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Abstract

The dinocyst assemblages were obtained from
selected core samples, between the depths 2505’ and
3190, from the Haldager No. 1 borehole, onshore
Denmark. It has been possible to apply the dinocyst
zonation of Davey (1979) to these assemblages and
they have been dated as Hauterivian (Early Cretace-
ous) to early Portlandian (Late Jurassic). The placing
of the Cretaceous-Jurassic boundary between 2945’
and 2989’ differs significantly from its initial position
in Sorgenfrei and Buch (1964) at 2706’. The present
revised dating has subsequently been used by Mi-
chelsen (1978, p. 23) in his study of the Norwegian —
Danish Basin. The study has necessitated the exami-
nation of many accurately dated samples of Early
Cretaceous and Late Jurassic age from onshore east-
ern England and the results are incorporated in this
paper. Detailed systematics, the key to a detailed
stratigraphic breakdown, has necessitated the erec-
tion of 2 new genera (Cymososphaeridium and Sti-
phrosphaeridium), 12 new species and 2 new sub-
species. In addition minor amendments are also
made to the dinocyst zonation of Davey (op. cit.).

Introduction

The present investigation, although examining pri-
marily the distribution of dinocysts in the latest
Jurassic and Early Cretaceous of the Haldager No. 1
borehole, onshore Denmark, is part of a larger study
dealing with rocks of these ages from the Boreal Pro-
vince of northwest Europe. Thus, in this paper, refer-
ence is often made to onshore, accurately dated sec-
tions in eastern and southern England. The former
include the classic exposure at Speeton, east York-
shore (Neale, 1974), and the quarries and more
temporary exposures in Lincolnshire and Norfolk
(Casey, 1973). The sections in southern England in-
clude the type localities of the Kimmeridgian and
Portlandian in Dorset (Torrens, 1969). Preliminary
results of the stratigraphic distribution of dinocysts at
this stratigraphic level, both in the Haldager No. 1
borehole and in England, are to be found in Davey
(1979), where a formal dinocyst zonation was estab-

lished. In the present paper recent data on the
stratigraphic distribution of certain dinocysts and on
the dating of some onshore English sections have
neccessitated several revisions in the originally pro-
posed zonation scheme. These are discussed below
and the age of the interval examined from the Hald-
ager No. 1 borehole, 2505'-3190’, is reassessed ac-
cordingly.

Haldager No. 1 borehole

The Haldager No. 1 borehole was drilled by the
Danish American Prospecting Co. (DAPCO.) during
the later part of 1950 in northern Denmark to
examine the Cretaceous and Jurassic (Sorgenfrei and
Buch, 1964). Drilling commenced in a thin Pleis-
tocene and a relatively complete Cretaceous and
Jurassic succession was encountered. The borehole
terminated in the Liassic at 4989’ (1521 m) depth.

Geological Situation

The core samples analysed are from depths 2505’ to
3190’ (measured in feet below rotary table) and are
of Early Cretaceous and Late Jurassic age. Sedi-
mentation during these epochs took place in the
Danish Sub-basin of the Norwegian-Danish Basin
(Michelsen, 1978). This sub-basin was bordered by
positive structural elements to the north and east, the
Fennoscandian Shield, and to the south, the Ring-
kebing-Fyn High. Seaways existed to the southeast,
the Danish-Polish Trough, and to the west into the
North Sea Basin. Most of the succession examined is
assigned to the Bream Formation which is divided
into two members. Only the upper one, the Fre-
derikshavn Member (2576'-3374’), was examined.
The Frederikshavn Member is overlain by the Veds-
ted Formation of which only the basal part was
analysed. During the deposition of the Bream For-
mation, Haldager was situated at or near the de-
pocentre.



Location of Samples

The upper part of the succession analysed, from
2505’ to 3009’, consists predominantly of silty clays
and shales with minor siltstone. Between 3009’ and
3080’, sandstones and sands become dominant and
below this level, down to 3190’, the lithology consists
of clays, shales and silts with minor sands. (Addi-
tional, and more detailed, lithological information is
to be found in the “Core Descriptions” of the Weekly
Report of the Haldager No. 1 borehole obtainable
from the Danish Geological Survey).

Although the interval analysed during this study
was entirely cored, recovery was often poor and, as
the cores have been moved and sampled several
times, the exact positions of the analysed samples is
usually only approximate. The following is a list of
the cores analysed and the approximate position
within the core of the actual core piece:—

Core 2505'-2525" approx. 15’ below top of core.
— 2545'-2565' approx. 2549’.
— 2585'-2595' position uncertain, poor recov-
ery.
— 2617'-2627' probably top of core.
— 2647'-2657' position uncertain.
—  2667'-2677' lower part of core.
— 2752'-2762" approx. 1.5’ below top of core.
- 2772'-2782" approx. 1’ below top of core.
— 2822'-2832' near top of core.
— 2832'-2842' position uncertain.
— 2866'-2876" approx. 0.5’ below top of core.
— 2896'-2915' near bottom of core.
—  2935'-2945' upper part of core.
— 2969'-2989' approx. 8' below top of core.
—  2989’-3009’' near top of core.
— 3009'-3015' near top of core.
— 3030°'-3040’ position uncertain.
— 3040'-3060" approx. 4’ below top of core.
— 30803100’ in upper 4’ of core.
— 3120’-3130’ in upper 4’ of core.
— 3150'-3160’ between 4’ and 8’.
— 3180'-3190" between 4’ and 8’.

Dating of the Cores

The original stratigraphic account, in Sorgenfrei and
Buch 1964, dated the Lower Cretaceous (1369'—
2706’) and Portlandian (2706’-2950') on a combi-
nation of ammonites, pelycepods (Buchia) and
benthonic foraminifera. These ages, and particularly
the position of the Cretaceous-Jurassic boundary,

were re-evaluated by Davey in 1976 (subsequently
incorporated in Davey 1979) using dinocysts. These
revised and more detailed datings were used by
Michelsen (1978) in his account of the Jurassic of the
Norwegian-Danish Basin and are discussed in the
present paper.

Palynomorph recovery

Palynomorph recovery from seventeen of the nine-
teen core samples analysed was good. Two samples,
at 2617'-27" and 3040'—60’, proved to be barren.
The latter is understandably barren as it is a fine
grained sand which must have undergone winnowing
during deposition. The reason for the former sample,
a light grey silt, being barren is unclear. A third sam-
ple, at 2585'-95’, contains downhole contamination
and so has not been included in the detailed strati-
graphic analyses.

Dinocyst recovery was generally good to very good
and even in the poorest sample, at 3150'-60’, a
reasonable number of species are present. Acan-
thomorph acritarchs, consisting mainly of Micrhys-
tridium Deflandre, 1937, are only common in the two
youngest samples (2505'-25’ and 2545'—65') al-
though they are present throughout the analysed
sequence. Miospores, of terrestrial derivation, are
relatively common to very common in all the cores.
Bisaccate pollen grains are typically relatively com-
mon in marine sediments but, in the present case, the
relatively heavy pteridophyte spores are also consi-
stently common. The latter characteristic is impor-
tant and indicates strong terrestrial influence at the
site of deposition and significant run-off from well
vegetated landmasses bordering the depositional ba-
sin. As would be expected terrestrically derived plant
debris, in the form of woody material (humic) and
plant cuticle, is the dominant kerogen component.

Obvious signs of reworking are uncommon and are
indicated by Triassic species (Ovalipollis spp. and
Ricciisporites  tuberculatus  Lundblad, 1954) at
2822'-32" and 2896915’ and by the Liassic species
Chasmatosporites magnolioides (Erdtman, 1948) at
2822'-32’. In addition, there is some evidence to
indicate minor reworking of Ryazanian to lower
Valanginian sediments into the Hauterivian. Two
occurrences illustrate this; firstly, the present of
Occisucysta sp. A Davey, 1979, of early Valanginian
to late Ryazanian age, at 2545'—65’ and secondly,
Aldorfia dictyota (Mclntyre and Brideaux, 1980)
comb. nov. at 2505'-25".



Revision of dinocyst zonal
scheme

The dinocyst zonal scheme for the Barremian to
Portlandian, established by Davey 1979, is here
slightly modified because of recent changes in am-
monite stratigraphy coupled with the reassessment of

critical onshore sections and because of recent ad-
vances in our knowledge of dinocyst distribution and
changes in taxonomy. Davey (op. cit., text-fig. 5)
omitted detailed ammonite zonal schemes for the
Barremian, Hauterivian and Valanginian and corre-
lated his dinocyst zones/subzones directly to the
Speeton Clay litho-units. This omission is here rec-
tified in text—fig. 1. The Barremian and Hauterivian
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Fig. 1. Correlation of the dinocyst zonation to the Boreal ammonite zonation for the Portlandian to Barremian.



ammonite zonal schemes are taken from Rawson et
al. (1978) and the Valanginian scheme from Kemper
et al. (in press). In addition, the revision of the early
Portlandian ammonite zones by Wimbledon and
Cope (1978) have also been incorporated into
text—fig. 1.

In more detail, the following emendments have
been made to the original ammonite zonation scheme
used by Davey (op. cit.): I. It is not internationally
agreed as to where the late-early Barremian bound-
ary should be placed. At present, a “mid” interval is
retained for practical purposes and is equivalent to
the middle Barremian of Davey (op. cit.) and the
Cement Beds of the Speeton Clay. For convenience,
the late-early Barremian boundary has been placed
at the top of the “mid” Barremian.

II. The position of the Barremian-Hauterivian
boundary has been revised by Kemper et al. (in
press) and is now placed at the base of the variabilis
Zone which is equivalent to the base of the litho-unit
C2C in the Speeton Clay. Davey (op. cit.) and Raw-
son et al. (1978) had previously placed it at the top of
this zone, that is at the base of the litho-unit LB5D.
II1. The late-early Hauterivian boundary is placed in
the upper part of the inversum Zone (Kemper et al.,
in press).

IV. The upper portion of the Valanginian is repre-
sented by a remanié horizon in the Speeton Clay at
Speeton and for this reason three German ammonite
zones have been utilised at this stratigraphic level.

The majority of the changes made to the dinocyst
zonal scheme of Davey (op. cit.) involve taxonomic
changes — the reattribution of species to different
genera and the erection of new species. These are as
follows:

Palaeoperidinium cretaceum substituted for Astro-
cysta cretacea.

Aptea anaphrissa substituted for Doidyx anaphrissa.
Nexosispinum vetusculum substituted for Adnatos-
phaeridium vetusculum.

Scriniodinium pharo substituted for Endoscrinium
pharo.

Gochteodinia villosa substituted for Pareodinia
dasyforma.

Cannosphaeropsis thula sp. nov. to replace Cannos-
phaeropsis sp. A.

Egmontodinium expiratum sp. nov. to replace Eg-
montodinium sp. A.

The definition of only one subzone is here changed
and the lower boundary moved down slightly. This
change involves the Chlamydophorella trabeculosa
Subzone, the lower boundary of which was defined as
the first stratigraphic appearance of the nominative
species which was considered to be at the base of the

Speeton Clay litho-unit C9, in the middle of the re-
gale ammonite Zone. Forms that are attributable to,
or at least could be easily confused with, C.
trabeculosa have recently been observed in the early
Hauterivian and Valanginian. Thus, the use of this
species in a zonation scheme is obviously not desir-
able and the distinctive species Batioladinium lon-
gicornutum has been substituted. The first strati-
graphic occurrence of this species is marginally lower,
at the base of the regale ammonite Zone and at the
base of the C11 litho-unit in the Speeton Clay. The
upper boundary of the B. longicornutum Subzone
remains the same as that of the former C. trabeculosa
Subzone. The difinition of the B. longicornutum Sub-
zone is as follows:— “The interval from the first ap-
pearance of Batioladinium longicornutum to the first
appearance of Subtilisphaera terrula. Age — early to
late Hauterivian (C11 to C7F litho-units, Speeton
Clay, Speeton).

Systematics

The following section is divided into four parts. The
first lists, in alphabetical order, all marine palyno-
morphs encountered during the present study and
indicates, where appropriate, the plates on which
they are figured. Figures in brackets refer to the
position of that palynomorph on text-fig. 3. New
species or those that require certain amplifying re-
marks are indicated by an asterisk (*) and are dealt
with in parts two to four. Parts two and three deal
with two groups of related genera — the Systemato-
phora, Oligosphaeridium and Surculosphaeridium
complex and the Broomea complex. The final section
treats all forms not included in these complexes.

All type material has been assigned MPK numbers
and is housed with all the slides examined in this
study, in the palynologic slide collection at the Insti-
tute of Geological Sciences, Leeds, England. A rep-
resentative set of slides is also housed at the Danish
Geological Survey, Copenhagen.

Marine Palynomorphs

Acanthomorph acritarchs (1)

Achomosphaera neptuni (Eisenack, 1958) Davey &
Williams, 1966a (83)

A. cf. neptuni (Eisenack, 1958) Davey & Williams,
19664, in Davey & Verdier, 1974 (105)

*Aldorfia dictyota (Cookson & Eisenack, 1960b)
comb. nov. (63)



*A. spongiosa (Mclntyre & Brideaux, 1980) comb.
nov. PL. 7, figs. 7-10 (55)

Aldorfia sp. A, PL. 7, figs. 13-15

Aprobolocysta neistosa Duxbury, 1980, PL. 7, figs.
5-7 (52)

*Apteodinium sp. A, PL. 7, figs. 11, 12, 16 (46)

Athigmatocysta grabra Duxbury, 1977 (65)

* Avellodinium culmulum (Norris, 1965) comb. nov.
(16)

A. falsificum Duxbury, 1977 (53)

*Batioladinium longicornutum (Alberti, 1961) Bri-
deaux, 1975 (106)

*B. pomum sp. nov. PL 5, figs. 2—4 (59)

*B. radiculatum sp. nov. PL. 5, figs, 1, 7-9 (60)

*B. varigranosa Duxbury, 1977, P1. §, figs. 5, 6 (102)

*B. cf. varigranosa Duxbury, 1977, PL. 5, fig. 10 (62)

*Batioladinium sp. 1, PL. 5, figs. 11-13

Caddasphaera halosa (Filatoff, 1975) Fenton, Neves
& Piel, 1980 (2)

Callaiosphaeridium cf. asymmetricum (Deflandre &
Courteville, 1939) Davey & Williams, 1966b
(122)

*Canningia compta sp. nov. Pl. 8, figs. 3-6 (11)

*Cannosphaeropsis thula sp. nov. Pl. 8, figs. 7-11
(19)

*Cantulodinium speciosum Alberti, 1961, PL. 4, fig.
11 (71)

Cassiculosphaeridia magna Davey, 1974 (31)

C. reticulata Davey, 1969a (94)

*Chlamydophorella membranoidea Vozzhennikova,
1967, Pl. 8, fig. 12 (41)

C. trabeculosa (Gocht, 1959) Davey, 1978 (107)

Chlamydophorella spp. (87)

Cleistosphaeridium tribuliferum (Sarjeant, 1962a)
Davey et al., 1969 (21)

Cleistosphaeridium spp. (3)

Cometodinium whitei (Deflandre & Courteville,
1939) Stover & Evitt, 1978 (76)

Cribroperidinium edwardsii (Cookson & Eisenack,
1958) Davey, 1969a (118)

*Cribroperidinium sp. A, Pl. 10, figs. 5, 6 (37)

Cribroperidinium spp. (66)

Ctenidodinium elegantulum Millioud, 1969 (84)

Cyclonephelium hystrix (Eisenack, 1958) Davey,
1978 (4)

Cyclopsiella sp. (58)

*Cymososphaeridium validum sp. nov. Pl. 3, figs. 5,
6, 8, 11 (108)

Cymososphaeridium sp. 1, P1. 3, figs. 9, 12

*Dichadogonyaulax pannea (Norris, 1965) Sarjeant,
1969. Pl. 9, fig. 10 (22)

Dingodinium albertii Sarjeant, 1966¢ (32)

D. minutum Dodekova, 1975. (12)

D. spinosum (Duxbury, 1977) Davey, 1979 (47)

Discorsia nanna (Davey, 1974) Duxbury, 1977 (109)

*Egmontodinium expiratum sp. nov. Pl 8, figs.
13-16 (39)

E. ovatum (Gitmez & Sarjeant, 1972) Riley, 1979,
PL 10, figs. 1, 2 (27)

E. polyplacophorum Gitmez & Sarjeant, 1972 (23)

E. torynum (Cookson & Eisenack, 1960b) Davey
1979 (35)

Ellipsoidictyum cinctum Klement, 1960 (38)

Exiguisphaera phragma Duxbury, 1979 (88)

Exochosphaeridium phragmites Davey et al., 1966
(110)

Fromea amphora Cookson & Eisenack, 1958 (73)

Glossodinium dimorphum loannides et al., 1977 (40)

*Gochteodinia mutabilis (Fisher & Riley, 1980)
comb. nov. PL 6, figs. 9, 12 (26)

*G. villosa (Vozzhennikova, 1967) Norris, 1978. Pl
6, figs. 1, 4—6 (45)

*G. villosa subsp. multifurcata nov. P1. 6, fig. 13 (80)

*G. virgula sp. nov. Pl. 6, figs. 2, 3, 7, 8, 10, 11 (51)

*Gochteodinia sp. 1, Pl. 6, figs. 14, 15 (49)

*Gochteodinia sp. 11, PL. 7, figs. 14

Gonyaulacysta helicoidea (Eisenack & Cookson,
1960) Sarjeant, 1966b (5)

G. ordocava Duxbury, 1977 (123)

G. pennata Fisher & Riley, 1980 (14)

*Gonyaulacysta sp. A, Davey, 1979. Pl 10, fig. 3
(61)

*Gonyaulacysta sp. B (81)

Heslertonia heslertonensis (Neale & Sarjeant, 1962)
Sarjeant, 1966b (95)

H. pellucida Gitmez, 1970 (77)

Hystrichodinium furcatum Alberti, 1961 (124)

H. pulchrum Deflandre, 1935 (6)

H. voigtii (Alberti, 1961) Davey, 1974 (42)

*Hystrichogonyaulax cf. cladophora (Deflandre,
1938b) Stover & Evitt, 1978, PL 10, fig. 7 (111)

Hystrichogonyaulax spp (7)

Hystrichosphaeridium cf. arborispinum Davey &
Williams, 1966b (101)

H. cf. recurvatum (White, 1842) Davey & Williams,
1966b. PI. 10, fig. 4 (125)

*Hystrichosphaerina schindewolfii Alberti, 1961.
(89)

Isthmocystis distincta Duxbury, 1979. PL. 8, figs. 1, 2
(43)

Kleithriasphaeridium corrugatum Davey, 1974 (28)

K. fasciatum (Davey & Williams, 1966b) Davey,
1974 (67)

*K. porosispinum sp. nov. Pl. 10, figs. 8-12. (17)

K. simplicispinum (Davey & Williams, 1966b)
Davey, 1974 (90)

Lagenorhytis delicatula (Duxbury, 1977) Duxbury,
1979 (92)



Lecaniella foveata Singh, 1971 (30)

Lithodinia bulloidea (Cookson & Eisenack, 1960b)
Lentin & Williams, 1977 (74)

?Maduradinium sp. A Davey, 1978 (85)

Millioudodinium sp. A (18)

Mendicodinium groenlandicum (Pocock & Sarjeant,
1972) Davey, 1979 (15)

Muderongia crucis Neale & Sarjeant, 1962 (119)

M. extensiva Duxbury, 1977 (120)

M. simplex Alberti, 1961 (68)

*M. simplex subsp. microperforata nov. Pl. 9, figs.
4-6 (82)

*Muderongia sp. A sensu Davey, 1979. Pl. 9, figs.
1-3. (25)

*Muderongia sp. B (121)

Nelchinopsis kostromiensis (Vozzhennikova, 1967)
Wiggins, 1972 (112)

Nematosphaeropsis scala Duxbury, 1977 (113)

Occisucysta tentoria Duxbury, 1977. P1. 9, figs 13, 14
(86)

*QOccisucysta sp. A Davey, 1979. PL 10, figs. 14, 15
(57)

*Oligosphaeridium asterigerum (Gocht, 1959) Davey
& Williams, 1969, PL. 1, fig. 12 (103)

O. complex (White, 1842) Davey & Williams, 1966b
(114)

*Q. diluculum sp. nov. PL 2, figs. 1-5 (70)

*Oligosphaeridium sp. 1, Pl. 2, figs. 6-8

Ophiobolus sp. A Davey, 1979 (96)

*Pareodinia sp. 1, PL. 4, figs. 12—14 (75)

Pareodinia spp. (29)

*Perisseiasphaeridium insolitum sp. nov. Pl. 4, figs.
8-10 (50)

Phoberocysta neocomica (Gocht, 1957) Millioud,
1969 (99)

P. tabulata Raynaud, 1978 (97)

*Polygonifera staffinensis (Gitmez, 1970) comb. nov.
(24)

Polysphaeridium warrenii Habib, 1976 (98)

Pseudoceratium pelliferum Gocht, 1957. Pl. 10, fig.
16 (78)

Pterospermella aureolata (Cookson & Eisenack,
1958) Eisenack, 1972 (36)

*Pterospermella sp. A (54)

Prerospermella spp. (79)

Scriniodinium campanulum Gocht, 1959. PL. 9, figs.
11,12 (91)

*S. pharo (Duxbury, 1977) comb. nov. (13)

Sirmiodinium grossii Alberti, 1961 (9)

Spiniferites ramosus (Ehrenberg, 1838) Loeblich &
Loeblich, 1966 (100)

S. ramosus (Ehrenberg, 1838) subsp. primaevus
Duxbury, 1977. P1. 9, figs. 7, 8 (113)

*Stiphrosphaeridium arbustum sp. nov. Pl. 3, figs.
14 (72)

*S. dictyophorum (Cookson & Eisenack, 1958)
comb. nov. Pl. 2, figs. 10-13 (64)

*Surculosphaeridium sp. 1, Pl. 3, figs. 7, 10 (104)

*Surculosphaeridium sp. 11, PL. 4, figs. 1, 2

*Surculosphaeridium sp. 111, Pl. 4, figs. 3—6

*Systematophora cf. areolata Klement, 1960, Pl. 1,
figs. 5, 6 (10)

*S. palmula sp. nov. PL. 1, figs. 14 (56)

S. silyba Davey, 1979 (116)

*Systematophora sp. 1, PL. 1, figs. 7-9 (20)

*Systematophora sp. 11, P1. 1, figs. 10, 11 (93)

Tanyosphaeridium boletum Davey, 1974 (117)

Tanyosphaeridium spp. (44)

*Tasmanites newtoni Wall, 1965 (48)

Trichodinium ciliatum (Gocht, 1959) Eisenack, 1964
(33)

Tubotuberella apatela (Cookson & Eisenack, 1960b)
Ioannides et al. 1977 (34)

Wallodinium spp. (69)

The Systematophora —
Oligosphaeridium —
Surculosphaeridium complex

Discussion

The species included within these three genera have
in common that they are all skolochorate, gony-
aulacacean cysts having an apical archaeopyle and
possessing not more than one process Or process
group per paraplate. Generic differentiation depends
on process morphology, i.e. annulate-arcuate, hollow
or solid, how the various types are combined, upon
the process formula (particularly the presence or
absence of paracingular processes) and the presence
of ring and linking trabeculae. Thus it is theoretically
possible to define many genera using various combi-
nations of the above criteria. The presence of ring
trabeculae, either completely or partly linking the
distal ends of the processes in annulate complexes, or
the distal furcations of solid, fenestrate processes, is
used solely at the generic level to differentiate Hys-
trichosphaerina Alberti 1961 from Systematophora
Klement 1960. This morphological criterion is usu-
ally easy to use although, in some instances, adher-
ence to it may cause controversial results as when two
morphologically related forms, S. fasciculigera Kle-
ment 1960 and H. orbifera (Klement) Stover and
Evitt 1978, are placed in different genera. The link-
ing of processes or process groups by trabeculae,
however, as in Emmetrocysta Stover 1975 and the
»Adnatosphaeridium« aemulum (Deflandre 1938)



complex, is considered to be of greater generic value.
A summary of the process arrangements and types in
the genera belonging to this complex is shown on
table 1. Seven of the genera are already in existence
and two new genera, Stiphrosphaeridium and
Cymososphaeridium, are here erected.

The Systematophora — Oligosphaeridium — Sur-
culosphaeridium complex is not considered to be a
simple lineage in which one genus simply evolves
from another and in time gives rise to a further one.
More realistically, the basic Systematophora type
must be regarded as a root stock from which, at cer-
tain times in the past, evolved certain variants or
morphotypes that are now assigned to different gen-
era. Hence the Oligosphaeridium species (described
as O. pulcherrium, by loannides et al. 1977, herein
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pl. 2, fig. 9) from the mid-Kimmeridgian evolved
from the Systematophora root stock but did not give
rise directly to O. complex in the Valanginian. Some-
times associated with this Kimmeridgian Oligo-
sphaeridium, and probably closely related to it, is a
form here referred to Perisseiasphaeridium sp. 1 (pl.
4, fig. 7) which has solid, paracingular processes. O.
complex, in all probability, arose from the Systema-
tophora root stock in the Ryazanian - early Valangi-
nian perhaps through an intermediate species (see
fig. 2). Similarly Surculosphaeridium cribrotubiferum
(Sarjeant 1960) arose in the Oxfordian probably
from ancesters attributable to Systematophora. Mor-
photypes attributable to Surculosphaeridium did not
reappear until the Valanginian, again probably from
a Systematophora stock.
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Fig. 2. The ranges of certain chorate dinocysts in the Haldager No. | borehole.



Table 1. Summary of the morphological characteristics of similarly structured chorate dinocysts
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Genera Pre- and Ring Linking trabeculae Paracingular
postcingular trabeculae between processes/ process type
process type process complexes

Systematophora Annulate-arcuate Absent Absent Solid
complexes

Oligosphaeridium Tubiform Absent Absent Absent

Surculosphaeridium Solid Absent Absent Solid

Stiphrosphaeridium Solid-restricted Present Absent Absent
annulate complexes

Hystrichosphaerina Solid?-restricted Present Absent Solid
annulate complexes (rarely absent)

Cymososphaeridium Solid Absent Absent Absent

Perisseiasphaeridium Tubiform Absent Absent Solid

Hystrichosphaeridium Tubiform Absent Absent Tubiform

Emmetrocysta Annulate complexes Present Present Absent

»Adnatosphaeridium« Solid-annulate Present Present Absent

aemulum complex complexes. Rarely
tubiform

Polystephanephorus Annulate complexes Present Present Solid

Genus Systematophora Klement 1960

Description. The genus Systematophora is charac-
terised by annulate complexes of processes which are
best developed in the pre-, postcingular and antapical
regions; a single complex occupies each paraplate.
When well developed the annulate complexes are
penitabular in position but often their size is reduced
and they become circular and occupy the central part
of the individual paraplate. An additional trend is for
the basal ridge of the pre-and postcingular complexes
to become reduced on the paracingular margin and
the processes to the concentrated on the side of the
ridge opposite this margin. In other forms the basal
ridge is absent and the individual processes appear to
arise immediately from the cyst wall.

The processes are solid, although internal vacuoles
may be present; they may be completely separate as
in §. areolata Klement 1960, the type species, or may
be linked to neighbouring processes in the complex
by a few simple branches or by numerous branches so
that a intricate network is developed. All inter-
mediates extist between isolated processes and sim-
ple and intricately linked processes. Restricted an-
nulate complexes, composed of two to three indi-
vidual processes, may develop in the apical region
but often here one paraplate bears a single process.
This also happens on the parasulcus and on paraplate
1’"". Two linearly arranged processes usually occupy
each cingular paraplate. The process formula appears
to be 4’, 6'', 5-6¢, 6'"', 1p, 1'""", 1-5s. The ar-

chaeopyle is apical, formed by the detachment of
four apical paraplates as a unit (Type A).

Remarks. The holotype of Polystephanephorus cala-
thus (Sarjeant 1961a) Downie and Sarjeant 1965,
which is the type species of the genus, has been re-
examined and possesses paracingular processes of the
Systematophora — type. This is considered to be an
important morphological criterion and suggests that
Polystephanephoros Sarjeant 1961b is closely related
to Systematophora. Polystephanephoros is distin-
guished from Systematophora by having trabeculae
which distally link the process complexes.

Systematophora palmula sp. nov
PL 1, figs. 1-4

Derivation of name. Latin, palma, hand — with refer-
ence to the shape of the major processes.

Diagnosis. Shape. The body was originally spheroidal
with only minor dorso-ventral flattening.

Wall. The cyst wall is of moderate thickness and is
apparently two-layered, the two layers being closely
appressed except where the periphragm alone forms
the processes. It is smooth to scabrate. The processes
are smooth and may have internal vacuoles.

Processes. These are basically of two types — the
pre-, postcingular and antapical annulate processes
being membranous and the apical, parasulcal and
paracingular processes being simple. The proximal



ridges of the annulate complexes tend to be arcuate
and, in the pre- and postcingular series, are best de-
veloped on the side away from the paracingulum.
The single membranous process arising from this ar-
cuate ridge divides medially into two or more
branches; additional branching may be present and
the distal termination is a small bifurcation. The
parasulcal processes are unbranched and solid; they
gradually taper-distally to terminate with a small bi-
furation. The apical processes are similar or slightly
membranous. The paracingular processes occur in
pairs, two per paraplate, and each pair may be linked
proximally by a ridge.

Archaeopyle. An apical archaeopyle always ap-
pears to be developed by the detachment of the api-
cal paraplates as a unit (Type A). It has a strongly
zigzag margin.

Holotype. MPK 2608, slide SAL 4639/111, Haldager
No. 1 borehole, core depth 2896'-2915’, Denmark.
Ryazanian, Early Cretaceous.

Dimensions
Holotype Range
(nm) (um)
Body diameter
(excluding processes)
Length
(archaeopyle developed) 50 34 (45) 53
width 44 39 (43) 48
Process length 18-38 20-38

Description. The width of the membranous processes
varies considerably upon an individual specimen and
from specimen to specimen. The largest ones, in the
antapical and dorsal postcingular positions, divide
medially into four to seven subparallel branches; the
remaining postcingular processes and the precingular
processes are less divided, typically two to four
branches, and the division may commence in the
lower part of the process.

Remarks. The membranous nature of the major pro-
cesses in . palmula sp. nov. distinguishes this species
from all previously described forms. When some of
the major processes become deeply divided, as is
sometimes the case, they tend to resemble the larger
annulate complexes of S. cf. areolata, indicating that
the two forms are morphologically related.

Occurrence. S. palmula sp. nov. is consistently pre-
sent from 2935'—45' to 2667'-77' (Ryazanian to
Valanginian), Haldager No. 1 borehole. It also occurs
in the albidum (late Ryazanian) and Paratollia spp.
(early Valanginian) Zones of the Speeton Clay.
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Systematophora cf. areolata Klement 1960
Pl 1, figs. 5, 6

Remarks. The present specimens are very similar to
the type material from the Lower Kimmeridgian of
Germany from which they may be distinguished by, i)
the processes being more variable in that they
occasionally branch and maybe linked medially or
proximally, and, ii) the proximal ridges of the annu-
late complexes that are subpolygonal in S. areolata
are reduced to either circular or arcuate ridges, or are
apparently absent altogether in S. cf. areolata.

Occurrence. S. cf. areolata occurs in most of the
Haldager No. 1 borehole samples and in eastern and
northeastern England occurs infrequently in the late
Ryazanian and early Valanginian (bed D4, Speeton).

Systematophora sp. 1
Pl. 1, figs. 7-9

Description. The cyst is subcircular in outline and is
composed of a more or less smooth wall. The anulate
complexes are variably developed and proximally
usually have a circular ridge from which arise the
solid processes. The antapical annulate complex is
well developed but in the pre- and postcingular re-
gions the processes tend to be concentrated on the
side of the ridge away from the paracingular region.
One broad to several finer processes arise from each
complex and these divide medially to give several
branches which tend to be linked distally by a tra-
beculum; the trabeculum is arcuate, not circular, in
the pre-and postcingular series because of the paucity
of processes on the paracingular side of each com-
plex. Alternatively, a process may broaden distally to
form a “‘pseudo-trabeculum’’ which parallels the cyst
surface (pl. 1, figs. 7). The outer margins of the
trabeculae bear small spines. The trabeculae and
pseudo-trabeculae are formed within an annulate
complex and there is no linkage between neighbour-
ing complexes. The apical, cingular and sulcal pro-
cesses do not form annulate complexes and usually
simply branch distally.

Remarks. A reasonable amount of variation as to
complexity of process branching has been taken as
being acceptable in Systematophora sp. 1. This varia-
tion appears to be continuous and, for the present,
there does not seem to be a practical way of sub-
dividing this species. It is characterised by clearly de-
fined pre- and postcingular annulate complexes
which distally form arcuate trabeculae or psuedo-
trabeculae that are distally spiny.



The most similar species to Systematophora sp. I ap-
pears to be Adnatosphaeridium caulleryi (Deflandre)
Williams and Downie 1969 which has finer processes
and more extensive trabeculae. If true trabeculae are
absent from A. caulleryi then Systematophora sp. 1
may fall within the range of variation acceptable for
this species. Hystrichosphaerina orbifera (Klement)
Stover & Evitt 1978 is basically similar to Sys-
tematophora sp. 1 but has considerably more com-
plexly branched processes and the distal trabeculae
are typically complete.

Occurrence. Systematophora sp. | is very rare in core
2935'-2945' (Ryazanian) but is common to moder-
ately common in all the underlying cores of Haldager
No. 1. It is moderately common in the early Ryaza-
nian (kochi and runctoni Zones) of eastern England
and becomes common in the Portlandian and Kim-
meridgian of this region and southern England.

Systematophora sp.11
P1. 1, figs. 10, 11

Description. This subspherical cyst has a slightly to
heavily granular wall and rather poorly defined an-
nulate complexes. The proximal ridges of the com-
plexes are rarely developed and the processes tend to
be concentrated on the side of the complexes away
from the paracingulum. The processes are short, less
than half the cyst diameter and are of variable width.
The broader ones widen distally to terminate with
small spines; the narrow processes terminate with a
simple bifurcation. The processes are not branched
or linked by trabeculae.

Dimensions. Body diameter (excluding processes);
length (archaeopyle developed) 35-50um, width
40-52um; maximum length of processes 13—19um.

Remarks. The granular wall, poorly defined annulate
complexes and relatively short, broad, processes dif-
ferentiate Systematophora sp. 11 from S. cf. areolata.

Occurrence. This form was only recovered in cores
2752'-62" to 2772'-82' (early Valanginian) Hald-
ager No. 1 borehole, where it was common to abun-
dant.

Other species

The genus Surculosphaeridium is below (p. 16) re-
stricted to species having one process per paraplate in
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the pre-, postcingular and antapical series. Hence the
following species no longer belongs in this genus and
is here transferred to Systematophora.

Systematophora vestitum (Deflandre) Davey comb.
nov. = Hystrichosphaeridium vestitum Deflandre,
1938, p. 189, pl. 11, figs. 4-6. Lower Oxfordian,
France.

Genus Oligosphaeridium Davey and Williams 1966b
emend.

Type species. Oligosphaeridium complex (White
1842). Upper Cretaceous, England.

Emended diagnosis. Shape: The body is spherical to
subspherical in shape with only minor dorso-ventral
flattening.

Wall: The cyst wall is apparently two-layered, the
two layers being closely appressed except where the
periphragm alone forms the processes. The surface is
smooth to coarsely verrucate; an internal structuring
maybe present. The processes are generally smooth.

Paratabulation: The parasutures are occasionally
defined either by a positive (i.e. ridges) or a negative
(i-e. lack of granulation) ornamentation. The parata-
bulation formula is 4', 6"’, 6¢, 6’'', 1p, 1'"', 5s.

Processes: The plate-centred processes are basi-
cally of tubiform shape and flare distally to terminate
with several spines. They vary in width according to
position on the cyst with the pre-, postcingular and
antapical processes being the largest. Rearly a solid
process is present in the 1’"’ position and one may be
present in the parasulcal region. The process formula
is 4’, 6", 5-6""", 1ps, 1p, 1'""’ plus 0-1s.

Paracingular processes are absent; the only para-
sulcal process normally present is the posterior
parasulcal.

Archaeopyle: An apical archaeopyle is normally
developed by the detachment of the apical paraplates
as a unit (Type A). It has a strongly zigzag margin
with a deep parasulcal notch.

Remarks. The diagnosis has been emended mainly to
give the paratabulation formula, to indicate process
variation, to allow the presence of certain solid pro-
cesses and to correct the process formula.

The genera Cymososphaeridium gen. nov. and
Stiphrosphaeridium gen. nov. have similar process
formulae but the processes are basically solid not
tubiform. The process formula of the tubiform pro-
cesses in Perisseiasphaeridium is the same as in
Oligosphaeridium but fine, solid paracingular and
parasulcal processes are also present.



Oligosphaeridium asterigerum (Gocht) Davey and
Williams 1969.

Pl 1, fig. 12

1959: Hystrichosphaeridium asterigerum Gocht, p. 67, pl. 3, fig. 1;
pl. 7, figs. 14.

1969: Oligosphaeridium asterigerum (Gocht) Davey and Williams,
p- 5.

Remarks. The holotype of O. asterigerum (Gocht, pl.
3, fig. 1) comes from a borehole in northwest Ger-
many and is reported to be of early Hauterivian age.
Gocht differentiates his new species from O. complex
(White) Davey and Williams 1966b mainly by the
form of the processes which are considered to be
narrower and not to widen into funnels. However,
from his illustrations of these two species (O. as-
terigerum, pl. 7, fig. 4; O. complex, pl. 7, fig. 5) there
does not appear to be a significant difference in pro-
cess form, as he admits in the text (p. 68). I consider
that there is a complete graduation between these
process types, not only between individuals but upon
an individual depending on the position of the pro-
cess. However, the holotype of O. asterigerum does
have a narrow, apparently solid, process (upper right
of specimen) and this has been found consistently
during the present study; its position is 1’’’. Thus the
occurrence of this process indicates that a more pre-
cise way of differentiating the two species is by their
process formulae:-

O. asterigerum 4', 6'', 6'"', 1p, 1", 1ps (1'"" is
solid)
O. complex 4',6",5", 1p, 1", 1ps.
Occurrence. O. asterigerum at Speeton has a known
range of early Valanginian (bed D4) to latest early
Hauterivian (bed C7F) and in the Haldager, No. 1
borehole has a basal occurrence in core 2647'-57".
O. complex only occurred rarely in the youngest
two cores of the Haldager No. 1 borehole and in the
Speeton section has an apparent basal occurrence in
bed C4C of late Hauterivian age.

Oligosphaeridium diluculum sp. nov.
Pi. 2, figs. 1-5

Derivation of name. Latin, diluculum, daybreak or
dawn — this species being one of the earliest members
of this genus in the Lower Cretaceous.

Diagnosis. Shape: The body is subspherical.
Wall: The thin wall is apparently two-layered. The
periphragm is smooth and alone forms the processes.
Paratabulation: None.
Processes: The plate — centred processes vary con-
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siderably in size and shape with the larger ones
occupying the pre- and postcingular and antapical
regions. The processes terminate distally with
aculeate and secate spines which maybe branched.
Minor fenestration maybe present. One side of the
larger processes is often partly lost and in the nar-
rower processes, particularly 1/, 1p and the para-
sulcal process(es), it may be completely lost and
these then appear to be solid. The process formula is
4’ 6",6"", 1p, 1""", 1ps plus 0-1s.

Archaeopyle: An apical archaeopyle (Type A) is
typically developed.

Holotype. MPK 2609, slide SAL 4638/111, Haldager
No. 1 borehole, core depth 2866'—76’, Denmark.
Ryazanian, Early Cretaceous.

Dimensions
Holotype Range
(um) (nm)

Body diameter

(excluding processes)

length

(archaeopyle developed) 48 46 (48) 50

width 56 42 (48) 56
Process length 24-36 18-36

Description. The cyst wall is relatively thin (less than
1um) and consequently it is often distorted. The pro-
cesses vary from approximately 1 to 6um in stem
width with the pre- and postcingular and antapical
processes being the largest. The walls of these pro-
cesses sometimes appear to be fibrous and this may
be related to incipient fenestration which is usually
best developed, when present, at the bases of the
processes. When the process stem is short, the rather
irregular distal furcations may extend to the body
surface.

Remarks. O. diluculum sp. nov. is characterised by its
deeply and irregularly furcate, basically tubiform
processes. It is thought to be related to Stiphros-
phaeridium arbustum sp. nov. which differs by having
strongly fenestrate processes that terminate with
distal trabeculae. Oligosphaeridium pulcherrimum
(Deflandre and Cookson 1955) Davey and Williams
1966b may be distinguished by its more regularly
tubiform processes, 18 in number, whick are strongly
fenestrate distally.

Occurrence. O. diluculum is moderately common at
depths 2832’42’ to 2896'-2915’ in the Haldager
No. 1 borehole but in eastern England only occurs,
with certainty, in the stenomphalus Zone, late



Ryazanian. It was also recovered from bed D7G at
Speeton which probably belongs to the same zone.

Oligosphaeridium sp. 1
Pl 2, figs. 6-8

Description. The cyst is subspherical in shape and is
composed of a thin, smooth to scabrate wall. The
basically tubiform processes are short, broad and are
usually finely fenestrate. They may have short stems
(pl. 2, fig. 6) and then flare widely to give a broad
funnel or the stem may be absent and flaring or fun-
neling commences directly from the endocyst (pl. 2,
fig. 7). In the latter case they simulate annulate com-
plexes, particularly when the fenestration is coarse
and irregular so that the process wall begins to disin-
tegrate (pl. 2, fig. 8). The process formula appears to
be 4', 6", 5", 1ps, 1p, 1.

Remarks. Oligosphaeridium sp. 1 appears most simi-
lar to Amphorula metaelliptica Dodekova 1969, de-
scribed from the Tithonian of Bulgaria, which differs
by having arcuate processes and significantly both
paracingular and parasulcal processes.

Occurrence. Oligosphaeridium sp. 1 is a rare but dis-
tinctive form which, as yet, has only been found in
eastern England, in the runctoni Zone (early Ryaza-
nian) and in bed E at Speeton. Distortion of the rare
specimens observed makes measurements rather
meaningless.

Genus Surculosphaeridium Davey, Downie, Sarjeant
and Williams 1966 emend.

Type species. Surculosphaeridium cribrotubiferum
(Sarjeant 1960) Davey et al. 1966. Upper Jurassic
(Lower Oxfordian), England.

Emended Diagnosis. Shape: The body is spherical to
subspherical in shape with only minor dorso-ventral
flattening.

Wall: The cyst wall is apparently two-layered, the
two layers being closely appressed except where the
periphragm alone forms the processes. The surface is
smooth to lightly ornamented and the processes are
generally smooth.

Paratabulation: Parasutures not observed.

Processes: The processes are solid, often with in-
ternal vacuoles, and simply to complexly branched.
The apical, pre-, postcingular, parasulcal and antapi-
cal processes are plate-centred. Although the para-
cingular processes are usually deeply bifurcate and
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also plate-centred, sometimes the bifurcation extends
to the cyst wall so forming two processes per cingular
paraplate. The processes vary in width according to
position on the cyst with the pre-, postcingular and
antapical being the largest. The process formula is 4°,
6", 6c, 6", 1p, 1", 1-5s.

Archaeopyle: An apical archaeopyle is normally
developed by the detachment of the apical paraplates
as a unit (Type A). It has a strongly zigzag margin
with a deep parasulcal notch.

Remarks. The diagnosis has been emended princi-
pally to correct the process formula and to limit the
genus to species having only one process per para-
plate in the apical, pre-, postcingular and antapical
series. For the latter reason Surculosphaeridium ves-
titum (Deflandre) is transferred to Systematophora
on p. 14.

Surculosphaeridium sp. 1
Pl 3, figs. 7, 10

Description. The cyst is subspherical in shape and
composed of a thin, more or less smooth wall. The
processes are solid, often with internal vacuoles
(particularly the larger processes), and are of variable
shape; their distribution conform with the process
formula for the genus. The larger processes — the
pre-, postcingular and antapical — are relatively
broad proximally, sometimes with arcuate bases,
sometimes bifurcate medially and typically widen
distally into a broad, fenestrate fan which distally
may be slightly denticulate. The paracingular pro-
cesses are narrow, deeply furcate and bifid distally;
the parasulcal processes are similarly narrow and
briefly bifurcate distally. An apical archaeopyle is
typically developed.

Dimensions. Cyst diameter (excluding processes)
38-53um; process length 10-25 wn.

Occurrence. This species was only found in one sam-
ple, core 2647’57, Haldager No. 1 borehole, where
it was relatively common. Undistorted specimens are
rare.

Surculosphaeridium sp. 11
Pl 4, figs. 1, 2

Discription. The cyst is subspherical in shape and
composed of a thin, more or less smooth wall. The
stout, solid processes are strongly vacuolate, vary
somewhat in size depending on their position and
indicate the process formula 4', 6", 6¢, 6''', 4-5¢, 1p,



1'""". The larger processes, belonging to the pre-,
postcingular and antapical series, are unbranched but
recurve distally to form a membranous, subcircular
flange orientated parallel to the cyst wall. The para-
cingular processes are moderately to deeply furcate
and terminate distally with a small pad or are briefly
bifurcate. The narrow parasulcal processes are rather
irregularly branched. An apical archaeopyle is typi-
cally developed.

Dimensions. Cyst diameter (excluding processes)
32-50um; process length 14—22um, process width up
to 2um.

Remarks. This rare but distinctive species is un-
doubtedly best assigned to Surculosphaeridium even
though the major process are unusual, in that they
are not branched.

Occurrence. As yet this species has only been found
in beds D4 and D3 of the early Valanginian at
Speeton, northeast England.

Surculosphaeridium sp. 111
Pl 4, figs. 3-6

Description. The cyst is subspherical in shape and
composed of a smooth wall of moderate thickness.
The stout, solid processes are often strongly vacuol-
ate and appear to be distributed according to the
generic process formula. The pre-, postcingular and
antapi