan, 1969 

Remarks 

Whilst the second author continues to take issue 
with some of the taxonomic pronouncements enun­
ciated by. Loeblich and Tappan (1976), developing 
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knowledge of Palaeozoic acritarchs has rendered their 
restriction of the genus Veryhachium much more accep­
table to him than it was earlier (see Sarjeant, 1973). 
Thus their concept of that genus, as embracing "forms 
with a lenticular, triangular or more rarely quadrangular 
body, with major proc.esses in the plane of the body 
but occasional accessory processes perpendicular to 
this" (Loeblich and Tappan, 1969, p. 56), is here 
provisionally accepted ; though our disagreement 
concerning the possible styles of opening continues 
unabated! 

Veryhachium? cruciatum (0. Wetzel, 1933) 
comb. nov., emend. 

Plate 3 : 4 ; Text-fig. 12 

1933 Hystrichosphaera cruciata 0. Wetzel, p. 94-95, 
pl.4: 30. 

1937 Hystrichosphaeridium cruciatum (0. We.) De­
flandre, p. 79. 

1940 . H. cruciatum (0. We.) Lejeune-Carpentier, 
p.B223-B224,fig. 14. 

1964 H. cruciatum (0. We.) Downie and Sarjeant, 
p.120. 

1966 H. cruciatum (0. We.) Davey and Williams, 
p. 70. 

1967a H. cruciatum (0. We.) Sarjeant, tab. 6 (p. 332). 

1973 H. cruciatum (0. We.) Lentin and Williams, 
p. 74. 

1975 H. cruciatum (0. We.) Harker and Sarjeant, 
chart 12. 

1977 H. cruciatum (0. We.) Lentin and Williams, 
p. 81. 

1978 H. cruciatum (0. We.) Stover and Evitt, p. 56. 

Emended Diagnosis 

Vesicle elongate quadrangular in outline, the polar 
faces each giving rise to long processes whose points of 
origin impart to those faces a measure of triangularity. 
Certainly two, probably three, processes arise about 
one pole (at top in figure) : three processes arise about 
the opposite pole. The processes are extremely long, 
up to 2 1 /2 times the longest dimension of the vesicle ; 
they are relatively broad-based, some tapering smooth­
ly from base to tip, others flaring distally into bi-, 
tri- or quadrifurcations, the branches of equal to mar­
kedly unequal length. The vesicle opens at one pole 
(placed at the top in the sketch, Text-fig. 12) by epi-

.,\ 

\ 

Figure 12. 

Veryhachium? cruciatum (O. Wetzel, 1933). 
The holotype. 

tyche or cryptosuture. 

Ho lo type 

Specimen 465, 0. Wetzel Collection, Geologisches 
lnstitut der Universitat, Kiel, Germany. 

Figured Specimen. 

Specimen LX-1, lodged in the I..aboratoire de 
Paleontologie, Universite de Liege, Belgium ; figured 
by Lejeune-Carpentier (1940, fig. 14) and herein, pl. 3 : 
4, text-fig. 12. 

Horizon and Locality 

Holotype : Flint of Upper Cretaceous, presumably 
from the North German drift (locality not specified ~y 
the original author). Figured Specimen : Flint of Craie 
de Nouvelles (= Formatie van Gulpen of Felder, 1975), 
Upper Cretaceous (Senonian), Mons-Crotteux (Lez­
Liege ), Belgium. 

Dimensions 

Holotype : overall cross-measurement (between 
tips of processes) c. 92 µm ; cross-measurements of 
central body c. 20-24 µm, processes up to 40 µm 
long. Figured specimen : long axis of vesicle 20 µm, 
short axis 14.5 µm, length of processes up to 48.5 µm. 

Description 

Our observations are based, not on the holotype, 



RESTUDY OF SOME LARGER DINOFLAGELLATE CYSTS AND AN ACRITARCH FROM THE UPPER CRETACEOUS 23 

but on the specimen from the Upper Cretaceous of 
Belgium attributed to this species by the first author 
(1940). Insofar as the minute photograph published by 
Otto Wetzel (1933, pl. 4 : 30) can be relied upon, these 
specimens are closely comparable in all major features. 
The arbitrary orientation imposed in Text-fig. 12 is 
utilised in the following description. 

Two processes arise from the corners of the upper 
face at the top. That at left is blunt-tipped and appears 
broken ; that at right is bent but unbroken, tapering 
from the base almost to the tip where it gives rise to 
two long branches (there is the suggestion that a third 
branch may have been broken off). A third process ap­
pears to arise from the lower face and to extend down­
wards into the enclosing silica (see Text-fig. 12) ; 
but its presence carinot be affirmed with complete 
confidence. An opening is evident at the junction 
between the upper face and the uppermost surface of 
the vesicle ; its form is not clear. (It may equally well 
be a cryptosuture or an epityche with infolded margin). 

Three long processes surround the bottom surface, 
two on the upper and one on the lower face. That at 
lipper left extends obliquely up through the flint and, in 
the drawing, appears foreshortened ; it gives rise distally 
to four branches of subequal length. That at right 
is similar, though the branches are more unequal ; but 
the process at lower left is unbranched and acute. 

The surface of the vesicle is granular. 

·Remarks 

In their survey of pre Quaternary dinoflagellate 
cysts, Stover arid Evitt (1978) note that cruciatum 
is "probably an acritarch,,. Our restudy causes us to 
concur in this judgement and to firmly reject the ear­
lier opinion by Davey and Williams (1966) that it is 
"probably the apical region of an otherwise undescribed 
species [of dinoflagellate]". Indeed, the specimen exa­
mined affords no least indication of dinoflagellate af­
finity. 

The concept of Veryhachium, as emended by 
Loeblich and Tappan (1969), is that it should contain 
acritarchs whose principal processes all arise in the 
same plane. Those of cruciatum clearly do not ; its 
assignation to Veryhachium is thus questionable. Howe­
ver, since no other acritarch genus knowri to be repre­
sented in the Mesozoic affords a more suitable lodge­
ment for this species, and since we are reluctant to erect 
a new genus on the inadequate foundation of two spe­
cimens, we propose its provisional attribution to Veryha­
chium until fuller information is forthcoming. 

It should be noted that the spines are evidently 
both rigid and brittle ; it is possible, indeed, that the 
species has been so rarely observed-and only from 
flints-because it breaks up in the violence of reac­
tion during chemical extraction of palynomorphs 
from sediments. 

That these specimens were reworked from older 
sediments seems hardly likely, (a.) because no other 
reworked specimens are present in these flints and 
(b .) because exactly similar forms have not yet been 
recorded from more ancient sediments. 

ACKNOWLEDGEMENTS 

The visit of the second author to Europe was 
made possible by funds available under National Re­
search Council of Canada Operating Grant A8393. 
Both authors are deeply indebted to Dr. Michel Van­
guestaine (Universite de Liege) for many courtesies, 
in particular for his assistance in microphotography 
and in furnishing the French translation of the abs­
tract and to Dr. Maurice Streel (Universite de Liege) 
for permitting use of the facilities of the Laboratoire 
de Micropaleontologie. The photographs were printed at 
the University of Saskatchewan by Miss Robin Currie 
(Audiovisual Services) and the manuscript typed from a 
difficult original by Miss Elizabeth Avery (Research 
Assistant to the second author). Mr. R.A. Fensome 
(University of Saskatchewan) made helpful comments 
on several taxonomic matters. 

BIBLIOGRAPHY 

ALBER TI, G., 1961. Zur Kenntnis mesozoischer und altter­
tiarer Dinoflagellaten und Hystrichosphaerideen 
von Nord- und Mitteldeutschland sowie einigen 
anderen europai'schen Gebieten. Palaeontogra­
phia, ser. A., 116 : 1-58. 

ANTONESCU, E. & AVRAM, E., 1980. Correlation de dino­
flagelles avec les zones d 'ammonites et de cal­
pionelles du cretace inferieur de Svinita-Banat. 
Annuaire de l'lnstitut de Geologie et de Geophy­
physique, Bucarest, 56 : 97-132. 

ARTZNER, D.G. & DORHOFER, G., 1978. Taxonomic note: 
Lejeunecysta nom. 1wv. pro Lejeunia Gerlach 1961 
emend. Lentin and Williams 1976, dinoflagellate 
genus. Canad. J. Bot., 56: 1381-1382. 

BALTE~, N., 1963. Dinoflagellate ~i Hystrichosphaeride 
cretacice din Platforma moezica. Petrol si Gaze, 
14: 581-597. ' 

BALTE~, N., 1965. Observatii asupra microflorei cretacire 
inferioare din zona R. Bicaz. Petrol ~i Gaze, 16 : 
3-17. 



24 Maria LEJEUNE-CARPENTIER & William A.S. SARJEANT 

BARSS, M.S., BUJAK, J.P. & WILLIAMS, G.L., 1979. Paly­
nological zonation and correlation of sixty-seven 
wells, eastern Canada. Geol. Surv. Canada, Paper 
no 78-24, 118 p. 

BOLTENHAGEN, E., 1977. Microplancton du Cretace supe­
rieur du Gabon. Cahiers Paleont., 151 p. 

BRADFORD, M.R., 1977. New species attributable to the 
Dinoflagellate Cyst genus Lejeunia Gerlach, 1961, 
emend. Lentin and Williams, 1975. Grana, 16 : 
45-49. 

BRIDEAUX, W.W. & MCINTYRE, D.J., 1975. Miospores and 
microplankton from Aptian-Albian rocks along 
Horton River, District of Mackenzie. Geol. Surv. 
Canada, Bull. 252: 1-84. 

BRIDEAUX, W.W. & MYHR, D.W., 1976. Lithostratigraphy 
and dinoflagellate cyst succession in the Gulf 
Mobil Parsons N-10 well, District of Mackenzie. 
Geol. Surv. Canada, Paper 76-lB : 235-249. 

BRONN, H.G., 1848. Handbuch einer Geschichte des Natur, 
3. Index palaeontologicus. E. Schweizerbart, 
Stuttgart, 1392 p. (Seep. 1375). 

BURGER, D., 1980. Palynology of the Lower Cretaceous in 
the Surat Basin. Bur. Min. Res., Geol., Geophys., 
Canberra, Bull. 189, 106 p. 

CLARKE, R.F.A. & VERDIER, J.P., 1967. An investigation 
of assemblages from the Chalk of the Isle of 
Wight, England. Verh. K. Nederl. Akad. Wetensch. 
ser. 1 (24) : 96 p. 

COOKSON, LC., 1953. Records of the occurrence of Botryo­
coccus braunii, Pediastrum and the Hystrichos­
phaeridae in Cainozoic deposits of Australia. 
Mem. Nat. Mus. Melbourne no. 18 : 107-123. 

COOKSON, LC. & EISENACK, A., 1958. Microplankton from 
Australian and New Guinea Upper Mesozoic se­
diments. Proc. R. Soc. Viet., 70: 19-79. 

COOKSON, LC. & EISENACK, A., 1971. Cretaceous micro­
plankton from Eyre No. 1 Bore Core 20, Wes­
tern Australia. Proc. R. Soc. Viet., 84 : 217-
226. 

COOKSON, 1.C. & HUGHES, N.F., 1964. Microplankton 
from the Cambridge Greensand (mid-Cretaceous). 
Palaeontology, 7 : 37-59. · 

CORRADINI, D., 1972. Non-calcareous microplankton from 
the Upper Cretaceous of the northern Apennines. 
Bull. Soc. Paleon t. Ital., 11 : 119-197. 

COSTA, L.I. & DOWNIE, C., 1979. Cenozoic dinocyst strati­
graphy of sites 403 to 406 (Rockall Plateau.), 
IPOD, Leg 48. Initial Rep. Deep-Sea Drill. ProJ., 
48: 513-529. 

DAVEY, R.J., 1969a. Non-calcareous microplankton from the 
Cenomanian of England, northern France and 
North America, pt. I. Bull. Brit. Mus. (Nat. Hist.) 
Geol., 17 : 103-180. 

DAVEY, R.J., 1%9b. The evolution of certain Upper Creta­
ceous hystrichospheres from South Africa. Pa­
laeont. Afr., 12,: 25:...51. 

DAVEY, R.J., 1978. Marine Cretaceous palynology of Site 361, 
DSDP Leg 40, off Southwestern Africa. Initial 
Rep. Deep-Sea Drill. Proj., 40: 883-913. 

DAVEY, R.J., 1979. Marine Aptian-Albian palynomorphs from 
Holes 400A and 402A, IPOD Leg 48, northern Bay 
of Biscay. Initial Rep. Deep-Sea Drill. Proj. 48 : 
547-577. 

DAVEY, R.J., DOWNIE, C., SARJEANT, W.A.S. & WILLIAMS, 
G.L., 1969. Appendix to Studies on Mesozoic 
and Cainozoic dinoflagellate cysts. Bull. Brit. 
Mus. (Nat. Hist.) Geol., Appendix to Supp. 3, 
24 p. 

DAVEY, R.J. & VERDIER, J.P., 1971. An investigation of 
microplankton assemblages from the Albian of 
the Paris Basin. Verh. K. Nederl. Akad. Wetensch. 
ser. 1 (26) : 1-58. 

DAVEY, R.J. & WILLIAMS, G.L., 1976. The genus Hystri­
chosphaeridium and its allies. In DAVEY, R.J., 
DOWNIE, C., SARJEANT, W .A. S. & WILLIAMS, 
G.L. Studies on Mesozoic and Cainozoic dino­
flagellate cysts. Bull. Brit. Mus. (Nat. Hist.) 
Geol., Supp. 3 : 53-106. 

DE CONINCK, J., 1977. Organic walled microfossils from the 
Eocene of the Woensdracht borehole, southern 
Netherlands. Meded. Rijks. Geol. Dienst, new 
ser., 28: 33-64. 

DEFLANDRE, G., 1935. Considerations biologiques sur les 
micro-organismes d 'origine planctonique conser­
ves dans les silex de la craie. Bull. Biol. Fr. Belg., 
69 : 213-244. 

DEFLANDRE, G., 1936a. Les Flagelles fossiles. Aper~u biolo­
gique et paleontologique. Role geologique. Actual. 
scient. et ind., 335, 98 p. 

DEFLANDRE, G., 1936b. Microfossiles des silex cretaces. 
I. Generalites. Flagelles, Ann. Paleont., 25 : 151-
191. 

DEFLANDRE, G. & COOKSON, I.C., 1955. Fossil microplank­
ton from Australian late Mesozoic and Tertiary 
sediments. Austral. I. Mar. Freshw. Res., 6 : 
242-3-13. 

DEFLANDRE, G. & COOKSON, I.C., 1970. Microplancton 
fossile de sediments du Mesozoique superieur et 
du Tertiaire d 'Australie. Nouvelle edition. Ca­
hiers Micropaleont. Paris, ser. 2 (4), 70 p. 

DEFLANDRE, G. & DEFLANDRE-RIGAUD, M., 1958. Fichier 
micropaleontologique general. Dinoflagelles. Eco­
le Pratique des Hautes Etudes, Paris. (Card file). 

DOWNIE, C., HUSSAIN, M.A. & WILLIAMS, G.L., 1971. 
Dinoflagellate cyst and acritarch associations in 
the Paleogene of southeast England. Geoscience 
& Man, 3 : 29-36. 

DOWNIE, C. & SARJEANT, W.A.S., 1964. Bibliography and 
index of fossil dinoflagellates and acritarchs. Geol. 
Soc. Amer., Mem. no. 94, 180 p. 

DRUGG, W.S., 1967. Palynology of the Upper Moreno Forma­
tion (late Cretaceous-Paleocene), Escarpado 
Canyon, California. Palaeontographica, ser. B 
(120): 1-71. 

DRUGG, W.S., 1970. Some new genera, species and combina­
tions of phytoplankton from the Lower Tertiary 
of the Gulf Coast, U.S.A. Proc. N. Am. Paleont. 
Conven. 1969,-pt. G : 809-843. 



RESTUDY OF SOME LARGER DINOFLAGELLATE CYSTS AND AN ACRITARCH FROM THE UPPER CRETACEOUS 25 

DRUGG, W.S. & LOEBLICH, A.R., Jr., 1967. Some Eocene 
and Oligocene phytoplankton from the Gulf 
Coast, U.S.A. Tulane Stud. Geol., 5 : 181-194. 

EATON, G.L., 1976. Dinoflagellate cysts from the Brackles­
ham Beds (Eocene) of the Isle of Wight, southern 
England. Bull. Br. Mus. (Nat. Hist.) Geol., 26 : 
228-332. 

EISENACK, A. & KJELLSTROM, G., 1971. Katalog der fos­
silen Dinoflagellaten, Hystrichospheren und ver­
wand te Mikrofossilien. Band II. Dinoflagellaten, 
vol. 2. Schweitzerbart, Stuttgart: 31-895. 

EISENACK, A. & KLEMENT, K.W., 1964. Katalog der fossilen 
Dinoflagellaten, Hystrichospharen und verwandte 
MiKrofossilien. Band I. Dinoflagellaten, vol. 1. 
Schweitzerbart, Stuttgart, 888 p. 

EVITT, W.R., 1961. Observations on the morphology of fossil 
dinoflagellates. Micropaleontology, 7 : 385-420. 

EVITT, W.R., 1963. A discussion and proposals concerning 
fossil Dinoflagellates, Hystrichospheres and Acri­
tarchs. Proc. Nat. Acad. Sci., 49 : 158-164, 298-
302. 

EVITT, W.R., 1974. Restudy of an Oligocene Freshwater 
dinoflagellate from Vermont. Geoscience & Man, 
9: 1-6. 

FAUCONNIER, D., 1979. Les Dinoflagelles de l'Albien et du 
Cenomanien inferieur du bassin de Paris. Impri­
merie Durand, Luisant, France, 294 p. 

FIRTION, F., 1952. Le Cenomanien inferieurdu Nouvion-en­
Thierache : examen micropaleontologique. Ann. 
Soc. Geol. Nord, 72 : 150-164. 

FELDER, W.M., 1975. Lithostratigraphie van het Boven-
Krijt en het Dano-Montien in Zuid-Limburg en 
het aangrenzende gebied. In : W.H. Zagwijn & 
C.J. van Staalduinen (Editors), Toelichting bij 
geologische oversichtkaarten van Nederland : 
63-72. Rijks Geologische Dienst, Haarlem. 

FOUCHER, J.C., 1971a. Microfossiles des silex coniaciens 
de la Falaise du Bais-de-Cise (Somme). Cah. 
Micropaleont., Paris, ser. 2 (8) : 1-13. 

FOUCHER, J.C., 1971b. Etude micropaleontologique des 
silex coniaciens du puits 19 de Lens-Lievin (Pas­
de-Calais). Bull. Mus. Nat. Hist. Natur. Paris, 
ser. 3 (21) : 77-158. 

FOUCHER, J.C., 1974. Microfossiles des silex du Turonien 
superieur de R.uyaulcourt (Pas-de-Calais). Ann. 
Paleont. (Invertebres), 60: 113-154. 

FOUCHER, J.C. & ROBASZYNSKI, F., 1977. Microplancton 
des silex du bassin de Mons (Belgique). (Dino­
flagelles cretaces et daniens). Ann. Paleont. 
(Invertebres), 63 : 19-47. 

GERLACH, E., 1961. Mikrofossilien aus dem Oligozan und 
Miozan Nordwestdeutschlands, unter besonde­
rer Berucksichtigung der Hystrichosphaerideen und 
Dinoflagellaten. N. Jb. Geol. Palaont., Abh., 
112 : 143-228. 

GOCHT, H., 1969. Formengemeinschaften alttertiaren Mi-
kroplanktons aus Bohrproben des Erdolfeldes 
Meckelfeld bei Hamburg. Palaeontographica 
ser. B (126) : 1-100. 

GORKA, H., 1964. Coccolithophorides, Dinoflagelles, Hystri­
chosphaerides et microfossiles incertae sedis du 
Cretace superieur de Pologne. Acta Paleont. 
Polan., 8 : 3-90. · 

GRIFFITH, J.W. & HENFREY, A., 1856. The micrographic 
dictionary : a guide to the examination and in­
vestigation of the structure and nature of micros­
copic objects. Van Voorst, London, 696 p. (see 
p. 692). 

GRUAS-CAVAGNETTO, C., 1974. La palynoflore et le mi­
croplancton du Priabonien dans sa localite-type 
(Prov. Vicenza, Italie). Bull. Soc. geol. Fr., ser. 
(16) : 86-90. 

GRUAS-CAVAGNETTO, C., 1976. Etude palynologique de 
Paleogene du sud de l 'Angleterre. Cah. Micro­
paleont., Paris, 1 : 1-49. 

HABIB, D., 1978. Palynostratigraphy of the Lower Creta­
ceous section at Deep-Sea Drilling Project Site 
391, Blake-Bahama Basin, and its correlation 
in the North Atlantic. Initial Rep. Deep-Sea 
Drill. Proj., 44: 887-897. 

HARKER, S.D. & SARJEANT, W.A.S., 1975. The stratigra­
phical distribution of organic-walled dinofla­
gellate cysts in the Cretaceous and Tertiary. 
Rev. Palaeobot. Palyri., 20: 217-315. 

JAIN, K.P., 1978. An Upper Cretaceous dinoflagellate assem­
blage from Vriddhachalam area, Cauvery Basin, 
South India. The Palaeobotanist, 25 : 146-160. 

JAIN, K.P. & MILLEPIED, P., 1975. Cretaceous microplank­
ton from Senegal Basin, W ~ Africa, pt. II. Syste­
matics and biostratigraphy. Geophytology, 5 : · 
126-171. 

KJELLSTROM, G., 1973. Maastrichtian mforoplankton from 
the Hollviken Borehole no. 1 in Scania, south 
Sweden. Sver. Geol. Unders. Afh., ser. C (67) : 
5-59. 

KLEMENT, K.W., 1960. Dinoflagellaten und Hystrichosphaeri­
deen aus dem Unteren und Mittleren Malm Siid­
westdeutschlands. Palaeontographica, . ser. A 
(114): 1-104. 

LEJEUNE-CARPENTIER, M., 1938. L'etude microscopique 
des silex (6eme note). Areoligera : nouveau genre 
d'Hystrichosphaeridee. Ann. Soc. geol. Belg., 62 
(3) : Bl63-l 74. 

LEJEUNE-CARPENTIER, M., 1939. L'etude microscopique 
des silex (7eme note). Un nouveau Peridinien 
cretacique, Gonyaulax wetzeli. Ann. Soc. geol. 
Belg., 62 (10-11) : B525-529. 

LEJEUNE-CARPENTIER, M., 1940. L'etude microscopique 
des silex (8eme note). Systematique et morpho­
logie des "Tubiferes". Ann. Soc. geol. Belg., 
63 (5) : B216-236. 

LEJEUNE-CARPENTIER, M., 1941. - L'etude microscopique 
des silex (9eme note). Sur Hystrichosphaeridium 
hirsutum (Ehrenberg) et quelques formes voisines. 
Ann. Soc. geol. Belg., 63 (3) : B7 l-92. 

LEJEUNE-CARPENTIER, M., 1942. L'etude microscopique 
des silex (lOeme note). Peridiniens nouveaux ou 
peu connus. Ann. Soc. geol. Belg., 65 (6): B181-
192. 

LEJEUNE-CARPENTIER, M., 1946. L'etude microscopique 
des silex (12eme note). Especes nouvelles ou 
douteuses de Gonyaulax. Ann. Soc. geol. Belg., 
69 (4): Bl87-197. 

LENTIN, J.K. & WILLIAMS, G.L., 1973. Fossil dinoflagella­
tes : index to genera and species. Geol. Surv. 
Canada, Paper 73-42, VI+ 176 p. 



26 Maria LEJEUNE-CARPENTIER & William A.S. SARJEANT 

LENTIN, J.K. & WILLIAMS, G.L., 1976. A monograph of 
fossil Peridinoid dinoflagellate cysts. Beldford 
Inst. Oceanogr., Rep .. Ser. B 1-R-76-16, VI+ 237 p. 

LENTIN, J.K. & WILLIAMS, G.L., 1977. Fossil dinoflagella­
tes : index to genera and species, 1977 Edition. 
Bedford Inst. Oceanogr., Rep. Ser. B 1-R-77-
8, V+209p. . 

LOEBLICH, A.R., Jr. & TAPPAN, H., 1969. Acritarch encyst­
ment and surface ultrastructure, with descriptions 
of some Ordovician taxa. Rev. Espafi. Micropa­
leont., 1 : 45-57. 

LOEBLICH, A.R., Jr. & TAPPAN, H., 1976. Some new and 
revised organic-walled phytoplankton microfossil 
genera. J. Paleont., 50, : 301-308. 

MAY, F.E., 1980. Dinoflagellate cysts of the Gymnodiniaceae, 
Peridiniaceae, and Gonyaulacaceae from the 
Upper Cretaceous Monmouth Group, Atlantic 
Highlands, New Jersey. Palaeontographica ser. B, 
(172) : 10-116. 

MILLIOUD, M.E., 1967a. Preliminary palynological investiga­
tion of some Jura Mountain localities. Bull. Ver. 
Schweiz. Petrol.-Geol. Ing., 33 : 67-70. 

MILLIOUD, M.E., 1967b. Palynological study of the type 
localities at Valangin and Hauterive. Rev. Pa­
laeobot. Palyn., 5 : 155-167. 

MlLLIOllD, 1\1.E., 1969. Dinoflagellates and acritarchs from 
some western European Lower Cretaceous type 
localities. Proc. I Int. Conf. Planktonic Micro­
fossils : 420-434. 

NEALE. J.W. & SARJEANT, W.A.S., 1962. Microplankton 
from the Speeton Clay of Yorkshire. Geol. Mag., 
99 : 439--458. 

NORRIS, G. & HEDLUND, R.W., 1972. Transapical sutures 
in dinoflagellate cysts. Geoscience & Man, 4 : 
49-56. 

PLAYFORD, ·G., HAIG, D.W. & DETTMAN, M.E., 1975. A 
mid-Cretaceous microfossil assemblage from the 
Great Artesian Basin, northwestern Queensland. 
N. Jb. Geol. Palaont., Abh., 149 : 333-362. 

POCOCK, S.A.J., 1962. Microfloral analysis and age determina­
tion of strata at the Jurassic-Cretaceous boundary 
in the Western Canada plains. Palaeontographica, 
ser. B (111) : 1-95. 

READE, Rev. J.B., 1839. On some new organic remains in the 
Flint of Chalk. Ann. Nat. Hist., 2 : 191-198. 

SAH, S.C.D., KAR, R.K. & SINGH, R.Y., 1970. Fossil micro­
plankton from the Langpar Formation of .Therria­
ghat, South Shillong Plateau, Assam, India. The 
Palaeobotanist, 18 : 143-150. 

SARJEANT, W.A.S., 1966. Dinoflagellate cysts with Gonyau­
lax-type tabulation. In DAVEY, R.J., DOWNIE, 
C., SARJEANT, W.A.S. & WILLIAMS, G.L. 
Studies on Mesozoic and Cainozoic dinoflagellate 
cysts. Bull. Brit. Mus. (Nat. Hist;) Geol., Supp. 3 : 
107-156. 

SARJEANT. W.A.S., 1967a. The stratigraphical distribution 
· of fossil dinoflagellates. Rev. Palaeobot. Palyn., 

1 : 323-343. 

SARJEANT, W.A.S., 1967b. The genus Palaeoperidinium 
Deflandre 1934 (Dinophyceae). Grana Palyn., 
7: 241-258. 

SARJEANT, W.A.S., 1973. Acritarchs and tasmanitids from 
the Mianwali and Tredian Formations (Triassic) 
of the Salt and Surghar Ranges, West Pakistan. 
In : LOGAN, A. & HILLS, L.V. (Eds) : The Per­
mian and Triassic Systems and their Mutual Bun­
dary. Canad. Soc. Petrol. Geol., Mem. 2 : 35-73. 

SARJEANT, W.A.S. & DOWNIE, C., 1966. The classification 
of dinoflagellate cysts above generic level. Grana 
Palyn., 6 : 503-527. 

SARJEANT, W.A.S. & DOWNIE, C., 1974. The classification 
of dinoflagellate cysts above generic level : a 
discussion and revisions. Birbal Sahni Inst. Palaeo­
bot. Spec. Publ. 13, Symposium on Stratigraphical 
Palynology: 9-32. 

SERPAG LI, E., 1966. Primo studio di Dinoflagellati e Istri­
cosferidi del Mesozoico Italiano (Cretaceo Su­
periore-Apennino Settentrionale). Boll. Soc. 
Paleont. Ital., 3 : 89-109. 

SINGH, C., 1971. Lower Cretaceous microfloras ofthe Peace 
River area, Northwestern Alberta. Bull. Res. 
Council Alberta, 28 vol. 2, : i-vii + 301-542. 

STANLEY, 

STOVER, 

E.A., 1965. Upper Cretaceous and Paleocene 
plant microfossils and Paleocene dinoflagellates 
and hystrichosphaerids from northwestern South 
Dakota. Bull. Amer. Paleont., 49 : 179-3 84. 

L.E. & EVITT, W.R., 1978. Anayses of Pre-Pleis­
tocene Organic-walled Dinoflagellates. Stanford 
Univ. Publ., Geol. Sci., 15, III+ 300 p. 

TURPIN, C.R., 1837. Analyse ou etude microscopique des 
differents corps organises et autres corps de nature 
diverse qui peuvent, accidentellement, se trouver 
enveloppe dans la pate translucide des silex. 
C.R. Acad. Sci., 4: 304-314, 351-362. 

VACHEY, G. & JARDINE, S., 1962. Aper9u sur la microflore 
des series "albiennes" de Cote d'Ivoire. C.R. 
Somm. Soc. Geol. Fr., no 4 : 102-103. 

VARMA, C.P. & DANGWAL, A.K., 1964. Tertiary hystricho­
sphaerids from India. Micropaleontology, 10 : 
63-71. 

VA VRDOV A, M., 1964. Microplankton from the Tesfo-Har­
diste Series (Lower Cretaceous). Part. I. Dino­
flagellates. Sbornfk Geol. Ved. Paleontologie, 
sect. P (4) : 91-104. 

VERDIER, J.P., 1970. Addendum au Memoire de G. Deflan­
dre et LC. Cookson, "Microplancton fossile de 
Sediments du Mesozoique superieur et du Ter­
tiaire d'Australie". Cah. Micropaleont., Paris, 
ser. 2 (4), 54 p. 

VERDIER, J.P., 197 5. Les kystes de dinoflagelles de la section 
de Wisssant et leur distribution stratigraphique au 
Cretace moyen. Rev. Micropaleont., 17 : 191-
197. 

VOZZHENNIKOVA, T.F., 1963. Tip Pyrrhophyta. Pirrofi-
tovye vodorosli. Osnovy Paleont., Moscow : 
171-186. 

WETZEL, 0., 1933. Die inorganischer Substanz erhaltenen 
Mikrofossilien des Baltischen Kreide-Feuersteins. 
Palaeontographica, 77 : 141:-188 ; 78 : 1-110. 

WETZEL, W., 1922. Sediment-petrographischen Studien I. 
Feuerstein. N. Jb. Mineral., Beil., 47 : 39-92. 



RESTUDY OF SOME LARGER DINOFLAGELLATE CYSTS AND AN ACRITARCH FROM THE UPPER CRETACEOUS 27 

WETZEL, W., 1952. Beitrag zur Kenntnis des dan-zeitlichen 
Meeresplanktons. Geol. Jb. (1950), 66 : 391-
419. 

WETZEL W., 1955. Die Dan-Scholle vom Katharinenhof 
(Fehmarn) und ihr Gehalt an Planktonen. N. 
Jb. Geol. Palaont. Mh., no. 1 : 30-46. 

WHITE, H.H., 1842. On fossil Xanthidia. Microsc. J., Land., 
11: 35-40. 

WHITE, H.H., 1844. On fossil Xanthidia. Trans. Microsc. 
Soc. Land., 1 : 77-86. 

WILLIAMS, G.L. & BRIDEAUX, W.W., 1975. Palynologic 
analysis of Upper Mesozoic and Cenozoic rocks 
of the Grand Banks, Atlantic Coastal Margin. 
Geol. Surv. Canad., Bull. 236 : 1-162. 

WILLIAMS, G.L. & DOWNIE, C., 1966. Further dinoflagellate 
cysts from the London Clay. In : DA VEY, R.J. 
DOWNIE, C. SARJEANT, W.A.S. & WILLIAMS, 
G.L., Suties on Mesozoic and Cainozoic dino­
flagellate cysts. Bull. Br. Mus. (Nat. Hist.) Geol., 
Supp. 3 : 215-235. 

WILSON, G.J., 1976. Late Cretaceous (Senonian) dinoflagella­
te cysts from the Kakiutara Tuff, Chatham Islands. 
N.Z.J. Geol. Geophys., 19 : 127-143. 

ZAITZEFF, J.B. & CROSS, A.L., 1971. The use of dinofla­
gellates and acritarchs for zonation and correla­
tion of the Navarro Group (Maestrichtian) of 
Texas. Geol. Soc. Amer. Spec. Paper 127 : 341-
377. 



28 Maria LEJEUNE-CARPENTIER & William A.S. SARJEANT 

PLATE 1 

1...:2 Gonyaulacysta wetzeli (Lejeune-Carpentier, 1939), emend. The paratype (1. In ventral view. 2. In dorsal view, 
by transparency). 

3-4 Cribroperidinium ventriosum (0. Wetzel, 1933), emend. The holotype (3. In left lateral view. 4. In right lateral 
view, by transparency). 

All figures X 1,000. 
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30 Maria LEJEUNE-CARPENTIER & William A. S. SARJEANT 

PLATE2 

1·-2 Fibrocysta? cf. deflandrei (Lejeune-Carpentier, 1941), stat. et comb. nov., emend. Specimen CXIl-53. (1. In 
presumed ventral view. 2. In presumed dorsal view). X c. 1,250. 

3-5 Gonyaulacysta? obscura (Lejeune-Carpentier, 1946), emend. 3-4. The holotype (3. In ventral view. 4. In 
dorsal view, by transparency). 5. The paratype. X 1,000. 

6-7 Amphorosphaeridium major (Lejeune-Carpentier, 1940), comb. nov., emend. The holotype. (6. In slightly 
oblique antapical view. 7. In slightly oblique apical view, by transparency). x 500. 
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PLATE 3 

1-2 Leptodinium porosum (Lejeune-Carpentier, 1946). The holotype (1. In ventral view. 2. In dorsal view, by 
transparency). x 1,000. 

3 Hystrichokolpoma? crassipes (Reade, 1839), comb. nov., emend. The neotype, in oblique right lateral view. 
x 1,000. 

4 Veryhachium? cruciatum (0. Wetzel, 1933). The holotype, x c. 660. 

5-6 Areoligera senonensis Lejeune-Carpentier, 1938. The holotype. (5. In apical view, by transparency. 6. In anta­
pical view). x c. 660. 
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34 Maria LEJEUNE-CARPENTIER & William A.S. SARJEANT 

PLATE 4 

1-2 Areoligera senonensis Lejeune-Carpentier, 1938. Paratype, specimen :XXX-75. (1. In oblique apical view, 
by transparency. (2. In oblique antapical view). x c. 660. 

3-4 Oligosphaeridium complex (White). Specimen CVIIl-4, formerly the holotype of Hystrichosphaeridium ele­
gantulum Lejeune-Carpentier. (3. In oblique apical view. 4. In oblique antapical view, by transparency). x 700. 

5-6 Fibrocysta? deflandrei (Lejeune-Carpentier, 1940), stat. et comb. nov., emend. The holotype (5. In right lateral 
view. 6. In left lateral view, by transparency). x 1,000. 
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36 Maria LEJEUNE-CARPENTIER & William A. S. SARJEANT 

PLATES 

1-2 Defiandrea galeata (Lejeune-Carpentier, 1942), emend. The holotype. (1. In oblique ventral view. 2. In oblique 
dorsal view, by transparency). x 700. 

3-4 Oligosphaeridium complex (White). Specimen CVIII-5 (3. At lower focus, by transparency. 4. At upper focus). 
x 700. 

5-6 Gonyaulacysta wetzeli (Lejeune-Carpentier, 1939), emend. The holotype. (5. In slightly oblique ventral view. 
6. In slightly oblique dorsal view, by transparency). x 500. 
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PLATE 6 

1-2 Deflandrea galeata (Lejeune-Carpentier, 1942), emend. Specimen CXIII-31 (1. In dorsal view, by transparency. 
2. In ventral view). 

3 Deflandrea damasii (Lejeune-Carpentier, 1942), comb. nov., emend. The holotype, in dorsal view. 

4 Palaeoperidinium? subconicoides (Lejeune-Carpentier, _1942). Specimen XVIII-1. 

5 Lejeunecysta tricuspis (O. Wetzel), emend. The ho lo type, in dorsal view. 

All figures x 700. 
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ERRATA 

ANNALES DE LA SOCIETE GEOLOGIQUE DE BELGIQUE, T. 104, fascicule I (1981) 

ERRATA 

p. 1 : Resume : 4eme ligne, au lieu de "damasi ", lire "damasii " 
9eme ligne, au lieu de "Criboperidinium ", lire "Cribroperidinium ,, 

p. 6, 2eme colonne, 9eme ligne, au lieu de "judgement or differ", lire "judgement and differ". 

p. 26, 2eme oolonne: STOVER, L.E. & EVITT, W.R., 1978. Au lieu de" Anayses", lire" Analyses". 

p. 27, 2eme colonne : WILLIAMS, G.L. & DOWN CE, C., 1966. Au lieu de "Suties", lire "Studies". 


