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ABSTRACT

Dinoflagellate cysts were recovered throughout the Paleogene succession of Hole 647A, which contains an almost
complete deep-water record of early Eocene through early late Oligocene sedimentation in the Labrador Sea. Dinofla-
gellate cyst biostratigraphy is in general accord with that provided by other microfossil groups and is consistent with a
lower Eocene age, as determined by nannofossils, for basal sediments in Hole 647A. These sediments overlie oceanic
crust of Chron 24 age.

Dinocyst assemblages indicate outer neritic to oceanic conditions throughout, although the persistent occurrence of
Wetzeliellaceae specimens in the lower Eocene suggests a greater influence from shelf environments during this time.
Lower Eocene dinocyst assemblages are similar to coeval assemblages from the Rockall Plateau, but those from the
middle to upper Eocene have mixed affinities and may be related to the intensification of the proto-Gulf Stream from
middle Eocene time. Oligocene dinocyst assemblages suggest the influence of both arctic and North Atlantic water
masses at this site. The presence of protoperidineacean species in the upper Eocene and Oligocene may indicate in-
creased availability of nutrients, perhaps related to increased upwelling or the effects of water-mass mixing.

Productive samples are dominated by dinocysts and acritarchs, while sporomorphs are represented mainly by bisac-
cate pollen. Preservational differences within samples may reflect mixing of penecontemporaneous dinocyst popula-
tions during the Eocene, and all samples examined may have a considerable allochthonous component. Variability in
relative abundance of many species during the Eocene may be related to fluctuating water-mass properties.

A total 175 dinocyst and acritarch taxa were recorded from 53 productive samples from the Paleogene. Only one Pa-

leogene sample was barren of palynomorphs. Of three Miocene samples processed, all were barren.

INTRODUCTION

Hole 647A

Site 647 is located at 53°19.876'N, 45°15.717'W in the south-
ern Labrador Sea and on the southern flank of a drift deposit
known as the Gloria Drift. Hole 647A was drilled in a water
depth of 3858.5 m and reached a total depth of 736 meters be-
low seafloor (mbsf). The entire hole was rotary cored and termi-
nated in 31 m of basaltic basement, overlain by lower Eocene
sediments. The sedimentary record of Hole 647A extends from
lower Eocene to Holocene, with significantly large hiatuses rep-
resenting part or all of the upper Oligocene, most of the Mio-
cene, and lower Pliocene. However, the lower 564 m represents a
nearly complete sedimentary sequence from lower Eocene to
lower Oligocene, with the exception of a hiatus representing the
lower middle Eocene (and possible uppermost lower Eocene)
that occurs across the lower/middle Eocene boundary.

General Background and Objectives

Today, the Labrador Sea is the site of a mixed-water counter-
clockwise gyre in which cold arctic waters from the Baffin Cur-
rent and East Greenland Current combine with warm Atlantic
water from the North Atlantic Current (known also as the North
Atlantic Drift). The Labrador Sea and Baffin Bay may have al-
lowed arctic waters into the North Atlantic since the Late Creta-
ceous, and an important objective of Hole 647A was to deter-
mine the history of water-mass development in the southern
Labrador Sea. Site 647 was placed just to the south of a thick
late Cenozoic bottom-current (“drift”) deposit—the Gloria
Drift—where sedimentary cover was thin enough to allow recov-
ery of the entire Paleogene sedimentary sequence and penetra-
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tion of oceanic crustal basement (Fig. 1). In addition, this site is
far enough south to be sensitive to northward incursions of the
North Atlantic Current. Site 647 also lies in a position that is
sheltered by the Gloria Drift from south and southwesterly flow-
ing bottom-water currents. These currents were responsible for
widespread erosion of sediments in the eastern North Atlantic
during the late Eocene to early Oligocene. Site 647 also lies in a
part of the Labrador Sea where magnetic anomalies are well de-
veloped, thus allowing for their calibration with the magnetic
time scale to be tested by the chronostratigraphy of Hole 647A.

A short hiatus spanning the early/middle Eocene boundary
has been inferred from the sedimentary rate curve at this site.
Elsewhere, the early/middle Eocene boundary coincides with an
increased surface-water organic productivity and a temperature
decrease of 1° to 2°C in both surface and bottom waters of the
Atlantic (Kaminski, Gradstein, and Berggren, this volume, and
references therein). Hiatuses spanning the early/middle Eocene
boundary occur in a number of DSDP sites in the western and
northwestern North Atlantic and may be related to an intensifi-
cation of the proto-Gulf Stream and a decrease in eustatic sea
level (Poag, 1987), which may in turn be related to a reduction
in the rate of seafloor spreading in the North Atlantic and Lab-
rador Sea (Miller et al., 1987; Kaminski, Gradstein, and Berg-
gren, this volume). At Site 647 the hiatus is not defined precisely
by calcareous microfossils as these are absent across the bound-
ary. However, this hiatus may reflect an interval of about 6 Ma.
A specialized benthic foraminiferal assemblage and increased
total organic carbon near the early/middle Eocene boundary at
Site 647 support a hypothesis of increased organic productivity
across the boundary in the Atlantic (Kaminski, Gradstein, and
Berggren, this volume).

Apparently, Hole 647 has a complete sedimentary record from
upper middle Eocene through lower Oligocene sediments. This
contrasts with DSDP sites in the eastern North Atlantic, where
the sedimentary record is interrupted by a hiatus near the Eo-
cene/Oligocene boundary. At present, cold bottom water from
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Figure 1. Generalized bathymetric map of the Labrador Sea. Location of Site 647 (53°19.876'N,
45°15.717' W) is shown at a depth of 3858.5 m in the southern Labrador Sea and just south of the
Gloria Drift. Other late Cenozoic *“drift” (bottom current) deposits are also shown (shaded) to-
gether with the direction of modern bottom currents (after McCave and Tucholke, 1986), as indi-
cated by arrows, and the location of other DSDP/ODP sites in the Labrador Sea. Depth contours
are in meters. DSOW = Denmark Strait Overflow Water.

the Norwegian Sea passes southwestward through the Denmark
Strait between Greenland and Iceland and flows parallel to the
East Greenland continental slope. This is known as Denmark
Strait Overflow Water (DSOW), which together with associated
bottom currents was responsible for the formation of major
sedimentary “drift” deposits in the northern North Atlantic, in-
cluding the Eirik and Gloria drifts (Fig. 1). The main phase of
drift development in this area occurred during the late Ceno-
zoic. From as early as the late Eocene, however, important bot-
tom-water circulation was present in the northern North Atlan-
tic. This circulation may have been related to global cooling
during the late Eocene and, in particular, to the subsidence of
the Greenland-Scotland Ridge during the latest Eocene, which
initiated the flow of dense arctic bottom water from the Nor-
wegian Sea and into the North Atlantic (Miller and Tucholke,
1983). Bottom-water flow in the North Atlantic was evidently
influenced by seafloor topography, which may have protected
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sediments at Site 647 from erosion. Nevertheless, evidence at
Site 647 of increased bottom-water circulation is recorded by a
change from an Eocene agglutinated benthic foraminiferal as-
semblage to one that is predominantly calcareous in the early
Oligocene and reflects the first appearance of cool, nutrient-
poor deep water in the southern Labrador Sea (Kaminski, Grad-
stein, and Berggren, this volume). Also, planktonic foraminifers
and calcareous nannofossils from Hole 647A indicate a surface-
water temperature decline from temperate with warm temperate
incursions during the middle and late Eocene to cool temperate
during the Oligocene. Thus, the uninterrupted sedimentary re-
cord through upper Eocene into lower Oligocene at Site 647
provides us with an important opportunity to evaluate pale-
oceanographic and biostratigraphic developments across the
boundary.

This chapter describes the results of a preliminary study of
dinoflagellate cysts and acritarchs (also reported in Head et al.,
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1986), as part of an ongoing investigation into the Paleogene
palynology of Site 647. The primary objectives of this phase of
the investigation were as follows:

1. To produce a first-order biostratigraphy of Hole 647A
and, particularly, to provide a biostratigraphic age for sediments
immediately overlying putative Chron 24 age basalts near its
base.

2. To provide a paleoenvironmental interpretation of Paleo-
gene dinoflagellate assemblages.

3. To record and illustrate some of the more morphologi-
cally distinct and stratigraphically/ecologically important dino-
flagellate and acritarch species.

Other Paleogene Palynological Studies

A number of studies of Eocene dinoflagellates has been pub-
lished from northwestern Europe onshore localities, and several
zonal schemes have developed from these, of which the most
important is that based on species of the Wetzeliellaceae lineage
(Costa and Downie, 1976, 1979a; Chateauneuf and Gruas-Ca-
vagnetto, 1978; Bujak, 1979). However, many species of Wetzel-
iellaceae occur most commonly in estuarine and inner-shelf sed-
iments. The utility of the Wetzeliellaceae zonal scheme thus is
greatly curtailed in deeper water and more fully marine sedi-
ments, where zonal species may be absent or occur intermit-
tently. Other Paleogene dinoflagellate species complexes, recog-
nized as being useful for biostratigraphy, include the Phthano-
peridinium complex (Bujak and Davies, 1983, p. 76-83) and the
Eatonicysta-Areosphaeridium-Glaphyrocysta lineage (Eaton,
1971; Bujak, 1976), which together include species that are
widely distributed across the shelf. Despite this, no global stan-
dard zonal scheme is presently recognized. Instead, most scien-
tists prefer to erect local or regional zonal schemes (as summa-
rized in Williams and Bujak, 1985), particularly in more off-
shore locations. This no doubt reflects the prevalent ecological,
environmental, and provincial control over the composition of
Paleogene dinoflagellate assemblages. In view of the deep-water
location of Site 647 and the absence of a local, precisely age-
constrained dinoflagellate zonal scheme, the biostratigraphic
approach used both onboard the JOIDES Resolution (de Vernal
and Head, in Srivastava, Arthur, et al., 1987) and in this study
has been to base age determinations upon maximum ranges of
selected taxa. For the lower Eocene, however, emphasis has been
placed upon comparison with local ranges for the Rockall Pla-
teau (Costa and Downie, 1979b; Brown and Downie, 1984) and
Goban Spur (Brown and Downie, 1985), which were near the vi-
cinity of Site 647A during the early Paleogene (see Fig. 2). We
presume that the total dinoflagellate data accumulated so far
for this hole will attain greater biostratigraphic significance as
world ranges become known more precisely.

Of the many published Paleogene dinoflagellate studies, a
small proportion have good chronostratigraphic control. Those
studies that have been most useful for evaluating dinoflagellate
stratigraphic ranges and that are constrained by nannofossil,
planktonic foraminiferal, or magnetostratigraphic control are as
follows:

1. Northwestern Europe: Eaton (1976), Costa and Downie
(1976), Bujak (1976, 1979b), Bujak et al. (1980), Chateauneuf
(1980; using biostratigraphic control of Aubry, 1985), Townsend
and Hailwood (1985), Aubry et al. (1986), Murray et al. (1987).
Also useful are Benedek and Miiller (1974, 1976).

2. Eastern North Atlantic: Costa and Downie (1979b; using
biostratigraphic control of Miiller, 1979; Hailwood et al., 1979);
Morton et al. (1983); Brown and Downie (1984; using biostrati-
graphic control of Backman, 1984); and Brown and Downie

(1985; using biostratigraphic control of Miiller, 1985; Snyder
and Waters, 1985).

Compilations of stratigraphic ranges given in Costa (1985)
and Williams and Bujak (1985) and biozones given in Hagq et al.
(1987) were also helpful during the preliminary assessment of
species ranges. Other references that are considered useful, al-
though they do not necessarily have good age control, include
the following:

1. Norwegian-Greenland Sea: Manum (1976); Manum et al.
(in press).

2. Spitsbergen: Manum (1960); Head (1984); Manum and
Throndsen (1986).

3. Eastern Greenland: Soper et al. (1976a); Soper et al.
(1976b); Soper and Costa (1978).

4. Western Greenland: Costa, pers. comm., in Rolle (1985).

5. Arctic Canada: Brideaux (1976); loannides and Mclntyre
(1980); McNeil et al. (1982); Mudie (1985); Norris (1986).

6. Offshore Eastern Canada: Williams (1975); Williams and
Brideaux (1975); Williams and Bujak (1977b); loakim (1979);
Barss et al. (1979); D’lorio (1986); Bujak et al. (1987). (Note
that Williams and Bujak’s [1977b] postulated “late Eocene”
Diphyes colligerum Zone here is taken to include the upper mid-
dle Eocene (Bartonian), following the scheme of Berggren et al.
[1985].)

7. Alaska, Bering Sea, and northern North Pacific: Bujak
(1984); Ager et al. (1986).

8. Eastern U.S.A.: Gibson et al. (1980; using nannofossil cor-
relations therein); Edwards (1977; using correlations of Bybell,
1975); Frederiksen (1980, Fig. 3); Edwards (1984; using correla-
tions of DiMarzio, 1984); Edwards et al. (1984; using correla-
tions of Gibson et al., 1980, and Gibson and Bybell, 1984); Ed-
wards (1986); Goodman (1979 and 1984; using correlations of
Gibson et al., 1980, and Gibson and Bybell, 1984).

There are fewer published records for Oligocene dinoflagel-
late assemblages than for the Eocene. This is partly a conse-
quence of a hiatus in the early to middle Oligocene sections in
the North Atlantic, a marine regression over parts of northwest-
ern Europe during the early Oligocene, and a global lowstand in
sea level during the “middle” and late Oligocene. Oligocene di-
noflagellate biostratigraphy thus presently offers lower resolu-
tion than for the Eocene. Useful Oligocene dinoflagellate publi-
cations (in addition to some of those listed above) include the
following: Benedek (1972, 1980); Benedek and Sarjeant (1981);
Sarjeant (1983, 1984); Biffi and Grignani (1983); Goodman and
Ford (1983); Liengjarern et al. (1980); Powell (1986a, 1986b);
Stover (1977); Edwards (1986); and Biffi and Manum (1988).

Lithostratigraphy and Seismic Stratigraphy for
Hole 647A

The lithostratigraphy and seismic stratigraphy for Hole 647A,
as given below, is summarized from Srivastava, Arthur, et al.
(1987).

The lowest 31-m interval in Hole 647A represents one or
more homogeneous basalt flows and has a chilled upper sur-
face. The thickness of this basalt (at least 31 m) suggests oce-
anic crust, rather than a sill.

Lithologic Unit IV (Cores 105-647A-56R to -71R; 530.3-699
mbsf) immediately overlies the basaltic basement and is of early
to middle Eocene age. Sediments are generally claystones or for-
aminifer- and nannofossil-bearing claystones, and are color-
banded with alternating dusky red and light red to green. Sedi-
ments are weakly to moderately bioturbated. Joints and fault
surfaces are common throughout Unit IV and are lined by quartz
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Figure 2. Palinspastic map of the North Atlantic and adjacent areas at 56 Ma (magnetic anomaly 24: early Eocene), based on
about 94% present Earth diameter (from Owen, 1983, map 27), showing the 1000-m isobath, major fracture zones, and early
Eocene axial spreading ridges (dotted). Estimated locations are given for Site 647 and selected other offshore wells for which
Paleogene dinocyst data are available (i.e., 'Manum, 1976; 2Joakim, 1979; *Costa and Downie, 1979; “Brown and Downie, 1984;

SBrown and Downie, 1985; ®Manum et al., in press).

or calcite near the basalt contact, while the lowest 10 cm of sedi-
ment is bleached. These features suggest hydrothermal altera-
tion of the basal sediments, as well as a penecontemporaneous
age for oceanic crust and immediately overlying sediment in
Hole 647A. Higher in Unit IV, diagenetic activity may be pro-
nounced and probably is associated with low sedimentation rates.

Sediments of Unit IV are hemipelagic and were deposited
under low accumulation rates. The presence of bioturbation in-
dicates oxygenated bottom waters during sedimentation. The
variable, though generally low, content of biogenic carbonate
suggests variable surface-water productivity and/or carbonate
dissolution effects.

Lithologic Unit III (Cores 105-647A-15R to -55R; 135.4-
530.3 mbsf) is of early Oligocene to middle Eocene age and
overlies Unit IV. Sediments in Unit III are mainly greenish-gray
to light greenish-gray biogenic clays and clayey oozes (although
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these are well indurated below about 165 mbsf), with biogenic
carbonate predominating over biogenic silica. Variability in the
biogenic carbonate/silica ratio allows Unit 111 to be subdivided
as follows: Subunit IIIC (Cores 105-647A-26R to -55R; 241.1-
530.3 mbsf; virtually no biogenic silica, but abundant nanno-
fossils and, locally, foraminifers), Subunit IIIB (Cores 105-647A-
23R to -25R; 212.3-241.1 mbsf; almost no biogenic carbonate,
but 25% to >50% biogenic silica), and Subunit IIIA (Cores
105-647A-15R to -22R; 135.4-212.3 mbsf; biogenic carbonate/
silica ratio is 2:1). This variability in biogenic components prob-
ably is mainly the result of differential preservation.
Sediments of Unit III are hemipelagic and accumulated un-
der high sedimentation rates of about 40 m/m.y. Primary com-
positional lamination is rare in Unit III, and the terrigenous
(i.e., clay) component was probably supplied in suspension by
weak bottom currents. Sediments are moderately to strongly
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bioturbated throughout, indicating oxygenated bottom waters
during sedimentation.

Three seismic units were recognized in Hole 647A, and the
lowest two of these (seismic Units 2 and 3) are of Paleogene age.
Seismic Unit 2 correlates with lithologic Subunits IIIA and IIIB
and thus is of early Oligocene age. Seismic Unit 3 correlates
with lithologic Subunit ITIIC and lithologic Unit IV and thus is
of early Eocene to early Oligocene age. Reflector “R4,” which
occurs within the upper part of seismic Unit 3 (at 251.1 mbsf:
lower Oligocene), corresponds to a change from siliceous to cal-
careous claystones and does not appear to represent an uncon-
formity. In fact, unlike the Northeast Atlantic (Roberts et al.,
1979), there is no seismic indication that major onset of strong
bottom circulation occurred at or near the Eocene/Oligocene
boundary at Site 647.

Biostratigraphy

Calcareous nannofossils, dinoflagellates, pollen and spores,
and planktonic and benthic foraminifers occur throughout the
recovered Paleogene sediments of Hole 647A, while diatoms
and radiolarians are more or less restricted to the uppermost
Eocene and Oligocene. Nannofossils and planktonic foramini-
fers provide the basis for biostratigraphy and indicate a nearly
continuous sequence from middle lower Eocene (nannofossil
Zone NP11; planktonic foraminiferal Zones P8 and P7) to
lower Oligocene (Zone NP24). However, an interval from Cores
105-647A-63R through -65R, which is barren of both nannofos-
sils and planktonic foraminifers and occurs between nannofossil
Zones NN13 and NNI15, contains a hiatus in which the early
middle Eocene sequence is missing, as indicated from the sedi-
mentation-rate curve,

Details concerning the biostratigraphy of Hole 647A are given
in the “Dinocyst Stratigraphy and Age” section (this chapter).
The stratigraphic scheme used here follows that of Berggren et
al., 1985, as adopted by the Leg 105 Scientific Party.

METHODS

Samples were processed by the method outlined in Head et al. (b,
this volume). Additional samples, supplied by M.A. Kaminski, are indi-
cated by an asterisk after the sample number in Tables 3A and 3B (back-
pocket fold-out) and were processed using a gravity-settling method de-
veloped by Head and Kaminski to separate dinoflagellates from fora-
minifers, as follows. Samples were cleaned, dried, and weighed, and
then boiled in a 1-L beaker of 1% (i.e., 10 ¢cm? dry vol/L) Calgon™
(sodium hexametaphosphate) solution. The disaggregated sample was
allowed to settle for about 30 s, when the suspension containing dinofla-
gellates was decanted. This was done several times, and the residue con-
taining foraminifers was checked for remaining dinoflagellates using a
binocular microscope. This method provided good separation of dino-
flagellates from foraminifers, except that a small proportion of the denser
dinoflagellates (notably Thalassiphora pelagica) may not have been re-
covered. The dinoflagellate suspension was later settled out and pro-
cessed using the standard method. These particular samples were used
in this study to increase sampling resolution in the lower part of Hole
647A and are part of an ongoing collaborative study with M. A. Ka-
minski.

Nearly all samples yielded clean residues after brief oxidation (dilute
HNO; for about 20 s). However, the quantity of residue obtained was
generally low, and in some samples was contained on one or two micro-
scope slides. For each sample, a single slide was scanned under the mi-
croscope for dinoflagellates.

RESULTS OF HOLE 647A

Of the 54 samples processed from the Paleogene of Hole
647A, all except one were productive. Marine palynomorphs
dominate most samples, while the sporomorph component is
composed mainly of bisaccate pollen. Preservation of dinofla-
gellates is moderate to good in most productive samples. Three
samples were processed from the Miocene; all were barren of
palynomorphs.

A total of 175 marine palynomorph species (mostly dino-
cysts) were recorded in this study and are listed in Table 1. Their
stratigraphic distribution in the Paleogene of Hole 647A is given
in Table 3A (back pocket; ordered by ascending lowest occur-
rences) and Table 3B (back pocket; ordered by ascending highest
occurrences). Those species of uncertain identity that occur rarely

Table 1. Alphabetical index of marine palynomorph species recorded in
this study of the Paleogene of Hole 647A.

Table Table
A 3B Marine palynomorph species
130 145 Acritarch sp. 1 [Pl. 6, Figs. 7, 8]
174 174 Acritarch sp. 2 [Pl. 6, Fig. 12]
127 87 Acritarch sp. 3 [Pl. 10, Fig. 3]
98 97 cf. Acritarch sp. 1. of Head et al., ¢, this vol. [Pl. 6, Fig. 13]
46 12 Ad, S0 idium mul Iti: i i
1 10 Adnatosphaeridium robustum [P. 13, Fig. 3]
69 37 Alisocysta sp. cf. A. ornata [Pl. 6, Fig. 6]
58 63 Alisocysta sp. 1 [Pl. 6, Fig. 10]
25 4 Apectodinium sp. cf. A. quinguelatum
22 3 Areoligera senonensis
86 120 Areosphaeridium arc
71 66 Areosphaeridium diktyoplokus [Pl. 13, Figs. 5, 9]
109 130 Areosphaeridium pectiniforme
93 43 Batiacasphaera sp. cf. B. hirsuta [Pl. 6, Fig. 16]
136 90  Batiacasphaera compta
101 161 Batiacasphaera micropapillata s.1. [Pl. 6, Figs. 14, 15]
88 38 Batiacasphaera sp. A [Pl. 6, Figs. 9, 11]
106 83 Batiacasphaera sp. B [Pl. 6, Figs. 3, 4]
125 75 Batiacasphaera sp. C [Pl. 6, Fig. 2]
73 32 Ceratiopsis depressa
14 22 Ceratiopsis sp. A [Pl. 12, Fig. 13]
173 173 Chiropteridium lobospinosum [P). 5, Fig. 6]
161 170 Chiropteridium mespilanum [Pl. 5, Figs. 3, 6]
82 36 Chytroeisphaerida sp. 1 [Pl. 6, Figs. 1, 5]
102 162 Cordosphaeridium cantharellum [Pl. 13, Fig. 15]
121 72 Cordosphaeridium sp. cf. C. funiculatum [Pl. 8, Figs. 13, 14]
123 100 Cordosphaeridium funiculatum
133 79 C. funiculatum sensu Williams and Bujak, 1977b [Pl. 8, Fig. 5]
15 71 Cordosphaeridium gracile [Pl. 13, Fig. 13]
33 30 Cordosphaeridium inodes [Pl. 13, Fig. 14]
59 158 Cordosphaeridium minimum
67 82 C. minimum sensu Eaton 1976 (?) [Pl 11, Figs. 2, 3]
91 50 Cordosphaeridium callosum [Pl. 7, Fig. 15]
100 106 Corrudinii ince D i [P]. 3, Fig. !5]
17 T Corrudinium sp. 1 [Pl. 3, Figs. 4, 12, 13]
52 81 Corrudinium sp. 2 [Pl 3, Fig. 14]
74 69 Corrudinium sp. 3 [Pl. 3, Fig. 16]
6 68 Cribroperidinium giuseppei
158 149 Cribroperidinium tenuitabulatum
103 163 Dapsilidinium pseudocolligerum [Pl. 11, Fig. 10]
90 42 Dapsilidinium simplex
83 46 Dapsilidinium sp. A [Pl. 11, Fig. 6]
112 107 Deflandrea heterophlycta [Pl. 12, Fig. 5]
110 139 Deflandrea leptodermata [Pl. 12, Figs. 1, 2]
62 26 Deflandrea oebisfeldensis (reworked?) [Pl. 12, Fig. 6]
37 137 Deflandrea phosphoritica
32 17 Deflandrea sp. cf. D. sagittula [Pl. 12, Fig. 3]
166 171 Deflandrea spinulosa
2 34 Dinocyst? sp. A [PL 13, Fig. 11]
115 99 Dinocyst sp. B [Pl 2, Figs. §, 6]
131 166 Dinocyst sp. C [Pl 4, Figs. 1, 2]
41 29 Dinocyst sp. D [Pl. 11, Fig. 7]
63 27 Dinocyst sp. E
38 7 Dinocyst sp. F [P, 13, Fig. 10]
45 157 Dinopterygium cladoides sensu Morgenroth, 1966
28 57 Diphyes colligerum [Pl. 12, Fig. 12]
79 15 Diphyes sp. A [Pl. 12, Fig. 8]
107 84 Distatodinium sp. cf. D. craterum [Pl. 5, Fig. 8]
151 116 D. paradoxum sensu Gocht, (1969, Figs. 5, 6) [Pl. 5, Fig. 7]
134 80 Distatodinium scariosum [Pl. 10, Fig. 10]
13 16 Dracodinium? condylos
12 2 Dracodinium? sp. cf. D? condylos [Pl. 1, Fig. 6]
55 25 Duosphaeridium sp. cf. D, rugosum [Pl. 12, Fig. 4]
23 13 Eatonicysta ursulae [Pl. 9, Fig. 9]
80 52 Elytrocysta sp. A [Pl. 3, Figs. 10, 11]
72 104 Elytrocysta sp. of Goodman and Ford, 1983 [PIl. 3, Figs. 1-3]
149 148 Gelatia inflata [Pl. 4, Fig. 5]
167 134 Glaphyrocysta semitecta [Pl. 5, Fig. 1]
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Table 1 (continued).

Table 1 (continued).

Table Table Table Table
3A 3B Marine palynomorph species 3A B Marine palynomorph species
155 131 Glaphyrocysta sp. A [Pl. 5, Fig. 2] 29 5 Rhombodinium? sp. A [PL. 1, Fig. 7]
lg; :g ggc‘klo(:inium .i‘pfﬂ;tf[upnl‘! [l:}l.;, Figs. 4, 5] 3 1 Rhombodinium? sp. B [Pl. 1, Fig. 9]
nyaulacysta sp. . 10, Fig. 9] 40 9  Rhombodinium? sp. C [Pl 1, Fig. 8]
113 67 Hemiplacophora semilunifera [Pl.' 5, Figs. 9, 10] 49 103 Samlandia chlamydophora [Pl. 12, Fig. 7]
114 74 Heteraulacacysta porosa [Pl. 8, Fig. 8] 129 89  Selenopemphix armata [P1. 7, Fig. 10]
94 44 Heteraulacacysta sp. A [Pl. 8, Fig. 15] 87 129 Selenopemphix nephroides
42 54 Heteraulacacysta sp. A of Costa and Downie, 1979b [PL. 9, 99 98 Selenopemphix sp. 1 [PL. 7, Figs. 1, 2]
Fig. 1] 164 124 Selenopemphix? sp. 2 [Pl. 7, Fig. 3]
76 113 Histiocysta spp. of Goodman and Ford, 1983 [PI. 3, Figs. 5-9] 148 115 Selenopemphix? sp. 3 [Pl. 7, Figs. 4, 8]
lgf lé; Homotryblium pallidum 138 92 Selenopemphix sp. 4 [Pl. 7, Fig. 13]
Homotrybliun pi 96 64  Selenopemphix sp. S [Pl. 7, Fig. 14]
30 11 Homotryblium sp. A [Pl. 11, Fig. 5] 16 156 Spiniferites pseudofurcatus
143 102 Homotryblium? sp. B [Pl. 13, Fig. 6] 11 155 Spiniferites/ Achomosphaera spp.
92 58 Horologinella? spinosa 175 175 Surculosphaeridium? sp. A [Pl. 11, Fig. 1]
119 114 Horologinella? spinosa (4 lobed) 118 86 Svalbardella sp. cf. 8. cooksoniae
60 159 Hystrichokolpoma cinctum [Pl. 12, Fig. 11] 168 135 Svalbardella sp. 1 [Pl. 2, Figs. 9, 10]
31 15 Hystrichokolpoma globulum Michoux, 1985 [Pl. 12, Figs. 9, 153 118 Svalbardella? sp. 2
10] 8 112 Systematophora ancyrea
56 45 Hystrichokolp 2 latum [Pl. 13, Fig. 2] 43 18 Systematophora sp. 1 [Pl. 13, Fig. 1]
116 164 Hystrichokolpoma rigaudiae 68 138 Tectatodinium pellitum
44 60  Hystrichokolpoma unispinum [Pl. 11, Fig. 9] 48 61  Tectatodinium sp. 1 [Pl. 13, Fig. 8]
61 21 Hystrichosphaeropsis sp. A [P1. 2, Figs. 4, 7, 8] 122 78 Thalassiphora delicata
64 28 Hysrrichosp-’lﬂ?-';ﬂpﬂ's sp. B [PL. 2, Figs. 1, 2, 3] 169 152 Thalassiphora fenestrata
5 40 Hystrichostrogylon braniphorum 9 126 Thalassiphora pelagica [Pl. 9, Figs. 2, 3]
159 150 Impagidinium acull 65 55  Thalassiphora sp. A [P1. 9, Fig. 6]
19 119 Impagidinium dispertitum [Pl. 10, Fig. 15] 108 85 Thalassiphora sp. B [PL. 9, Figs. 7, 8]
50 144 Impagidinium? pallidum [P1. 10, fig. 13] 165 125  Thalassiphora sp. C [Pl. 9, Fig. 4]
172 153 Impagidinium paradoxum 170 143 Thalassiphora sp. D [Pl. 9, Fig. 5]
120 141 Impagidinium patulum 27 23 Wetzellella articulata
142 147 Impagidinium velorum [P1. 10, Fig. 11] 135 142 Wetzellella symmetrica
18 94 Impagidinium sp. A [Pl. 10, Fig. 16] 70 41  Wilsonidium tabulatum [Pl. 2, Figs. 11, 12]
141 108 Impagidinium sp. B [P1. 10, Fig. 4]
126 76 Impagidinium 3P C [PL. 10, Fig. 14] Note: reference to the location of these species can be found in Tables 3A (lowest
7:‘; Igg ;mpagrz{mlum. sp. D [P1. 8, Figs. 9, 10, 11] occurrences) and 3B (highest occurrences) and in the plates (where applicable).
'mpagidinium spp.
81 56 Impletosphaeridium luxurium [Pl. 8, Fig. 1]
1‘3‘; ‘gg E;’:;{g:;‘:g’o ?:;:},1:;;‘; fl;fs-lll:‘i‘; i or sporadically have been omitted. Of those species that are
35 6 Kisselovia crassoramosa [PL. 1, Fig. 2} consg:tered to be stratlgraph{ca!ly us_eful, many occur sporadi-
47 24 Kisselovia edwardsii sensu Caro, 1973 [PI. 1, Fig. 3] cally in Hole 647A, or well within their established ranges. Anal-
140 101 Lentinia serrata ysis of additional samples will be needed to verify their distribu-
20: 1a7  Lingutodetum macknerophoni tion through Hole 647A. For this reason, no formal zonation is
53 19 dirosphirersdiicny g BN M, Tigr; 4, 5 r d here. Nevertheless, the occurrences of a number of
78 33 Litosphaeridium? sp. B [P1. 11, Fig. 11] proposed here. s L | ;
145 109  Lophocysta sp. | [Pl. 4, Figs. 7, 8] species provide useful constraints upon the biostratigraphy of
117 70 Lophocysta sp. 2 [Pl. 4, Figs. 6, 9] Hole 647A. These are discussed principally within the strati-
156 132 Membranophoridium aspinatum [Pl. 5, Fig. 4] graphic framework provided by calcareous nannofossils (Firth,
26 14 Membranophoridium sp. [Pl. 6, Fig. 17] ' wx . i 4 ki
25 0  Nenasisphaéropels so. of. N. ybyrtithai tl‘ns ‘vol}lme)_. Additional .detalled ':nformano‘r‘l on §electec_1 spe
146 110 N phaeropsis lemniscata cies is given in a later section of this chapter (“Stratigraphic and
24 136 Nematosphaeropsis? sp. | [P1. 8, Fig. 6] Morphologic Notes on Selected Dinocyst Taxa,” this volume)
151 133 .Newataspheeropsist sp. 2 [F1, 8, Figs. 3, 4.7} and is accompanied by a summary of stratigraphic ranges in
132 167 Operculodinium centrocarpum s.5. Table 2
4 31 Operculodinium sp. cf. O. centrocarpum [P1. 13, Fig. 12] .
54 20 Operculodinium sp. 1 [P1. 13, Fig. 7]
84 47 Operculodinium sp. 2 [PL. 13, Fig. 4]
51 128 Operculodinium spp. DINOCYST STRATIGRAPHY AND AGE
10 154 Palaeocystodinium golzowense .
IS0 169  Pentadinium laticinctum imaginatum Lower Eocene, Nannofossil Zones NP11 through NP13
111 140 Pentadinium spp.
154 121 Phelodinium sp. | [P1. 7, Fig. 11] (Samples 105-647A-71R-1, 40-43 cm, through
162 122 Phelodinium sp. 2 [Pl. 7, Figs. 122, 16] -66R-1, 66-69 cm; 695-637 mbsf)
137 91 Phelodinium sp. 3 [Pl. 7, Figs. 5, 9] y
139 146 Phelodinium sp. 4 [Pl. 7, Fig. 6] Dinoflagellates
ini . 47 [P1. 7, Fig. 7 - ’ .
:ég lgf ;22:35::::: :g‘ 5?”[,1:_]& ng 12} Adnatosphaeridium robustum (Pl. 13, Fig. 3) occurs in the
89 39 Phthanoperidinium? brooksii [Pl. 10, Figs. 1, 2] two lowest samples examined and is known from a number of
95 $9  Phthanoperidinium sp. cf. P echinatum (Pl. 10, Figs. 7, 8] lower Eocene localities. Apparently, this species is restricted to
g; 132 ﬁmfoﬁr{aﬁ"{m b A Zone NP12 in the Rockall Plateau (Brown and Downie, 1984)
105 S| Phthanoperidini :‘.. e and thus has a slightly lower appearance (Zone NP11) within
163 123 Phthanoperidinium geminatum the lower Eocene in Hole 647A.
147 111 Phthanoperidinium sp. A [Pl. 10, Figs. 5, 6] Rhombodinium? sp. B (Pl. 1, Fig. 9) is a new species occur-
66 65 Phthanoperidinium spp. rin mmonly i in = = o
171 172 Polysphaeridium sp. A [Pl. 11, Fig. 12] 45 %:3 The ly;;ea inflebsamlplf E‘S?In"l;le llrgst 64:7? 70Rl}!-4, 12
124 165 Reticulatosphaera actinocoronata e R sp S y b€E 1€ a? 0 the Weizelielia-Khombo-
97 73 Rhizophagites of Wrenn and Kokinos, 1986 [P1. 10, Fig. 12] dinium lineage that first appears in the early Eocene (Costa and
39 8  “Rhombodinium” glabrum Downie, 1979a; Bujak and Davies, 1983).
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Table 2. Stratigraphic occurrence of selected dinocyst taxa recorded from the Paleogene of Hole 647A and their corresponding ranges.

R PAL E

c E N E OLIGOCENE]|MIO

U L

M u L [ v L

CALCAREOUS NANNOFOSSIL ZOMNES (Martini, 1971) | NP9

NP10 | NP11 | NP12 | NP13 | NP14 | NP15 | NP16 | NP17 | NP18 | NP18 | NP20 | NP21 [ NP22 [ NP23 [ NP24 [ NP25 | NN

DINOCYSTS from Hole B647A

Ad idium rokb - Fra

Alisocysta sp. cf. A. ornata

Alisocysta sp. 1

Areosphaeridium arcuatum

Areosphaeridium diktyoplokus
Areosphaeridium pectiniforme

Chiropteridium lobospinosum

Chiropteridium 0

Cordosphaeridium funiculatum '
C. funiculatum sensu Williams and Bujak, 1977b

Cordosphaeridium sp. cf. C. funiculatum

Corrudi inc

Corrudinium sp. 2

Deflandrea leptodermata

Dinocyst sp. D

Distatodinium paradoxum sensu Gocht, 1969

Dracodinium? condylos [
Dracodinium? sp. cf. D.? condylos p=y) s

Duosphaeridium sp. cf. D. rugosum |

Eatonicysta ursulae
Elytrocysta sp. of Goodman and Ford, 1983

Elytrocysta sp. A

Gelatia inflata

Elomsind, Ty

Heteraulacacysta porosa

Heteraulacacysta sp. A

Histiocysta spp. of Goodman and Ford, 1983

Homotryblium sp. A

Impagidinium? pallidum

{Impagidinium velorum

Kisselovia coleathrypta

Kisselovia crassoramosa

Kisselovia edwardsii sensu Caro, 1973
Litosphaeridium sp. A

Litosphaeridium? sp. B

Phthanoperidinium? brooksii

Phth

"R.‘lom.'.;odf'nium" glabrum
Rhombodinium? sp. A

Rhombodinium? sp. B

Rhombodinium? sp. C

Samlandia chlamydophora
Svalbardella
|Svalbardella sp. cf. S. cooksoniae

Svalbardella sp. 1.

Svalbardella? sp. 2.

Thalassiphora pelagica
Wertzeliella symmetrica

MiHES

Note: Selected dinocyst taxa occurring in Hole 647A (stippled lines) are calibrated to Martini’s (1971) standard calcareous nannofossil zonation (from Firth, this volume).
Their corresponding ranges (solid lines) are based on the literature and as discussed in this chapter. Broken lines indicate uncertain ranges, and intrazonal ranges are

approximate. The time scale of Berggren et al. (1985) is used.

The presence of Dracodinium? condylos in Sample 105-647A-
69R, CC indicates a stratigraphic position no lower than upper
Zone NP11, and the assignment of this sample to Zones NP11
or lower NP12 in Hole 647A (Firth, this volume) agrees with its
range of upper Zones NP11 to NP14 from the Rockall Plateau
(Brown and Downie, 1984; Costa and Downie, 1979b).

The lowest occurrence of Kisselovia coleothrypta (Pl. 1, Fig.
1) in Sample 105-647A-68R-1, 129-132 c¢m, assignable to Zone
NP12 (Firth, this volume), is comparable to its lowest occur-
rence in Zone NP12 sediments from the Rockall Plateau, Site
404 (Costa and Downie, 1979b). Likewise, the lowest occurrence
of Kisselovia edwardsii sensu Caro, 1973 (PI. 1, Fig. 3) in Sam-
ple 105-647A-66R-2, 29-33 cm (assignable to Zone NP13; Firth,
this volume) compares with its occurrence in a single sample
from Zone NP13 in DSDP Hole 553A on the Rockall Plateau
(Brown and Downie, 1984).

“Rhombodinium” glabrum (Pl. 1, Fig. 8) occurs rarely in a
single sample (105-647A-67R-4, 23-26 cm), assignable to Zone
NP12 (Firth, this volume), and was similarly recorded from a
single sample within Zone NP12 in DSDP Hole 548A, Goban
Spur (Brown and Downie, 1985).

Samlandia chlamydophora (Pl. 12, Fig. 7) has a lowest oc-
currence in Sample 105-647A-66R-2, 29-33 c¢cm, and can be as-
signed to Zone NP13 (Firth, this volume). This is slightly higher
than lowest occurrences recorded elsewhere (e.g., Zone NP12
sediments in the Rockall Plateau, southern Europe and eastern
U.8.).

Dinopterigium cladoides sensu Morgenroth, 1966 has a low-
est occurrence in Sample 105-647A-67R-2, 28-31 cm, assigned
to upper Zone NP12 (Firth, this volume). This compares well
with the lowest occurrence of this species in southern England
(Bujak et al., 1980, Zone NP12 using correlation of Aubrey,
1985) and with its range base given as upper Zone NP12 in Wil-
liams and Bujak (1985; see also discussion of this species in
Head et al., c, this volume).

Other Microfossils

Sample 105-647A-71R-2, 41 cm, is the lowest sample found
containing age-diagnostic nannofossils and has been placed in
nannofossil Zone NP11 (middle lower Eocene) by Firth (this
volume). The lowest sample assigned to Zone NP12 is Sample
105-647A-68R-4, 36-38 cm (Firth, this volume), or slightly lower
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at Sample 105-647A-69R, CC (Firth, in Srivastava, Arthur, et
al., 1987, p. 701).

Sample 105-647A-66R-1, 52-54 c¢m, is the highest sample con-
taining early Eocene nannofossils (assigned to Zone NP13; Firth,
this volume), and above this is an interval barren of calcareous
microfossils that contains the lower/middle Eocene boundary.

Upper Lower? to Lower Middle Eocene, Nannofossil
Zones NP13? through NP15?

(Samples 105-647A-66R-1, 15-18 cm, through
-63R-1, 105-108 c¢cm; 652-609 mbsf)

Although barren of nannofossils and planktonic foramini-
fers, this interval yields moderately to well-preserved dinocyst
assemblages. A hiatus may occur within this interval of Hole
647A, but unfortunately, a regional unconformity developed in
the upper lower to lower middle Eocene of DSDP sites from the
Rockall Plateau and Goban Spur has removed much opportu-
nity to compare dinoflagellate ranges between these sites and
Hole 647A. On the Rockall Plateau, the most complete dinofla-
gellate stratigraphy is from DSDP Site 406, where Zone NP18
sediments overlie those assigned to Zone NP14 (Costa and Dow-
nie, 1979b; Miiller, 1979), while Holes 553A and 552, investi-
gated by Brown and Downie (1984), also have a lower middle
Eocene hiatus and are barren of dinoflagellates above sediments
assigned to Zone NP13 (Brown and Downie, 1984; Backman,
1984). On the Goban Spur, sediments of Zone NPI15 overlie
those of Zone NP12, but samples from virtually all the middle to
upper Eocene were barren of dinoflagellates (Brown and Downie,
1985; Miiller, 1985).

Dinoflagellates

Although many of the dinocyst species recorded have poorly
established ranges, or have occurrences that are not critical for
refining the age of this interval, several species occurrences nev-
ertheless provide support for an upper lower to lower middle
age, as inferred from nannofossil biostratigraphy above and be-
low this interval. These species include the lowest occurrence of
Areosphaeridium diktyoplokus (Pl. 13, Figs. 5,9) in Sample
105-647A-63R-1, 139-142 cm, which indicates an equivalence to
Zone NP13 or higher for this sample, and the highest occur-
rence of Eatonicysta ursulae (P1. 9, Fig. 9) in Sample 105-647A-
65R-1, 117-121 c¢m, which indicates an equivalence to middle
Zone NP16 or lower for this sample. Perhaps the most signifi-
cant biostratigraphic event within this interval is the highest oc-
currence of Kisselovia edwardsii sensu Caro, 1973 in Sample
105-647A-64R-3, 88-91 cm. This species is restricted to sedi-
ments of putative Cuisian age in Labrador Shelf and North Sea
wells examined by Ioakim (1979) and was assigned a provisional
range in northwestern Europe of Zones NP12 through NP14 by
Manum (1980). Sample 105-647A-64R-3, 88-91 c¢cm, thus can be
assigned to Zone NP14 or lower (lower Eocene or lowermost
middle Eocene), based on the tentative range of K. edwardsii
sensu Caro, 1973.

Other dinocyst events that in the future may prove strati-
graphically useful within this interval include the first appear-
ance (FA) of Hystrichosphaeropsis sp. B (Pl. 2, Figs. 1 through
3) and Thalassiphora sp. B (Pl. 9, Figs. 7,8), in Sample 105-
647A-64R-1, CC; FA of Elytrocysta sp. of Goodman and Ford,
1979 in Sample 105-647A-63R-1, 139-142 cm, and possible FA
of Histiocysta sp. of Goodman and Ford, 1979 (Pl. 3, Figs. 5
through 9) in Sample 105-647A-63R-1, 105-109 cm.

Last appearances (LAs) that may have potential biostrati-
graphic significance include the LA of Hystrichokolpoma glo-
bulum Michoux, 1985 (Pl. 12, Figs. 9,10) in Sample 105-647A-
65R-1, 117-121 cm, and the LA of Ceratiopsis? sp. A (Pl. 12,
Fig. 13), which is discussed below.
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The position of a hiatus within this interval (as indicated by
the sedimentation-rate curve for Hole 647A) was not clearly de-
termined by the preliminary dinocyst stratigraphy, although we
suggest two possible placements; one (the lower) located be-
tween Samples 105-647A-66R-1, 66-69 cm, and -65R-1, 117-121
cm, and the other (the higher) between Samples 105-647A-64-3,
88-91 cm, and -63R-1, 139-142 cm. The lower possible location
is indicated by an influx of species in Sample 105-647A-65R-1,
117-121 ¢m, which occurs above two low-yielding samples (Sam-
ples 105-647A-66R-1, 15-18 cm, and -65R, CC), suggesting a hia-
tus within the interval between Samples 105-647A-65R-1, 117-
121 ¢m, and -66R-1, 66-69 cm. The higher possible position
(i.e., between Samples 105-647A-64-3, 88-91 c¢m, and -63R-1,
139-142 cm) is given by the highest occurrence of both Cera-
tiopsis? sp. A (P1. 12, Fig. 13) and Kisselovia edwardsii sensu
Caro, 1973 (PI. 1, Fig. 3) in Sample 105-647A-64R-3, 88-91 cm,
and the lowest occurrences of Elytrocysta sp. of Goodman and
Ford, 1979 (Pl. 3, Figs. 1 through 3) and Areosphaeridium dik-
tyoplokus in Sample 105-647A-63R-1, 139-142 cm. Support for
this possibility is that Kisselovia edwardsii sensu Caro, 1973 and
Ceratiopsis sp. A (which may be conspecific with Deflandrea
sp. 1 of Ioakim, 1979, although it is somewhat smaller) appar-
ently have simultaneous last occurrences in Hole 647A. In both
the Freydis B. 87 and Bjarni H. 81 wells on the Labrador Shelf,
Deflandrea sp. 1 of loakim, 1979 has a slightly higher range top
(into the putative Lutetian) than Kisselovia edwardsii sensu
Caro, 1973 (which is restricted to the putative Cuisian). The
range top of Ceratiopsis? sp. A, if conspecific with Deflandrea
sp. 1 of Ioakim, 1979, thus may be truncated in Hole 647A.
Furthermore, the lowest occurrence of A. diktyoplokus in Sam-
ple 105-647A-63R-1, 139-142 cm (which is just one core below
sediments assigned to Zone NP15; Firth, this volume), may rep-
resent a slight truncation of its range base, since elsewhere this
species has a range base within Zone NP13 (e.g., upper Zone
NP13 at DSDP Site 405, Rockall Plateau; Costa and Downie,
1979b).

To summarize the dinocyst biostratigraphy for this interval:
the LA of E. ursulae in Sample 105-647A-65R-1, 117-121 cm,
places this sample no higher than middle Zone NP16; the LA of
K. edwardsii sensu Caro, 1973 in Sample 105-647A-64R-3, 88-
91 cm, tentatively places this sample no higher than Zone NP14;
and the FA of Areosphaeridium diktyoplokus in Sample 105-
647A-63R-1, 139-142 cm, places this sample no lower than Zone
NP13. Two possible locations for a hiatus are tentatively sug-
gested: (1) the lower, occurring between Samples 105-647A-66R-1,
66-69 cm, and -65R-1, 117-121 c¢m, and based on an influx of
species; and (2) the higher, occurring between Samples 105-
647A-64R-3, 88-91 cm, and -63R-1, 139-142 cm, and based on
the suspected range truncation of several dinocyst species.

Other Microfossils

The interval between Samples 105-647A-63R-1, 36-38 cm (as-
signed to Zone CP13b = NP15) and -66R-1, 52-54 cm (as-
signed to Zone CP11 = NP13) is barren of nannofossils (Firth,
this volume) and planktonic foraminifers. This interval contains
the lower/middle Eocene boundary, and the sedimentation-rate
curve for Hole 647A (Kaminski et al., this volume) suggests that
the lower middle Eocene and possibly the uppermost lower Eo-
cene are missing from this interval.

Upper Middle and Upper Eocene, Nannofossil Zones
NP15 through NP20

(Samples 105-647A-62R-6, 22-25 cm through -32R, CC;
606-300 mbsf)

Dinoflagellates

Phthanoperidinium comatum has a lowest occurrence in Sam-
ple 105-647A-61R, CC (Zone NP15, Firth, this volume). This is
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somewhat younger than the earliest record known for P coma-
tum of upper lower Eocene from the Rockall Plateau (Zone
NP13, Costa and Downie, 1979b, correlated from Miiller, 1979).

Phthanoperidinium? brooksii (P1. 10, Figs. 1,2) was recorded
from a single sample (105-647A-59R, CC, assigned to Zone
NP15, Firth, this volume); this species has been reported previ-
ously only from approximately coeval middle Eocene sediments
(probable Zone NP15) of the eastern U.S. continental slope (Ed-
wards and Bebout, 1981).

Heteraulacacysta sp. A (Pl. 8, Fig. 15), occurring in a single
sample (105-647A-53R-4, 121-125 c¢m, assignable to Zone NP16,
Firth, this volume), may be conspecific with a specimen illus-
trated as Heteraulacacysta porosa in Edwards (1984) from the
middle Eocene of Virginia (correlated to Zone CP14a = NPI6,
from DiMarzio, 1984).

Corrudinium incompositum (Pl. 3, Fig. 15) has an FA within
Zone NP16 in Hole 647A (Firth, this volume), has an LA in
Sample 105-647A-51R, CC, and occurs questionably down to
Sample 105-647A-52R-4, 25-28 cm. Elsewhere, this species has
a first occurrence in probable Zones NP15 (offshore eastern U.S.,
Edwards and Bebout, 1981) or NP16 (S. England, in Bujak et
al., 1980; Aubry, 1985), which correlates precisely with its FA in
Hole 647A.

Hemiplacophora semilunifera (Pl. 5, Figs. 9,10) occurs in
Samples 105-647A-35R, CC and -36R, CC from the upper Eo-
cene (Zone NP19, Firth, this volume) of Hole 647A. Present
and previous records suggest that this species may be a useful in-
dicator of middle to upper Eocene sediments. Likewise, Heter-
aulacacysta porosa (Pl. 8, Fig. 8), occurring in Samples 105-
647A-35R, CC through -33R-1, 91-94 cm, just below the Eo-
cene/Oligocene boundary in Hole 647A, is probably restricted
to upper middle and upper Eocene sediments elsewhere.

Other Microfossils

A continuous record of sedimentation is preserved through-
out this interval and across the Eocene/Oligocene boundary,
with the exception of an unconformity or period of reduced sed-
imentation rate between Zones NP16 and NP17 (at about 455
mbsf) that may have resulted in the absence or condensing of
the lower part of Zone NP17 and possibly some upper Zone
NP16 (Firth, this volume). Sample 105-647A-63R-1, 36-38 cm
(assigned to Zone CP13b = NP15) contains the oldest recovered
nannofossil assemblage from this interval (Firth, this volume),
while the oldest planktonic foraminiferal sample (105-647A-
62R-6, 22-25 cm) was assigned to Zone P12, indicating an age
no older than 46 Ma (middle middle Eocene) for this sample
(Srivastava, Arthur, et al., 1987).

The middle/upper Eocene (Zone NP17/18) boundary was
tentatively placed between Samples 105-647A-46R-4, 101-103 cm
(NP17) and -46R-3, 33-35 cm (FA Chiasmolithus oamaruensis
Zone NP18), at an estimated depth of 440 mbsf, based on nan-
nofossils (Firth, this volume).

The Eocene/Oligocene boundary was placed between Sam-
ples 105-647A-30R-7, 17-19 ¢m, and -30R-7, 48 cm, based on
the highest occurrence (in Sample 105-647A-30R-7, 48 cm) of
the nannofossil Discoaster barbadiensis (Firth, this volume).
Planktonic foraminiferal biostratigraphy, in close agreement with
the nannofossil biostratigraphy, places this boundary at the base
of Core 105-647A-30R, just above the last occurrences of Globi-
gerina linaperta (in Sample 105-647A-31R-2, 34-37 cm) and Tiur-
borotalia cerroazulensis (in Sample 105-647A-31R, CC) (Srivas-
tava et al., 1987).

Oligocene, Nannofossil Zones NP21 through NP24

Samples 105-647A-30R-3, 100-104 c¢m, through -15R, CC;
283-139 mbsf)

Dinoflagellates

The occurrences of a number of dinoflagellate species in the
Oligocene of Hole 647A fall within, or are approximately coin-
cident with, their ranges established elsewhere and support the
biostratigraphy provided by nannofossils for this hole (Firth,
this volume). These species include the following: Kisselovia
coleothrypta (LA in Sample 105-647A-28-4, 88-91 cm, range
top in lower Zone NP23, lower Oligocene), Cordosphaeridium
Suniculatum (LA in Sample 105-647A-28R-4, 88-91 cm; range
top in lower Oligocene), Samlandia chlamydophora (LA in Sam-
ple 105-647A-24R-2, 142-145 cm; range top in lower Zone NP23,
lower Oligocene), Elytrocysta sp. of Goodman and Ford, 1983
(LA in Sample 105-647A-24R-2, 142145 cm, range top in lower?
Oligocene), Phthanoperidinium comatum (LA in Sample 105-
647A-24R-2, 142-145 cm, range top in lower Zone NP23, lower
Oligocene), Corrudinium incompositum (LA in Sample 105-
647A-24R-2, 142-145 cm, range top in lower Zone NP23, lower
Oligocene), Histiocysta spp. of Goodman and Ford, 1983 (LA
in Sample 105-647A-22R, CC, range top in the lower? upper
Oligocene), Distatodinium paradoxum sensu Gocht (1969, Pl.
7, Figs. 5,6) (Pl. 5, Fig. 7) (single occurrence in Sample 105-
647A-22R, CC, range top in upper Oligocene), Areosphaeri-
dium arcuatum (LA represented by a single specimen in Sample
105-647A-21R, CC, range top in lower Zone NP23, lower Oligo-
cene), Thalassiphora pelagica (LA in Sample 105-647A-19R, CC,
range top in the upper Oligocene), Areosphaeridium pectini-
forme (LA in Sample 105-647A-19R, CC, range top in the lower
upper Oligocene), Wetzeliella symmetrica (LA in Sample 105-
647A-17R, CC, range top in the lower? upper Oligocene), Gela-
tia inflata (Pl. 4, Fig. 5) (occurring in Samples 105-647A-24R-2,
142-145 cm, through -16R, CC, range of upper Eocene to up-
per Oligocene), Chiropteridium mespilanum (Pl. 5, Figs. 3,6)
(occurring in Samples 15-647A-22R, CC through -15R, CC,
range of upper Eocene to upper Oligocene or lowermost Mio-
cene).

In addition, several species that extend into or occur within
the Oligocene of Hole 647A and that presently have unknown
or uncertain global ranges may prove useful stratigraphic indica-
tors. These include the following: Phelodinium sp. 4 (Pl. 7,
Figs. 6, 7) (occurring in Samples 105-647A-33R-1, 91-94 cm,
through -16R, CC), Invertocysta? sp. (Pl. 4, Figs. 3,4) (occur-
ring in Samples 105-647A-25R, CC? through -15R, CC), Impa-
gidinium? sp. D (Pl. 8, Figs. 9 through 11) (occurring in Sam-
ples 105-647A-22R, CC through -19R, CC) and Phelodinium?
sp. 5 (PL 8, Fig. 12) (occurring in Samples 105-647A-22R, CC
through -16R, CC).

The lowest occurrences of Impagidinium velorum (Pl. 10,
Fig. 11) (Sample 105-647A-28R-4, 88-91 cm), Gelatia inflata (in
Sample 105-647A-24R-2, 142-145 cm), and Chiropteridium me-
spilanum (in Sample 105-647A-22R, CC) within the Oligocene
of Hole 647A may provide useful local stratigraphic datums, al-
though these are somewhat higher than their lowest occurrences
recorded from certain other localities.

Other Microfossils

An apparently continuous sedimentary succession extends
across the Eocene/Oligocene boundary, through the lower Oli-
gocene and into the lower upper Oligocene. This is overlain by a
condensed Miocene sequence. Firth (this volume) reported the
highest Oligocene nannofossil assemblage in Sample 105-647A-
15R-1, 68-70 cm, which he assigned to Zone NP24, of latest
early or early late Oligocene age. Diatom stratigraphy suggests
that Core 105-647A-15R is equivalent to the lowermost part of
nannofossil Zone NP24 and thus is of latest early Oligocene age
(Baldauf and Monjanel, this volume). Alternatively, the recog-
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nition of planktonic foraminiferal Zones P21b/P22 in Samples
105-647A-15R, CC through -19R, CC (Srivastava, Arthur, et al.,
1987) supports a late Oligocene age for these sediments. Sample
105-647A-30R-7, 17-19 cm, contains the lowest reported Oligo-
cene nannofossil assemblage and has been assigned to Zone
NP2, based on the presence of nannofossils Ericsonia formosa
and absence of Discoaster barbadiensis (Firth, this volume).

Miocene

(Samples 105-647A-14R-3, 32-34 cm, through
-13R-5, 8-13 cm; 129-122 mbsf)

Dinoflagellates

Three samples (105-647A-13R-5, 8-13 cm; -14R-2, 145-147
cm; and -14R-3, 32-34 cm) from the Miocene of Hole 647A
were processed for palynomorphs. Only carbonized organic de-
bris was recovered from these samples, suggesting oxidation of
organic material during sedimentation or diagenesis.

Other Microfossils

Miocene sediments of Hole 647A are restricted to Cores 105-
647A-13R and -14R and are barren of calcareous microfossils,
except for the upper part of Core 105-647A-13R, which was
assigned to the upper Miocene Zone NN11 (Srivastava, Arthur,
et al., 1987). Diatoms and radiolarians occur in the lower part
of Core 105-647A-13R and in Core 105-647A-14R and indicate
a lower Miocene age (Srivastava, Arthur, et al., 1987; Lazarus,
this volume).

DINOFLAGELLATE PALEOECOLOGY AND
PALEOCEANOGRAPHY

Today, marine dinoflagellates that produce organic-walled
cysts principally inhabit shelf environments. In contrast, no spe-
cies known to occupy a fully oceanic habitat (e.g., Ceratium
spp.) have been found to produce organic-walled cysts. Despite
this, dinoflagellate cyst assemblages have been reported from
sediments at mid-oceanic sites (Harland, 1983). This inconsis-
tency may partly reflect the undoubted inadequacies of present
knowledge regarding the biology of many oceanic dinoflagel-
lates. Alternatively, these cyst assemblages were not the prod-
ucts of self-sustaining in-sifu oceanic dinoflagellate communi-
ties, but were produced either by temporary influxes (or blooms)
of thecae transported by surface currents from a neritic environ-
ment or were transported as cysts from the shelf and shelf slope
by bottom currents. Allochthonous components of dinoflagel-
late cyst assemblages were recognized from deep-water Miocene
sediments at Site 646, Labrador Sea (Head et al., b, this vol-
ume) and in the Gulf of Mexico (Wrenn and Kokinos, 1986). In
view of the deep-water location of Site 647, possibly many dino-
flagellate cysts recorded in this study are also allochthonous to
some degree. Certain paleoenvironmental interpretations thus
have been made with reservations, although general conclusions
may be drawn. These are given below and compared with inter-
pretations based upon other microfossil groups (from Srivas-
tava, Arthur, et al., 1987).

Lower Eocene, Nannofossil Zones NP11 through NP13

(Samples 105-647A-71R-1, 40-43 cm, through
-66R-1, 66-69 cm; 695-637 mbsf)

Dinoflagellates

The high proportion of dinoflagellate cysts to terrigenous or-
ganic material including spores and pollen, together with the
consistent presence of Impagidinium spp. and low-to-moderate
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abundances of proximate cysts during this interval, collectively
suggest an oceanic environment with a notable influence from
the (outer?) shelf. This is supported by the scarcity of Werze-
liella and Apectodinium, species that may be common or char-
acteristic components of low-salinity estuarine and inner-shelf
environments (Downie et al., 1971; Goodman, 1979; Cha-
teauneuf, 1980; Islam, 1984; Brown and Downie, 1984; Rauscher
and Schuler, 1988; Mao and Norris, 1988), although related
genera (Kisselovia, Rhombodinium, and Dracodinium?) are
common in some samples and persistent up to Sample 105-
647A-64R-3, 88-91 cm. Islam (1984) found that Dracodinium
favored more-saline, offshore, and deeper water environments,
compared with other Wetzeliellaceae. Likewise, Goodman (1979)
found that Kisselovia (a single species recorded) was associated
with an offshore trend in lower Eocene sediments of Maryland,
U.S. Spiniferites and Achomosphaera spp., which are well rep-
resented in this interval, are abundant on the open-marine shelf
(Wall and Dale, 1973) and are a common component of Eocene
open-marine environments (Downie et al., 1971; Islam, 1984).
Of particular interest is the occurrence of Dinocyst? sp. A. (Pl.
13, Fig. 11). This species does not appear to have been previ-
ously reported in the literature, and in view of its pigmented
wall, might be related to the Protoperidineaceae. The abun-
dance of this species (more than 80% of the total dinoflagellate
count in some samples) may represent unusual environmental
conditions during this time at Site 647. Relative abundances of
species were found to fluctuate considerably from sample to
sample, even between samples from the same core (e.g., Cores
105-647A-66R, -67R, and -68R). Similar variations of dominant
species were observed for lower and middle Eocene dinocyst as-
semblages from the Rockall Plateau (Costa and Downie, 1979b;
Brown and Downie, 1984) and these presumably reflect fluctua-
tions in water-mass properties at both localities. Lower Eocene
dinocyst assemblages from Sample 105-647A-69R, CC and above
in Hole 647A are comparable with coeval assemblages from the
Rockall Plateau (Costa and Downie, 1979b), although Poly-
sphaeridium zoharyi, considered a nearshore, warm-water indi-
cator and reported to dominate a few samples at DSDP Sites
404 and 405, Rockall Plateau, (Costa and Downie, 1979b, p.
514) and DSDP Site 552 (Brown and Downie, 1984), was not re-
covered from Hole 647A. The absence of P zoharyi, if not a
sampling artifact, may suggest either (1) that Site 647 was ex-
posed to the influence of cooler water during the Zone NP12 in-
terval than DSDP Sites 404, 405 and 552 or (2) that Site 647 oc-
cupied a more offshore position. Williams and Bujak (1977a)
found that Polysphaeridium zoharyi was absent from Labrador
Shelf wells and had lowest occurrences in the upper Eocene and
upper lower Eocene of the Scotian Shelf and Grand Banks,
respectively.

Other Microfossils

Paleoenvironmental interpretations drawn from dinocyst as-
semblages are consistent with those provided by other microfos-
sil groups (Srivastava, Arthur, et al., 1987; Firth, this volume).
Both planktonic foraminiferal and nannofossil assemblages in-
dicate warm-to-temperate water conditions for the lower Eo-
cene. Nannofossil assemblages also contain moderate numbers
of shelf species that, if not redeposited, may reflect greater
proximity to the shelf edges during the early Eocene than in
later time. Estimates based on a sedimentary backstripping
method indicate a water depth of 1700 to 2000 m for basal sedi-
ments in Hole 647A, and benthic foraminiferal assemblages
from these sediments support a bathyal setting (Kaminski, Grad-
stein, and Berggren, this volume; also references therein for a
description of the backstripping method).
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Upper lower? to upper Eocene, Nannofossil Zones
NP13? through NP20

(Samples 105-647A-66R-1, 15-18 cm, through -32R, CC;
652-300 mbsf)

Dinoflagellates

The continued persistence of Impagidinium spp. and low
proportions of spores and pollen (mainly bisaccates) through
this interval indicate open-marine conditions, as for the lower
Eocene. However, the scarce and sporadic occurrences of Wetze-
liellaceae specimens from Sample 105-647A-63R, CC and above
may be a function of the more fully oceanic setting of Site 647
by middle Eocene time. As for the lower Eocene sediments, spe-
cies occur sporadically and with variable abundances within this
interval. Many assemblages are also characterized by preserva-
tional variability between constituent specimens, suggesting
their transport from various different environments, and pre-
sumably originating from the shelf and shelf slope. A compara-
ble feature was noted by Costa and Downie (1979b) for middle
Eocene assemblages from Site 406, Rockall Plateau, although
they found coeval assemblages from Site 405, which is more
proximal to the shelf than Site 406, to have excellent preserva-
tion. Middle to upper Eocene dinocyst assemblages from Site
647 are similar to those from the eastern North Atlantic and
northwestern Europe, but the common presence of Histiocysta
sp. of Goodman and Ford (1983) and Elytrocysta sp. of Good-
man and Ford (1983) in many samples also suggests some affin-
ity with assemblages recorded from the Norwegian-Greenland
Sea, offshore eastern U.S.A., southwestern Atlantic, and New
Zealand.

The common presence of Alisocysta sp. cf. A. ornata in
Samples 105-647A-63R, CC and -59R, CC; of Alisocysta sp. 1
in Sample 105-647A-65R-1, 117-121 c¢m; and of Hemipla-
cophora semilunifera in Sample 105-647A-35R, CC have uncer-
tain significance with respect to dinocyst provinciality. The
common presence of Phthanoperidinium? brooksii in Sample
105-647A-59R, CC, however, suggests affinities with the western
North Atlantic for this sample. Many species in this interval do
not appear to have been described elsewhere and may be en-
demic to the Labrador Sea.

Other Microfossils

Middle and upper Eocene planktonic foraminifers in Hole
647A represent temperate water-mass assemblages, with tropical
elements occurring at occasional horizons (e.g., Hantkenina in
Samples 105-647A-39R, CC and -50R, CC). Samples 105-647A-
39R, CC and -50R, CC, were processed for dinocysts, but inter-
estingly, do not contain known tropical dinocyst species. Nan-
nofossil assemblages contain common cool-water indicators and
low numbers of discoasters, which are warm-water indicators.
High nannofossil diversity in the middle Eocene, becomes re-
duced in the upper Eocene, and assemblages indicate that warmer
temperatures in the early middle Eocene gave way to more-tem-
perate conditigns through the rest of the middle Eocene (Firth,
this volume).

Oligocene, Nannofossil Zones NP21 through NP24

(Samples 105-647A-30R-3, 100-104 cm, through -15R, CC;
283-139 mbsf)

Dinoflagellates

An abrupt change was not clearly identified in the taxo-
nomic composition of dinoflagellate assemblages across the Eo-
cene/Oligocene boundary in Hole 647A. Rather, changes seem
to occur progressively (within the sampling limits of this study)
into the Oligocene.

Oligocene assemblages have a continued oceanic aspect, with
low abundances of terrigenous organic components. Dinocyst
assemblages include a cosmopolitan component (including Chi-
ropteridium spp., Systematophora ancyrea) together with North
Pacific/Arctic (Gelatia inflata, Impagidinium velorum, and
rare Impagidinium pallidum) and Norwegian-Greenland Sea
(rare Svalbardella spp.) components. Histiocysta sp. of Good-
man and Ford (1983) and Elytrocysta sp. of Goodman and Ford
(1983) have a continued common presence in the lower Oligo-
cene (up to Sample 105-647A-24R-2, 142-145 cm), perhaps also
suggesting affinities with the Norwegian-Greenland Sea. In ad-
dition, a number of previously undescribed species (e.g., Dino-
cyst sp. 3 and Invertocysta sp. 3) and protoperidineacean spe-
cies (Phelodinium and Selenopemphix spp.) occur in the upper
Eocene and Oligocene. Warm-water species, such as Tiuberculo-
dinium vancampoae and Polysphaeridium zoharyi were not re-
corded, although the presence of Polysphaeridium sp. A in two
samples (dominant in Sample 105-647A-17R, CC) possibly indi-
cates infrequent warm-water incursions. In contrast, the pres-
ence of the high-latitude species Gelatia inflata, Impagidinium
velorum, Impagidinium pallidum, and Svalbardella spp. sug-
gests cool-water conditions in which arctic and North Atlantic
surface-water masses possibly were mixed. The protoperidinea-
cean component of upper Eocene and Oligocene assemblages at
Site 647 may be paleoecologically significant, since abundant
cysts of this group have been particularly attributed elsewhere to
high nutrient influx caused, for example, by oceanic upwelling
or high river discharge (see Head et al., a, this volume, and ref-
erences therein). Many protoperidineacean species are also asso-
ciated with inner neritic environments during the Neogene to
Holocene (Harland, 1983; Wrenn and Kokinos, 1986), although
our preliminary observations of the Paleogene palynomorph as-
semblages for Site 647 do not suggest a significant increase in
shelf-originated organic debris. Thus, we suggest that increased
availability of nutrients, perhaps related to increased upwelling
or the effects of water-mass mixing, were responsible for the di-
verse representation of protoperidineacean species during the
late Eocene and Oligocene at Site 647. Some support for this is
given by increases in abundance of both siliceous microfossils,
including diatoms and radiolarians, and of total organic carbon
for the Oligocene interval of Site 647, suggesting increased sur-
face-water productivity during this time (Srivastava, Arthur, et
al., 1987).

Other Microfossils

Planktonic foraminiferal assemblages for the Oligocene of
Hole 647A suggest cool-temperate to temperate water masses
during the Oligocene (Srivastava, Arthur, et al., 1987). Low-di-
versity nannofossil assemblages, with the common occurrence
of the cool-water indicator Isthmolithus recurvatus in the lower-
most Oligocene, and scarcity of sphenoliths and discoasters,
also indicate water conditions that were cool-to-temperate dur-
ing the Oligocene and cooler than for the underlying Eocene
(Firth, this volume).

Diatoms occur throughout the Oligocene and uppermost Eo-
cene. Assemblages consist of both high- and low-latitude spe-
cies and have taxonomic affinities with assemblages described
from the Norwegian-Greenland Sea, low-latitude Atlantic, Pa-
cific, and high-latitude South Atlantic. Radiolarian assemblages
lack many of the low-latitude stratigraphic indicators and also
have similarities with Norwegian-Greenland Sea and Southern
Ocean assemblages (Srivastava, Arthur, et al., 1987; Baldauf et
al., this volume).

SUMMARY AND CONCLUSIONS

1. The presence of Rhombodinium? sp. B in Sample 105-
647A-70R-4, 42-45 cm, suggests an Eocene or Oligocene age for
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this sample, while the presence of D.? condylos in Sample 105-
647A-69R, CC indicates an early to early middle Eocene age
(based on its range of upper Zone NP11 to Zone NP14 from the
Rockall Plateau) for this sample. Dinocyst assemblages are con-
sistent with the early Eocene age assignment provided by nan-
nofossils for lowermost sediments in Hole 647A. The lower Eo-
cene biostratigraphic determination of these sediments agrees
with the identification of magnetic anomaly 24 at Site 647.

2. The preliminary dinocyst stratigraphy reported here is in
general agreement with the nannofossil biostratigraphy for Hole
647. The lower middle and upper lower? Eocene is barren of
nannofossils and may contain a hiatus of about 6 Ma. Results
of dinocyst stratigraphy through this interval, while not conclu-
sive, suggest a hiatus that is located between Samples 105-647A-
65R-1, 117-121 c¢m, and -66R-1, 66-69 cm, and/or between Sam-
ples 105-647A-63R-1, 139-142 cm, and -64-3, 88-91 cm.

3. Today, Site 647 is situated off the Labrador shelf in deep
water (3858.5 m). Geological evidence, including paleobathy-
metric estimates from benthic foraminifers and backstripping
calculations, indicates a bathyal setting for Site 647 during the
early Eocene (Kaminski et al., this volume). Palynomorph as-
semblages throughout the Paleogene of Hole 647 contain low
proportions of pollen and spores, compared to dinocysts, and a
consistent presence of Impagidinium spp., reflecting open-ocean
conditions and distance from shore. Increased abundances of
Wetzeliellaceae in the lower Eocene, however, might indicate a
greater influence from shelf environments before increased sep-
aration of the North Atlantic margins by seafloor spreading
(Fig. 2).

4. Throughout the Eocene of Hole 647A, dominant dino-
cyst species have fluctuating abundances, while many others
have sporadic occurrences. A similar feature was noted for lower
and middle Eocene dinocyst assemblages from the Rockall Pla-
teau. Such mechanisms as ocean-current instabilities (Costa and
Downie, 1979b), or more generally, fluctuations in water-mass
properties and dynamics, provide possible explanations for this
effect at both localities. The presence of well and poorly pre-
served specimens coexisting in the same sample occurs through-
out the Paleogene of Hole 647A, although this seems particu-
larly evident in the middle and upper Eocene. This preserva-
tional phenomenon was also noted for upper lower and middle
Eocene dinocyst assemblages from Site 406, Rockall Plateau
(Costa and Downie, 1979b) and may reflect mixing of penecon-
temporaneous populations, transported from different shelf and
shelf slope environments, as suggested by Costa and Downie
(1979b). 1t is also possible that bioturbation of sediments (com-
mon in Hole 647A Paleogene sediments) has imparted preserva-
tional unevenness upon assemblages. Fechner and Mohr (1988)
invoked a sedimentary mud-turbidite model to explain similar
preservational variability in a lower Eocene dinoflagellate as-
semblage from Germany. Whichever processes are involved, it
seems likely, particularly in view of the predominantly shelf dis-
tribution of modern cyst-producing dinoflagellates, that many
components of deep-water dinoflagellate cyst assemblages (in-
cluding those of Hole 647A) are allochthonous to some degree.

5. Lower Eocene dinocyst assemblages are generally similar
to coeval assemblages from the Rockall Plateau, which presum-
ably partly reflects geographic proximity between the two locali-
ties at this time (Fig. 2; Owen, 1983, Map 17). Middle to upper
Eocene dinocyst assemblages from Site 647 are similar to those
from eastern North Atlantic and northwestern Europe and re-
flect temperate surface waters. In addition, several species occur
(e.g., Histiocysta sp. of Goodman and Ford, 1983 and Elytro-
cysta sp. of Goodman and Ford, 1983) that previously were re-
ported only from the Norwegian-Greenland Sea, offshore east-
ern U.S., southwestern Atlantic, and Australasia. That these
species are common at Site 647 and apparently absent from the
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eastern North Atlantic may suggest an affinity between the south-
western North Atlantic and Site 647 that is not shared with the
eastern North Atlantic. Perhaps the distribution of these species
in the North Atlantic and contiguous areas is related to the in-
tensification of the proto-Gulf Stream that occurred from mid-
dle Eocene time (Poag, 1987). Dinocyst assemblages from the
Oligocene include a cosmopolitan component, together with a
number of species that have been recorded from high northern
latitudes, suggesting a partial influence of arctic water masses.
The presence of protoperidineacean species in the upper Eocene
and Oligocene may indicate increased availability of nutrients,
perhaps related to increased upwelling or the effects of water-
mass mixing during this time.

STRATIGRAPHIC AND MORPHOLOGIC NOTES
ON SELECTED DINOCYST TAXA

This section contains morphologic notes on selected species
that are considered characteristic and possibly diagnostic of cer-
tain intervals in Hole 647A. No new dinocyst taxa are described.
Formal nomenclature generally follows that of Lentin and Wil-
liams (1985).

Also discussed in this section are the stratigraphic and geo-
graphic distributions of certain dinocyst taxa that appear useful
for preliminary stratigraphic and paleoecological interpretation
of Hole 647A. We have attempted, during a detailed literature
survey (see below and Table 2), to delineate selected dinocyst
ranges where possible, using the standard calcareous nannofos-
sil zonation of Martini (1971; Zones NP1 through NP25 for the
Paleogene). For those dinocyst records tied to the low-latitude
calcareous nannofossil zonation of Okada and Bukry (1980;
Zones CP1 through CP19 for the Paleogene), the equivalent NP
zone has also been given (using the correlation of Martini and
Miiller, 1986). The results of this literature survey encourage our
view that Paleogene dinocyst stratigraphy, while still in its in-
fancy, has a potential for high-resolution biostratigraphy that is
at least equivalent to that obtained from calcareous nannofos-
sils and planktonic foraminifers.

Notes on Plate Captions

Abbreviations used in plate captions are as follows: Optical
system: BF = bright field; IC = interference contrast. Speci-
men orientation and focal plane: antap. = antapical; ap. = ap-
ical; ds. = dorsal surface; dv. = dorsal view; f. = focus; hf, =
high focus; lat. = lateral; If. = low focus; Irf. = lower focus;
Is. = lower surface; mag. = magnification; mf. = mid-focus;
rt. = right; s. = surface; uncert. = uncertain; us. = upper sur-
face; v. = view; vs. = ventral surface; vv. = ventral view. Speci-
men dimensions: dia. = maximum (unless stated otherwise) di-
ameter; dia. incl./exclu. proc.) = diameter (including/exclud-
ing processes); max. = maximum.

For each figured specimen in the plates, information is pro-
vided in sequence, as follows: sample number, microscope slide
number, in parentheses (preceded by the letter K, for samples
supplied by M. Kaminski), England Finder coordinates, dimen-
sion(s) of figured specimen, and abbreviated details of specimen
orientation and focus level.

Division PYRRHOPHTA Pascher, 1914
Class DINOPHYCEAE Fritsch, 1929
Order PERIDINIALES Haeckel, 1894
Genus ADNATOSPHAERIDIUM Williams and Dowie, 1966

Adnatosphaeridium robustum (Morgenroth, 1966a) De Coninck, 1975
(PL. 13, Fig. 3)

Remarks. A. robustum has a recorded range of uppermost Paleo-
cene (Zone NP9 of Belgium, in De Coninck et al., 1981; Denmark, in
Heilmann-Clausen, 1985; Nielsen et al., 1986; S. India, in Jain and
Garg, 1982; Zone NP8 of Virginia, U.S.A., in Gibson et al., 1980;
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Maryland, U.S.A. in Edwards et al., 1984) to Zone NP14/15 (middle
Eocene) of southern England (Islam, 1983b, 1983c). Lower Eocene Eu-
ropean records include Morgenroth (1966a); Gruas-Cavagnetto (1970);
De Coninck (1975, 1977, 1980b); Eaton (1976); Bujak et al. (1980); De
Coninck et al. (1983); Islam (1983b, 1983c, 1984); Michoux (1985); and
Nielsen et al. (1986). A. robustum was recorded exclusively from Zone
NP12 in both the Goban Spur (Brown and Downie, 1985) and Rockall
Plateau (Brown and Downie, 1984); is restricted to lower Eocene sedi-
ments of the Freydis B. 87 well on the Labrador Shelf (D. varielongitu-
dum and lower D. condylos zones of Ioakim, 1979) and has a highest
occurrence within the lower Eocene, Zone NP12, in Virginia and Mary-
land, U.S.A. (Gibson et al., 1980; Edwards et al., 1984). Its restricted
occurrence in lowermost sediments of Hole 647A supports an apparent
lower Eocene range for this species in the North Atlantic.

Genus ALISOCYSTA Stover and Evitt, 1978

Alisocysta sp. cf. A. ornata (Cookson and Eisenack, 1965)
Stover and Evitt, 1978
(Pl. 6, Fig. 6)

Remarks. Specimens are thick-walled (about 1.0-1.8 pm), have low
(2.0-4.0 pm) penitabular ridges that become thin and transparent dis-
tally, and have a surface ornament of faint irregular granules of about
1.0 to 2.0 gm or less in diameter. Some fusion may occur between adja-
cent granules. Paratabulation in the parasulcal region is expressed weakly,
but was not determined in detail. Stover (1975) redescribed Alisocysta
ornata from observations of the holotype, paratypes, and numerous
topotypes, and specimens that he illustrated appear similar to those less
heavily ornamented specimens in this study.

A. ornata has been recorded from upper Eocene sections of several
localities in southeastern Australia (Cookson and Eisenack, 1965; Stover,
1975). It is also apparently restricted to the upper Eocene of New Zea-
land (Wilson, 1982, 1984; Clowes, 1985) and has been recorded from
the uppermost Eocene of DSDP Site 511, southwestern Atlantic (Good-
man and Ford, 1983). It has been recorded from the middle Eocene
(Barss et al., 1979) and upper Eocene (Williams and Brideaux, 1975) of
offshore eastern Canada.

Alisocysta sp. cf. A. ornata was recorded here from Samples 105-
647A-63R, CC and -59R, CC, assigned to the upper lower? and middle
Eocene (Zones NP13? and NP15; Firth, this volume).

Alisocysta sp. 1
(Pl. 6, Fig. 10)

Remarks. This species was recorded in Samples 105-647A-65R-1,
117-121 c¢m, and -36R, CC from upper lower? or middle Eocene through
upper Eocene (Zones NP13/15 to NP18/20; Firth, this volume) of Hole
647A. Cysts are autophragmal, with a thick wall (about 1.0-1.5 pm)
and low (1.0-1.2 pm) penitabular ridges that have rounded crests. Intra-
tabular surface is variable and may be finely foveolate to granulate, with
irregular fusion of adjacent granules, or may bear a low, rather irregular
reticulum (muri, about 1.0~1.5 ym wide; lacunae about 1.0-3.0 ym di-
ameter). In addition, the surface may be finely pitted.

This species was recorded by Ioakim (1979) as Eisenackia sp. 3 from
the upper Paleocene and lower Eocene of the Freydis B. 87 well, and
lower Eocene of the Bjarni H. 81 well, both from the Labrador Shelf.

Genus AREOSPHAERIDIUM Eaton, 1971
Areosphaeridium arcuatum Eaton, 1971

Remarks. A number of Eocene records exist for this species (see Sar-
jeant, 1981 for a comprehensive list; also, Manum, 1976; De Coninck,
1980b; Chateauneuf, 1980; Bujak et al., 1980; Van Couvering et al.,
1981; Islam, 1983a, 1983b, 1984; Head, 1984; Edwards, 1984; Michoux,
1985; Murray et al., 1987; Mao and Norris, 1988; Manum et al., in
press). However, one cannot be certain that Southern Hemisphere speci-
mens so far attributed to A. arcuatum, or synonymized with it (e.g., as
A. diktyostilum [Menendez] Sarjeant, and A. capricornum [Cookson
and Eisenack] Stover and Evitt) should be assigned to this species.

Northern Hemisphere Oligocene records of A. arcuatum include:
offshore eastern U.S.A. (G. ampliapertura foraminiferal zone = lower
NP23, in Stover, 1977), France (Chateauneuf, 1980, correlated to lower
Zone NP23, from Aubry, 1985), the Norwegian Sea (lower Oligocene,
Manum et al., in press), and N. Germany (Gerlach, 1961 [*“middle” Oli-
gocene but possibly reworked, see Sarjeant, 1984, p. 86]).

A. arcuatum has an apparent range of lower middle Eocene (upper
Zone NP14, in Bujak et al., 1980, correlated from Aubry, 1985—or pos-
sibly slightly lower, see Islam, 1983a, p. 235) to lower Oligocene (lower
Zone NP23, in Chateauneuf, 1980, and Stover, 1977). Hagq et al. (1987)
gave a slightly higher last occurrence in lower Zone NP24, at the lower/
upper Oligocene boundary.

Areosphaeridium diktyoplokus (Klumpp, 1953) Eaton, 1971
(Pl. 13, Figs. 5, 9)

Remarks. Only those forms of A. diktyoplokus having unbranched
process stems and irregular distal platform margins were recorded in
Hole 647A and have a lowest appearance in Sample 105-647A-63R-1,
139-142 cm. Sarjeant (1981) reexamined the holotype of A. diktyoplo-
kus and confirmed Eaton’s (1971) emendation of the species. He fur-
ther noted that the distal process terminations of both the holotype and
paratype have irregular and not entire margins, which will be of signifi-
cance should Eaton’s (1971) proposed lineage of this species (which in-
cludes specimens having entire margins) be subdivided (Sarjeant, 1981,
p. 114),

A. diktyoplokus has been widely reported from the Eocene to Oligo-
cene of the Northern Hemisphere (Ioakim, 1979; Chateauneuf, 1980;
Liengjajern et al., 1980; Van Couvering et al., 1981; Islam, 1983a, 1983b,
1984; McLean and Hein, 1984; Bujak, 1984; Head, 1984; Michoux,
1985; Mao and Norris, 1988; Biffi and Manum, 1988; Manum et al., in
press; see also Eaton, 1976 and Sarjeant, 1981 for further references). It
is possible that none of the Southern Hemisphere forms presently re-
corded (e.g., Archangelsky and Fasola, 1971; Regali et al., 1974; Wrenn
and Hart, 1988, and references therein; and as A. sp. cf. A. diktyoplo-
kus of Goodman and Ford, 1979, and references therein) are strictly
conspecific with the Northern Hemisphere A. diktyoplokus (see Good-
man and Ford, 1979, p. 865; Stover et al., 1988). In particular, it may be
worthwhile to determine if some of these specimens have paracingular
processes, as has been suggested by Archangelsky and Fasola (1971, p.
10, and text-fig. on p. 11) for Eocene specimens from Argentina (para-
cingular processes are absent or occasionally represented by one or two
slender processes on specimens observed from southern England by
Eaton, 1971). Furthermore, the late middle and late Eocene Northern
Hemisphere morphotype of A. diktyoplokus that is characterized by en-
tire margined process platforms (Eaton, 1971; Bujak, 1976; this does
not, however, characterize the holotype or paratype), has not so far been
recorded from the Southern Hemisphere (Goodman and Ford, 1979;
Wrenn and Hart, 1988).

A. diktyoplokus has a lowest occurrence in the upper lower Eocene,
(lower Zone NP13 of southern England, in Bujak et al., 1980, corre-
lated in Aubry, 1985; upper Zone NP13 from Site 405, Rockall Plateau,
in Costa and Downie, 1979b, correlated from Miiller, 1979). Stover et
al. (1988) in their morphologic and stratigraphic review of Areosphaeri-
dium indicated that A. diktyoplokus was restricted to the Eocene, and
Costa et al. (1985), Williams and Bujak (1985), and Haq et al. (1987) all
indicated that this species has a highest occurrence at the Eocene/Oligo-
cene boundary. At the Monte Conero section of central Italy, A. diktyo-
plokus has a highest occurrence near the Eocene/Oligocene boundary
(Biffi and Manum, 1988). However, the boundary at this section is
placed higher by the foraminiferal zonation than by the nannofossil zo-
nation, so that the highest occurrence of A. diktyoplokus is either up-
permost Eocene (foraminiferal Zone P17-P19 as favored by Biffi and
Manum) or lower Oligocene (nannofossil Zone NP21-NP22). Elsewhere
a range, into the Oligocene, is also suggested by the following records:
the lower Oligocene of Belgium (Weyns, 1970, correlated to Zone NP21
in Martini and Moorkens, 1969, see also Hooyberghs, 1980); lower Oli-
gocene of north Germany (Zones NP2l to lower NP23, Benedek and
Miiller, 1976), and a putative lower Oligocene record from central East
Greenland (Soper and Costa, 1978).

Areosphaeridium pectiniforme (Gerlach, 1961) Stover and Evitt, 1978
emend. Sarjeant, 1984

Remarks. This species was considered a senior synonym of Areo-
sphaeridium multicornutum Eaton by Sarjeant (1984), who also gave a
comprehensive list of previous records and proposed a range of middle
Eocene to upper Oligocene. A. pectiniforme has a lowest occurrence
within Zone B-5 of Bujak et al. (1980) in southern England (correlated
to Zone NP16 in Aubry, 1985; also recorded in a sample assigned to
both nannofossil Zone NP15/16 and dinoflagellate Zone BAR-1 of Bu-
jak et al., 1980, in Murray et al., 1987, p. 173), and possibly a slightly
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lower occurrence within the upper Lutetian of the Paris Basin (Cha-
teauneuf, 1980) and undifferentiated Lutetian of southwestern France
(Michoux, 1985). A. pectiniforme was reported from sediments assigned
to Zone NP14 (in Miiller, 1979) by Costa and Downie (1979b) from the
Rockall Plateau, DSDP Site 406. However, Williams and Bujak (1985)
in their stratigraphic compilation placed the lowest occurrence of A.
pectiniforme within upper Zone NP15, which more closely agrees with
the northwestern European records. Oligocene records include the lower
Oligocene of offshore eastern Canada (Williams and Bujak, 1977a,
1977b; Barss et al., 1979) (and a middle or upper Oligocene occurrence
for a “large form,” Barss et al., 1979, p. 81), lower Oligocene (Rupe-
lian) of Germany (Gerlach, 1961; Benedek, 1972; Sarjeant, 1984), lower
Oligocene of Belgium (Weyns, 1970, correlated to Zone NP2| in Martini
and Moorkens, 1969, see also Hooyberghs, 1980), and middle or upper
Oligocene of Egypt (El-Beialy, 1988). Benedek and Miiller (1974, 1976)
recorded A. pectiniforme from the lower and lower upper Oligocene
(Zones NP23 and NP24) of northwest Germany. We consider the high-
est established occurrence of A. pectiniforme to be within Zone NP24
(uppermost lower or lower upper Oligocene), with higher records (e.g.,
upper Oligocene of Germany, Brosius, 1963; lower Miocene of Belgium,
Benedek, 1980), pending verification.

Genus CHIROPTERIDIUM Gocht, 1960

Chiropteridium mespilanum (Maier, 1959) Lentin and Williams, 1973
(Pl. 5, Figs. 3,6)
and
Chiropteridium lobospinosum (Gocht, 1956) Gocht, 1960
(Pl. 5, Fig. 5)

Remarks. C. mespilanum (formerly C. dispersum), C. lobospino-
sum, and intermediate forms, were recorded only from the Oligocene of
Hole 647A and occur collectively from Samples 105-647A-22R, CC
through -15R, CC (Zones NP23 through NP24/25 in Firth, this vol-
ume). These species are considered to have last occurrences within the
upper Oligocene, which may be near the Oligocene/Miocene boundary,
in a number of localities (northern North Sea, Costa, 1980; northern
North Pacific and North Atlantic, Bujak, 1984; central Italy, Biffi and
Manum, 1988; Norwegian Sea, Manum et al., in press), although else-
where, Chiropteridium possibly ranges into the Miocene (e.g., lower Mi-
ocene C. dissimilis planktonic foraminiferal zone, eastern U.S. conti-
nental slope, in Stover, 1977; lower Miocene Zone N-6 [approximately]
planktonic foraminiferal zone of South Carolina, U.S., in Edwards,
1986; see Powell, 1986a, p. 96, and Head et al., c, this volume, for dis-
cussion of other Miocene records).

A comprehensive review of published records of C. mespilanum was
provided by Sarjeant (1983, as C. galea, see Lentin and Williams, 1985).
Williams and Bujak (1985) and Hagq et al. (1987) gave the highest occur-
rence of C. mespilanum (as C. dispersum) within the lower lower Mio-
cene (lower Zone NNI, Haq et al. 1987), while Williams and Bujak
(1985) placed the lowest occurrence of C. mespilanum within the upper
Eocene Zone NP18. However, Sarjeant (1984) suggested a lower Oligo-
cene range base for C. mespilanum, considering that all Eocene records
were to some degree dubious.

Williams and Bujak (1985) and Hagq et al, (1987) placed the highest
occurrence of C. lobospinosum slightly lower than that of C. mespi-
lanum, at the Oligocene/Miocene boundary. They placed the lowest oc-
currence of C. lobospinosum within the lower Oligocene (lower Zone
NP23, Hagq et al. 1987).

Genus CORDOSPHAERIDIUM Eisenack, 1963 emend. Davey, 1969
Cordosphaeridium funiculatum Morgenroth, 1966a

Remarks. C. funiculatum (described by Morgenroth, 1966a from the
lower Eocene of Germany) differs principally from Operculodinium
divergens (Eisenack, 1954) Stover and Evitt, 1978 (described by
Eisenack, 1954 from what is now regarded as the upper Eocene of Ger-
many) in having no more than one process per paraplate. In addition, it
appears from the illustrations of the respective paratypes that the
periphragm of C. funiculatum is more coarsely reticulated than that of
O. divergens. Nevertheless, a preliminary investigation of the published
records of O. divergens and C. funiculatum suggests cases of confusion
between these two species. A detailed appraisal of these records is not
attempted here, but C. funiculatum may have a slightly higher strati-
graphic top (uppermost Eocene or lowermost Oligocene of central Italy
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as C. cf. funiculatum, Biffi and Manum, 1988; lower Oligocene of the
following: Paris Basin, France, Chateauneuf, 1979, 1980; Tarim Basin,
China, Mao and Norris, 1988; and this study), compared with that of
O. divergens (given as uppermost Eocene, Zone NP21, in Haq et al.,
1987). C. funiculatum may also have a slightly lower range base within
the Eocene than O. divergens (S. P. Damassa, pers. comm. to M.J.H.,
1988).

Several specimens assigned in this study to C. funiculatum were re-
corded from the upper Eocene Sample 105-647A-33R, CC (Zone NP19/
20, Firth, this volume), and a single specimen was recorded from the
lower Oligocene Sample 105-647A-28R-4, 88-91 cm.

C. funiculatum has an apparent stratigraphic range of lower Eocene
(Bed RS of the Résnaes Clay, Denmark, in Nielsen et al., 1986, corre-
lated to upper Zones NP11 or NP12 in Nielsen and Heilmann-Clausen,
1988; North Sea, Zone NP13, in Lott et al., 1983) to lower Oligocene
(Paris Basin, in Chateauneuf, 1979, 1980; correlated to Zones NP22/
lower NP23 in Aubry, 1985). The paleoecology of this species is not well
understood, although Lott et al. (1983) suggested that its early presence
in North Sea sequences, as compared to those of onshore Britain, might
indicate a preference for more open-marine conditions. This species has
been reported from the lower and middle Eocene of the North Sea
(loakim, 1979; Lott et al., 1983), northwestern Europe (Morgenroth,
1966a; Bujak et al., 1980; Murray et al., 1987), Norwegian-Greenland
Sea (Manum, 1976), but has not been recorded in coeval deposits from
offshore eastern Canada (Williams and Bujak, 1977b; Barss et al., 1979)
and does not seem to occur in the Labrador Sea until the upper Eocene
(this study).

Cordosphaeridium funiculatum sensu Williams and Bujak, 1977b
(PL. 8, Fig. 5)

Remarks. The specimen illustrated as Cordosphaeridium funicula-
tum by Williams and Bujak (1977b, Pl. 2, Fig. 6) from the lower Oligo-
cene of the Scotian Shelf differs from C. funiculatum in having more
than one process per paraplate. It apparently differs from Operculodi-
nium divergens in having a coarser periphragmal reticulation. Speci-
mens recorded in this study compare closely with Williams and Bujak’s
illustrated specimen and were recorded from a single sample from the
upper Eocene (Sample 105-646A-32, CC). Also observed in this sample
was a detached opercular plate bearing two processes.

This species has been reported from the upper Eocene and lower Oli-
gocene of offshore eastern Canada (as C. funiculatum in Williams and
Bujak, 1977b and Barss et al., 1979), and from the upper middle Eo-
cene (Gosport Sand and Moodys Branch, Zone NP17, correlation of
Frederiksen, 1980, Fig. 3) of Alabama, U.S.A.(as C. funiculatum, in
Edwards, 1977).

Cordosphaeridium sp. cf. C. funiculatum Morgenroth, 1966a
(Pl. 8, Figs. 13,14)

Remarks. This species occurs abundantly in Sample 105-647A-33R,
CC (upper Eocene). It differs from C. funiculatum in having processes
that are shorter and mostly broader and that are rounded or truncated
distally. Processes are somewhat fibrous and hollow and may have lon-
gitudinally aligned fenestrations along their length. A few narrower pro-
cesses are also present and may represent paracingular (and parasulcal?)
processes. Larger processes are restricted to one per paraplate. This spe-
cies does not appear to have been recorded elsewhere.

Genus CORRUDINIUM Stover and Evitt, 1978

Corrudinium incompositum (Drugg, 1970) Stover and Evitt, 1978
(PL. 3, Fig. 15)

Remarks. Specimens in this study have distinct paratabular and ac-
cessory ridges and may have a smooth surface or possess scattered intra-
tabular granules. Specimens both with and without granules have a low-
est occurrence in Sample 105-647A-51R, CC. Forms questionably as-
signed to C. incompositum are morphologically intermediate with
Corrudinium sp. 2 and have less well-defined paratabulation than does
C. incompositum.

C. incompositum has been recorded from the middle to upper Eo-
cene of the following areas: northwestern Europe (Bujak et al., 1980;
Murray et al., 1987), northwestern Atlantic (Edwards and Bebout, 1981),
Norwegian-Greenland Sea (Manum, 1976; Manum et al., in press), off-
shore eastern Canada (Williams and Brideaux, 1975; Williams and Bu-
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jak, 1977b; Barss et al., 1979), North Sea (loakim, 1979), Labrador
Shelf (Ioakim, 1979), and Australia (L. Stover, pers. comm. in Good-
man and Ford, 1983, p. 862). Corrudinium cristatum Chateauneuf, 1980
bears a strong resemblance to C. incompositum and was recorded from
the upper middle Eocene of the Paris Basin (Chateauneuf, 1980, corre-
lated to lower Zone NP16 in Aubry, 1985).

Oligocene records are from the southwestern Atlantic (lower Oligo-
cene, Zone CP16c = NP22, in Goodman and Ford, 1979, correlated
from Wise, 1983), offshore eastern U.S. (G. ampliapertura foraminiferal
Zone = lower Zone NP23, in Stover, 1977), France (lower Zone NP23,
Chateauneuf, 1980, correlated from Aubry, 1985), North Sea (lower Oli-
gocene, Zone NP22, loakim, 1979), central Italy (lower Oligocene,
lower Zone NP23, Biffi and Manum, 1988), undifferentiated Oligocene
of eastern U.S. (Drugg, 1970), and has been recorded from putative up-
per Oligocene (Williams and Bujak, 1977b), and “middle” or upper
Oligocene sediments (Barss et al., 1979) from offshore eastern Canada.

The above records suggest a range extending from middle middle
Eocene (middle Eocene Zone NP15 or older, in Edwards and Bebout,
1981; see P? brooksii below for discussion of age; Zone NP16 in Bujak
et al., 1980, correlated from Aubry, 1985; or Zone NP15/16, Murray et
al., 1987), to lower Oligocene (lower Zone NP23; Stover, 1977; Cha-
teauneuf, 1980).

Corrudinium sp. 2
(Pl. 3, Fig. 14)

Remarks. This species is characterized by low ridges that form a re-
ticulation, which shows indistinct paratabulation, and has a lowest oc-
currence in Sample 105-647A-66R-1, 66-69 cm.

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

Deflandrea leptodermata Cookson and Eisenack, 1965
(Pl. 12, Figs. 1, 2)

Remarks. Stover (1973) considered that the granulate periphragmal
surface of the type specimens of D. leptodermata resulted from over-ox-
idation. The hypotype illustrated by him, from the type locality (Browns
Creek, Australia, middle to upper Eocene) compares with the Hole 647A
specimens in having a rounded ambitus with greatly reduced horns and
a wide hexa-intercalary archeopyle. This species is common in samples
from the upper middle Eocene to lower Oligocene of Hole 647A, but
has been recorded infrequently in the published literature on the east
Canadian Shelf, although it was reported from provisionally dated sedi-
ments of lower Paleocene to upper Eocene age (Barss et al., 1979). D.
leptodermata was recorded from upper Eocene through Oligocene sedi-
ments in central Italy, where it has a highest occurrence (based on sev-
eral examined sections) near the Oligocene/Miocene boundary in the
uppermost Oligocene (Biffi and Manum, 1988).

Genus DISTATODINIUM Eaton, 1976

Distatodinium paradoxum sensu Gocht, 1969, Pl. 7, Figs. 5, 6
(PL. 5, Fig. 7)

Remarks. This species is characterized by long processes having nar-
row, hollow, tubular stems and distal branches that are also long and
narrow. The central body is elongate and a wide equatorial belt is devoid
of processes. A single specimen was recorded in this study. This distinc-
tive species has been recorded from the “middle” Oligocene of Ger-
many (Gocht, 1969) and possibly from the lower Miocene? of offshore
eastern Canada (as Tanyosphaeridium paradoxum in Williams and Bri-
deaux, 1975, PI. 20, Fig. 6). It has also been recorded from the lower
Oligocene of northwestern Italy, where it occurs in upper Zone NP24
and in Zone NP25 (as Distatodinium? sp. A, in Powell, 1986a) and
ranges from latest Eocene through late Oligocene, within Zone NP25 in
the North Sea (U. Biffi, pers. comm. to M.J.H., 1986). It was recorded
by Biffi and Manum (1988, as D. paradoxum sensu Gocht, 1969) from
the upper Oligocene (Zone NP25) of central Italy.

Benedek (1972), in his study of middle and upper Oligocene dinofla-
gellates from Germany, erected the monospecific genus Microsphaeri-
dium, with M. ansistroides as its type, based on three specimens from
the upper Oligocene. These three specimens were reexamined by Bene-
dek and Sarjeant (1981), who concluded that these represented the de-
tached opercula of at least two, and possibly three, unidentified species
of skolochorate cysts. Benedek and Sarjeant consequently recom-

mended that the species name be provisionally restricted to the holotype
only. We consider that M. ancistroides, based on its overall size, process
morphology, small “central body,” and stratigraphic occurrence, may
represent the detached operculum of the species referred in this study as
D. paradoxum sensu Gocht (1969, Pl. 7, Figs. 5,6).

It appears from occurrences cited above (including the German up-
per Oligocene record of M. ancistroides) that D. paradoxum sensu Gocht
does not range above the upper Oligocene Zone NP25. A single speci-
men was recorded in this study, and it occurred in Sample 105-647A-
22R, CC, which was assigned to the lower Oligocene (lower Zone NP23,
Firth, this volume).

Genus DRACODINIUM Gocht, 1955 emend. Bujak et al., 1980

Dracodinium? condylos (Williams and Downie, 1966) Costa and
Downie, 1979a

Remarks. In Hole 647A, D.? condylos is restricted to Sample 105-
647A-69R, CC and includes specimens that may represent a morpho-
logic continuum with D.? sp. cf. D.? condylos in that sample. In south-
ern England, D.? condylos occurs through the lower part of the K. co-
leothrypta Zone of Costa and Downie, (1976) and Zones LC-3 to lower
B-1 of Bujak et al. (1980) and is restricted to Zone NP12. D.? condy-
los is also restricted to Zone NP12 in DSDP Hole 548A, Goban Spur
(Brown and Downie, 1985). In the Rockall Plateau, however, D.? condy-
los first appears in the upper Zone NP11 of Hole 553A (Brown and
Downie, 1984), Hole 117A (Morton et al., 1983), and upper Zone NP11
or lower Zone NP12 in Site 404 (Costa and Downie, 1979b; Miiller,
1979) and has a last appearance in Zone NP14 at Site 405 (Costa and
Downie, 1979b; Miiller, 1979). A range of upper Zones NP11 to NP14
thus is indicated for D.? condylos. This species was recorded from the
Cuisian of the Labrador shelf (Ioakim, 1979).

Dracodinium? sp. cf. D.? condylos (Williams and Downie, 1966)

Costa and Downie, 1979a
(Pl. 1, Fig. 6)

Remarks. D.? sp. cf. D.? condylos, co-occurs with D.? cendylos in
Sample 105-647A-69R, CC and both morphotypes were recorded only
from this sample. D.? sp. cf. D.? condylos is similar to the specimen as-
signed to D. varielongitudum by Heilmann-Clausen (1985, Pl. 6, Figs.
9, 10) from the lower Eocene Zone NP11 of Denmark, although it may
have a somewhat less prominent apical horn. Specimens in this study
have blunt, distally closed processes that are up to 5 um long on mid-
ventral and mid-dorsal areas and that are shorter around the lateral
margins and on the horns. The apical horn is absent or reduced. D.?
sp. cf. D.? condylos possibly is an intraspecific morphotype of D.?
condylos.

Genus DUOSPHAERIDIUM Davey and Williams, 1966, ex Loeblich
and Loeblich, 1968

Duosphaeridium sp. cf. D. rugosum Drugg, 1970
(PL. 12, Fig. 4)

Remarks. D. rugosum differs from D. nudum (Cookson, 1965) in
having a rugulate, rather than finely granulate, wall surface and a larger
distal opening in the antapical process (Drugg, 1970). Specimens from
Hole 647A do not have the large antapical opening of D. rugosum and
thus were assigned provisionally. D. nudum may have a range of late
early to late Eocene (Cookson, 1965; Costa and Downie, 1979b; Barss
et al., 1979; Michoux, 1985), although it is restricted to upper Zone
NP13 and lower Zone NP14 at Sites 405 and 406 in the Rockall Plateau
(Costa and Downie, 1979b). D. rugosum was recorded from the lower
Paleocene of eastern U.S.A. (Drugg, 1970) and has a range of upper Pa-
leocene Zone NP3 to middle Eocene Zone NP15 (Williams and Bujak,
1985).

Genus EATONICYSTA Stover and Evitt, 1978
Eatonicysta ursulae (Morgenroth, 1966a) Stover and Evitt, 1978
(Pl. 9, Fig. 9)

Remarks. E. ursulae has a highest occurrence in Sample 105-647A-
65-1, 117-121 cm, within an interval assigned to Zone NP13-NP15
(Firth, this volume). This species has an apparent range base in the up-
permost Paleocene (upper Zone NP9; Rockall Plateau, in Costa and
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Downie, 1979b). However, onshore sections in northwestern Europe
suggest a slightly higher lowest occurrence within upper Zones NP10 or
NP11 of the lower Eocene (Heilmann-Clausen, 1982, 1985; Nielsen et
al., 1986; Bujak et al., 1980, using the correlation of Aubry, 1985); or
undifferentiated Ypresian (De Coninck, 1975, 1980b). Williams and Bu-
jak, (1985, Fig. 19, No. 284) placed the lowest occurrence of E. ursulae
in the upper Zone NP11. Other lower and middle Eocene records are
given in Eaton (1976, and references therein); Williams and Bujak
(1977b); Barss et al. (1979); Islam (1984); Brown and Downie (1984,
1985); and Manum et al. (in press).

E. ursulae has a range top in the middle Eocene (middle Zone NP16;
Paris Basin, France, in Chateauneuf, 1980; Aubry, 1985). It occurs
within Zone NP14, below a hiatus at Site 406, Rockall Plateau, and is
absent from overlying Zone NP18 (Costa and Downie, 1979b; Miiller,
1979).

Genus ELYTROCYSTA Stover and Evitt, 1978

Elytrocysta sp. of Goodman and Ford, 1983
(PL. 3, Figs. 1-3)

Remarks. Specimens here assigned to Elytrocysta sp. of Goodman
and Ford, 1983 occur from Samples 105-647A-63R-1, 105-108 cm, to
-24R-2, 142-145 cm. Specimens are spherical to broadly elliptical, holo-
cavate, with a thin continuous ectophragm supported by elements that
may appear granulate in surface view, or may partially coalesce to form
an incomplete reticulation. Archeopyle is apical, with a simple opercu-
lum that is commonly adherent (adnate?). Accessory sutures may be de-
veloped. This species was recorded from the upper Eocene through low-
ermost Oligocene of DSDP Hole 511, Southwest Atlantic (Zone
CPl6ab = NP2l, Goodman and Ford, 1983, correlated from Wise,
1983); from the upper Eocene or lower Oligocene of Spitsbergen (M.
Head, unpubl. data); and from the upper Eocene and lower Oligocene?
of New Zealand (as Chlamydophorella sp. in Clowes and Morgans,
1984).

Elytrocysta sp. A
(Pl. 3, Figs. 10,11)

Remarks. This species is similar to Elytrocysta sp. of Goodman and
Ford, 1983, but indistinct parasutural ridges occur with accessory ridges.
Paratabulation is much less well expressed than for Histiocysta spp. of
Goodman and Ford, 1983.

Genus GELATIA Bujak, 1984

Gelatia inflata Bujak, 1984
(Pl. 4, Fig. 5)

Remarks. This species is a characteristic component of the Oligo-
cene of Hole 647A, occurring persistently in Samples 105-647A-24R-2,
142-145 cm, through -16R, CC (Zones NP22 to NP24/25, Firth, this
volume). It previously was reported from the upper Eocene to upper
Oligocene of the northern North Pacific (Bujak, 1984) and questionably
from the upper Oligocene of northwestern Italy (as Thalassiphora sp.
cf. T.? pansa, in Powell, 1986a). A specimen illustrated as Thalassiphora
succincta in loannides and Colin (1977, Pl. 1, Fig. 11) from the upper
Eocene or upper Oligocene of DSDP Site 358, southeastern Atlantic,
bears some resemblance to Gelatia inflata.

Genus HEMIPLACOPHORA Cookson and Eisenack, 1965

Hemiplacophora semilunifera Cookson and Eisenack, 1965
(Pl. 5, Figs. 9,10)

Remarks. This species was recorded from Samples 105-647A-35R,
CC and -36R, CC from the upper Eocene (Zone NP19, Firth, this vol-
ume). H. semilunifera was recorded from the upper Eocene of Australia
(Cookson and Eisenack, 1965); the middle Eocene (Zone NP15/16) of
DSDP Site 512, southwest Atlantic (Goodman and Ford, 1983); the up-
per Eocene of DSDP Site 370, offshore west Africa (Williams, 1978);
the upper Eocene of DSDP Sites 1 through 6, offshore Florida (Wil-
liams, 1978, p. 793); and the upper Eocene of offshore eastern Canada
(Barss et al., 1979).
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Genus HETERAULACACYSTA Drugg and Loeblich, 1967 emend.
Bujak, in Bujak et al., 1980

Heteraulacacysta porosa Bujak, in Bujak et al., 1980
(Pl. 8, Fig. 8)

Remarks. H. porosa occurs in a short interval from Samples 105-
647A-35R, CC through -33R-1, 91-94 cm, just below the Eocene/Oligo-
cene boundary in Hole 647A. This species was recorded from the upper
middle Eocene of southern England by Bujak et al. (1980; middle Zone
NP16 to lower Zone NP17 of Aubry et al., 1986) and upper middle Eo-
cene of the Paris Basin by Chateauneuf (1980; middle Zone NP16 of
Aubry, 1985). H. porosa also has been recorded from the provisionally
dated upper Eocene and lower Oligocene of offshore eastern Canada (as
Dinopterygium sp. A of Williams and Bujak, 1977a in Williams and
Bujak, 1977b), and lower or middle Eocene thruugh lower Oligocene of
offshore eastern Canada (as Dinopterygium sp. A Williams and Bujak,
1977b, in Barss et al., 1979); and from the upper Eocene or lower Oligo-
cene of Spitsbergen (Head, 1984). In view of the above data, including
those data for ODP Site 647, we propose a range of upper middle Eo-
cene (Zone NP16) to uppermost Eocene (Zone NP20) for H. porosa,
with suggested higher occurrences, pending verification.

Heteraulacacysta sp. A
(PL. 8, Fig. 15)

Remarks. This species is represented by the antapical half of a single
specimen in Sample 105-647A-53R-4, 121-125 cm. The periphragm is
smooth and perforate. However, perforations do not occur on the para-
cingular crests, nor do they appear to occur on other parasutural crests.
Heteraulacacysta porosa differs in having perforations that cover the en-
tire periphragm. A possibly similar specimen was illustrated as H. po-
rosa in Edwards (1984) from the middle Eocene of Virginia (Zone CPl14a
= NPI6, correlated from DiMarzio, 1984) and is of comparable age
with Heteraulacacysta sp. C of this study (Zone NP16).

Genus HISTIOCYSTA Davey, 1969a?

Histiocysta spp. of Goodman and Ford, 1983
(P1. 3, Figs. 5 through 9)

Remarks. Specimens assigned to Histiocysta spp. of Goodman and
Ford, 1983 occur from Samples 105-647A-53R-4, 121 cm, to -22R, CC.
Specimens are spherical to broadly ellipsoidal, holocavate, with a thin
continuous ectophragm supported by low parasutural and intratabular
ridges. Archeopyle is apical, with a simple operculum that is commonly
adherent (adnate?). Accessory sutures may be developed. Paratabulation
is well developed (apparently microdinioid = partiform, Evitt, 1985)
and intratabular ridges usually form a variably developed reticulate or
partially reticulate pattern. This species (or species complex) was re-
corded from the middle Eocene (foraminiferal Zone P11/12; nannofos-
sil Zone NP15/16) to lower Oligocene (upper Zone CP16ab = upper?
Zone NP21, correlated from Wise, 1983) of DSDP Holes 511 and 512,
southwest Atlantic (Goodman and Ford, 1983) and from the upper Eo-
cene or lower Oligocene of Spitsbergen (M. Head, unpubl. data). Else-
where, possibly conspecific forms occur as follows: the uppermost Eo-
cene or lower Oligocene of New Zealand (as ?Histiocysta sp. in Clowes
and Morgans, 1984); the upper middle Eocene of France (as Microdi-
nium sp. 1 in Chateauneuf, 1980, correlated to Zone NP17 in Aubry,
1985); upper middle Eocene to upper Oligocene of Virginia, U.S. (as
Microdinium sp. 1 of Chateauneuf, in Edwards, 1984, correlated to
Zone CPl4a = NPI16 to Zone CP19 = NP24/25, from DiMarzio,
1984); middle Eocene (foraminiferal Zone P11 [= middle Zone NP15]
correlated in Bybell, 1975) to lower (and upper?) Oligocene of Ala-
bama, U.S. (as Microdinium n. sp. in Edwards, 1977); middle to upper
Eocene of the Norwegian/Greenland Sea (as Meiourogonyaulax sp. 1,
in Manum, 1976). The first appearance of Histiocysta spp. of Goodman
and Ford in Hole 647A (Zones NP15? and lower NP16, Firth, this vol-
ume) compares closely with the earliest records listed above, viz. Ed-
wards (1977 [middle Zone NP15]; 1984 [Zone CP14a = NP16]). These
records indicate a range of middle Eocene (middle Zone NP15) to upper
Oligocene (Zone NP24/25) for Histiocysta spp. of Goodman and Ford,
1983,
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Genus HOMOTRYBLIUM Davey and Williams, 1966

Homotryblium sp. A
(PL. 11, Fig. 5)

Remarks. Homotryblium sp. A has a faintly to moderately granulate
central body and cylindrical processes that are slightly expanded distally,
having denticulate to secate distal margins. Processes number about 16 on
specimens (three were recorded) that have lost opercula. This species
thus differs from H. oceanicum Eaton in having sulcal processes. Ho-
motryblium sp. A was recorded from two samples (105-647A-66R-1, 66—
69 cm, and -68R-2, 76-79 cm) from the lower Eocene of Hole 647A.

Genus IMPAGIDINIUM Stover and Evitt, 1978

Impagidinium? pallidum Bujak, 1984
(P1. 10, Fig. 13)

Remarks. 1.? paliidum was recorded sporadically from the upper
middle Eocene through the upper Oligocene in Samples 105-647A-52R-
4, 25-28 cm, through -16R, CC (Zones NP16 through NP24/25; Firth,
this volume) in Hole 647A. Its previously known stratigraphic range is
upper Eocene from the northern North Pacific (Bujak, 1984) to Pleisto-
cene of the Norwegian Sea (Mudie, in press). 1.? pallidum has a geo-
graphic range of northern North Pacific, Beaufort Sea, Arctic Ocean,
Norwegian Sea, Baffin Bay, and the Labrador Sea (see Head et al., a,
this volume, for complete review) and may be a useful indicator of cool
temperate to boreal water masses (Head et al., a, this volume).

Impagidinium velorum Bujak, 1984
(P1. 10, Fig. 11)

Remarks. /. velorum occurs in low abundances throughout most of
the Oligocene interval, from Samples 105-647A-28R-4, 88-91 ¢m, through
-16R, CC (Zones NP21 to NP24/25, Firth, this volume) in Hole 647A.
This species has been reported from the middle or upper Eocene to up-
per Pliocene of the northern North Pacific (Bujak, 1984); the lower or
middle Eocene to upper Miocene of ODP Site 643, Norwegian Sea
(Manum et al., in press); the lower Miocene to upper Pliocene of the
western and northern Pacific (Bujak and Matsuoka, 1986), upper Mio-
cene to upper Pliocene of northwestern Japan (Matsuoka et al., 1987);
upper Miocene to upper Pliocene of DSDP Site 607, central North At-
lantic (Mudie, 1986); upper Miocene and basal Pliocene of DSDP Site
611, northern North Atlantic (Mudie, 1986); and Paleogene of the Al-
pha Ridge, Arctic Ocean (Mudie, 1985). From its presently known dis-
tribution, I. velorum may be typically a high northern-latitude species.
Mudie (1986, Table 3) considered it sensitive to cold.

Genus KISSELOVIA Vozzhennikova, 1963 emend. Lentin and
Williams, 1976

Kisselovia coleothrypta (Williams and Downie, 1966b) Lentin and
Williams, 1976

(Pl. 1, Fig. 1)

Remarks. K. coleothrypta was recorded from Sample 105-647A-68R-1,
129-132 cm, to -28R-4, 88-91 cm, here. The lowest occurrence of K.
coleothrypta defines the base of the K. coleothrypta Zone of Costa and
Downie (1976) which in northwestern Europe occurs within the upper-
most Zone NP11 (Costa and Downie, 1976, text Fig. 5) or at the NP11/
NP12 boundary (Costa and Downie, 1976, text Fig. 6; Williams and Bu-
jak, 1985, Figs. 13, 15; Nielsen and Heilman-Clausen, 1988, Fig. 2). In
southern England D.? condylos also has a first occurrence at the base of
the K. coleothrypta Zone (Costa and Downie, 1976; Bujak et al., 1980).
However, on the Rockall Plateau, Site 404, the lowest occurrence of K.
coleothrypta in sediments of Zone NP12 age is slightly higher than that
of D. condylos and D. varielongitudum (Costa and Downie, 1979b).
The same sequence of first appearances was observed in this study. K.
coleothrypta also has a first appearance in Zone NP12 in the eastern
U.S. (Edwards, 1984; Edwards et al., 1984). K. coleothrypta has a high-
est persistent occurrence in the lower Oligocene (lower G. opima opima
Zone = middle NP23) of offshore eastern U.S.A. (Stover, 1977), and
Williams and Bujak (1985) gave a range top just above the lower/upper
Oligocene boundary.

Kisselovia crassoramosa (Williams and Downie, 1966) Damassa, 1979
(Pl 1, Fig. 2)

Remarks. K. crassoramosa was recorded only from Sample 105-647A-
68R-1, 129-132 cm, here. This species has been recorded from the lower

Eocene of southern England (Williams and Downie, 1966; Downie et
al., 1971; Costa and Downie, 1976; Eaton, 1976; Bujak et al., 1980; Is-
lam, 1984); lower Eocene of Belgium (De Coninck, 1980a, 1980b); lower
Eocene of northern Germany (Costa and Downie, 1976); upper lower
Eocene (Cuisien) of the Bjarni H. 81 well, Labrador Sea (loakim, 1979);
Eocene of California, U.S.A. (Damassa, 1979); upper Eocene or lower
Oligocene of Renardodden, Spitsbergen (M. Head, unpubl. data) and
upper Eocene of Sarsbukta, Spitsbergen (Manum and Throndsen, 1986);
and Eocene through lower Oligocene of offshore eastern Canada (upper
Eocene in Williams and Bujak, 1977b; middle Eocene through lower
Oligocene in Barss et al., 1979).

K. crassoramosa has a range of lower Eocene (lower W. meckelfel-
densis Zone in both Germany and England = lower Zone NP10; Costa
and Downie, 1976) to upper Eocene (Williams and Bujak, 1977b) or
lower Oligocene (Barss et al., 1979) of offshore eastern Canada.

Kisselovia edwardsii sensu Caro, 1973
(Pl. 1, Fig. 3)

Remarks. This species has a lowest occurrence in Sample 105-647A-
66R-2, 29-33 cm. Specimens have a solid ectophragm, which possibly
envelopes the entire cyst (although the thin nature of the ectophragm
prevented us from determining this in the mid-dorsal and mid-ventral
areas with certainty). K. edwardsii sensu Caro, 1973 has processes that
are more robust than in K. coleothrypta and are short and sparsely dis-
tributed in the mid-dorsal and mid-ventral areas. K. coleothrypta also
differs in having distinct parasutural breaks in the ectophragm. K. ed-
wardsii (Wilson) Stover and Evitt, 1978, described from the lower Eo-
cene of New Zealand (Wilson, 1967), differs from K. edwardsii sensu
Caro, 1973 in the absence of processes in the mid-dorsal and mid-ven-
tral areas. Manum (1980) gave a provisional range of Zones NP12 to
NP14 (lower part of the K. coleothrypta Zone Costa and Downie, 1976)
for K. edwardsii sensu Caro in northwestern Europe. This species was
also recorded from Zone NP13 in Hole 553A on the Rockall Plateau (as
K. edwardsii, in Brown and Downie, 1984); from the Cuisian (= upper
lower Eocene) of the North Sea (as K. edwardsii, from the “M." ursulae
and K. edwardsii zone in loakim, 1979), and Cuisian of the Labrador
Shelf (as K. edwardsii from the K. edwardsii Zone of the Freydis B. 87
well, in Ioakim, 1979; and both K. edwardsii and D. condylos zones of
the Freydis B. 87 well, in loakim, 1979), and from the lower middle Iler-
dian (lower Eocene) of Spain (as W. edwardsii, in Caro, 1973). In Site
647, this species has a restricted and persistent occurrence from Samples
105-647A-66R-2, 29-33 cm, through -64R-3, 88-91 cm (assigned to Zone
NP13 through lower Zone NP15?, in Firth, this volume). Given the
somewhat imprecise nature of the above data, we propose a conservative
range of Zone NP12? or Zones NP13 through NP14 or lower Zone
NP157? for this species.

Genus LITOSPHAERIDIUM Davey and Williams, 1966 emend.
Lucas-Clark, 1984

Litosphaeridium sp. A
(Pl 11, Figs. 4, 8)

Remarks. This species has a spherical central body with a smooth to
faintly granulate surface, and an apical archeopyle with accessory su-
tures. The operculum is free. Processes are broad, cylindrical, of ap-
proximately equal size with a smooth surface, and may be finely striate
along the proximal one-third of the length. Process terminations are
parallel and straight to slightly uneven. The process formula may be 6'’,
Oc, 5,0-1p, 1'"'" (12 to 13 processes in all). This species is probably con-
specific with the specimen illustrated as Homotryblium oceanicum in
Costa and Downie, 1979b (Pl. 3, Fig. 5) from DSDP Site 406, Rockall
Plateau (Zone NP14 from Miiller, 1979). The species is also similar to
Litosphaeridium sp. 2 of loakim, 1979, recorded from the lower middle
Eocene of the Freydis B, 87 well, Labrador Shelf, although processes on
this species were reported to number 13 to 15 (loakim, 1979). Litosphae-
ridium sp A. was recorded from two samples (105-647A-65R-1, 117-121
cm, and -64R, CC) from the upper lower or middle Eocene.

Litosphaeridium? sp. B
(P1. 11, Fig. 11)

Remarks. Specimens may be detached opercula. The wall surface is
smooth. Processes are cylindrical to slightly flared, and the distal mar-
gin is entire and may be slightly expanded. The process wall is smooth
or may be granulate along the proximal two-thirds. Four to five pro-
cesses are present.
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Genus PHTHANOPERIDINIUM Drugg and Loeblich, 1967
emend. Edwards and Bebout, 1981

Phthanoperidinium? brooksii Edwards and Bebout, 1981
(Pl. 10, Figs. 1,2)

Remarks. The generic assignment of P? brooksii is questioned be-
cause of the unusual and broadly spatulate shape of the first precingular
paraplate (1), which, as Edwards and Bebout (1981, p. 40) stated, oc-
curs on no other species of Phthanoperidinium.

Phthanoperidinium? brooksii previously has been reported only from
the middle Eocene of the New Jersey, U.S. continental slope, ASP Core-
hole 15 (Edwards and Bebout, 1981). These sediments can be dated by
the presence of two calcareous nannofossil species, Transversopontis
obliquipons and Rhabdosphaera gladius, with the latter marking the
top of Zone NP15 (Perch-Nielsen, 1986), which jointly signify a middle
Eocene age (Edwards and Bebout, 1981, p. 29). The dinocyst Corrudi-
nium incompositum co-occurs with P? brooksii in ASP Corehole 15
(Edwards and Bebout, 1981), and since this species is not known to
range below Zone NP15 (see this chapter), the interval containing this
dinocyst assemblage can probably be assigned to Zone NP15. In this
study, P? brooksii was recorded (in a single sample, 105-647A-59R, CC)
from the middle middle Eocene (upper Zone NP135, Firth, this volume),
which is comparable with its occurrence in ASP Corehole 15.

Phthanoperidinium comatum (Morgenroth, 1966b) Eisenack and
Kjellstrom, 1971

Remarks. This species ranges from Samples 105-647A-61R, CC
through -24R-2, 142-145 cm. P comatum has been recorded from the
Eocene of Europe (Chateauneuf, 1980; Liengjarern et al., 1980; Bujak
et al., 1980; Islam, 1982, 1983b; Murray et al., 1987 and as “P. rrito-
nium,” in Eaton, 1976; De Coninck, 1977, and Michoux, 1985); south-
western Atlantic (Goodman and Ford, 1983), eastern U.S. (Edwards,
1984), northeastern Atlantic (Costa and Downie, 1979b); offshore east-
ern Canada (Williams and Bujak, 1977b); North Sea (loakim, 1979);
offshore northeastern Africa (Williams, 1978); and Australia (L. Stover,
pers. comm., in Goodman and Ford, 1983, p. 862). It has been recorded
from the lower Oligocene of Europe (Morgenroth, 1966b; Liengjarern
et al., 1979; Chateauneuf, 1980; Biffi and Manum, 1988), basal Oligo-
cene of the North Sea (loakim, 1979), lower Oligocene of the southwest-
ern Atlantic (Goodman and Ford, 1983), lower Oligocene of offshore
eastern U.S. (Stover, 1977), lower and lower upper? Oligocene of the
northeastern Atlantic (Costa and Downie, 1979b), undifferentiated Oli-
gocene of the Norwegian-Greenland Sea, (as Phthanoperidinium sp. 1
in Manum, 1976), lower Oligocene of the Nile Delta, Egypt (El-Beialy,
1988), and from provisionally dated lower and upper Oligocene sedi-
ments of offshore eastern Canada (Williams and Bujak, 1977b; Barss et
al., 1979). These records suggest that P comatum has a range from up-
per lower Eocene (upper Zone NP13, Costa and Downie, 1979b, corre-
lated in Miiller, 1979; and Zone NP13/14, Bujak et al., 1980, correlated
in Aubry, 1985) to lower Oligocene (Zone NP23, in Chateauneuf, 1980,
correlated in Aubry, 1985; lower Zone NP23 in Biffi and Manum, 1988;
G. ampliapertura foraminiferal Zone = lower Zone NP23 in Stover,
1977).

Genus RHOMBODINIUM Gocht, 1955 emend. Bujak, 1979

Remarks. Bujak (1979) restricted this genus to species having a so-
leiform archeopyle; i.e., a quadra-archeopyle in which the periarcheo-
pyle lies directly above the endoarcheopyle and in each of which the
operculum has rounded corners on the posterior margin and remains in
contact with the cyst along its anterior (adapical) margin (Bujak, 1979,
p. 309; Bujak and Davies, 1983, p. 169). The line drawings in Bujak
(1979, text Figs. 4A and 8) may be taken to indicate an adnate opercular
condition in which the principle archeopyle suture is interrupted along
the adapical margin (see Evitt, 1985, p. 126 for definitions of terminol-
ogy). Indeed, all specimens of Rhombodinium that were observed by
Bujak from the middle and upper Eocene of southern England have at-
tached opercula in which no indications of the principle suture (i.e., a
line of structural discontinuity) were noticed along the adapical archeo-
pyle margin (Bujak, pers. comm to M.J.H., 1988). However, Gocht’s
(1955, Fig. Ic) line drawing of the holotype of the type species (Rhom-
bodinium draco) from the “middle” Oligocene of northern Germany in-
dicates a completely encircling principle archeopyle suture. This might
be an artifact in which the adapical archeopyle margin was misinter-
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preted for a fold; nevertheless Gocht’s specimens leave some doubt as to
whether the operculum in Rhombodinium is indeed adnate or whether
it is adapically adherent (as a consistent feature) with a continuous en-
circling principle archeopyle suture. This distinction is important, not
least of all since the latter case can only be recognized with specimens
where the archeopyle has opened.

In their proposed phylogenetic relationship of the Wetzelielloideae,
Bujak and Davies (1983, text Fig. 31) suggested a middle Eocene earliest
appearance for Rhombodinium. This is supported by Williams and Bu-
jak’s (1985, Fig. 19) compiled stratigraphic ranges of four species of
Rhombodinium (R. draco, R. porosum, R. longimanum, and R. per-
foratum), in which the lowest ranging species, R. draco, has a reported
lowest occurrence in the upper middle Eocene Zone NP16. This post-
dates the occurrence of a complex of species (including Rhombodi-
nium? spp. A, B, and C of this study, and “Rhombodinium” glabrum),
that first appeared in the early Eocene and that are characterized by an
operculum that is free (i.e., having a continuous principal archeopyle
suture) but that may be attached along the adapical margin (see “R.”
glabrum below). One is tempted to draw an evolutionary line between
this “R.” glabrum complex and later Rhombodinium species, although
much remains to be understood regarding the taxonomic significance
and evolution of the soleiform archeopyle.

“Rhombodinium” glabrum (Cookson, 1956) Vozzhennikova, 1967

Remarks. This species was not discussed by Bujak (1979) in his emen-
dation of Rhombodinium, but clearly it possesses a free, detached oper-
culum (Cookson, 1956), which excludes it from Rhombodinium as
emended by Bujak, and for which reason we have retained it only tenta-
tively in this genus.

Two specimens were assigned here to “R.” glabrum; both have free
opercula (detached in one specimen) and were recorded in Sample 105-
67R-4, 23-26 cm. They differ from Rhombodinium? sp. C (Pl. 1, Fig. 8,
recorded in the same sample) in having a detached operculum, but are
otherwise similar and are possibly conspecific with this morphotype.

“R.” glabrum has been previously recorded from the lower Eocene
Zone NP12 of the Goban Spur (Brown and Downie, 1985); from the
middle Eocene of Virginia, U.S. (Zone CP14a = NP16, Edwards, 1984,
correlated from DiMarzio, 1984); from the middle Eocene of New Zea-
land (Wilson, 1984); and from undifferentiated Eocene sediments of
Australia (Cookson, 1956).

Rhombodinium? sp. A, sp. B, and sp. C
(PL. 1, Figs. 7 through 9)

Remarks. Specimens assigned to Rhombodinium? sp. A (Pl. 1, Fig.
7; Sample 105-647A-68R-2, 76-79 cm) and Rhombodinium? sp. C (PI.
1, Fig. 8; Sample 105-647A-67R-4, 23-26 cm) have opercula that are at-
tached (possibly adnate) along the adapical archeopyle margin. The
operculum in specimens assigned to Rhomobinium? sp. B (Pl. 1, Fig. 9;
Sample 105-647A-70R-4, 42-45 cm) is free, and in some specimens is de-
tached, and in others is adherent along the adapical archeopyle margin.
This species also is characterized by a thick (1.0 to 1.5 pm) periphragm.

Genus SAMLANDIA Eisenack, 1954

Samlandia chlamydophora Eisenack, 1954
(PL. 12, Fig. 7)

Remarks. S. chlamydophora has been recorded from the Eocene of
Europe (Eisenack, 1954; as “Palmnickia aff. lobifera” in Evitt, 1961;
Morgenroth, 1966a; “P lobifera” in Ageloupolos, 1967; De Coninck,
1975, 1977, 1980b; Eaton, 1976, Bujak et al., 1980, Van Couvering et
al., 1981; Michoux, 1985; Nielsen et al., 1986; Murray et al., 1987);
Norwegian-Greenland Sea (Manum, 1976; Manum et al., in press);
Rockall Plateau (Costa and Downie, 1979b); Virginia, U.S. (Edwards,
1984); New Zealand (Wilson, 1984; Clowes and Morgans, 1985); and
offshore eastern Canada (Williams and Bujak, 1977b; Barss et al.,
1979; loakim, 1979). It also has been recorded from the Oligocene of
Europe (Benedek, 1972; Benedek and Miiller, 1974, 1976; Chateauneuf,
1980); Norwegian-Greenland Sea (Manum, 1976); northwestern China
(Mao and Norris, 1984, 1988); Alabama, U.S. (Edwards, 1977); off-
shore eastern Canada (Williams and Bujak, 1977b; Barss et al., 1979);
and the Nile Delta, Egypt (El-Beialy, 1988). A few Miocene records exist
(a single specimen from the middle Miocene of Germany as “P lobi-
fera” in Gerlach, 1961; lower Miocene of Belgium in Benedek, 1980),
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although these may be attributed to reworking. Of those records having
good stratigraphic control, the lowest occurrence appears to be from
Bed R4 of the Rdsnaes Clay of Denmark (Nielsen et al., 1986), which is
correlated to lower Eocene Zone NP11 by Nielsen and Heilmann-
Clausen (1988). Elsewhere, S. chlamydophora was reported as having a
slightly higher lowest occurrence, within lower Eocene Zone NP12 (viz.
Rockall Plateau, Zone NP12 in Costa and Downie, 1979b; southern En-
gland, in Bujak et al., 1980, correlated to lower Zone NP12 in Aubry,
1985; eastern U.S., Edwards, 1984, correlated to Zone NP12 in DiMar-
zio, 1984). A highest occurrence within the lower Oligocene, lower Zone
NP23 (Benedek and Miiller, 1974, 1976) is presently indicated for S.
chlamydophora.

Genus SVALBARDELLA Manum, 1960

Remarks. Wrenn and Hart (1988) rejected the contention of Lind-
gren (1984) that Svalbardella Manum, 1960 was a subjective senior syn-
onym of Palaeocystodinium Alberti, 1961. Wrenn and Hart considered
that differences between these genera (namely overall shape and expres-
sion of paratabulation in addition to the archeopyle) are sufficiently sta-
ble within the species currently assigned to Palaeocystodinium and
Svalbardella to justify maintaining both genera.

In the Northern Hemisphere, species referable to Svalbardeila pres-
ently have been recorded from the upper Eocene (and lower Oligocene?)
of Spitsbergen (Manum, 1960; Manum and Throndsen, 1986; and a
species questionably referred to Svalbardella, M.J.H., unpubl. data);
the lower Oligocene (Manum et al., in press) (and questionably middle
Eocene through middle Miocene; Manum, 1976) of the Norwegian-
Greenland Sea; the lower to middle Eocene of the North Sea (Ioakim,
1979); the upper Eocene and lower Oligocene of the Labrador Sea (this
study); the “middle” or upper Oligocene of offshore eastern Canada
(Barss et al., 1979); and a questionable occurrence from the lower upper
Oligocene of northwestern Germany (as Svalbardella cf. granulata in
Benedek, 1972). The geographic range of these species suggests that
they are indicators of cool or cold water.

Svalbardella sp. cf. 8. cooksoniae Manum, 1960

Remarks. This species occurs rarely in Samples 105-647A-35R-1,
135-138 cm, and -30R-3, 100-104 cm (upper Eocene to lowermost Oli-
gocene) in Hole 647A. Specimens have an outline and fine irregular re-
ticulation similar to S. cooksoniae and also have faint indication of a
paracingulum and longitudinal lines on the horns. Ornament is not as
pronounced as for the holotype of S. cooksoniae or for specimens as-
signed to S. cooksonige in Manum and Throndsen (1986), nor was a
parasulcus observed. For these reasons, we could not make a specific
identification with certainty. S. cooksoniae has been recorded infre-
quently from the upper lower Eocene (upper Cuisian) to upper middle
Eocene (Bartonian) (below an upper Eocene hiatus) in the North Sea
(Ioakim, 1979, Table 3); from the middle or upper Oligocene of off-
shore eastern Canada (Barss et al., 1979); from the upper Eocene of
DSDP Site 336, Norwegian Sea (Manum and Throndsen, 1986); from
the lower Oligocene of ODP Site 643, Norwegian Sea (Manum et al., in
press); and from Eocene or Oligocene strata (probable upper Eocene,
according to Manum and Throndsen, 1986) at Sarsbukta, Spitsbergen
(Manum, 1960; Manum and Throndsen, 1986).

Svalbardella sp. 1
(Pl. 2, Figs. 9,10)

Remarks. This species is represented by a single specimen (Sample
105-647A-19R, CC; lower Oligocene). It differs from Svalbardella sp.
cf. 8. cooksoniae in having a periphragmal surface ornament predomi-
nantly of low sinuous ridges 0.5 um wide that are longitudinally aligned.
These may coalesce locally, but form a less distinct finely reticulate pat-
tern than for S. sp. cf. S. cooksonige. A faint paracingulum might be
discernible on the dorsal surface.

Svalbardella? sp. 2

Remarks. This species is comparable in outline with the specimen il-
lustrated as Svalbardella (Palaeocystodinium) spp. by Manum (1976,
Pl. 5, Fig. 1 only) and may be conspecific with it. The ornament is simi-
lar to that of Svalbardella sp. 1, but much fainter. We could not distin-
guish the paracingulum with certainty. This species was recorded from
Sample 105-647A-22R, CC, from the lower Oligocene.

Genus THALASSIPHORA Eisenack and Gocht, 1960 emend.
Benedek and Gocht, 1981

Thalassiphora pelagica (Eisenack, 1954) Eisenack and Gocht, 1960
(Pl. 9, Figs. 2, 3)

Remarks. This species occurs sporadically from the upper lower Eo-
cene through to lower Oligocene in Samples 105-647A-70R-4, 42-45 cm,
through -19R, CC (Zones NP11 through NP23; Firth, this volume).
Various morphotypes attributed by Gocht (1968) to an ontogenetic se-
ries within T. pelagica (see also Benedek and Gocht, 1981) were encoun-
tered with the typical morphotype (as illustrated in PI. 9, Fig. 2) in some
samples. A similar range of morphotypes was also reported by Brown
and Downie (1984) from the Eocene of the Rockall Plateau. An exten-
sive synonymy for 7. pelagica is given by Sarjeant (1981). T. pelagica has
a probable highest occurrence in the upper Oligocene, e.g., offshore
eastern U.S., lower G. ciperoensis planktonic foraminiferal Zone = lower
Zone NP25 in Stover (1977); northwestern Germany in Benedek (1972);
New Zealand in Wilson (1984); Virginia, U.S. in Edwards (1984, corre-
lated to Zone CP19 = Zones NP24/25 from DiMarzio, 1984); north-
western Italy, planktonic foraminiferal Zone P22 = lower Zone NP25 in
Powell (1986b). We propose a range of Maestrichtian (following Wil-
liams and Bujak, 1985) to upper Oligocene (lower Zone NP25) for T
pelagica, with higher occurrences (e.g., lower Miocene Zone NN4/5,
Mediterranean Sea in Corradini, 1978; lower Miocene of northwestern
Italy in Powell, 1986a; lower Miocene of offshore eastern U.S. in Stover,
1977; ar.d upper Miocene of Spain in Jan du Chéne, 1977) that are typi-
cally sporadic, pending verification.

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

Wetzeliella symmetrica Weiler, 1956

Remarks. W, symmetrica occurs rarely in four samples from upper-
most Eocene to lower Oligocene and has its highest appearance in Sam-
ple 105-647A-17R, CC (assigned to upper Zone NP23; Firth, this vol-
ume). W, symmetrica was first described from the “middle” Oligocene
of Germany (Weiler, 1956) and other Oligocene reports of this species
include those from from northwestern Germany (Zones NP22 and NP24
in Benedek and Miiller, 1976), Virginia, U.S. (Edwards, 1984, correlated
to Zone CP19 = NP24/25 from DiMarzio, 1984), offshore eastern U.S.
(persistently occurring in planktonic foraminiferal G. opima opima Zone
= upper NP23/NP24, although occurring sporadically into the upper
Oligocene and lower Miocene in Stover, 1977), and northwestern Italy
(as W. sp. cf. W. articulata, Zone P21b = Zones NP24 or lower NP25
in Powell, 1986a). A comprehensive list of records is given in Sarjeant
(1983, p. 107-108), who considered the established range for W. sym-
metrica as from lower Eocene to Pliocene, with earlier and later records,
pending confirmation. However, Haq et al. (1987) proposed a highest
occurrence for Wetzeliella species at the Oligocene/Miocene boundary,
and Costa (1980) also found that Wetzeliella species have a useful top in
the upper Oligocene of the North Sea. Therefore, based on the above
records, we propose a range top for W. symmetrica within Zones NP24/
NP25? of the upper Oligocene. Costa (1985) indicated that W, symmer-
rica sensu stricto was restricted to the lower and “middle” Oligocene.
We are inclined toward the view reflected in Costa’s (1985) proposed
range, i.e., that Eocene specimens assigned to W. symmetrica may be
somewhat different from those of the Oligocene (as represented by the
holotype). We thus propose a tentative lower range of lower Eocene? or
lower Oligocene for W. symmetrica.

DINOCYSTS OF UNCERTAIN GENERIC AFFINITY

Dinocyst sp. D
(PL 11, Fig. 7)

Remarks. Specimens have a smooth-walled spherical central body
and cylindrical processes that are distally closed. Distal margins bear tu-
bules and hollow spines. Often, scattered hollow spines also occur along
the process stem, particularly over the distal two-thirds of its length.
The archeopyle may be epicystal, with a free operculum, and specimens
(without opercula) have from 11 to about 13 processes. This species may
be conspecific with the specimen of Homotryblium sp. A of Costa and
Downie, 1979b, which, judging from the illustration, is an epicystal
operculum with the process formula 3', 5". Homotryblium sp. A was
recorded only from Zone NP14 sediments of DSDP Site 406, Rockall

533



M. J. HEAD, G. NORRIS

Plateau (Costa and Downie, 1979b, correlated from Miiller, 1979). Di-
nocyst sp. D occurs in upper lower and middle? Eocene sediments in
Hole 647A.

Dinocyst sp. E

Remarks. This species differs from Dinocyst sp. D in having nar-
rower (2.5-3.5 um) and more numerous processes (approximately 24 to
28), although it may be similar in all other respects, including the nature
of the processes.
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Plate 1. (1,2,4-7,9, IC; 3,8, BF) 1. Kisselovia coleothrypta. Sample 105-647A-68R-1, 129-132 cm (K2)D32/0; width, 121 gm (vv., mf.). 2. Kisse-
lovia crassoramosa. Sample 105-647A-68R-1, 129-132 cm (K)MI5/1; width, 120 pm (dv., ds.). 3. Kisselovia edwardsii sensu Caro, 1973. Sample
105-647A-65R-1, 117-121 cm (2)M12/4; width, 102 pm (vv., ds.). 4, 5. Gochtodinium spinulum. Sample 105-647A-52R-4, 25-28 cm (2)E35/0;
width, 126 pm (4, vv., vs.; 5, vv., ds.) 6. Dracodinium? sp. cf. D.? condylos. Sample 105-647A-69R, CC (2)M20/2; width, 94 pm (vv., mf.). 7.
Rhombodinium? sp. A. Sample 105-647A-68R-2, 76-79 cm (K1)T31/2; periphragm length, 146 um (vv., mf., split focus; note 4 to 8 rounded fenes-
trations, about 2-3 pm dia. at ends of each horn). 8. Rhombodinium? sp. C. Sample 105-647A-67R-4, 23-26 cm (K1)L37/0; width, 120 um (vv.,
mf.). 9. Rhombodinium? sp. B. Sample 105-647A-70R-4, 42-45 cm (4)H10/0; width, 114 pm (vv., ds.).
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Plate 2. (all figs. IC) 1-3. Hystrichosphaeropsis sp. B. Note perforate periphragm. 1,2 Sample 105-674A-64R, CC (1)L17/3; max. length, 55 pm.
(1, left lat. v., left lat. s.; 2, left lv., rt. Is.). 3, Sample 105-647A-64R-3, 88-91 cm (1)K49/2; max. length, 58 um lat. v., mf.). 4, 7, 8. Hystrichos-
phaeropsis sp. A. 4, Sample 105-647A-64R, CC (1)P11/0; max. length, 53 pm (dv., ds.). 7,8, Sample 105-647A-64R, CC (1)L18/3; max. length, 51
um (7, vv., vs.; 8, vv.,, ds.). 5, 6. Dinocyst sp. B. Note fenestrate/perforate periphragm, possible v. thin endocyst? Sample 105-647A-32R, CC
(1)G43/4; max dia., 54 um (5,6 uncert. v.;5, If., 6, hf.). 9,10. Svalbardella sp. 1. Sample 105-647A-19R, CC (1)T29/0; length, 168 um (9, vv., ds.;
10, vv., vs., at higher mag.). 11, 12. Wilsonidium tabulatum. Sample 105-647A-61R, CC (4)010/0; max. width, 91 um (11, dv., ds.; 12, dv., vs.).
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Plate 3. (all figs. IC) 1-3. Elytrocysta sp. Goodman and Ford, 1983. Sample 105-647A-24R-2, 142-145 cm (6)K46/0; max. dia., 41 pm (1-3,
subap.v.: 1, subap.s.; 2, Irf.; 3, mf.). Note attached operculum and accessory suture in 1,2. 4, 12, 13. Corrudinium sp. 1. 4, Sample 105-647A-65R-1,
117-121 cm (1)J43/0; max. dia., 40 um (rt. lat. v.2, Is.). 12, Sample 105-647A-65R-1, 117-121 cm (1)H45/0; max. dia., 34 um (sub dv., sub ds.). 13,
Sample 105-647A-51R, CC (1)V53/1; max. dia., 36 um (antap. v., antap s.). 5-9. Histiocysta spp. of Goodman and Ford, 1983. 5-7, Sample 105-
647A-50R, CC (1)U35/4; max. dia. 35 pm (5-7 lat. v., 5, us., 6, mf., 7, 1s.). Specimen has attached apical operculum. 8,9, Sample 105-647A-25R, CcC
(1)U12/0; max. dia., 33 pm (8,9, lat. v., 8, us., 9, 1s.). 10, 11. Elytrocysta sp. A. Sample 105-647A-50R, CC (1)N20/1; max. dia., 29 pm (lat. v., 10,
us., 11,1s.). 14, Corrudinium sp. 2. Sample 105-647A-63R-1, 105-108 cm (2)R42/0; max. dia., 34 um (antap. v., antap. s.). Note weak paratabula-
tion. 15. Corrudinium incompositum. Sample 105-647A-51R, CC (1)W23/2; max. dia., 37 um (left lat. v., left lat. s.). 16. Corrudinium sp. 3.
Sample 105-647A-63R-1, 105-108 cm (2)P37/3; max. dia., 29 pm (lat. v.7, us.).
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Plate 4. (all figs. IC) 1, 2. Dinocyst sp. C (archeopyle precingular?, periphragm expanded equatorially? Note weak paratabulation on peri-
phragm). 1, Sample 105-647A-15R, CC (4)R45/0; 66 um (ap.?, v., us.). 2, Sample 105-647A-15R, CC (4)F25/3; max. dia., 69 pm (antap. v., antap.
s.). 3, 4. Invertocysta? sp. 3. Sample 105-647A-15R, CC (4)K52/3; max. dia., 69 um (uncert. v., us.). 4, Sample 105-647A-15R, CC (4)M55/2; max.
dia., 69 pm (uncert. v., us.). 5. Gelatia inflata. Sample 105-647A-17R, CC (1)S15/2; max. dia., 70 pm (ap. v., ap. s.). 6,9. Lophocysta sp. 2 (faint
lines on endocyst indicate paracingulum; a large, elongate fenestration occurs on left lat. surface of periphragm). Sample 105-647A-35R-1, 135-138
cm (J51/1); max. length, 66 um (6, rt. lat. v., left lat. s.; 9, rt. lat. v., Irf.). 7, 8. Lophocysta sp. 1 (note absence of fenestrations in periphragm).
Sample 105-647A-24R-2, 142-145 cm (1)Q46/4; max. length, 69 um (7, rt. lat. v., left lat. s.; 8, rt. lat. v., rt lat. s.).
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Plate 5. (all figs. IC) 1. Glaphyrocysta semitecta. Sample 105-647A-32R, CC (1)P22/4; endocyst max. dia., 64 um (dv., mf.) 2. Glaphryocysta
sp. A. Sample 105-647A-22R, CC (1)M53/2; endocyst max. dia., 86 um (dv.?, ds.?). 3, 6. Chiropteridium mespilanum. 3, Sample 105-647A-15R, CC
(4)R23/2; endocyst max. dia., 81 um (vv., vs.). 6, Sample 105-647A-19R, CC (5)D15/4; endocyst max. dia., 72 gm (vv., vs.). 4. Membranophori-
dium aspinatum. Sample 105-647A-19R, CC (5)T52/0; periphragm max. dia., 112 um (dv., vs.). 5. Chiropteridium lobospinosum. Sample 105-
647A-15R, CC (4)T30/0; endocyst max. dia., 78 um (vv., vs.). 7. Distatodinium paradoxum sensu Gocht (1969, Figs. 5,6) = Microsphaeridium an-
cistroides?. Sample 105-647A-22R, CC (1)R39/3; endocyst length, 66 pm (lat. v., us.). 8. Distatodinium sp. cf. D. craterum. Sample 105-647A-30R-3,
100-104 cm (1)H16/4; endocyst length, 57 um (lat. v., us.). 9, 10. Hemiplacophora semilunifera. Sample 105-647A-35R, CC (1)K31/2; max. dia.
(incl. crests), 42 um (9, dv., ds.; 10, dv., vs.).
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Plate 6. (1-9, 11-17, IC; 10, BF) 1, 5. Chytroeisphaeridia sp. 1. Sample 105-647A-61R, CC (4)Q31/2; width, 58 um (1, dv.?, ds.?; 2, dv.?, ds.?,
Irf.). 2. Batiacasphaera sp. C (note spines/coni). Sample 105-647A-33R-1, 91-94 cm (1)035/0; max. dia. (excl. ornament), 51 pum (subap. v., subap.
s.). 3, 4. Batiacasphaera sp. B. Sample 105-647A-35R, CC (1)M40/4; max dia., 57 um (3, ap. v., ap. s.; 4, ap. v., antap. 5.). 6. Alisocysta sp. cf.
A. ornata. Sample 105-647A-63R, CC (1)T19/0; max. dia., 55 um (vv., vs.). 7, 8. Acritarch sp. 1. Sample 105-647A-17R, CC (4)R32/2; length,
32 ym (7, us.; 8, mf.). 9,11, Bariacasphaera sp. A. Sample 105-647A-59R, CC (1)P49/0; max. dia., 89 um (9, antap. v., ap. s; 11, antap. v., antap.
s.—same mag. as Fig. 9) 10. Alisocysta sp. 1. Sample 105-647A-65R-1, 117-121 cm (1)E17/2; length, 63 pm (vv., vs.). 12. Acritarch sp. 2. Sample
105-647A-15R, CC (4)M27/3; dia., 40 pm (us.) 13. cf. Acritarch sp. 1 Head et al., c, this volume (note cancellous equatorial collar). Sample
105-647A-28R-4, 88-91 cm (1)V51/2; dia., 26 um (mf.). 14, 15. Batiacasphaera micropapillata sensu lato. 14, Sample 105-647A-50R, CC (1)N21/0;
max. dia., 30 um (antap. v., ap. s.). 15, Sample 105-647A-49R, CC (1) U32/0; max. dia., 39 um (note short coni/granules) (subantap. v., subap. s.)
16. Batiacasphaera sp. cf. B. hirsuta. Sample 105-647A-53R-4, 121-125 cm (1)033/0; max. dia., 31 pm (hairs, 1.5 pm long) (lat. v., mf.). 17. Mem-
branophoridium sp. Sample 105-647A-65R-1, 117-121 cm (2)D34/4; length, 62 pm (lat. v., us.).
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Plate 7. (1-12, IC; 13,14 BF) 1, 2. Selenopemphix sp. 1. 1, Sample 105-647A-30R-3, 100-104 cm (1)P50/0; max. dia., 48 um (antap. v.?, mf.). 2,
Sample 105-647A-28R-4, 88-91 cm (4)K33/0; max. dia., 49 pm (ap. v.?, mf.). 3. Selenopemphix? sp. 2. Sample 105-647A-21R, CC (1)R37/2; max.
dia., 48 um (polar v., mf.). 4, 8. Selenopemphix? sp. 3. 4, Sample 105-647A-22R, CC (4)G15/0; max. dia., 48 um (polar v., mf.). 8, Sample
105-647A-24R-2, 142-145 cm (1)F14/1; max. dia., 54 pm (polar v., mf.). 5, 9. Phelodinium sp. 3. 5, Sample 105-647A-30R-3, 100-104 cm (1)M41/3;
max. dia., 55 pm (ap. v., mf.). 9, Sample 105-647A-30R-3, 100-104 cm (1)M31/0; length, 69 pm (dv.?, mf.). 6. Phelodinium sp. 4. 6, Sample
105-647A-30R-3, 100-104 cm (1)M35/3; max. dia., 54 pm (polar v., mf.). 7. Phelodinium sp. 47. Sample 105-647A-33R-1, 91-94 cm (1)S9/4; max.
dia., 61 pm (ap. v.?, mf.). 10. Selenopemphix armata. Sample 105-647A-30R-3, 100-104 cm (1)M27/1; max. dia. (excl. proc.), 38 um (polar v.,
mf.). 11. Phelodinium sp. 1. Sample 105-647A-21R, CC (1)F49/0; length, 79 pum (dv.?, ds.?). 12. Phelodinium sp. 2?. Sample 105-647A-21R, CC
(1)F34/4; length, 69 um (dv.?, mf.) 13. Selenopemphix sp. 4. Sample 105-647A-30R-3, 100-104 cm (1)G34/3; max. dia. (excl. proc.), 30 um (polar
v., mf.). 14. Selenopemphix sp. 5. Sample 105-647A-36R, CC (1)T36/3; max. dia., 35 um (antap. v., mf.). 15. Cordosphaeridium callosum. Sam-
ple 105-647A-59R, CC (1)R33/3; max. dia. (excl. proc.), 17 um (lat. v., mf.). 16. Phelodinium sp. 2. Sample 105-647A-21R, CC (1)T40/1; max.
dia., 87 um (dv.?, mf.).
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Plate 8. (all figs. IC) 1, 2. Impletosphaeridium luxurium. 1, Sample 105-647A-49R, CC (1)Q39/1; max. dia. (excl. proc.), 31 gm (uncert. v., us.).
2, Sample 105-647A-49R, CC (1)U32/2; max. dia. (excl. proc.), 33 um (uncert. v., us.). 3, 4, 7. Nematosphaeropsis? sp. 2. 3, Sample 105-647A-
19R, CC (5)09/2; max. dia., 57 um (uncert. v., us.). 4, Sample 105-647A-21R, CC (1)D42/2; max. dia., 66 um (uncert. v., us.). 7, Sample 105-647A-
I9R, CC (5)G34/3; max. dia., 46 um (subantap. v., subantap. s.). 5. Cordosphaeridium funiculatum sensu Williams and Bujak, 1977b. Sample
105-647A-32R, CC (1)J36/3; max. dia. (excl. proc.), 77 um (dv., ds.). 6. Nematosphaeropsis? sp. 1. Sample 105-647A-68R-2, 97-99 cm (1)019/3;
periphragm max. dia., 57 um (uncert. v., us.) (= Cannosphaeropsis sp. A of Costa and Downie, 1979b?) 8. Heteraulacacysta porosa. Sample
105-647A-33R-1, 91-94 cm (1)N32/0; max. dia., 102 um (antap. v.2, antap. s.?). 9, 10, 11. Impagidinium? sp. D. Sample 105-647A-63R-1, 105-108 cm
(2)Q44/4; max. dia. periphragm, 47 um (lat. v., 9, us.; 10, mf.; 11, 1s.). 12. Phelodinium? sp. 5. Sample 105-647A-17R, CC (4)K39/0; max. dia.,
94 pm (uncert. v., us.). 13, 14. Cordosphaeridium sp. cf. C. funiculatum. Sample 105-647A-33R, CC (2)T19/3; central body dia., 74 um, (13, dv.,
ds.; 14, dv., mf.). 15. Heteraulacacysta sp. A. Sample 105-647A-53R-4, 121-125 cm (1)L54/0; max. dia., 77 um (antap. v., antap. s.).
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Plate 9. (all figs. IC) 1. Heteraulacacysta sp. A of Costa and Downie, 1979b. Sample 105-647A-66R-1, 66-69 cm (K3)R39/3; max. dia., 89 xm
(antap. v.?, antap. s?). 2, 3. Thalassiphora pelagica. Sample 105-647A-68R-1, 129-132 cm (K1)J41/1; max. dia., 154 um (dv., ds.). 3, Sample
105-647A-69R, CC (2)J21/1; max. dia., 131 pum (dv., ds.). 4. Thalassiphora sp. C. Sample 105-647A-21R, CC (4)S19/1; max. dia., 166 pm (dv.,
vs.). 5. Thalassiphora sp. D. Sample 105-647A-17R, CC (2)M33/0; max. dia., 139 um (lat. v., mf.). 6. Thalassiphora sp. A. Sample 105-647A-
64R-3, 88-91 cm (1)B29/4; max. dia., 117 pm (vv., mf.). 7, 8. Thalassiphora sp. B. Note simple processes surrounding archeopyle. Sample 105-
647A-35R, CC (1)J38/1; max. dia., 101 pm (7, dv., ds.; 8, dv., ds.). 9. Eatonicysta ursulae. Sample 105-647A-66R-1, 15-18 cm (1)U33/4; max. dia.,
periphragm, 99 um (dv., mf.).
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Plate 10 (all figs. IC) 1,2. Phthanoperidinium? brooksii. Sample 105-647A-59R, CC (1)N34/2; length, 45 pm (1,2 vv.: 1, vs.; 2, ds.). 3. Acri-
tarch sp. 3. Note fine, regular reticulation. Sample 105-647A-30R-3, 100-104 cm (1)T28/1; max. dia., 47 um (lat. v., us.). 4. Impagidinium sp. B.
Sample 105-647A-24R-2, 142-145 cm (6)J33/1; max. dia. (incl. crests), 44 um (vv., ds.). 5, 6. Phthanoperidinium sp. A. Sample 105-647TA-24R-2,
142-145 cm (6)J33/1; length, 40 pm. (dv.:. 5, ds.; 6, vs.). 7, 8. Phthanoperidinium sp. cf. P echinatum. Sample 105-647A-51R, CC (1)K45/0;
length, 39 pm (7,8, rt. lat. v.: 7, rt. lat. s.; 8, mf.). 9. Gonyaulacysta sp. 1. Sample 105-647A-65R-1, 117-121 cm (2)U19/2; length, 65 pm (vv.,
ds.). 10. Distatodinium scariosum. Sample 105-647A-32R, CC (1)Q18/3; central body length, 39 pm (lat. v., us.). 11. Impagidinium velorum.
Sample 105-647A-17R, CC (2)F30/0; max. dia. (incl. crests), 66 pm (uncert. v., mf.). 12. Rhizophagites sp. of Wrenn and Kokinos, 1986. Sample
105-647A-33R-1, 91-94 cm (1)F34/1; length, 73 pm (uncert. v., us.). 13. Impagidinium? pallidum. Sample 105-647A-52R-4, 25-28 cm (2)R43/3;
max. dia., 49 um (uncert. v., us.). 14. Impagidinium sp. C. Sample 105-647A-33R-1, 91-94 cm (1)T11/2; max. dia. (incl. crests), 47 um (subvv.,
subvs.). 15. Impagidinium dispertitum. Sample 105-647A-65R-1, 117-121 c¢m (1)M46/1; max. dia. (excl. crests), 67 pm (dv., vs.). 16. Impagidi-
nium sp. A. Sample 105-647A-64R-3, 88-91 cm (2)N31/1; max. dia. (incl. crests), 39 um (uncert. v., mf.).
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Plate 11. (all figs. IC) 1. Surculosphaeridium? sp. A. Sample 105-647A-15R, CC (4)R30/2; central body dia., 39 pm (lat. v., us.). 2, 3. Cordo-
sphaeridium minimum sensu Eaton, 1976?. Sample 105-647A-30R-3, 100-104 cm (1)N24/2; max., dia. (incl. proc.), 59 um (uncert. v.: 2, us.; 3, us.,
hrf.) 4, 8. Litosphaeridium sp. A. 4, Sample 105-647A-64R, CC (1)L17/0; central body dia., 34 um (lat. v., us.). 8, Sample 105-647A-65R-1,
117-121 em (1)F17/2; central body, 34 um (lat. v., us.). 5. Homotryblium sp. A. Sample 105-647A-68R-2, 76-79 cm (KI)L9/1; central body dia.,
44 pm (lat. v., mf.). 6. Dapsilidinium sp. A. Sample 105-647A-52R-4, 25-28 cm (2)Q47/3; central body, dia., 42 um (vv., vs.). 7. Dinocyst sp. D.
Sample 105-647A-67R-2, 28-31 cm (2)J42/3; central body, 33 um (lat. v., us.). 9. Hystrichokolpoma unispinum. Sample 105-647A-67R-2, 28-31 cm
(2)K29/1; length (incl. process), 54 um (ap. v.?; ap. 5.7). 10. Dapsilidinium pseudocolligerum. Sample 105-647A-15R, CC (4)R31/1; central body
dia., 45 ym (ap. v., ap.s.). 11. Litosphaeridium? sp. B. Sample 105-647A-63R, CC (1)U5/1; max. dia. (incl. proc.), 57 um (uncert. v., us.) (opercu-
lum? with 4 processes). 12. Polysphaeridium sp. A. Sample 105-647A-17R, CC (2)N19/0; central body dia., 38 um (uncert. v., mf.).
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Plate 12 (1,2 BF; 3-13 IC) 1, 2. Deflandrea leptodermata. 1, Sample 105-647A-19R, CC (5)L33/0; pericyst length, 100 um (dv., mf.). 2, Sample
105-647A-61R, CC (4)M36/4; pericyst length, 90 pm (vv., mf.). 3. Deflandrea sp. of. D. sagittula. Sample 105-647A-65R-1, 117-121 cm (1)D35/4;
pericyst length, 73 pym (uncert. v., mf.). 4. Duosphaeridium sp. cf. D. rugosum. Sample 105-647A-65R-1, 117-121 cm (2)J30/0; overall length,
48 pm (vv.?, vs.?). 5. Deflandrea heterophlycta. Sample 105-647A-50R, CC (1)G28/2; pericyst length, 112 pm (vv., vs.). 6. Deflandrea oebis-
Jeldensis. Sample 105-647A-35R, CC (1)M47/3; pericyst length, 117 um (vv., vs.; reworked specimen showing finely pitted periphragm). 7. Samlan-
dia chlamydophora. Sample 105-647A-59R, CC (1)J48/2; length, 88 um, (left lat. v., left lat. s.). 8. Diphyes sp. A. Sample 105-647A-62R, CC
(1)L13/2; overall length, 43 um (lat. v., us.) (note sparsely distributed coni). 9, 10, Hystrichokolpoma globulum Michoux, 1985, Sample 105-647A-
65R-1, 117-121 cm (1)X10/3; body length, 46 pm (9,10, lat. v.: 9, us., 10, 1s.). 11. Hystrichokolpoma cinctum. Sample 105-647A-19R, CC (5)112/2;
body length, 64 pm (dv., ds.). 12. Diphpyes colligerum. Sample 105-647A-66R-2, 29-33 cm (K1)L52/3; overall length, 41 pm (vv.?2., vs.?). 13. Cera-
tiopsis? sp. A. Sample 105-647A-65R-1, 117-121 cm (1)S8/4; pericyst length, 54 pm (uncert. v., us.).
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Plate 13. (Figs. 1-8, 11,12,14,15, IC; Figs. 9,10,13, BF) 1. Systematophora sp. 1. Sample 105-647A-65R-1, 117-121 cm (2)J30/1; central body,
37 pm (dv., ds.). 2. Hystrichokolpoma granulatum. Sample 105-647A-65R-1, 117-121 cm (1)P13/4; 32 pm (lat. v., mf.). 3. Adnatosphaeridium
robustum. Sample 105-647A-69R, CC (2)041/3; max. dia. (incl. proc.), 66 um (uncert. v., us.). 4. Operculodinium sp. 2. Sample 105-647A-61R, CC
(4)J50/1; max. dia., 34 pm (subdv., subds.). 5, 9. Areosphaeridium diktyoplokus. 5, Operculum. Sample 105-647A-63R-1, 139-142 cm (K2)G36/2;
max. length (incl. proc.), 109 um (lat. v., us.). 9, Sample 105-647A-63R-1, 139-142 cm (K2)J16/2; central body max. dia., 61 um (subap. v., subap.
s.). 6. Homotryblium? sp. B. Sample 105-647A-25R, CC (1)J40/2; max. dia. (excl. proc.), 42 um (lat. v., 1s.). 7. Operculodinium sp. 1. Sample
105-647A-65R-1, 117-121 cm (1)T31/3; max. dia., 54 um (dv., ds.). 8. Tectatodinium sp. 1. Sample 105-647A-65R-1, 117-121 cm (1)J12/1; max.
dia., 40 ym (vv., ds.). 10. Dinocyst sp. F. Sample 105-647A-67R-4, 23-26 cm (K1)G16/0; max. dia., 92 um (antap. v., mf.). 11. Dinocyst? sp. A.
Sample 105-647A-70R-4, 42-45 cm (1)G24/2; max. dia., 91 um (dv., ds.). 12. Operculodinium sp. cf. O. centrocarpum. Sample 105-647A-67R-2,
28-31 cm (2)E32/0; max. dia (excl. proc.), 40 um (uncert. v., us.). 13. Cordosphaeridium gracile. Sample 105-647A-65R-1, 117-121 cm (2)F50/3;
central body dia., 69 pm (uncert. v., us.). 14. Cordosphaeridium inodes. Sample 105-647A-65R-1, 117-121 cm (2)K26/0; central body dia., 51 pm
(dv., ds.). 15. Cordosphaeridium cantharellum. Sample 105-647A-51R, CC (1)J51/4; central body dia., 54 um (uncert. v., us.).
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