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ABSTRACT: Cannosphaeropsis quattrocchiae n. sp., from the Cenozoic of the Colorado Basin, resembles two other species,
Cannosphaeropsis utinensis and Cannosphaeropsis passio, and has been confused with the former. However, separation of the three spe-
cies, based in part on the location of the processes, allows for their use in refining Cenozoic stratigraphy and paleoecology. On present ev-
idence, the last appearance datum of Cannosphaeropsis quartrocchiae appears to be early Miocene, whereas Cannosphaeropsis passio is
known only from the mid Miocene. Cannosphaeropsis utinensis, primarily a late Cretaceous species, occurs occasionally in lower
Paleocene sediments. Geographically, Cannosphaeropsis utinensis and Cannosphaeropsis passio are known only from the Northern
Hemisphere, whereas Cannosphaeropsis quattrocchiae is known only from the Southern Hemisphere.

INTRODYICTION

Exploration for petroleum in the Colorado Basin, Argentina
(text-fig. 1), began in 1959, with the drilling of nine onshore
wells - seven by Shell Production Company of Argentina and
Esso, and two by Yacimientos Petroliferos Ficales (Y.P.F). Sub-
sequently, a further eleven wells were drilled in the western off-
shore part of the Basin, three by Hunt Petroleum and nine by
Phillips/AGIP. Most of the wells penetrated Mesozoic and Ce-
nozoic strata, including the Phillips/AGIP Cx-1 well, from
which the samples for this study were obtained. Exploratory
drilling has also been carried out in the south-central part of the
Colorado Basin, where Y.P.F. Puelche x-1 and Ranquel x-1
boreholes are located.

In this study, individual cuttings samples, each covering 5Sm,
spanning the interval 200-1900 m from the Cx-1 well were pro-
cessed for palynomorphs. The dinoflagellate cyst (dinocyst) as-
semblages are diverse and contain several undescribed taxa.
The objective of this study is to describe one of these previously
undescribed forms, Cannosphaeropsis quattrocchiae n. sp., and
to comment on its stratigraphic significance. Cannosphaeropsis
quattrocchiae is a particularly distinctive trabeculate species
that occurs between 945 and 1200m. Previous authors have re-
ferred to this species as Cannosphaeropsis utinensis (Guerstein
1990b and Palamarczuk and Barreda 1998) and Canno-
sphaeropsis aff. utinensis (Gamerro and Archangelsky 1981).
(Full citations of all species names mentioned in the text and ta-
ble are given in the Appendix.)

MATERIALS AND METHODS

Cuttings samples from the Cx-1 well were processed for
palynomorphs. Treatment included hydrofluoric and hydro-
chloric acid, mild oxidation (10% nitric acid for one minute)
and a 10% ammonia hydroxide wash for one minute. The or-
ganic fraction was concentrated by separation in zinc bromide
(specific gravity 2.0). Differential centrifuging was used to re-

move fine particles and the residues were sieved to concentrate
the 10-180um fraction. The residues were stained using Bis-
marck C and mounted and dried on coverslips in hydroxyethyl
cellulose with ethylene glycol monomethyl ether as a dispersal
agent. The coverslips were then glued onto the slides with
elvacite.

Light microscopy was undertaken using Zeiss photo-
microscopes at the Geological Survey of Canada (Atlantic). Mi-
croscope co-ordinates quoted are from the Vernier Scale of
Zeiss Photomicroscope, serial no. 4660390. England Finder ref-
erences are provided for illustrated specimens. None of the pho-
tomicrographs involve image-reversal. The line drawings were
made using a camera lucida and always show external views.
The type and figured specimens are housed in the Palynological
Collection, Departamento de Geologia de la Universidad
Nacional del Sur, Bahia Blanca, Argentina.

The ElectroScan E3 environmental scanning electron micro-
scope (SEM) at the Geological Survey of Canada (Atlantic) was
used under partial pressure water vapor. All the specimens were
coated with gold prior to scanning.

STRATIGRAPHY

General Setting

The Colorado Basin is a rift basin formed in the late Jurassic,
during the initial opening of the South Atlantic; it is aligned
ESE-WNW, is situated between 38°S and 41.5°S and lies pri-
marily offshore. Within the Basin, up to 7000m of Upper Juras-
sic-Cenozoic sediments unconformably overlie Permian strata
that are significantly more compacted than the Mesozoic and
Cenozoic deposits.

Fryklund et al. (1996) identified three “tecto-stratigraphic” se-
quences bounded by discordances or condensed sections: rift,
sag and drift. These authors (Fryklund et al. 1996, fig. 5) recog-
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TEXT-FIGURE 1

Map of the Colorado Basin showing the location of the wells, boreholes and sections mentioned in the text. The dashed lines indicate Cenozoic isopachs

in meters. Land is shaded on main map. After Urien et al. (1981).

nized the following sedimentary sequences, from oldest to
youngest (text-fig. 2): unnamed synrift deposits, representing
the rift sequence (Late Jurassic and Early Cretaceous); Fortin
and Colorado Formations, both corresponding to the sag se-
quence (Late Cretaceous); and Pedro Luro Formation (Paleo-
cene), Ombucta and Elvira formations (mid and late Eocene),
Barranca Final Formation (Oligocene to Pliocene) and Belén
Formation (Pliocene), all representing the drift sequence.

The interval 945-1200m in Cx-1 well, from which specimens of
Cannosphaeropsis quattrocchiae have been recovered, is from
the Barranca Final Formation, which consists of sand and
glauconitic sandstones with shale and limestone horizons
(Urien et al. 1981).

The biostratigraphic subdivisions in the basin are based primar-
ily on palynomorphs (mainly dinocysts) and foraminifers. In a
study of offshore Ranquel x-1 and Puelche x-1 boreholes,
Gamerro and Archangelsky (1981; text-fig. 2) defined five
zones, designated E to A from oldest to youngest, based primar-
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ily on dinocysts. The ages postulated for the zones were: E -
Turonian-Campanian, D - Maastrichtian-Paleocene, C -
Eocene-Oligocene, B - early to mid Miocene, A - late Miocene.
An undated interval occurred between zones E and D (text-fig.
2). Foraminiferal data for Puelche x-1 more precisely delineated
the Oligocene and Miocene (Becker and Bertels 1980).

Quattrocchio and Guerstein (1988) analyzed the Tertiary
palynomotphs in two onshore sections in the Colorado Basin,
Nadir No. 1 well and Puerto Belgrano No. 20 borehole. These
authors presented a more detailed zonation, which they termed a
climatic zonation (Quattrocchio and Guerstein, 1988, table IV).
The zonation, based primarily on pollen and dinoflagellate spe-
cies diversity, allowed subdivision of the Eocene, Oligocene
and Miocene. Guerstein et al. (1995) further developed this
zonation, recognizing the following subdivisions: Cl - Eocene,
C2 - Eocene, C3 - late Eocene-early Oligocene, C4 - Oligocene,
C5 - late Oligocene, B1 - early to mid Miocene, B2 - mid Mio-
cene and B3 - mid to late Miocene. In other palynological studies:
Guerstein (1990a, b) described Eocene-Miocene dinoflagellates,
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TEXT-FIGURE 2
Suatigraphy of the Colorado Basin. Mainly after Fryklund et al. (1996), with palynozones from Gamerro and Archangelsky (1981). The sea level curve
is after Fryklund et al (1996) and is presumably based on their data.
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also from Nadir No. 1 and Puerto Belgrano No. 20;
Quattrocchio and Sarjeant (1996) studied the early Paleocene
dinoflagellate cysts assemblages from Puerto Belgrano No. 20
borehole; and Ruiz and Quattrocchio (1996, 1997a,b) examined
miospore assemblages from the ?Maastrichtian to Paleocene
from the onshore boreholes Puerto Belgrano 19, Puerto
Belgrano 20, Ombucta x- 1 and Pedro Luro x- L. Further discus-
sion of the palynostratigraphy was presented by Archangelsky
(1996).

Malumidn (1970, 1972) studied the foraminifers from the
Paleocene-Miocene of onshore Puerto Belgrano No. 20 and 23
boreholes. Malumidn and Nafiez (1996) presented a discussion
of the biostratigraphy based on calcareous microfossils and
nannofossils. Malumidn et al. (1998 a and b) studied the
foraminifer assemblages from the Elvira and Barranca Final
Formations at their type localities, Elvira x-1 well and Barranca
Final outcrop section respectively. They proposed the following
ages: early Oligocene for the Elvira Formation and latest
Oligocene (“Oligoceno cuspidal”) to early Miocene for the
basal part of Barranca Final Formation in Elvira x-1, and mid to
late Miocene for the part of the Barranca Final Formation out-
cropping at Barranca Final.

PRESENT STUDY

The Cx-1 well, at 39°11'S 60°11'W, was drilled on the Argentine
continental shelf in the western part of the Colorado Basin,
reaching a total depth of 1950m. In the present study, dinocyst
assemblages were analyzed to provide biostratigraphic control
for the Cenozoic sediments in Cx-1 well. Since all the samples
are cuttings, only highest occurrences (last appearance datums,
or LADs) can be relied upon. The diverse, well-preserved
dinoflagellates in the interval 200-1200m indicate an age range
of possibly late Eocene to Miocene.

The last appearances of species in the interval 585-1100m are
given in text-figure 3. According to Williams et al. 1998,
Pentadinium laticinctum has an LAD at the top of the mid Mio-
cene and Distatodinium paradoxum and Cribroperidinium
tenuitabulatum both have LADs within the mid Miocene. How-
ever, there is only one previous Miocene record for Emmetro-
cysta urnaformis, which is generally considered of Eocene age.
Although the last observation is somewhat problematic, from
the overall assemblage we conclude that the interval
945-1100m appears to be early to mid Miocene in age. There is
no other age control for the Cx-1 well, but comparison with that
for other sections may be helpful.

OTHER SECTIONS

Cannosphaeropsis quattrocchiae (as Cannosphaeropsis aff.
utinensis) was used by Gamerro and Archangelsky (1981) as
one of the species marking the top of their Palynozone C in
Puelche x-1 and Ranquel x-1 boreholes. These authors consid-
ered Palynozone C to be of Eocene-Oligocene age. Other spe-
cies considered to mark the top of that zone were
Achomosphaera sagena, Areoligera sp. A, Heterosphaeridium
heteracanthum, Pentadinium taeniagerum, Spiniferites mem-
branaceus, Systematophora placacantha and Trithyrodinium
vermiculatum. There are no other known occurrences of Het-
erosphaeridium heteracanthum and Trithyrodinium vermicu-
latum in the Cenozoic, and none of the other taxa identified to
species level are known to be restricted to the Paleogene.

In Puelche x-1 borehole, the top of Palynozone C was placed at
1360m, which, as noted above, Gamerro and Archangelsky

158

considered to represent the top of the Oligocene. In their study
of the foraminifers from Puelche x-1 borehole, Becker and
Bertels (1980) considered the interval 1340-1380m to be early
Miocene and placed the top of the Oligocene at 1420 m. There-
fore, in Puelche x-1 borehole, the LAD of Cannosphaeropsis
quattrocchiae at 1360m, if correlated with the foraminiferal
data, is early Miocene. Thus, Palynozone C could extend into
the early Miocene.

Guerstein and Quattrocchio (1988) compared the palynological
assemblages from the onshore boreholes Nadir 1 and Pueito
Belgrano 20 with the results from previous studies carried out in
the offshore part of the Colorado Basin. In Puerto Belgrano 20,
they found that Cannosphaeropsis quattrocchiae (as Canno-
sphaeropsis utinensis) is common and has an LAD at the top of
Palynozone C of Gamerro and Archangelsky. In Nadir 1, only
one specimen of Cannosphaeropsis quattrocchiae was recorded
from sediments interpreted as lower Miocene, though other
specimens were recorded at Jower levels.

Palamarczuk and Barreda (1998) studied the dinoflagellate
cysts from the Chenque Formation outcropping in the San Jorge
Basin (Chubut Province, Argentina). This formation has been
interpreted as being of late Oligocene?- early Miocene (most
probably early Miocene) in age, based on non-marine
palynomorphs (Barteda, 1996). Palamarczuk and Barreda
(1998, fig. 3) found Cannosphaeropsis quattrocchiae (as
Cannosphaerospis utinensis), together with Systematophora
placacantha, Reticulatosphaera actinocoronata, Lingulodinium
hemicystum, Tuberculodinium vancampoae and Hystricho-
sphaerospis obscura. Based on this assemblage, especially the
presence of Systematophora placacantha, Palamarczuk and
Barreda concluded that the age of the section is early to mid
Miocene.

SYSTEMATIC PALEONTOLOGY

Division Dinoflagellata (Biitschli 1885) Fensome et al. 1993
Class Dinophyceae Pascher 1914

Order Gonyaulacales Taylor 1980

Family Gonyaulacaceae Lindemann 1928

Genus Cannosphaeropsis O. Wetzel 1933

Cannosphaeropsis quattrocchiae Guerstein et al. n. sp.
Plate 1, figures 1-12; plate 2, figures 1-8; text-figures 4a-h.

Cannosphaeropsis aff. utinensis O. Wetzel 1933. - GAMERRO and
ARCHANGELSKY 1981, pl. 4, fig. 14.

Cannosphaeropsis utinensis O. Wetzel 1933. - GUERSTEIN 1990b, pl.
2, figs. 1-2,5.— PALMARCZUK and BARREDA 1998, pl. 2, figs. 2,
6: pl. 6, figs. 3, 5-6.

Etymology: The species is named after the stratigraphic
palynologist Mirta Quattrocchio.

Holotype: Specimen illustrated in Plate 1, figures 7-8;
text-figures de-f. Location: LPUNS Slide No. P34432-0 1, coor-
dinates: 6.6/104.4 (England Finder reference: 34F); Palyno-
logical Collection, Departamento de Geologia de la Universidad
Nacional del Sur, Bahia Blanca, Argentina.

Type locality: Cx-1 well, 1045-1050m depth, 39°11'S, 60°11'W,
Colorado Basin, Argentina.

Diagnosis: A species of Cannosphaeropsis with a smooth-
walled central body surrounded by a complete ectophragmal
trabecular network. Trabeculae ribbon-like, bearing a thin fi-
brous crest, supported only by two robust processes, one on the
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TEXT-FIGURE 3
Selected last appearance datums (LADs) for dinocysts in Cx-1 well, plotted

against depth, age, lithostratigraphic and sample information.

dorsal anterior part of the epicyst, the other on the dorsal poste-
rior part of the hypocyst.

Description

Shape: Cysts proximochorate to chorate. Central body
subspherical to slightly elongate with complex dorsal anterior
and posterior processes towards the poles that support the sur-
rounding trabeculate network. Paracingulum delineated in the
ectophragm by two, more or less parallel, but widely spaced
trabecula (pl. 1, figs. 7-8; text-figs. de-f).

Wall relationships: Autophragm surrounded by a trabeculate
ectophragm supported only by single apical and antapical pro-
cesses.

Wall features: Autophragm smooth, bearing two thick, mem-
branous processes, one on the dorsal epicyst and the other on
the dorsal hypocyst. These processes connect the autophragm
that forms the central body with the ectophragmal trabecula
(pl.1, figs. 10-11; pl. 2, figs. 4-6; text-figs. 4g-h). The epicystal

process is located anterior to paraplate 3"; and the hypocystal
process is located at the 3"'/4"'/1" triple junction. The epicystal
process may be branched (pl. 2, fig. 5). Autophragm Ipm thick.
Ectophragm consisting of a complete, ribbon-like trabeculate
network, with trabecula up to 4pm wide and bearing a thin crest
that gives a fibrous appearance (pl. 1, figs. 1-3; pl. 2, figs. 1-3,
7-8). Thickness of the trabecula increases toward gonal inter-
sections, where platforms and trifurcate projections occur; these
are formed from each of the three distal bifurcations of the pro-
cesses. Tips of trifurcations bifurcate. Platform-like structures
have one or two circular perforations up to 3um in diameter.
Platform surface is usually microperforate (pl. 2, fig. 3).

Paratabulation: Since the paratabulation can only be inferred
from the trabeculate network, which is usually collapsed, it is
difficult to determine. The study of the holotype and a few
well-preserved specimens reflects a gonyaulacacean sexiform
tabulation (text-figs. 4a-h). Apical series arranged around a
small preapical paraplate (pr in text-fig. 4f). In some cases 1'
and 4' are fused (text-figs.4b,f). Paraplate 6” generally reduced
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and triangular in shape, reminiscent of its configuration in
Spiniferites.

Paracingulwmn. Six cingular paraplates, with 3¢, 4c and 5¢ being
broad.

Parasulcus. Sulcal region elongate and clearly defined, with a
large area defined by trabecula posterior to anterior sulcal
paraplate. This large sulcal area presumably incorporates the
right, left and posterior sulcal paraplates.

Archeopyle. Precingular, type P (3"); operculum simple, free.

Size. Holotype: maximum diameter of the central body: 30um;
overall diameter: 67-80um. Range of 22 specimens: diameter of
the central body: 28-40pm; overall diameter: 50-85um.

Age: LAD probably early Miocene. FAD not ascertained.

Comparison: Cannosphaeropsis quattrocchiae is very similar
to the type of Cannosphaeropsis, Cannosphaeropsis utinensis
O. Wetzel 1933. Both species have a smooth central body, a
complete trabeculate ectophragm and robust polar processes
that connect the autophragm to the ectophragm. Canno-
sphaeropsis quattrocchiae differs from the type species, how-
ever, in having the following characteristics: a) ribbon-like
trabecula with a thin sinuous crest rather than simple, solid, cir-
cular trabecula; b) perforate gonal platforms with several pro-
Jections instead of simple gonal trifurcations and intergonal
bifurcations; and c) the epicystal process that supports the
ectophragmal trabecula is dorsally rather than ventrally offset.
As noted by de Verteuil and Norris (1996), Cannosphaeropsis
utinensis is characterized by: an autophragm and or trabecula
that are never alveolate; one of the processes supporting the
trabecular network is situated on the anterior sulcal area (near
as/i'), and the other process, when present, is situated on
paraplate 4"; and intergonal bifurcations. According to Sarjeant
(1985), in Cannosphaeropsis utinensis the processes branch

secondarily into three spines with bifurcate tips. In addition, the
trabecula commonly have a pair of spines (trabecular spines)
that lie wusually midway between gonal positions.
Cannosphaeropsis quatirocchiae shows a very different style of
branching with no trabecular spines.

Cannosphaeropsis passio de Verteuil and Norris 1996 differs
from Cannosphaeropsis quattrocchiae in having an apical boss
on the central body and in having trabecula supported by
cingular processes only. Cannosphaeropsis passio also has an
alveolate trabeculate ectophragm, with gonal trifurcations
rotationally offset with respect to triple junction boundaries.
The trabecula are solid and cylindrical. The central body and the
ectophragm are connected by thin cylindrical cingular append-
ages only.

Cannosphaeropsis franciscana Damassa 1979 differs from
Cannosphaeropsis quattrocchiae by having regular gonal pro-
cesses connecting the central body to the trabeculate
ectophragm. The ectophragmal network, formed by cylindrical
to flattened trabecula in Cannosphaeropsis franciscana, is not
complete on the dorsal surface and forms a single long projec-
tion at the apex.

DISCUSSION

The stratigraphic range of Cannosphaeropsis quattrocchiae is
difficult to determine, in part because of the similarity to
Cannosphaeropsis utinensis. The latter, according to Stover et
al. (1996), has a stratigraphic range from late Santonian to mid
late Maastrichtian. There are several records of Canno-
sphaeropsis utinensis in the Tertiary, especially in the Danian
(e.g. Corradini 1973; Riegel 1974; Williams 1975; Bujak and
Williams 1978; Hansen 1979), but few can be substantiated.
However, Hansen (1979) recorded the species from the type
Danian of Denmark, citing it as one of the 40 most abundant
dinoflagellates. Few authors citing Danian occurrences, includ-
ing Hansen (1979), provide illustrations.

TEXT-FIGURE 4
Cannosphaeropsis quattrocchiae sp. nov., line sketches of external views showing the paratabulation as expressed by the trabecula.
Arrows show the position of the processes connecting the autophragm with the trabecular network. For each specimen the sample
number, slide number, depth (in parentheses), co-ordinates (on Zeiss photomicroscope serial no. 4660390) and
England Finder reference are given respectively. The following abbreviations are used: cbd = central body diameter;
od = overall diameter.

ab Specimen in dorso-apical orientation: a, antapical
posterior paratabulation; b, apical anterior paratab-
ulation. Slide no. P34437-0 1 (1145-1150 m), 20/91.8,
England Finder reference 21T/3; cbd = 37um; od = 80
x 65um. See also P1. 1, figs. 1-2.

cd Specimen in oblique dorsal orientation: ¢, dorsal
paratabulation; d; ventral paratabulation. Slide no.
P34429-0 1 (985-990m), 7/107.2, England Finder ref-
erence 37G; cbd =32um; od =68 x 60um. See also P1.
1, figs. 4-6.
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ef Holotype in apical-antapical orientation: €, antapical
paratabulation; f, apical paratabulation. Slide no.
P34432-01 (1045-1050m), 6.6/104.4, England Finder
reference 34F; cbd = 30um; od = 80 x 67um. See also
P1. 1, figs. 7-8

gh Specimen in dorso-ventral orientation: g, dorsal
paratabulation; h, ventral paratabulation. Slide no.
P34430-01 (1005-1010m), 15/106.6, England Finder
reference 39P/4; cbd =40um; od = 83 x 63um. See
also P1. 1, figs. 10-11.
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Post-Paleocene records of Cannosphaeropsis utinensis or
Cannosphaeropsis cf. utinensis are usually one of two other
species, Cannosphaeropsis quattrocchiae or Cannosphaeropsis
passio. As noted previously, Gamerro and Archangelsky (1981)
recorded Cannosphaeropsis aff. utinensis from the Eocene-
Oligocene of Argentina. Guerstein and Quattrocchio (1988,
1991) extended the range of Cannosphaeropsis utinensis into
the Eocene-Oligocene and Miocene respectively. As noted pre-
viously, however, the specimens identified as Canno-
sphaeropsis utinensis by these authors are assignable to
Cannosphacropsis quattrocchiae. There are no other known
Southern Hemisphere occurrences of Cannosphaeropsis
utinensis or Cannosphaeropsis quattrocchiae.

Thus, it appears that: (1) Cannosphaeropsis utinensis does not
occur in the Southern Hemisphere; (2) Cannosphaeropsis
utinensis, a predominantly late Cretaceous species, may extend
up into the Danian but, if found in sediments younger than
Danian, it is probably reworked or misidentified; and (3)
Cannosphaeropsis quattrocchiae is, as curently known, a
Southern Hemisphere species possibly restricted to the
Eocene-early Miocene.

What of the records of Cannosphaeropsis utinensis from the
Tertiary of the Northern Hemisphere? De Coninck (1975, pl.
21, figs. 26-27) found one specimen in the Ypresian that, from
examination of the figures, may be Cannosphaeropsis
utinensis; but most of the specimen is obscured by debris. De
Coninck (1980, pl. 1, figs. 7-8) recorded a more convincing
specimen from the Ypresian of Belgium, noting that the species
represented less than 0.1% of the assemblage. Other isolated
reportings of Cannosphaeropsis utinensis in the Eocene are by
Schumacker-Lambry (1978) and Streel et al. (1977). Invariably
there are few specimens; for example, Schumacker-Lambry
(1978), who recorded and illustrated a single specimen.

The low number of occurrences of Cannosphaeropsis utinensis
in the Eocene strongly suggests that the specimens are re-
worked or misidentified. However, there are also several re-
cords of this species from the Miocene. Brown and Downie
(1984) recorded Cannosphaeropsis utinensis from the Eocene
and Miocene of DSDP Site 5484, the Goban Spur. However,
the specimen illustrated is Cannosphaeropsis passio, as is the
specimen illustrated in Powell (1992, pl. 4-11, fig. 14) from the
Miocene. Another Miocene record is in Manum et al. (1989, pl.
4, figs. 5-6), but their two specimens do not appear assignable
to either Cannosphaeropsis passio or Cannosphaeropsis
utinensis. In suminary, our observations that most Neogene re-
cords of so-called Cannosphaeropsis utinensis are referable to
Cannosphaeropsis passio support the conclusions of de Verteuil
and Norris (1996), who provided a synonymy for Canno-
sphaeropsis passio.

De Verteuil and Norris (1996) did not comment on geographic
occurrences of Cannosphaeropsis passio and Canno-
sphaeropsis utinensis, since all are from the Northern Hemi-
sphere. However, such occurrences are important when
comparing the two species with Cannosphaeropsis quat-
trocchiae. Cannosphaeropsis utinensis and Cannosphaeropsis
passio appear to be Northern Hemisphere taxa; Canno-
sphaeropsis quattrocchiae is known only from the Southern
Hemisphere. The three taxa have restricted stratigraphic ranges.
Cannosphaeropsis utinensis may extend into the Danian but is
predominantly a late Cretaceous species. Cannosphaeropsis
quattrocchiae appears to have an LAD in the early Miocene,
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and Cannosphaeropsis passio occurs in the mid Miocene (de
Verteuil and Norris 1996).

CONCLUSIONS

Cannosphaeropsis quattrocchiae is characterized by an
ectophragmal network formed from ribbon-like trabecula which
bear a thin crest and are perforate. The trabecula are supported
by two processes, both dorsally located. The tabulation is simi-
lar to that of Gonyaulax and, as in that genus, the first and fourth
apicals are sometimes fused.

The most similar species to Cannosphaeropsis quattrocchiae is
Cannosphaeropsis utinensis, which differs most notably in the
nature of the trabecula and supporting processes. Cansno-
sphaeropsis passio is unique in that the trabecular network is
supported by cingular processes.

The LAD of Cannosphaeropsis quattrocchiae appears to be
early Miocene, but this needs confirmation through analyses of
surface sections, where the FAD could be determined as well.
Cannosphaeropsis quattrocchiae is a Southern Hemisphere
form, unlike Cannosphaeropsis utinensis and Cannosphaer-
opsis passio. The geographic occurrences and restricted strati-
graphic ranges of the three species make them ideal for detailed
biostratigraphic work.
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Cannosphaeropsis quattrocchiae sp. nov. For each specimen the sample number, slide number, co-ordinates (on Zeiss
photomicroscope serial no. 4660390) and England Finder reference are given respectively. The following abbreviations are used:
cbd = central body diameter; od = overall diameter; all specimens about x700.

12 Specimen in antapical view: 1, high focus on antapical
posterior paratabulation; 2, low focus on apical ante-
rior paratabulation. Slide no. P34437-01
(1145-1150m), 20/91.8, England Finder reference
21T/3; cbd =37um; od = 80 x 65um. See also text-fig.
4a-b.

3 Specimen in antapical view, high focus on antapical
posterior paratabulation. Slide no. P34431-01
(1025-1030m), 17/19.8, England Finder reference
40R/3;cbd = 41um; od = 77x64pm.

46 Specimen in dorsal view: 4, high focus on dorsal
paratabulation; 5, low focus on ventral paratabulation;
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text-fig. 4c-d.
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7-8 The holotype, specimen in antapical view: 7, high fo-
cus on antapical paratabulation; 8, low focus on apical
paratabulation. Slide no. P34432-01 (1045-1050m),
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30um; od= 80 x 6um. See also text-fig. 4e-f.
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Plate 2

PLATE 2
Cannosphaeropsis quattrocchiae sp. nov.. scanning electron photomicrographs at various magnifications.
Scale bars represent 20pm in figures 1, 5, 7-8, and 5pm in figures 2-4, 6.

I3 Specimen from the type material: 1, antapical view; 2,
detail showing the ribbon-like-trabecula and the fi-
brous crest; 3, detail of the microperforate platforms.
GSC Atlantic preparation P34440 (1195-1200m),
stub no. 34440-1, GSC specimen no. 118296.

4 Detail of the dorsal view of a specimen from the type
material showing connection between central body
and trabecular network. GSC Atlantic preparation
P34434 (1085-1090m), stub no. 34434-2, GSC speci-
men no. 118297.

56 Specimen from the type material: 4, dorsal view show-
ing the polar processes supporting the ectophraginal

network; 5, detail of the apical process connecting the
autophragm with the trabecular network. GSC Atlan-
tic preparation P34434 (1085-1090m), stub no.
34434-9, GSC specimen no. 118298.

7 Apparent apical view of a specimen from the type ma-
terial. GSC Atlantic preparation P34440
(1195-1200m), stub no. 34440-05, GSC specimen no.
118299.

8  Dorsal view of a specimen from the type material.
GSC Atlantic preparation P34432 (1045-1050m),
stub no. 34432-10, GSC specimen no. 118300.

APPENDIX |
List of species and subspecies names cited in the text

Achomosphaera sagena Davey and Williams 1966

Batiacasphaera sphaerica Stover 1977

Cannosphaeropsis franciscana Damassa 1979

Cannosphaeropsis passio de Verteuil and Norris 1996

Cannosphaeropsis quattrocchiae n., sp. herein

Cannosphaeropsis utinensis O. Wetzel 1933

Cordosphaeridium minimum (Morgenroth 1966a) Benedek 1972

Cribroperidinium tenuitabulannm (Gerlach 1961) Helenes 1984

Dapsilidinium psendocolligerum (Stover 1977) Bujak et al. 1980

Distatodinium paradoxum (Brosius 1963) Eaton 1976

Emmetrocysta urnaformis (Cookson 1953) Stover 1975

Heterosphaeridium heteracanthum (Deflandre and Cookson 1955)
Eisenack and Kjellstrom 1972

Hystrichosphaeropsis obscura Habib 1972

Invertocysta lacrymosa Edwards 1984

Labyrinthodinium truncatum Piasecki 1980 subspecies rruncanun (auto-
nym)

Lejeunecystafallax (Morgenroth 1966b) Artzner and Dorhofer 1978

micropaleontology, vol. 47, no. 2, 2001

Lingulodinium hemicystium McMinn 1991

Melitasphaeridium pseudorecurvannm (Morgenroth 1966a) Bujak et al.
1980

Nematosphaeropsis rigida Wrenn 1988

Pentadinium laticincrim Gerlach 1961

Pentadinium taeniagerum Gerlach 1961

Rericulatosphaera actinocoronata (Benedek 1972) Bujak and Matsuoka
1986

Selenopemphix dionaeacysta Head et al. 1989

Spiniferites membranaceus (Rossignot 1964) Sarjeant 1970

Svstematophora ancyrea Cookson and Eisenack 1965

Svstematophora placacantha (Deflandre and Cookson 1955) Davey et al.
1969

Trithyrodinium vermiculatum (Cookson and Eisenack 1961) Lentin and
Williams 1976

Tuberculodinium vancampoae (Rossignol 1962) Wall 1967

Xenicodinium conispinum Stover and Hardenbol 1994

Xenicodinium echiniferum Stover and Hardenbol 1994
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