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20. AN OLIGOCENE DIATOM BIOSTRATIGRAPHY FOR THE LABRADOR SEA: DSDP SITE 112
AND ODP HOLE 647A!

Jack G. Baldauf? and Anne-Lise Monjanel?

ABSTRACT

The Oligocene diatom assemblage observed in samples from Hole 647A consists of a mixture of species characteris-
tic of the low latitudes, the high southern latitudes, and the Norwegian-Greenland Sea. This diverse and well-preserved
diatom assemblage allows a diatom stratigraphy to be established for the Labrador Sea and to be correlated with previ-
ously established diatom zonations. Changes in the composition of the diatom assemblage from warm-temperate to
temperate species suggest a change in oceanographic conditions in the Labrador Sea during the early Oligocene.

INTRODUCTION

Ocean Drilling Program (ODP) Site 647 is located at 53°
19.876'N, 45°15.717'W, at a water depth of 3869 m in the
southern Labrador Sea (Fig. 1). A nearly continuous middle
Eocene to lower-upper Oligocene sequence and a Pliocene to
Holocene sequence were recovered at this site, These two sedi-
ment sequences are separated by several unconformities that en-
compass most of the Miocene interval when combined. Diatoms
in relatively high abundance were observed in the uppermost
Eocene to lowermost Miocene sediments recovered. However,
diatoms virtually are absent from the underlying Paleocene?-
Eocene and the underlying upper Miocene to Holocene sedi-
ments. The Labrador Sea Oligocene diatom assemblage consists
of species typical of the Norwegian-Greenland Sea, the low lati-
tudes, and the high southern latitudes. This assemblage allows
testing of the utility of published late Paleogene diatom zona-
tions in the Labrador Sea.

The nearly continuous sequence of abundant microfossils at
Site 647 was correlated with samples examined from nearby
DSDP Site 112 (54°01.00'N, 46°36.24'W; 3657 m water depth)
in an effort to establish a regional stratigraphic zonal scheme.
The completion of such a zonal scheme provides the biostrati-
graphic framework for the development of a paleooceanographic
model for the early Oligocene of the Labrador Sea. In addition,
the improved stratigraphic control and the stratigraphic correla-
tion between Sites 112 and 647 allows one to refine the age as-
signed to the regional seismic reflector “R4.”

METHODS

Each sample (about 1.5 cm?® of sediment) was placed in a 400-mL
beaker and disaggregated by adding about 10 mL of 30% hydrogen per-
oxide (H,0,). Then, about 30 mL of 37% hydrochloric acid (HCI) was
added, and the sample was heated until the carbonate and organic car-
bon were removed. The sample was neutralized by adding approxi-
mately 300 mL of distilled water. After 1% hr of settling, the water was
decanted and the beaker was refilled with distilled water. This procedure
was repeated until a pH of about 6 was achieved. Strewn slides were pre-
pared on 22- x 30-mm (No. I thickness) cover glasses and mounted in
Hyrax on 22- x 75-mm glass slides.

Strewn slides of acid-cleaned material prepared aboard JOIDES Res-
olution were reexamined, together with additional samples processed at
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shore-based facilities. At least one slide was examined in its entirety at
% 770. Species identifications were verified at a magnification of
% 1250. Species were recorded as abundant (A) if two or more speci-
mens were present in one field of view at x 770, common (C) if one
specimen occurred in two fields of view, few (F) if one specimen was ob-
served in each horizonal transverse, and rare (R) if specimens were en-
countered less frequently. The quality of diatom preservation in samples
(good [G], moderate [M], and poor [P]) is based on a semiquantitative
estimate of robust forms, such as Pyxilla and Hemiaulus, to finely silici-
fied forms, such as Actinocyclus, Actinoptychus, and Cestodiscus.

OLIGOCENE DIATOM ZONATIONS

Diatom zonations representing the Oligocene Epoch were pre-
viously established for the low latitudes (Jouse, 1974; Fenner,
1984a, 1984b, and 1985; and Barron, 1985), the high southern
latitudes (Gombos and Ciesielski, 1983; and Fenner, 1984a,
1984b, and 1985), and the Norwegian-Greenland Sea (Schrader
and Fenner, 1976; and Fenner, 1985; Fig. 2). The stratigraphic
marker species used to delineate these zonations are shown in
Figure 3. Although these zonations are defined for use in differ-
ent latitudes, several of the marker species are recognized in
both the low and high latitudes. For example, Rocella vigilans is
recorded from both the low latitudes and the high southern lati-
tudes, Rhizosolenia oligocaenica (= Rhizosolenia gravida) is
recorded from the high southern and high northern latitudes,
and Coscinodiscus excavatus occurs in both the low latitudes
and high northern latitudes. Although such cosmopolitan oc-
currences allow similar zones to be recognized in both the low
and high latitudes, additional studies will be required to docu-
ment the synchroneity of these biostratigraphic markers among
the various regions. Next, previously established Oligocene dia-
tom zonations are discussed briefly.

Low-Latitude Diatom Zonations

Jouse (1974) defined four diatom zones (Cestodiscus pul-
chellus to Coscinodiscus vigilans zones) for the Oligocene, based
on sediment recovered from the equatorial Pacific (Fig. 2). This
zonation was used as a biostratigraphic framework for the more
recent zonations defined by Fenner (1984a), based on sediment
examined from the low-latitude Atlantic and Pacific oceans,
and by Barron (1985), based on core material recovered during
DSDP Leg 85 in the eastern equatorial Pacific. Fenner (1984a
and 1985) defined five diatom zones for the Oligocene (Cosci-
nodiscus excavatus to Rocella gelida zones) and Barron (1985)
defined four zones (Coscindiscus excavatus to Rocella gelida
zones) for the same interval. The similarities between these two
zonations allow them to be discussed together.
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Figure 1. Map of geographic location of DSDP Site 112 and ODP Site 647 in the Labrador Sea.

1. Coscinodiscus excavatus Zone (Jouse, 1974 modified by
Fenner, 1984a). Fenner (1984a) defined the Coscinodiscus ex-
cavatus Zone as the interval from the first occurrence of C. ex-
cavatus to the first occurrence of Cestodiscus reticulatus in the
equatorial regions. Fenner (1985) recorded a dramatic decrease
in the abundance of typical Eocene species near the top of this
zone. Barron (19835) also defined a C. excavatus Zone, but this
zone differs from that of Fenner (1984a) (see below).

2. Cestodiscus reticulatus Zone (Fenner, 1984a). This zone
occurs directly above the C. excavatus Zone of Fenner (1984a)
and is defined as the interval from the first occurrence of C. re-

324

ticulatus to the first occurrence of Rocella vigilans. Fenner (1985)
recorded a marked increase in abundance of Cestodiscus species
just above the base of this zone in the low latitudes. In addition,
she noted that many of the typical late Eocene diatom species
are present in the lower part of the zone, but are generally rare
or absent in the upper part of the zone.

Barron (1985) combined the C. excavatus and C. reticulatus
Zones of Fenner (1984a) into the C. excavaius Zone of Barron
(1985) because of the potential taxonomic confusion between
specimens of Cestodiscus robustus and C. reticulatus and the
ease in which specimens of C. excavatus could be recognized.
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Figure 2. Correlation of the Oligocene diatom zonations previously established for the low latitudes (Jouse, 1974; Fenner, 1984a, 1984b, 1985; and
Barron, 1985), the southern high latitudes (Gombos and Ciesielski, 1983; Fenner, 1985), the Norwegian-Greenland Sea (Schrader and Fenner, 1976;
Fenner, 1985) with the zonation used during this study for the Labrador Sea sites. *1 indicates correlation of zones following Barron (1985). *2 indi-
cates correlation of the zones following Fenner (1985).

Barron (1985) defined this zone as the total stratigraphic range
of C. excavatus.

Although intermediate forms of C. robustus and C. reticula-
tus were observed during this study, we also observed distinct
specimens of C. reticulatus consistently. In addition, specimens
of C. excavatus have a sporadic stratigraphic occurrence at Site
647, which questions the reliability of this marker species. There-
fore, here we adhered to the C. excavatus and C. reticulatus
zones of Fenner (1984a).

3. Rocella vigilans Zone (Jouse, 1974 modified by Fenner,
1984a). This zone is defined as the interval from the first occur-
rence of Rocella vigilans to the first occurrence of Bogorovia ve-
niamini. Barron (1985) modified the base of this zone for use in
the equatorial Pacific because poor diatom preservation limited
the recognition of the first occurrence of R. vigilans at most
DSDP Leg 85 sites. He defined the base of this zone as the last
occurrence of C. excavatus, which at DSDP Site 574 approxi-
mates the first occurrence of R. vigilans. The R. vigilans Zone
is subdivided into two subzones separated by either the last oc-
currence of Cestodiscus mukhinae (Barron, 1985) or by the first

occurrence of Rossiella symmetrica (Fenner, 1985).

4. Bogorovia veniamini Zone (Jouse, 1974 modified by Fen-
ner, 1984a). The Bogorovia veniamini Zone was orginally de-

fined by Jouse (1974) and later modified by Fenner (1984a) as
the interval from the first occurrence of B. veniamini to the first
occurrence of Rocella gelida. This zone is not represented at
DSDP Site 112 or ODP Site 647.

5. Rocella gelida Zone (Bukry and Foster, 1974, modified by
Barron, 1983). The Rocella gelida Zone was originally defined
by Bukry and Foster (1974) and was later modified by Barron
(1983) as the interval from the first occurrence of Rocella gelida
to the first occurrence of Rossiella paleacea. The scarcity of
specimens of R. gelida in ODP Leg 105 sediments prevented
their use as stratigraphic indicators.

High Southern Latitudes

The diatom zonations of Gombos and Ciesielski (1983) and
of Fenner (1984a, 1984b, and 1985) are the two primary zona-
tions defined for use in the high southern latitudes (Fig. 2).
Whereas Fenner’s zonation is somewhat similar to the low-lati-
tude zonations previously discussed, the zonation proposed by
Gombos and Ciesielski (1983) is very different. Gombos and
Cielsielski (1983) defined 11 diatom zones for the Oligocene
(Rylandsia inaequiradiata to Rocella gelida zones). The major-
ity of these zones are based on species restricted to high lati-
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Figure 3. Correlation of the biostratigraphic markers used to define the various diatom zones shown in Figure 2. “FO” represents the first strati-
graphic occurrence, “LO" represents the last stratigraphic occurrence of a specific species. *1 indicates correlation of zones following Barron (1985).

*2 indicates correlation of the zones following Fenner (1985).

tudes, thereby disallowing direct correlation of these zones to
those defined for the low latitudes.

Several of the zonal boundaries defined by Gombos and Cie-
sielski (1983) are tenuous because there is a difference between
the stratigraphic range of several of the marker species reported
by Gombos and Ciesielski (1983) and those recorded by Fenner
(1984a). For example, the Brightwellia spiralis Zone of Gombos
and Ciesielski (1983) is defined as the interval from the last oc-
currence of Melosira architecturalis to the first occurrence of
Asteromphalus oligocenicus. Although Gombos and Ciesielski
(1983) indicated that M. architecturalis has a last occurrence in
the lower Oligocene, Fenner (1984a, 1984b, and 1985) indicated
that this species has a last occurrence in the lower Miocene. The
high southern latitude zonations of Gombos and Ciesielski (1983)
and Fenner (1984a and 1985) are discussed next.

I. Rylandsia inequiradata Zone (Gombos and Ciesielski,
1983). This zone is defined by Gombos and Ciesielski (1983) as
the interval representing the total stratigraphic range of Ryland-
sia inequiradata. This marker species was not observed at Site
647.

2. Asterolampra insignis Zone (Gombos and Ciesielski,
1983). Gombos and Ciesielski (1983) defined this zone as the in-
terval from the last occurrence of R. inequiradata to the first oc-
currence of Rhizosolenia gravida (here referred to as R. oligoca-
enica; see Appendix A). Fenner (1984a) combined the R. inequi-
radata and A. insignis zones of Gombos and Ciesielski (1983)
into the Cestodiscus antarcticus Zone for use in the high south-
ern latitudes. She defined this new zone as the interval from the
first occurrence of R. inaquiradata to the first occurrence of R.
gravida.

3. Melosira architecturalis Zone (Gombos and Ciesielski,
1983). This zone is defined by Gombos and Ciesielski (1983) as
the interval from the first occurrence of R. gravida to the last
occurrence of Melosira architecturalis.
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4. Brightwellia spiralis Zone (Gombos and Ciesielski, 1983).
Gombos and Ciesielski defined this zone as the interval from
the last occurrence of Melosira architecturalis to the first occur-
rence of Asteromphalus oligocenicus. Fenner (1984a and 1985)
combined the M. architecturalis and B. spiralis zones of Gom-
bos and Ciesielski (1983) because of the difference in the strati-
graphic range of M. architecturalis previously discussed.

5. Rhizosolenia gravida Zone (Gombos and Ciesielski, 1983).
This zone is defined as the interval from the first occurrence of
A. oligocenicus to the last occurrence of R. gravida.

6. Coscinodiscus superbus Group Zone (Gombos and Ciesi-
elski, 1983). Gombos and Ciesielski (1983) defined this zone as
the interval from the last occurrence of R. gravida to the last oc-
currence of the C. superbus group.

7. Pyxilla prolongata Zone (Gombos and Ciesielski, 1983).
The Pyxilla prolongata Zone is defined by Gombos and Ciesiel-
ski (1983) as the interval from the last occurrence of C. super-
bus to the last occurrences of P prolongata and other related
Pyxilla species. Gombos and Ciesielski suggested that the Pyx-
illa group disappears at an interval equivalent to the lower/up-
per Oligocene boundary.

8. Kozloviella minor Zone (Gombos and Ciesielski, 1983).
This zone is defined as the interval from the last occurrences of
P. prolongata and related Pyxilla species to the first occurrence
of Rocella vigilans. According to Gombos and Ciesielski, Koz-
loviella minor has a stratigraphic occurrence restricted to this
zone.

Fenner (1984a) defined three new zones (Cestodiscus antarc-
tica to Rhizosolenia antarctica zones; Fig. 2) for use in the south-
ern high latitudes for the interval equivalent to the R. inequira-
data through the K. minor zones of Gombos and Ciesielski
(1983).

The Cestodiscus antarctica Zone of Fenner (1984a) is de-
fined as the interval from the first occurrence of Rylandsia in-
equiradata to the first occurrence of Rhizosolenia gravida. This




zone is equivalent to the R. inequiradata and A. insignis zones
of Gombos and Ciesielski (1983).

Fenner (1984a) defined the Rhizosolenia gravida Zone as the
interval from the first occurrence of R. gravida to the first oc-
currence of Rhizosolenia antarctica. This zone is equivalent to
the M. architecturalis Zone to an interval within the C. super-
bus Group Zone of Gombos and Ciesielski (1983).

The Rhizosolenia antarctica Zone was defined by Fenner
(1984a) as the interval from the first occurrence of R. antarctica
to the first occurrence of Rocella vigilans. This zone is equiva-
lent to an interval within the Coscinodiscus superbus Group
Zone to the top of the K. minor Zone of Gombos and Ciesielski
(1983).

9. Rocella vigilans Zone (Gombos and Ciesielski, 1983, modi-
fied by Fenner, 1984a). Gombos and Ciesielski defined their Ro-
cella vigilans Zone as the interval from the first occurrence of
R. vigilans to the first occurrence of Triceratium groningensis.
Although they defined the base of this zone at the first occur-
rence of R. vigilans, they suggested that the first common oc-
currence of R. vigilans may eventually prove to be a more reli-
able stratigraphic marker.

10. Triceratium groningensis Zone (Gombos and Ciesielski,
1983). This zone is defined as the interval from the first occur-
rence of Triceratium groningensis to the first occurrence of Ro-
cella gelida. Fenner (1984a) combined the Rocella vigilans and
Triceratium groningensis zones of Gombos and Ciesielski into
her Rocella vigilans Zone for use in the southern high latitudes.
Fenner defined this new zone as the interval from the first oc-
currence of R. vigilans to the first occurrence of Rocella gelida.
The R. vigilans Zone as proposed by Fenner (1984a) may allow
direct correlation of this high southern latitude zone to the simi-
lar zone defined for the low latitudes.

11. Rocella geilda Zone (Gombos and Ciesielski, 1983). This
zone is defined as the interval from the first occurrence of R.
gelida to the first occurrence of Rossiella sp. In the low lati-
tudes, the top of the R. gelida Zone is defined by the first oc-
currence of Rossiella paleacea (Barron, 1983). We correlated the
diatom zones of Gombos and Ciesielski (1983) with the low-lati-
tude zonations in two different ways (Fig. 2). Barron (1985) sug-
gested that the Rhizosolenia gravida through Kozolviella minor
zones correlate with the upper part of his C. excavatus Zone (C.
reticulatus Zone of Fenner, 1984a) through the lowermost part
of Subzone b of the R. vigilans Zone.

This correlation was based on the first occurrence of Syn-
edra jouseana corresponding with the restricted stratigraphic
occurrences of Kozolovia edita (in Section 85-574C-26R, CC)
and of K. minor (in Section 85-574C-21R, CC) in the eastern
equatorial Pacific. Barron (1985) indicated that the last occur-
rence of Cestodiscus mukhinae is just below this interval (Sec-
tion 85-574C-27R, CC) and the first occurrence of Coscinodis-
cus rhombicus is directly above this interval (Section 85-574C-
20R, CC), which suggests that this interval is equivalent to
Subzone b of the Rocella vigilans Zone. However, Barron (1985)
indicated that diatom preservation in the interval representing
the R. vigilans Zone is generally poor in the DSDP Leg 85 sedi-
ments, especially in the basal part of the zone. The correlation
proposed by Barron (1985) suggests that the last occurrence of
Coscinodiscus excavatus approximates the first occurrence of
Rocella vigilans and that the first occurrence of Rocella vigilans
is time transgressive between the low and high southern lati-
tudes (Figs. 2 and 3).

Fenner (1984a, 1984b, and 1985) reexamined sediments from
the South Atlantic and suggested that the first occurrence of R.
vigilans in the high southern latitudes corresponds to its first
occurrence in the low latitudes. Fenner (1984a and 1985) corre-
lated the R. vigilans Zone as used by Gombos and Ciesielski
(1983) to the R. vigilans Zone as used by Fenner (1984a and
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1985). This caused the Rhizosolenia gravida to Kozlovellia mi-
nor zones of Gombos and Ciesielski (1983) to be restricted to an
interval corresponding to the upper part of the Cestodiscus re-
ticulatus Zone of Fenner (1984a) and not to the C. excavatus to
R. vigilans zones, as correlated by Barron (1985; see Fig. 2).
Fenner (1984a, 1984b, and 1985) also indicated that the first
occurrence of Synedra jouseana approximates the upper part of
the C. reticulatus Zone (Fig. 3). She also suggested that in the
lowermost part of its range, S. jouseana has a sporadic strati-
graphic occurrence and may not be stratigraphically useful. A
correlation of the Gombos and Ciesielski (1983) zones to those
of the low latitudes, following that of Fenner (1984a), also sug-
gests that the last occurrence of R. gravida should correspond
to the upper part of the Cestodiscus reticulatus Zone and should
approximate the first occurrence of Syndera jouseana.

NORWEGIAN-GREENLAND SEA

Schrader and Fenner (1976) defined a series of zones (Screp-
troneis pupa through Coscinodiscus praenitidus zones) for use
in Oligocene sediments of the Norwegian Sea. This zonation
was modified by Fenner (1985) because of the endemic nature of
several of the marker species and because she noted a possible
hiatus at DSDP Site 338, which disallowed the separation of the
Thalassiosira irregulata and Coscinodiscus praenitidus zones de-
fined by Schrader and Fenner (1976). These zonations are dis-
cussed next.

1. Screptroneis pupa Zone (Schrader and Fenner, 1976 mod-
ified by Fenner, 1985). This zone was originally defined as the
interval from the first occurrences of Screptroneis pupa and Cy-
matosira compactata to the first occurrences of Triceratium cru-
ciforme (Lisitziana ornata) and Coscinodiscus praenitidus (now
referred to as Rocella praenitidus). Fenner (1985) redefined this
zone to represent the interval from the first occurrences of S.
pupa and C. compacata to the first occurrence of Lisitzinia or-
natra.

2. Pseudodimerogramma filiformis Zone (Schrader and Fen-
ner, 1976 modified by Fenner, 1985). Schrader and Fenner (1976)
defined this zone as the interval from the first occurrences of T.
cruciforme and Coscinodiscus praenitidus to the last occurrences
of Pseudodimerogramma filiformis and Rutilaria areolata. Fen-
ner (1985) modified this zone to represent the interval from the
first occurrence of L. ornata to the last occurrences of P, filifor-
mis and R. areolata.

3. Thalassiosira irregulata Zone (Schrader and Fenner, 1976
modified by Fenner, 1985). This zone was defined by Schrader
and Fenner (1976) as the interval from the last occurrences of P
filiformis and R. areolata to the last occurrence of Sceptroneis
tenue and the first occurrence of specimens identified as Thalas-
sionema hirosakiensis (but are most likely specimens of Synedra
Jouseana).

4. Coscinodiscus praenitidus (Schrader and Fenner, 1976
modified by Fenner, 1985). The base of this zone is defined by
Schrader and Fenner (1976) as the last occurrence of Scepiro-
neis caducea and the first occurrence of 7. hirosakiensis. The
top of this zone was defined as the last occurrences of Actino-
ptychus thumii, Asteromphalus oligocenicus, A. symmetricus,
Cymatosira compactata, Pseudodimerogramma oligocenicus,
Pseudotriceartium oligocenica, Pseudotriceratium chenevieri,
Rhizosolenia pokrovskaja, Screptroneis humincia, S. propingua,
Coscinodiscus praenitidus (now referred to as R. praenitida),
Synedra miocenica, and Thalassiosira irregulata. The large num-
ber of last occurrences present at this specific level of DSDP
Hole 338 suggests a possible hiatus at this interval. Reinvestiga-
tion of this interval by Fenner (1985) indicated that the last oc-
currence of S. tenue coincides with the last occurrences of R.
praenitida and T. irregulata, thereby inhibiting the separation of
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the T. irregulata Zone from the C. praenitidus Zone. Thus, Fen-
ner combined these two zones into the 7. irregulata Zone, which
she defined as the interval from the last occurrences of P filifor-
mis and R. areolata to the last occurrences of S. tenue and T,
irregulata.

BIOSTRATIGRAPHY

Site 647

Well-preserved and common diatoms were observed in sam-
ples examined from Cores 105-647A-13R through 105-647A-27R.
Diatoms were sporadic and generally rare in samples examined
from below Core 105-647A-27R (260.1 meters below seafloor
[mbsf]) and virtually absent from samples examined from Cores
105-647A-1R through 105-647A-12R (0-116.0 mbsf). The dia-
tom assemblage observed in Cores 105-647A-13R through 105-
647A-27R is composed of species characteristic of the low lati-
tudes, the high southern latitudes, and the Norwegian-Green-
land Sea. The occurrence of such a mixture of species allowed
us to recognize many of the zones previously discussed. How-
ever, the limited stratigraphic occurrence of the primary marker
species meant that we often relied on the secondary markers for
zonal assignment or stratigraphic correlations.

Secondary stratigraphic indicators are usually useful for de-
termining the stratigraphic relationship of a specific sequence;
however, the limited number of Oligocene sequences containing
a biogenic silica component required that additional sections be
recovered and examined to determine the stratigraphic and chron-
ologic extent of the majority of these secondary markers.

The stratigraphic occurrence and range of selected species
are illustrated in Table 1 and Figure 4. The occurrence of Cesto-
discus reticulatus in Section 105-647A-27R, CC through Sample
105-647A-23R-4, 100-102 cm, suggests that this interval is equiva-
lent to the C. reticulatus Zone of Fenner (1984a) and the Cosci-
nodiscus excavatus Zone of Barron (1985). The occurrence of
Coscinodiscus excavatus in Section 105-647A-25R, CC through
Sample 105-647A-23R-4, 100-102 c¢cm, supports this zonal as-
signment. The sporadic stratigraphic occurrence of Coscinodis-
cus excavatus and the sparse occurrence of Rocella vigilans in-
hibited our use of these primary markers for identifying the top
of the Cestodiscus reticulatus Zone of Fenner (1984a) or the
Coscinodiscus excavatus Zone of Barron (1985).

Barron (1985) indicated that the last occurrence of C. ex-
cavatus coincides wih the first occurrence of R. vigilans in the
equatorial Pacific. If the same stratigraphic relationship holds
true in the Labrador Sea, then the last occurrence of C. excava-
tus in Sample 105-647A-23R-4, 100-102 cm, may mark the top
of the C. reticulatus Zone of Fenner (1984a). Such a strati-
graphic placement of this zonal boundary is also suggested by
the last occurrence of C. reticulatus in the same sample. Fenner
(1978, 1984a, and 1984b) indicates that the last occurrence of
C. reticulatus approximates the first occurrence of R. vigilans
and the top of the C. reticulatus Zone in the low latitudes.

Based on the occurrence of C. excavatus and C. reticulatus,
the top of the C. reticulatus Zone should approximate the level
of Sample 105-647A-23R-4, 100-102 cm. This also suggests that
the interval immediately above Sample 105-647A-23R-4, 100-
102 ¢cm should be equivalent to the lowermost part of the R. vi-
gilans Zone. The C. excavatus/R. vigilans zonal boundary was
correlated by Barron et al. (1985) with the lower part of the
Sphenolithus distentus Calcareous Nannofossil Zone (CP18) in
the equatorial Pacific (Fig. 5). Fenner (1984a and 1984b) like-
wise correlated the C. reticulatus/R. vigilans zonal boundary to
the Sphenolithus distentus Calcareous Nannofossil Zone. In the
Leg 105 material, however, the last occurrence of C. excavatus
and C. reticulatus (in Sample 105-647A-23R-4, 100-102 ¢m) cor-
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relates with the upper part of the Reticulofenesira hillae Cal-
careous Nannofossil Zone (NP22, CP16c¢) determined by Firth
(this volume; Fig. 5). Differences in the correlation of the dia-
tom and calcareous nannofossil zones in this study with those
previously completed for the low latitudes suggest either that
the C. reticulatus/R. vigilans boundary should occur stratigraph-
ically higher in Hole 647A or that the species used to identify
this boundary in Hole 647A may be diachronous between the
low and high latitudes.

Fenner (1984a, 1984b, and 1985) placed the first occurrence
of Synedra jouseana in the upper part of the C. reficulatus
Zone. In addition, correlations of the Norwegian Sea diatom
zones with the low latitude zones suggest that first occurrence
of Screptroneis pupa and the last occurrence of Rhizosolenia
gravida (= R. oligocaenica) also can be placed in an interval
corresponding to the uppermost part of the C. reticulatus Zone.

Screptroneis pupa was observed only in samples from Core
105-647A-23R (see Table 1 and Fig. 4). Although this was a re-
stricted occurrence, its presence suggests that Core 105-647A-
23R may be equivalent to the S. pupa Zone of Fenner (1984a).
Assuming that the stratigraphic occurrence of this species is
equivalent to its occurrence in the Norwegian Sea also suggests
that Core 105-647A-23R may be equvalent to or younger than
the uppermost part of the C. reticulatus Zone.

The first occurrence of Synedra jouseana was observed in
Sample 105-647A-20R-1, 48-50 cm. This first occurrence is spo-
radic and its usefulness as a primary marker is questionable.
Fenner (1985) recorded the first occurrence of S. jouseana be-
low the first occurrence of Rocella vigilans at a horizon equiva-
lent to the uppermost part of the C. reticulatus Zone in the low
latitudes. Fenner (1984a and 1984b) correlated this interval with
the upper part of the Sphenolithus distentus Calcareous Nanno-
fossil Zone (CP18). In DSDP Hole 513A in the South Atlantic,
Gombos and Ciesielski (1983) also recorded the first occurrence
of Synedra jouseana below the first occurrence of Rocella vigi-
lans and at an interval equivalent to the base of their K. minor
Zone. This interval in Hole 513A is also equivalent to the mid-
dle part of the Stephenolithus distentus Calcareous Nannofossil
Zone (CP18), as determined by Wise (1983; Fig. 5). However,
Barron (1985) indicated that in the equatorial Pacific the first
occurrence of Synedra jouseana was observed stratigraphically
above the first occurrence of R. vigilans and at an interval ap-
proximating the a/b subzone boundary of the Rocella vigilans
Zone. This interval is correlated by Barron et al. (1985) with the
lower part of the Sphenolithus ciperoensis Calcareous Nanno-
fossil Zone (CP19) (Fig. 5). Schrader (1978) also recorded the
first occurrence of S. jouseana above the first occurrence of R.
vigilans in DSDP Hole 369A in the equatorial Atlantic and at
an interval equivalent to the Sphenolithus ciperoensis Zone.

This discussion illustrates that additional stratigraphic stud-
ies should be completed to determine the stratigraphic useful-
ness of the first occurrence of S. jouseana between the low and
high latitudes. The most likely explanation of the stratigraphic
differences that exist when placing the first occurrence of this
species is taxonomic confusion and uncertainty of intermediate
forms of S. jouseana and S. miocenica.

If the first occurrence of S. jouseana observed during this
study is similar to its stratigraphic range recorded by Fenner
(1984a, 1984b, and 1985) for the low and high southern lati-
tudes, then the top of the C. reticulatus Zone should correlate
with a level just above Sample 105-647A-20R-1, 48-50 cm. If the
stratigraphic position of S. jouseana is similar to that recorded
by Barron (1985), then Sample 105-647A-20R-1, 48-50 cm,
should correlate with the Rocella vigilans Zone.

Asterolampra schmidtii occurs in the majority of samples ex-
amined from Cores 105-647A-26R through 105-647A-20R. In



the high southern latitudes (DSDP Hole 513A), this species has
a consistent stratigraphic occurrence in the interval assigned by
Gombos and Ciesielski (1983) to the Coscinodiscus superbus
Group Zone and the Pyxilla prolongata Zone. Both the last oc-
currence of A. schmidtii and the first occurrence of S. jouseana
are equivalent to the S. distentus Calcareous Nannofossil Zone
(CP18) as determined by Wise (1983) in Hole 513A (Fig. 5).

The first occurrence of S. jouseana and the last occurrence
of A. schmidtii were recorded in Sample 105-647A-20R-1, 48-50
cm, and correlated with undifferentiated calcareous nannofossil
zones CP17 and CPI18, based on the calcareous nannofossil
stratigraphy of Firth (NP23; this volume; Fig. 5). Differences in
stratigraphic correlation of the diatom zonations between the
low and high latitudes (as discussed above) and the inability to
complete direct correlations with other diatom zonations pre-
vented us from determining the exact zonal placement of this in-
terval (Sections 105-647A-23R-4 to 105-647A-20R-1). Correla-
tions following Barron (1985) suggest that this interval is equiv-
alent to Subzone a of the Rocella vigilans Zone and correlations
following Fenner (1985) suggest that this interval is equivalent
to the upper portion of the C. reticulatus Zone.

The last occurrence of R. oligocaenica (= R. gravida) is
found in Section 105-647A-17R, CC. This sample correlates with
calcareous nannofossil zones CP17 and CP18 (INP23; Firth, this
volume; Fig. 5). Gombos and Ciesielski (1983) used the last oc-
currence of R. gravida (= R. oligocaenica) to define the top of
their R. gravida Zone. This zone was calibrated in DSDP Hole
513A to the Blackites spinosa Calcareous Nannofossil Zone (cor-
related with zone CP16¢) determined by Wise (1983) (Fig. 5),
which indicates that this stratigraphic event occurs later (youn-
ger) in the northern high latitudes than in the southern high lati-
tudes.

The above stratigraphic argument suggests that the Cestodis-
cus reticulatus Zone can be recognized in samples from Core
105-647A-27R to Section 105-647A-23R-4 and that the marker
species for this zone may be diachronous between the low and
high northern latitudes. The above argument also suggests that
the interval from Sections 105-647A-23R-4 to 105-647A-20R-1 is
equivalent to either the upper portion of the C. reticulatus Zone
or to Subzone a of the R. vigilans Zone. Here, we assign Cores
105-647A-23R-4 through 105-647A-20R-1 to an interval referred
to as the Cestodiscus reticulatus/Rocella vigilans Interval.

Cores 105-647A-19R through 105-647A-15R were not assigned
to zones, but are thought to be equivalent to the lower part of
the Rocella vigilans Zone, assuming continuous sedimentation
and relying on stratigraphic correlation between ODP Site 647
and DSDP Site 112 (see below). We suggest that a break in the
stratigraphic record (encompassing the upper Oligocene) occurs
in Core 105-647A-14R, based on the change from well-preserved
diatoms below this interval to diatoms with poor preservation
above and by the last occurrences of S. jouseana, R. praenitida,
and M. architecturalis in this core, all of which should range
into the lowermost Miocene. Such a break may explain the sin-
gle specimen of Rocella gelida observed in Sample 105-647A-
14R-3, 6-8 cm. The occurrence of this specimen may have re-
sulted from winnowing of the sediments by bottom currents.

The occurrence of Coscinodiscus lewisianus in Sample 105-
647A-13R-5, 109-111 cm, and Section 105-647A-13R, CC and
Rocella gelida in Sample 105-647A-14-3, 6-8 cm suggest that
this interval is equivalent to the uppermost Oligocene or lower-
most Miocene. The first occurrence of C. lewisianus was placed
by Fenner (1985) in an interval equivalent to the upper part of
the R. vigilans Zone. This species has a sporadic occurrence in
the lower part of its stratigraphic range and thus is not strati-
graphically useful. No other stratigraphic markers were observed
in this interval. Samples examined from the upper part of Core
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105-647A-13R contained only rare diatoms that were not age
diagnostic.

DSDP Site 112

Deep Sea Drilling Project Site 112 is located at 54°01.00'N,
46°36.24' W, at a water depth of 3657 m and approximately 60
nmi northwest of ODP Site 647. A stratigraphic sequence simi-
lar to that recovered from Site 647 also was recovered from Site
112. Whereas a nearly continuous sequence was recovered from
Hole 647A, only a partial sequence was recovered from Hole
112. This is a result of time constraints during Leg 12. To reach
the deeper stratigraphic objectives at Site 112, the stratigraphic
sequence was spot cored (i.e., one core was attempted every 50
m, during which the sediment between any given two cores was
washed away without any recovery attempt).

Burckle (in Laughton, Berggren, et al., 1972) completed a
preliminary examination of the diatoms recovered from Site 112.
His initial findings indicated that the diatom assemblage was
dominated by 10 to 15 different species, with Stephanopyxis
turris noted as being the most common. He further noted a pre-
dominance of robust species and considerable breakage on the
frustules, which he attributed to transportation of the sediment
laterally over some distance. Although the siliceous interval at
Site 112 (Cores 12-112-5R through 12-112-11R) was not assigned
to a specific diatom zone, Burckle (in Laughton, Berggren, et
al., 1972) assigned this interval a late Eocene to early Oligocene
age.

Table 2 and Figure 6 show the stratigraphic occurrence and
range of selected species in samples from Site 112 examined dur-
ing this study. Diatoms occur only in samples taken from Cores
12-112-5R through 12-112-11R. The abundance and preserva-
tion of the diatom assemblage in this interval is somewhat simi-
lar to that described by Burckle (in Laughton, Berggren, et al.,
1972).

Primary biostratigraphic markers are rare at Site 112, which
required both the use of secondary markers and the stratigraphic
results at Site 647 for biostratigraphic control. The overlap in
the stratigraphic range of Asterolampra schmidtii and Synedra
Jouseana observed in Hole 647A (Sample 105-647A-20R-1, 48-
50 c¢cm) can also be seen in Core 12-112-11R (Samples 12-112-
11R-1, 108-112 ¢cm, and 12-112-11R-2, 108-112 c¢m), which sug-
gests that Core 12-112-11R correlates with the upper part of
Core 105-647A-20R (Fig. 7). This correlation suggests that Core
12-112-11R can be assigned to the Cestodiscus reticulatus—Ro-
cella vigilans Interval, as recognized in Hole 647A. This correla-
tion also suggests that the numerous forms of Cesfodiscus and
the common occurrence of both Hemiaulus and Pyxilla directly
below the A. schmidtii-S. jouaseana overlap interval in Hole
647A occur stratigraphically below Core 12-112-11R (Fig. 7).

The last occurrence of Rhizosolenia oligocaenica is placed in
Sample 12-112-11R-1, 108-112 cm (Fig. 6), equivalent to the in-
terval of stratigraphic overlap of S. jouseana and A. schmidltii.
In Hole 647A the last occurrence of R. oligocaenica is placed
just above the interval of stratigraphic overlap. This slight dif-
ference (about 15 m, assuming equal sedimentation rates be-
tween Holes 112 and 647A) results either from the sporadic oc-
currence of R. oligocaenica near the top of its stratigraphic
range (see Fig. 4) or from the poor recovery of sediment from
Core 12-112-10R (see Fig. 6).

Cores 12-112-9R through 12-112-5R are tentatively correlated
with Cores 105-647A-19R through 105-647A-14R, based on the
similarity of the overall diatom assemblage between the two
holes (Fig. 7). Although this correlation is tentative, it does sug-
gest that Cores 12-112-9R to 12-112-5R are equivalent to the
lowermost part of the R. vigilans Zone. Specimens of R. vigi-
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Table 1. Stratigraphic occurrence of selected species from Hole 647A.

Hole 647A

Preservation

Actinocyclus curvatulus
A. ehrenbergii
Actinoptychus senarius
A. splendens

A. divisus
A. thumii

cf. praeac

Arachnoidiscus Group
Asterolampra marylandica

A. punctifera
A, schmidtii

Asteromphalus oligocenicus

Asteromphalus sp. 1

A. symmelricus
Asterolampra sp. 1

A. tuberculata var. atlantica

Cestodiscus pulchellus

Azpeitia oligocenica
C. reticulatus

A. vetusrissima

A. voluta

C. robustus

Cestodiscus sp. 2
Cestodiscus sp. 3
Cestodiscus sp. 4

Cestodiscus sp. 5
Cestodiscus sp. 6
Cestodiscus sp. 7
Cestodiscus sp. 8
Cestodiscus sp. 9

Coscinodiscus argus
C. asteromphalus var. princeps

Cestodiscus sp. 10
C. asteromphalus

Cocconeis vitrea

C. excavatus

C. lewisianus

13-1, 119-121 cm
13-2, 109-111 cm
13-3, 111-113 cm
13-4, 109-111 cm
13-5, 109-111 cm
13, CC

14-1, 50-52 cm
14-2, 50-52 ¢cm
14-3, 6-8 cm

14, CC

15-1, 124-126 cm
15-2, 124-126 cm
15-3, 49-51 cm
15;:CE

16-1, 49-51 cm
16-2, 39-41 cm
16, CC

17-1, 128-130 cm
17-3, 128-130 cm
17-4, 116-118
17-5, 125-127 cm
17,.CC

18-1, 50-52 cm
18-2, 48-50 cm
18, CC

19-1, 125-127 ¢cm
19-3, 125-127 cm
19-5, 124-126 cm
19, CC

20-1, 48-50 cm
20-3, 52-54 cm
20-5, 50-52 cm
20, CC

21-1, 124-126 cm
21-2, 124-126 cm
21-3, 124-126 cm
21, CC

22, CC

23-1, 104-106 cm
23-2, 101-103 cm
23-3, 57-59 cm
23-4, 100-102 cm
23-5, 102-104 cm
23, CC

24-2, 83-85 cm
23-3, 86-88 cm
24-4, 86-88 cm
24, CC

25-1, 120-122 cm
25-2, 120-122 cm
25-3, 120-122 cm
25-4, 119-120 cm
25-5, 119-120 cm
25, CC

26, CC

27, CC

28, CC

29, CC
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lans observed in Core 12-112-5R (Table 2) support such a zonal
assignment. The occurrence of Goniothecium decoratum, Me-
losira architecuralis, and Rocella praenitida in samples from
this interval at Sites 112 and 647 also support this stratigraphic
placement.

Micropaleontologic studies for DSDP Leg 12 (Laughton,
Berggren, et al., 1972) tentatively placed Cores 12-112-11R to
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12-112-7R in the lower Oligocene and Cores 12-112-5R and 12-
112-6R in the upper Oligocene. The revised diatom stratigraphy
completed during this study suggests a similar stratigraphic
placement.

Stratigraphic studies completed for Leg 12 (Laughton, Berg-
gren, et al., 1972) also place an unconformity midway between
the base of Core 12-112-4R (209 mbsf) and the top of Core 12-
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A prominent regional seismic reflector identified as “R4”
occurs at the change from siliceous to calcareous biogenic clay-
stones in the lower Oligocene at about 240 mbsf (about Cores

105-647A-25R to 105-647A-26R) in Hole 647A. This reflector
approximates the cored interval equivalent to the lower part of

112-5R (270 mbsf). Stratigraphic correlation between Sites 112
and 647 suggests that the hiatus at Site 112 corresponds to the
major stratigraphic disconformities observed between the Oli-
gocene and Miocene (135 mbsf) and Miocene and Pliocene (125
mbsf) at Site 647.
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Table 1 (continued).

Hole 647A

M. sulcata

Odontella aurita

0. tuomeyi

Odontella sp. 1

Pleurosigma sp. 1
Pseudodiomergramma sp. 1
Pseudorocella barbadensis
Pseudostitodiscus picus

Opephora sp. |
Polaria sp. 1

Pseudotriceratium chenevieri
Pterotheca aculeifera

Pyxilla Group
Rhaphoneis sp. 1

Rhizosolenia hebetata

R. interposita
R. oligocaenica
Rhizosolenia sp. |

Riedelia Group
Rocella gelida
R. praenitida
R. vigilans
Rouxia obesa

Rutilaria areolata
Screptroneis grunowii
S. humunica

S. mayenica

8. talwanii
Screptroneis sp. 1
Screptroneis sp. 2
.Stephanogonia sp. 1

Stephanogonia sp. 2

Stephanopyxis corona

13-1, 119-121 ecm
13-2, 109-111 ecm
13-3, 111-113 em
13-4, 109-111 em
13-5, 109-111 cm
13, CC

14-1, 50-52 cm
14-2, 50-52 cm
14-3, 6-8 cm

14, CC

15-1, 124-126 em
15-2, 124-126 ¢cm
15-3, 49-51 cm
15, CC

16-1, 49-51 cm
16-2, 39-41 cm
16, CC

17-1, 128-130 cm
17-3, 128-130 cm
17-4, 116-118
17-5, 125-127 em
17, CC

18-1, 50-52 cm
18-2, 48-50 cm
18, CC

19-1, 125-127 cm
19-3, 125-127 cm
19-5, 124-126 cm
19, CC

20-1, 48-50 cm
20-3, 52-54 cm
20-5, 50-52 cm
20, CC

21-1, 124-126 cm
21-2, 124-126 cm
21-3, 124-126 cm
21, CC

22, CC

23-1, 104-106 cm
23-2, 101-103 ¢m
23-3, 57-59 cm
23-4, 100-102 ¢cm
23-5, 102-104 cm
23, CC

24-2, 83-B5 cm
23-3, 86-B8 cm
24-4, 86-88 cm
24, CC

25-1, 120-122 cm
25-2, 120-122 cm
25-3, 120-122 ¢cm
25-4, 119-120 cm
25-5, 119-120 cm
25, CC

26, CC

27, CC

28, CC

29, CC
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At Site 112 a similar seismic reflector was observed, and the
shipboard scientific party placed it at an estimated depth of
317 mbsf (equivalent to the upper part of Core 12-112-10R)

(Laughton, Berggren, et al., 1972). Because no lithologic change
was reported to occur directly above or below the stratigraphic
placement at Site 112, the shipboard scientific party suggested
that the reflector may correspond to a lithological transition (in-
creased pyrite and recrystalized calcite) from 333 to 384 mbsf.
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This latter interpretation corresponds to the depth assigned to
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ceous calcareous transition should be approximately 370 mbsf
PALEOECOLOGY

Similar diatom assemblages were observed at Sites 112 and

647. These assemblages consist of generally moderate to robust

silicified species, with finely silicified forms varying in abun-

Sites 112 and 647, then the depth of the reflector and the sili-
at Site 112.

If the stratigraphic correlation presented here is correct and
the seismic reflector at Site 112 results from the lithologic transi-
tion from calcareous to siliceous claystone similar to that ob-
served at Site 647, then this reflector should occur between Cores
12-112-11R and 12-112-12R (333-384 mbsf). Assuming similar
rates of sedimentation and time equivalency of the reflector at

the R4 reflector by Miller and Tucholke (1983).
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Figure 4. Zonal assignment of samples and the stratigraphic range of selected species from Hole 647A. Shaded area

Tepresents core recovery.

dance. These species make up four different groups consisting
of species characteristic of the low latitudes, the high southern
latitudes, the Norwegian Greenland Sea, and cosmopolitian
forms. The first three of these groups are of particular interest
because they allude to changing oceanographic conditions in
this region during the Oligocene.

Different species dominate the diatom assemblage in specific
stratigraphic intervals. For example, specimens of Cestodiscus
are abundant in the interval from Cores 105-647A-27R to 105-
647A-23R; specimens of Pyxilla are abundant in the interval
from Cores 105-647A-24R to 105-647A-22R, and specimens of
Hemiaulus dominate Cores 105-647A-20R and 105-647A-21R.
Each of these intervals is discussed next.

Cestodiscus reticulatus, Cestodiscus robustus, Coscinodiscus
excavatus, and numerous unidentified species of Cestodiscus
are abundant in the interval from Cores 105-647A-27R to 105-
647A-23R. Although several different forms of Cestodiscus sp.
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occur sporadically throughout the Oligocene interval, specimens
of various forms of Cestodiscus are most consistent and abun-
dant in the samples from Cores 105-647A-27R to 105-647A-23R.
The equivalent stratigraphic interval was not recovered at Site
112.

Because Cestodiscus is most common and abundant in the
warmer low latitudes, the occurrence of such numerous forms
in the Labrador Sea suggests that oceanic surface waters in the
Labrador Sea were influenced by warm to warm-temperate wa-
ters during earliest Oligocene time. The gradual decline in the
abundance and diversity of Cestodiscus in Core 105-647A-23R
suggests a change in paleoceanographic conditions during the
early Oligocene. The occurrence of rare specimens of Screptro-
neis pupa in Core 105-647A-23R, several different forms of Screp-
troneis above Core 105-647A-23R, and the common to abun-
dant occurrence of specimens of Pyxilla in Cores 105-647A-23R
and 105-647A-22R support a dramatic change in paleoceano-
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Table 2. Stratigraphic occurrence of selected species from Hole 112.

Asteromphalus oligocenicus

Actinoptychus senarius
Arachnoidiscus Group
Asterolampra schmidtii
Agzpeitia oligocenica
Cestodiscus pulchellus

Actinocyclus divisus
Asterolampra sp. |
A. vetustissima
Cestodiscus sp. 2
Cestodiscus sp. 4
Cestodiscus sp. 5
Cestodiscus sp. 6

Preservation
A. voluta

Cestodiscus sp. 7

Goniothecium decoratum

C. symbolophorous
Cymatosira biharensis
Melosira architecturalis

Coscinodiscus sp. 2
Coscinodiscus sp. 3
Coscinodiscus sp. 4
Coscinodiscus sp. 5
Ethmodiscus sp.
Hemiaulus sp. 4

Coscinodiscus argus
Coscinodiscus sp. 1

C. asteromphalus
C. marginatus

C. obscurus

C. oculis-iridis

Cestodiscus sp. 9
C. radiatus

4-2, 119-121 cm
5-1, 85-89 cm
5-2, 90-94 cm
5-3, 116-120 ¢cm
5-4, 95-99 cm
5-5, 95-99 cm
5-6, 89-93 cm
6-4, 96-100 cm
7-2, 122-126 cm
8-1, 107-109 cm
9-1, 94-98 ¢m
9-2, 90-94 cm
9.3, 94-98 cm
9-4, 94-98 cm
9.5, 94-98 cm
10, CC

11-1, 127-131 cm
11-2, 102-106 cm
11-3, 108-112 cm
11-4, 69-73 cm
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Species abundance is recorded as abundant (A), common (C), few (F), rare (R), not observed (—). Preservation is recorded as good (G), moderate (M), and poor (P).

graphic conditions. Because of the the limited data available, we
were unable to determine whether surface circulation, bottom
circulation, or a combination of both changed.

The occurrence of Screptroneis pupa and several other forms
of Screptroneis at Site 647 suggests that surface waters in the
Labrador Sea became cooler during the early Oligocene. This
may have resulted from a decreased warm-water influence from
the low latitudes (as suggested by the disappearance of most
specimens of Cestodiscus) and a result of increased influence in
this region of cooler surface waters from the Norwegian-Green-
land Sea or Baffin Bay (as suggested by the occurrence of sev-
eral forms of Screptroneis that were recorded by Schrader and
Fenner [1976] as a typical constituent of the Oligocene diatom
assemblage in the Norwegian Sea).

The early Oligocene paleoceanographic change may also have
resulted from increased bottom-water circulation, which may be
suggested by the common to abundant occurrence of Pyxilla
specimens in Cores 105-647A-23R and 105-647-22R and the com-
mon to abundant occurrence of specimens of Hemiaulus in Cores
105-647A-21R and 105-647A-20R. Specimens of Pyxilla and He-
miaulus are heavily silicified and as a result can easily survive
any silica dissolution that would dispose of the less finely silici-
fied forms. Thus, it is possible that specimens of these groups
may also be concentrated in these cores by winnowing and rede-
position of the sediment that resulted from increased bottom
circulation, as suggested by Burckle (1972) for the occurrence of
these species at Site 112.

Cores 105-647A-19R and 105-647A-15R contain a diatom as-
semblage typical for the early-late Oligocene. The lack of one or
two dominant species may suggest establishment and stabliza-
tion of oceanic and climatic conditions. This interval is domi-
nated by species characteristic of the high latitudes (Norwegian
Sea and Southern Ocean) or by cosmopolitan species. Although
these changes in the diatom assemblage at Site 647 are not as
dramatic those at Site 112, there is a slight increase in H. poly-
scytinorum toward the base of Core 12-112-11R, suggesting that
the dramatic increase in abundance of Pyxilla and Cestodiscus
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occur in the unrecovered interval betweens Core 12-112-11R and
12-112-12R.

CONCLUSIONS

The siliceous interval recovered from Hole 647A (Cores 105-
647A-27R to 105-647A-13R) was assigned to the Cestodiscus re-
ticulatus Zone, the C. reticulatus—Rocella vigilans Interval, and
an interval equivalent to Subzone @ of the R. vigilans Zone.
Comparing the stratigraphic results from Hole 647A with those
from Hole 112 allows the siliceous interval recovered from Hole
112 (Cores 12-112-5R to 12-112-11R) to be assigned to the C. re-
ticulatus—R. vigilans Interval and to an interval equivalent to
Subzone a of the R. vigilans Zone. The improved stratigraphic
resolution at these sites allows the regional seismic reflector
“R4” to be placed at an interval equivalent to the lower portion
of the C. reticulatus Zone, which gives an estimated age be-
tween 34 and 36 Ma.

The change in the composition of the diatom assemblage in
this siliceous interval suggests that the early Oligocene was a
time of oceanographic reorganization in the Labrador Sea re-
gion. The occurrence of specimens of various species of Cesto-
discus in the lower part of the siliceous interval at Site 647 sug-
gests that surface waters in the Labrador Sea were influenced by
warm water from the low latitudes during the earliest Oligo-
cene. The decreased abundance of Cestodiscus specimens and
the increased abundance of specimens of Hemiaulus and Pyx-
illa suggest that a change in oceanographic circulation occurred
during the early Oligocene that resulted in a period of cooler
surface waters, which influenced the Labrador Sea during the
late early Oligocene.
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Figure 6. Zonal assignment of samples and the stratigraphic range of se-
lected species from Hole 112.

APPENDIX
Floral List

Actinocyclus curvatulus Janisch in Schmidt et al., 1874-1959, PI. 57,
Fig. 31; Hustedt, 1958, p. 129-130, PI. 8, Fig. 81, PI. 2, Figs. 2, 14
(no illustration).

Actinocyclus divisus (Grunow) Hustedt, 1958, p. 129, PI. 8, Fig. 81 (no
illustration).
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Figure 7. Stratigraphic correlation of Hole 647A with Hole 112, based
on the diatom stratigraphy discussed here.

Synonym. Coscinodiscus divisus Grunow 1884, p. 83, Pl. 4, Fig. 16.
Actinocyclus ehrenbergii Ralfs in Pritchard, 1861, p. 834; Hustedt, 1929,

p. 525, Fig. 298 (no illustration).

Actinoptychus senarius (Ehrenberg) Ehrenberg, 1843, Pl. 1, Fig. 27

(Plate 1, Fig. 7).

Synonym. Actinocyclus senarius Ehrenberg, 1838, p. 172, Pl. 21,
Fig. 6; Actinocyclus undulatus Bailey, 1842, Pl. 2, Fig. 11; Actinopty-
chus undulatus (Bailey) Ralfs in Pritchard, 1861, p. 839, Pl. 5, Fig. 88.
Actinoptychus splendens (Shadbolt) Ralfs in Pritchard, 1861, p. 840 (no

illustration).

Synonym. Actinosphaenia splendens Shadbolt, 1854, p. 16.
Actinoptychus thumii (Schmidt) Hanna, 1932, p. 171, Pl. 4, Figs. 3, 4

(No illustrations).

Synonym. Actinoptychus stella var. thumii Schmidt in Schmidt et
al., 1874-1959, p. 90, Fig. 3.

Arachnoidiscus group (no illustration).

Remarks. Because of the sparse number of specimens, all observed
specimens of this genus were grouped under this category.
Asterolampra marylandica Ehrenberg, 1844, p. 76, Fig. 10 (no illustra-

tion).

Asterolampra cf. praeacutiloba Fenner in Schrader and Fenner, 1976,

p. 965, Pl. 21, Figs. 8, 13, 14; PI. 28, Fig. 1 (no illustration).
Asterolampra punctifera (Grove) Hanna, 1927, p. 109, Pl. 17, Fig. 3;

Gombos and Ciesielski, 1983, p. 600, Pl. 2, Figs. 4-8; Pl. 5, Figs. 8-

10 (no illustration).

Synonym. Asterolampras affinis var. punctifera Grove in Schmidt et
al., 1874-1959, P1. 202, Fig. 18.

Asterolampra schmidtii Hajos, 1976, p. 827, Pl. 21, Fig. 6 (Plate 3,

Fig. 3).

Stratigraphic range. Early Oligocene at DSDP Site 280 (Hajos, 1976);
early Oligocene at DSDP Sites 511 and 513A (Gombos and Ciesielski,
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1983); and early Oligocene at DSDP Site 112 and ODP Site 647 (this

study).

Asterolampra symmetricus Schrader and Fenner, 1976, p. 966, Pl. 21,
Figs. 7, 10-12 (no illustration). Asterolampra sp. 1 (no illustration).
Remarks: Five-rayed Asterolampra species with a central hyaline re-

gion composing about one-half of the valve face. Valve diameter is 78 m.

One hyaline ray is slightly narrower in width than the others. Ribs are

connected at the midway point between the outer rays and meet at the

center of the valve face. The valve mantle is finely punctuated. Speci-
mens of this species are extremely rare in the material examined.

Asteromphalus oligocenicus Schrader and Fenner, 1976, p. 965, Pl. 21,
Figs. 8, 13, 14; PI. 28, Fig. 1 (no illustration).

Stratigraphic range. Late Oligocene of the Norwegian-Greenland Sea
(Schrader and Fenner, 1976), early Oligocene of equatorial and South
Atlantic (Fenner, 1978); and the early Oligocene at DSDP Sites 511 and
513 (Gombos and Ciesielski, 1983).

Asteromphalus sp. 1 (no illustration).

Remarks: Observed specimens are similar to Asteromphalus grevilleia-
nus, “working name,” illustrated by Harwood (1982). Harwood (1982) in-
dicated that this species is similar to Asterolampra grevillei in morphol-
ogy, but is placed in Asteromphalus based on the presence of a median
ray.
Stratigraphic range. Middle Eocene to early Miocene of DSDP Site
206and the early Miocene of DSDP Site 65 (Harwood, 1982).
Azpeitia oligocenica (Jouse) Sims in Fryxell et al., 1986, p. 16 (Plate 2,

Figs. 2, 13).

Synonym. Coscinodiscus oligocenicus Jouse, 1974, p. 348, PIl. 1,
Figs. 6-8, 16; Fenner, 1978, Pl. 4, Figs. 5-10.

Remarks. Jouse (1974) distinguished this species by the regular ra-
dial rows of areolae (4-5 in 10 m) extending from near the center to the
margin and additional short rows of areolae near the margin. The mar-
gin is very narrow and has a double row of pores. The central area is sur-
rounded by a grove and often a hyaline (thin) band. Specimens of Cosci-
nodiscus oligocenicus var. nodosus also are recorded under this category
in this study.

Stratigraphic range. Eocene (Gleser and Jouse, 1974), Oligocene
(Jouse, 1974), Eocene-Oligocene equatorial regions and South Atlantic
(Fenner, 1978); Oligocene of the Norwegian-Greenland Sea (Schrader
and Fenner, 1976); Oligocene-early Miocene of the equatorial Pacific
(Barron, 1983).

Azpeitia tuberculata var. atlantica (Gleser and Jouse) Sims in Fryxell et
al., 1986, p. 16 (Plate 2, Fig. 18).

Synonym. Coscinodiscus turberculatus var. atlanticus Gleser and
Jouse, 1974, p. 56, Pl. 1, Figs. 14-18; PI. 2, Fig. 1.

Azpeitia vetustissima (Pantocsek) Sims in Fryxell et al., 1986, p. 16 (no
illustration).

Synonym. Coscinodiscus vestustissimus Pantocsek, 1886, p. 71, PL
20, Fig. 186.

Azpeitia voluta (Baldauf) Sims in Fryxell et al., 1986, p. 14, Figs. XIII-
1A and 2A (Plate 2, Fig. 12).

Synonym. Coscinodiscus volutus Baldauf in Baldauf and Barron,
1982, p. 66, Pl. 2, Figs. 1-4; Pl. 3, Fig. 2.

Cestodiscus pulchellus Greville, 1866, p. 123, PI. 11, Fig. 5 (Plate 2, Fig.
6).

Remarks. Greville defined C. pulchellus as “Disc circular, very convex,
with minute remote radiating puncta, becoming irregular, crowded
and slightly less in size towards the margin, processes numerous,
margin, as well as the space between it and the granules, striated.”
Jouse (1974) indicated (1) that this species is very polymorphic, (2)
that there may or may not be a central hyaline area, and (3) that the
areolae may be remote or very close and arranged radially or spirally.
The Leg 105 material contains specimens of C. pulchellus that ex-
hibit a range of morphologies similar to those described by Jouse.

Cestodiscus reticulatus Fenner, 1984a, Pl. 1, Fig. 10 (no illustration).
Synonym. Coscinodiscus superbus Hardman sensu Fenner, 1978, PI.

14, Figs. 2-3.

Remarks. This species is distinguished from Cestodiscus robustus
Jouse by having hyaline ribs in the central part of the frustule, but no
small pores.

Cestodiscus robustus Jouse, 1974, p. 345, Pl. 1, Figs. 14, 15 (Plate 1,
Fig. 2).

Description. Valve circular with the central region slightly convexed;
42-59 m in diameter. Margin is distinct, has a width of about 5 m, and
is finely striated (12 in 10 m). Distinct processes occur about 15 m apart
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along the margin. The valve center is characterized by subrounded areo-
lae that are arranged in spiral rows starting near the center and continu-
ing until about two-thirds of the distance toward the margin. Outer one-
third of valve consists of subrounded areolae (4 in 10 m) radially ar-
ranged and decreasing (to 8 in 10 m) in size toward the margin. One or
two rows of small areolae separate the margin from the valve proper.

Remarks. This species is characterized by the spiral arrangement of
the central areolae and the distinct margin.

Cestodiscus sp. 2 (no illustration).

Description. Valve circular and flat, but may have a slightly de-
pressed center; diameter is 24-57 m. Areolae arranged in radial rows,
with primary rows that extend from the center to the margin and bisect
secondary rows. Distinct marginal processes occur along the margin at
the end of each primary row. The number of primary rows and pro-
cesses varies. Areolae increase in number about one-half the distance
from valve center and are denser toward the margin. Areolation along
the margin region also exhibits an eccentric pattern.

Cestodiscus sp. 3 (Plate 1, Fig. 4).

Description. Valve is circular and has slightly depressed margin; valve
diameter is between 30-65 m. Has a center hyaline and contains one dis-
tinct nodule. Areolae are uniform in size (5 in 10 m) and are arranged
radially, with primary rows that extend from the center to the margin
and bisect secondary rows. Areolae separated by hyaline region and are
denser toward margin. Processes are present along the margin, but are
not well developed and do not occur at the ends of primary rows. The
margin is finely striated and is separate from the rest of the value mantle
by one row of small areolae.

Remarks. This species differs from Cestodiscus sp. 2 by the distinct
hyaline central region and the nondistinct marginal processes. Cestodis-
cus sp. 3 differs from Cestodiscus sp. 5 by the uniform size of the areo-
lae and by the secondary rows of areolae extending farther toward the
center of the valve face. Cestodiscus sp. 3 and Cestodiscus sp. 5 may be
varieties of the same species, but are separated until further specimens
can be documented.

Cestodiscus sp. 4 (no illustration).

Description. Valve is circular, 38 m in diameter, and slightly con-
vexed. Margin is striated; nondistinct processes occur along margin ap-
proximately 14 m apart. Areolae are round, 6 in 10 m, near center,
decreasing toward the margin. Approximately 5 m from the margin, are-
olae extremely fine and abruptly decrease in size. Areolae radially ar-
ranged with primary rows cutting secondary rows.

Remarks. This species is distinguished by the abrupt size change in
the areolae near the margin.

Cestodiscus sp. 5 (no illustration).

Description. Valve is circular, 35-60 m in diameter, with slightly de-
pressed center. Subrounded areolae are radially arranged and decrease in
size from the center (4-5 in 10 m) to the margin (5-6 in 10 m). Areolae
within central one-third of valve are surrounded by hyaline regions. Pri-
mary rows extend from the valve center to margin; secondary rows ex-
tend from midvalve to the margin. Areolae are closely spaced near the
margin and have a secondary eccentric pattern. Margin is finely stri-
ated, with processes uniformly spaced (located along inner part of mar-
gin).

Remarks. This species differs from Cestodiscus sp. 3 by having shorter
secondary rows that extend from the margin to about the middle of the
valve.

Cestodiscus sp. 6 (no illustration).

Description. Valve is circular, flat, 28-55 m in diameter. Areolae are
small, round to subrounded, and arranged in subvasicular pattern. Cen-
tral region is chracterized by widely spaced areolae surrounded by hya-
line regions. Four linearly arranged areolae occur in the central region.
Outer one-third of valve is characterized by closely spaced areolae that
are smaller in size (7 in 10 m) then those in the central region (4-5 in 10
m). Margin is moderately striated.

Cestodiscus sp. 7 (no illustration).

Description. Circular, flat with slight concave nature toward center, about
30-47 m in diameter. Center region of valve contains subrounded
areolae spirally arranged from the center toward the margin. Areolae
are surrounded and separated by hyaline area. Areolae become closely
spaced toward the margin region. Margin is coarsely striated with no
observed processes.

Cestodiscus sp. 8 (Plate 2, Fig. 7).

Description. Valve is circular and slightly concave, 27-40 m in diam-
eter. Central region is slightly depressed. Specimens are characterized by



subrounded areolae spirally arranged from the center toward the mar-
gin. Areolae decrease in size toward the margin, with a major size change
occuring at about three-fourths the distance from the center to the mar-
gin (from 4-5 in 10 m to 7-8 in 10 m); margin is nondistinct.
Cestodiscus sp. 9 (Plate 1, Figs. 2 and 5; Plate 2, Fig. 9).

Remarks. Valve is circular, 39-80 m in diameter. Areolae are ar-
ranged in a fasciculated pattern; about every 10th row extends from the
center to the margin. Distinct processes occur along the margin at the
end of each primary row. Number of primary rows and processes varies;
four, five, seven, eight, and 10 processes were observed. Areolae de-
crease in size along the margin (8 in 10 m) and exhibit a secondary ec-
centric pattern. Margin varies from finely to moderately well-striated.
Areolae may or may not be separated by hyaline regions. Species is simi-
lar to Cestodiscus sp. 2, but differs from this species by its distinct pri-
mary rows and marginal processes.

Cestodiscus sp. 10 (Plate 4, Fig. 1).

Remarks. Valve is flat, with possible slight sloping from center to the
margin. Diameter is 50 to 65 m. Specimens are characterized by the dis-
tinct arrangement of areolae, which are arranged in fasciculated pattern
of primary rows that extend from the center to the margin, cutting
shorter rows that are parallel to each other and extend from about one-
fourth of the distance from the center to the margin and then extend to
the margin. Areolae increase in size abruptly about one-third the dis-
tance from valve center (4 in 10 m) and then decrease within the margin
region (7 in 10 m). Margin characterized by secondary, eccentric pattern
of areolae. Processes are present along margin but poorly developed.
Margin is moderately striated.

Cocconeis vitrea Brun, 1891, p. 19, PL. 18, Fig. 2 (no illustration).
Coscinodiscus argus Ehrenberg, 1838, p. 129 (Plate 2, Fig. 5).
Coscinodiscus asteromphalus Ehrenberg, 1844a, p. 77 (no illustration).
Coscinodiscus asteromphalus var. princeps Grunow in Van Heurck, 1883,

Pl. 128, Figs. 1-3 (no illustration).

Coscinodiscus excavatus Ralfs in Pritchard, 1861, p. 829, PI. 8, Fig. 26

(no illustration).

Synonym. Coscinodiscus excavatus var. tuberosa Fenner, 1978, p.
514, PL. 10, Figs. 11-12; PI. 11, Figs. 1-3.

Stratigraphic range. Lower Oligocene at DSDP Site 354 (Fenner,
1978) and lower Oligocene at DSDP Site 511 (Gombos and Ciesielski,
1983).

Coscinodiscus lewisianus Greville, 1866, p. 78, Pl. 8, Figs. 8-10 (Plate

1, Fig. 11).

Coscinodiscus marginatus Ehrenberg, 1841a, p. 142: Ehrenberg, 1854,

Pl. 18, Fig. 44 (Plate 2, Fig. 3).

Coscinodiscus obscurus Schmidt in Schmidt et al., 1874-1959, PI. 61,

Fig. 6; Hustedt, 1928, p. 418, Fig. 224; Baldauf and Barron, 1982,

p. 69, PI. 3, Fig. 1 (Plate 3, Fig. 2).

Coscinodiscus oculusiridis Ehrenberg, 1839, p. 147; Ehrenberg, 1854,

Pl. 18, Fig. 42; Pl. 19, Fig. 2 (no illustration).

Coscinodiscus radiatus Ehrenberg, 1839, p. 148, PL. 3, Figs. 1a-2 (no il-
lustration).
Coscinodiscus sp. 1 (no illustration).

Remarks. Diameter, 50-63 m; valve, round and flat with central re-
gion slightly depressed. Areolation is hexagonal to subrounded, arranged
in fasciculated pattern with a distinct secondary spiral. Very slight in-
crease in size of areolae about halfway from center. Distinct nodule with
central region of valve; margin generally striated or absent. Tubulus pro-
cess, 10-15 m at end of primary rows.

Coscinodiscus sp. 2 (no illustration).

Remarks. Valve is round; flat with a slightly depressed hyaline mar-
gin. Areolae are slightly vasiculated, nonregular, and hexagonal, varying
in size. Subrounded nodule near center. Small hyaline area occurs near
the nodule.

Coscinodiscus sp. 3 (Plate 2, Fig. 8).

Remarks. Diameter, 43 m; valve surface is domed, concaved with a
slightly depressed center, characterized by three areolae that form a cen-
tral cluster and has inner pores with irregular shape and a centric outer
pore. Areolae are arranged on remaining valve surface, which forms a
circle around a central cluster and continues to the margin. All areolae
contain outer pores of similar size. Margin distinct, very finely striated.
On margin focus, dark band on inner margin and separated striated
margin from irridescent pattern.

Coscinodiscus sp. 4 (no illustration).

Remarks. This species is equivalent to Coscinodiscus cf. symbolo-

phora (Grunow) Jorgenson, as illustrated by Harwood, 1982.
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Coscinodiscus sp. 5 (no illustration).

Coscinodiscus sp. 6 (no illustration).

Coscinodiscus sp. 7 (no illustration).

Craspedodiscus sp. 1 (Plate 1, Fig. 6).

Remarks. Valve is round, diameter of 36 m, depressed central region
one-half to two-thirds of diameter from center to margin. Areolae are
subrounded to almost square. Central five areolae are grouped with in-
ner pore position toward center and outer pore toward margin; other
areolae do not contain outer pores. Coarser areolae are arranged radi-
ally from the valve center to margin and separated by a hyaline area.
Areolae are arranged in circular arrangement that extends from the cen-
tral cluster to the margin. Margin nondistinct.

Cymatosira biharensis Pantocsek, 1889, p. 66, PI. 3, Fig. 42 (no illustra-
tion).

Cymatosira compacata Schrader and Fenner, 1976, p. 976, Pl. 8, Figs.
22, 25; PL. 25, Figs. 30-32 (no illustration).

Ethmodiscus sp. (no illustration).

Remarks. Only fragments were observed.

Goniothecium decoratum Brun, 1891, p. 28, Pl. 12, Fig. 6 (no illustra-
tion).

Stratigraphic range. Eocene-Oligocene of the Norwegian Sea (Schra-
der and Fenner, 1976).

Goniothecium odontella Ehrenberg, 1844 (no illustration).

Goniothecium sp. 1 (no illustration).

Goniothecium sp. 2 (no illustration).

Hemiaulus crenatus Greville, 1865, p. 101, Pl. 8, Fig. 12 (Plate 4, Fig. 4)

Hemiaulus hostilis Heiberg, 1863, p. 48, Pl. 1, Fig. 11 (no illustration).

Hemiaulus kittonii Grunow in Van Heurck, 1883, Pl. 106, Figs. 6-9;
Schrader and Fenner, 1976, p. 984, Pl. 10, Fig. 19 (Plate 4, Fig. 12).
Stratigraphic range. Middle Eocene at DSDP Site 356 (Fenner, 1978),

lower Oligocene at DSDP Site 354 (Fenner, 1978), Upper Cretaceous of

western Siberia (Strelnikova, 1974), and lower Eocene of Mors Jutland

(Grunow, 1884; Schmidt et al., 1874-1959).

Hemiaulus cf. malleolus Pantocsek, 1886, p. 48, Pl. 8, Fig. 66 (no illus-
tration).

Hemiaulus polycystinorum Ehrenberg, 1854; Fenner, 1978, p. 521, Pl
21, Figs. 13, 14; Pl. 22, Figs. 4, 5, 7-10; Pl. 23, Figs. 1-4 (Plate 2,
Figs. 14-17).

Hemiaulus porteus Heiberg, 1863, p. 47, PlL. 1, Figs. 1-11; Fenner,
1978, p. 522, PL. 21, Figs. 3, 4, 2? (Plate 4, Fig. 7).

Hemiaulus pungens Grunow, 1884, p. 63, Pl. 5, Figs. 56; Fenner, 1978.
p. 522 (no illustration).

Hemiaulus subacutis Grunow, 1884, p. 61, Pl. 5. Figs. 55: Fenner, 1978.
p. 522, PL. 24, Figs. 8, 14 (no illustration).

Hemiaulus taurus Gombos and Ciesielski, 1983, p. 606, PI. 19, Figs. 1-
8 (Plate 3, Fig. 13).

Hemiaulus sp. 1 (Plate 3, Fig. 12; Plate 4, Fig. 14).

Remarks. Similar to Hemiaulus sp. 1 of Harwood (1982).
Hemiaulus sp. 2 (Plate 4, Fig. 13).

Remarks. Horns similar length, narrow and areolated, linkage spines
present on inner side, central region distinct and separated from horn by
furrow, central region domed and contains irregular areolae as well as
hyaline region. Areolae are larger then those on the remaining part of
the base. Areolae are subrounded, areolae on valve surface also sub-
rounded and radially arranged.

Hemiaulus sp. 3 (Plate 3, Fig. 11).

Remarks. Horns are similar length, moderately wide and areolated,
decreasing in size toward the apices. Linkage spines are present and are
located in center of horn. Areolae on base decrease in size from the
margin to the slightly inflated center, areolae are subrounded and ar-
ranged radially from the inflated center. Small pores occur between the
areolae and are randomly distributed.

Hemiaulus sp. 4 (Plate 4, Fig. 3).

Remarks. Horns same length, but become narrow about one-third
length, linkage spines are located in middle of horn (spine is elongated
and finely silicified). Areolae are subrounded and linear in upper part of
horn. Areolae are irregular in size and arranged in lower part of horn.
Central region is very distinct and has subrounded to rectangular areo-
lae that are arranged in rows parallel to the base. Central region strongly
domed and separated from the horns by furrows.

Hemiaulus sp. 5 (no illustration).

Remarks. Similar shape and size to Hemiaulus weissiii Grunow, 1884;
however, solitary process in inflated central region was not observed and
areolae on valve surface are much larger (3 to 6 m in 10), compared with
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5 to 8 in 10 m, as observed on specimens by Fenner (1978).

Hemiaulus sp. 6 (no illustration).

Hemiaulus sp. 7 (no illustration).

Hemiaulus sp. 8 (no illustration).

Hemiaulus sp. 9 (no illustration).

Hyalodiscus dentatus Korotkevicz, 1964, p. 104, Pl. 1, Figs. 1-4 (no il-
lustration).

Hylodiscus szurdokpuespoekiensis Hajos, 1968, p. 83, PL. 9, Fig. 9;
Schrader and Fenner, 1976, p. 984, PI. 40, Figs. 18, 19 (no illustra-
tion).

Hpyalodiscus sp. 1 (no illustration).

Liradisucs bipolaris Lohman, 1948, p. 165, Pl. 8, Fig. 5; Fenner, 1978,
p. 524, PI. 35, Figs. 23, 24 (no illustration).

Melosira architecturalis Brun in Schmidt et al., 1874-1959, Pl. 177,
Figs. 45-50; Fenner, 1978, p. 524, Pl. 16, Figs. 7-12; Schrader and
Fenner, 1976, p. 989, Pl. 14, Fig. 13; Pl. 29, Figs, 7, 8; Pl. 35, Figs.
1-4; Gombos, 1977, p. 595, PL. 26, Figs. 5-7 (no illustration).
Synonym. Cyclotella hannae Kanaya, 1957, p. 82-84, Pl. 3, Figs.

10-14.

Stratigraphic range. Eocene-Oligocene (Schrader and Fenner, 1976);
last occurrence reported to coincide with Eocene/Oligocene boundary
in the South Atlantic (Gombos and Ciesielski, 1983).

Melosira clavigera Grunow in Van Heurck, 1882, PI. 91, Fig. 1 (no illus-
tration).

Melosira sulcata (Ehrenberg) Kutzing, 1844, p. 55, PL. 2, Fig. 7 (no il-
lustration).

Synonym. Gallionofia sulcata Ehrenberg, 1838, p. 170, Pl. 21, Fig.
5. Odontella aurita Agardh, 1832, p. 56 (no illustration).

Synonym. Biddulphia aurita (Lyngbye) Brebissor, 1838, p. 12. Odon-
tella touemyi (no illustration).

Synonym. Biddulphia toumeyi (Bailey) Roper, 1859, p. 8.
Odontella sp. 1 (no illustration).

Pleurosigma sp. 1 (no illustration).

Polaria sp. 1 (no illustration).

Pseudodimerogramma sp. 1 (no illustration).

Remarks. Species is similar to Pseudodimerogramma elliptica Schra-
der in Schrader and Fenner (1976) but is distinguished from this species
by having a series of centrally situated processes arranged so as to divide
the hyaline region of the footpole into two equal sections. Pseudodi-
merogramma elliptica is recorded to contain a solitary process in this hy-
aline region.

Pseudorocella barbadensis Deflandre, 1938 in Loeblich et al. ,1968, p.
207; Fenner, 1978, p. 537, Pl 23, Figs. 13-16; Pl 22, Figs. 1-3
(Pl. 2, Fig. 10).

Pseudostictodiscus picus Hanna, 1927, p. 28, PL. 3. Figs. 1-4; Fenner,
1978, p. 527, PL 1, Fig. 10 (no illustration).

Synonym. Pseudostictodiscus angulatus Grunow in Schmidt et al.,
1874-1959, Pl. 74, Fig. 24.

Stratigraphic range. Late Eocene of the Norwegian Sea (Schrader
and Fenner, 1976) and Barbados (Schmidt et al., 1874-1959), middle
Eocene at DSDP Site 356 (Fenner, 1978).

Pseudotriceratium chenevieri (Meister) Gleser; Schrader and Fenner,
1976, p. 994, Pl. 11, Figs, 7-9; Pl. 26, Fig. 5 (Pl. 4, Fig. 6).

Prerotheca aculeifera Grunow in Van Heurck, 1882; Fenner, 1978, p.
527, PL. 17, Figs. 8-21 (no illustration).

Stratigraphic range. Middle Eocene at DSDP Site 356 (Fenner, 1978);
Upper Cretaceous of west Siberia (Strelnikova, 1974); Upper Cretaceous
of the southwest Pacific Ocean (Hajos and Stradner, 1975); Eocene of
California (Kanaya, 1957); lower Eocene of Mors (Denmark) (Tsumura,
1963); and lower Oligocene of the southwest Pacific (Hajos, 1976).
Pyxilla group (Pl. 4, Figs. 9 and 10).

Remarks. Because the high number of fragments often disallowed
distinguishing specimens of Pyilla gracilis Tempere and Forti from spec-
imens of Pyxilla reticulatus Grove and Sturt, specimens of the two spe-
cies are grouped together under this category.

Stratigraphic range. Middle Eocene Site 356 (Fenner, 1978); Eocene
of DSDP Site 13 (Gleser and Jouse, 1974) and Barbados (Hanna and
Brigger, 1964); and late Eocene-early Oligocene of the Southwest Pa-
cific (Hajos, 1976); early Eocene of the Southern Ocean (McCollum,
1975).

Rhaphoneis sp. 1 (no illustration).

Rhizosolenia hebetata Bailey, 1856, p. 5, Pl. 1, Figs. 18, 19 (no illustra-
tion).
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Remarks. Specimens of Rhizosolenia hebetata f. hiemalis Gran and
Rhizosolenia hebetata var. subacuta Grunow are grouped in this cate-
gory.

Rhizosolenia interposita Hajos (no illustration).
Rhizosolenia massiva Schrader in Schrader and Fenner, 1976, p. 996,

Pl. 41, Fig. 19 (no illustration).

Rhizosolenia oligocaenica Schrader, 1976, p. 635, Pl. 9, Fig. 7 (Pl. 4,

Fig. 11).

Synonym. Rhizosolenia gravida Gombos and Ciesielski, 1983, p.
606, P1. 11, Figs. 1-7.

Remarks. Fenner (1985) indicated that smaller specimens of Rhizo-
solenia gravida are identical to those described by Schrader as Rhizoso-
lenia oligocaenica; similar results were observed during this study. Bo-
tanical nomenclature, therefore, indicates that R. oligocaenica has pri-
ority over R. gravida.

Rhizosolenia sp. 1 (no illustration).

Remarks. Nondiagnostic partial specimen characterized by a nar-
rowing of the central canel toward one apice.
Riedelia group (no illustration).

Remarks. Only fragmented specimens were observed.

Rocella gelida (Mann) Bukry, 1978, p. 788, PL. 5, Figs. 1-13; Gombos

and Ciesielski, 1983, p. 604, Pl. 6, Figs. 1-16; Pl. 26. Fig. 1.

Synonym. Stictodicus gelidus Mann, 1907, p. 268, Pl. 50, Fig. 5 (no
illustration).

Rocella praenitida (Fenner) Fenner in Kim and Barron, 1986, PI. 4,
Fig. 3 (no illustration).

Synonym. Coscinodiscus praenitidus Fenner in Schrader and Fenner,
1976, p. 972, PL. 14, Figs. 7-9; PL. 27, Fig. 8; Pl. 35, Fig. 24; PI. 36,
Fig. 5; Fenner, 1978, p. 516, Pl 1, Figs. 6, 9, 15; PI. 3, Fig. 3.

Stratigraphic range. Upper Oligocene at DSDP Site 338 in the Nor-
wegian Sea (Schrader and Fenner, 1976); middle Eocene at DSDP Site
356 (Fenner, 1978); and upper Oligocene of Site 513A (Gombos and
Ciesielski, 1983).

Rocella vigilans (Kolbe) Fenner, 1984a; Gombos and Ciesielski, 1983, p.
604, Pl. 6, Figs. 7-10; Pl. 26, Fig. 2 (no illustration).

Stratigraphic range. Common throughout the Oligocene (Gombos
and Ciesielski, 1983).

Rouxia obesa Schrader in Schrader and Fenner, 1976, p. 997, PI. 24,
Figs. 5, and 6 (no illustration).

Rutilaria areolata Sheshukova in Gleser et al., 1974, P1. 33, Figs. 3a, 3b
(no illustration).

Sceptroneis grunowii Anissimova, 1937 (Pl. 3, Fig. 4).

Sceptroneis humunica Schrader and Fenner, 1976, p. 998, Pl. 2, Figs. 5-
7; Pl. 24, Figs. 17, 26 (Pl. 3, Fig. 8).

Sceptroneis mayenica Fenner in Schrader and Fenner, 1976, p. 998, Pl
22, Figs. 22-25; Pl. 23, Figs. 1-4; P1. 25, Figs. 6, 8 (no illustration).

Sceptroneis pupa Schrader and Fenner, 1976, p. 999, Pl. 22, Figs. 17-
21; Pl. 24, Figs. 11-13 (no illustration).

Sceptroneis talwanii Schrader and Fenner, 1976, p. 999, Pl. 24, Figs.
28-30 (no illustration).

Sceptroneis tenue Schrader and Fenner, 1976, p. 999, Pl 3, Figs. 1-4;
PL. 24, Fig. 14-167; Pl. 25, Figs. 12, 22, 24 (Pl. 4, Fig. 8).

Sceptroneis sp. 1 (no illustration).

Sceptroneis sp. 2 (no illustration).

Stellarima microtroas Hasle and Sinus, 1986, p. 111, Figs. 18-27.

Stephanogonia sp. 1 (Pl. 2, Fig. 1).

Stephanogonia sp. 2 (Pl. 1, Fig. 13; PL. 3, Fig. 7).

Remarks. Valve circular, 45-50 pm in diameter, center domed and
coarsely punctuated; around the center, the valve is flat and hyaline, 6 to
10 ribs are irregularly connected together in the center and reach radially
to the margin. Similar to Stephanogonia sp. Schrader and Fenner, 1976,
Pl. 45, Figs. 2, 3.

Stephanogonia sp. 3 (no illustration).

Stephanopyxis corona (Ehrenberg) Grunow in Van Heurck, 1884, p. 90,
Pl. 83c, Figs. 10, 11 (no illustration).

Stephanopyxis grunowii Grove and Stuart in Schmidt et al., 1874-1959,
Pl. 130, Figs. 1-5; Fenner, 1978, p. 532, PL. 12, Figs. 10, 13; Gom-
bos, 1977, p. 596, PI. 28, Figs. 3-5; PL. 31, Figs. 1, 7; PL. 32, Figs.
1-3 (Pl 3, Fig. 9).

Stratigraphic range. Middle Eocene at DSDP Site 356 (Fenner, 1978);
late Eocene of Oamaru (Schmidt et al., 1874-1959); and late Oligocene
of the Norwegian Sea (Schrader and Fenner, 1976).



Stephanopyxis hyalomarginata Hajos, 1976, p. 824, P1. 19, Figs. 11, 12

(no illustration).

Stephanopyxsis marginata Grunow, 1884, p. 90, PL 5, Fig. 17 (Pl. 3,

Fig. 5).

Stratigraphic range. Upper Oligocene at DSDP Site 338 (Schrader
and Fenner, 1976) and middle Eocene at DSDP Site 356 (Fenner, 1978).
Stephanopyxis megapora Grunow, 1884, p. 89, PI. 5, Fig. 24 (no illus-

tration).

Stephanopyxis spinosissima Grunow, 1884, p. 90-91; Schrader and Fen-
ner, 1976, Pl. 31, Fig. 5 (no illustration).
Stephanopxis superba (Greville) Grunow, 1884, p. 39, Fig. 91 (Pl. 2,

Fig. 4).

Synonym. Cresswellia superba Greville, 1861, p. 68, Pl. 8, Figs. 3-5.
Stephanopyxis turris (Greville and Arnott) Ralfs in Pritchard, 1861, p.

826, Pl. 5, Fig. 74 (Pl. 2, Fig. 5; PI. 11).

Synonym. Cresswellia turris Greville and Arnott, 1857, p. 538.

Remarks. Specimens of Stephanopyxis turris var. cylindrus are re-
corded in this category.

Stephanopyxis sp. 2 (no illustration).
Stephanopyxis sp. 3 (Pl. 3, Fig. 10).

Remarks. Valve circular, strongly convexed, 55-81 um in diameter.
Areolae hexagonally arranged and tangental to center; areolae are uni-
form in size (3 in 10 pum). Margin varies from prominent to almost indis-
tinct, generally is 10 um wide and can be heavily striated or ribbed (5 in
10 um). Margin focus is characterized by an irridescent *“star” pattern
having five to six rays.

Stephanopyxis sp. 4 (no illustration).
Stephanopyxis sp. 5 (no illustration).
Stictodiscus group (no illustration).

Remarks. Nondiagnostic fragments of the genus were placed in this
category.

Synedra jouseana Sheshukova-Poretzkaya, 1962, p. 208, Fig. 4 (no illus-
tration).

Synedra miocenica Schrader, 1976, p. 636, Pl. 1, Fig. 1 (no illustration).

Synedra sp. | (no illustration).

Remarks. Specimens of this species are characterized by having one
margin straight and the other bowed, similar to those observed in Pseu-
doeunotia dolilus.

Thalassionema nitzschioides Grunow in Van Heurck, 1881, p. 319, Fig.

75 (no illustration).

Thalassiosira eccentrica Cleve, 1904, p. 216; Fryxell and Hasle, 1972,

p. 302 (no illustration).

Thalassiosira irregulata Schrader in Schrader and Fenner, 1976, p. 1001,

Pl. 20, Figs. 10-12 (no illustration).

Stratigraphic range. Late Oligocene (Schrader and Fenner, 1976).
Thalassiosira aff. irregulata Schrader and Fenner, 1976, p. 1002, Pl. 20,
Fig. 13 (Pl. 3, Fig. 2).
Thalassiosira leptopus (Grunow) Hasle and Fryxell, 1977, Figs. 1-14,
94-96 (Pl. 3, Fig. 14).
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Synonym. Coscinodiscus lineatus Ehrenberg.

Thalassiosira media-convexa Schrader in Schrader and Fenner, 1976,
p. 1002, PI. 36, Fig. 1 (no illustration).

Thalassiosira sp. 1 (no illustration).

Thalassiosira sp. 2 (no illustration).

Thalassiosira sp. 3 (no illustration).

Thalassiothrix longissima Cleve and Grunow in Cleve and Moller, 1878,
no. 118; no. 207 (no illustration).

Triceratium condecorum Brightwell, 1853, p. 250, Pl. 4, Fig. 12; Fenner,
1978, p. 534, PL. 28, Fig. 7; PL. 29, Fig. 1 (Pl 3, Fig. 6).
Stratigraphic range. Middle Eocene of DSDP Site 356 and early Oli-

gocene of Site 354 (Fenner, 1978); middle-late Miocene of the northeast

Pacific (Schrader, 1973).

Triceratium exornatum Greville, 1856, p. 7, Pl. 1, Fig. 25 (no illustra-
tion).

Triceratium groningensis Reinhold, 1937, p. 126, PI. 20, Fig. 9 (PL. 1,
Fig. 3).

Triceratium cf. macroporum Hajos, 1968, Pl. 35, Figs. 1-10; Jouse,
1974, p. 349, PIl. 2, Fig. 12 (Pl 1, Fig. 9).

Triceratium unguiculatum Greville, 1864, p. 85, PI. 11, Fig. 9; Gombos,
1977, p. 598-599, PI. 33, Figs. 1, 3; PL 34, Figs. 1-4; Gombos and
Ciesielski, 1983, p. 605, Pl. 14, Figs. 9-12; Pl. 16, Figs. 1-4 (Pl 3,
Fig. 1).

Triceratium sp. 1 (Pl. 1, Fig. 12).

Remarks. Somewhat similar to Triceratium sp. 1 of Fenner, 1978

(p. 535, PL. 28, Fig. 11).

Triceratium sp. 2 (Pl. 1, Fig. 8).

Trinacria excavata Heiberg, 1863, p. 51, PI. 4, Fig. 9 (PL. 1, Fig. 14).
Stratigraphic range. Middle Eocene at DSDP Site 356 (Fenner, 1978);

early Oligocene-early Pliocene of the Southern Ocean (McCollum, 1975);

Miocene-early Pliocene of the Southwest Pacific (Schrader, 1976); late

Eocene to early Oligocene of the Southwest Pacific (Hajos, 1976); late

Eocene to late Oligocene of the Southwest Atlantic (Gombos, 1977);

Late Cretaceous of California (Hanna, 1927).

Remarks. Specimens of Trinacria excavata f. tetragona Schmidt are
recorded under this category.

Trinacria excavata var. ? (no illustration).

Trinacria sp. 1 (Pl. 1, Fig. 10).

Trinacria sp. 2 (no illustration).

Trinacria sp. 3 (no illustration).

Genus and species indet 1 (no illustration).

Genus and species indet 2 (no illustration).

Genus and species indet 3 (no illustration).

Genus and species indet 4 (no illustration).

Genus and species indet 5 (no illustration).

Genus and species indet 6 (no illustration).

Genus and species indet 7 (no illustration).

Genus and species indet 8 (no illustration).

Genus and species indet 9 (no illustration).

Genus and species indet 10 (Pl. 4, Fig. 5).
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Plate 1. 1. Cestodiscus robustus Jousé. Sample 647A-24R, CC (48 um); 2, 5. Cesrodiscus sp. 9. (2) Sample 19R-5, 124-126 cm (43 um), (5) Sam-
ple 647A-21R-1, 124-126 ¢cm (67 um); 3. Triceratium groningensis Reinhold. Sample 647A-21R, CC (38 um length); 4. Cestodiscus sp. 3. Sample
647A-24R, CC (65 um); 6. Craspedodiscus sp. 1. Sample 647A-17R-5, 125-127 c¢m (36 um); 7. Actinopiychus senarius (Ehrenberg) Ehrenberg.
Sample 647A-21R-1, 124-126 cm (88 um); 8. Triceratium sp. 2. Sample 647A-18R, CC (65 um length); 9. Triceratium cf. megapora Hajos. Sam-
ple 647A-21R-1, 124-126 cm (30 um length); 10. Trincarica sp 1. Sample 647A-21R-1, 124-126 cm (125 um length); 11. Coscinodiscus lewisianus,
Sample 647A-13R-4, 109-111 cm (32 um length); 12. Triceratium sp. 1. Sample 647A-21R-1, 124-126 cm (36 um length); 13. Stephanogonia sp. 2,
Sample 647A-17R-5, 125-127 cm (47 um); 14. Trinacraia excavata Heiberg. Sample 647A-23R-1, 104-106 c¢cm (70 um length).
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Plate 2 1. Stephanogonia sp. 1. Sample 647A-13R, CC (37 um); 2, 13. Azpeitia oligocenica (Jousé) Sims. (2) Sample 647A-15R-1, 125-127 cm
(38 um), (13) Sample 647A-17R-5, 125-127 c¢cm (35 um); 3. Coscinodiscus marginatus Ehrenberg. Sample 647A-21R-1, 124-126 cm (50 um);
4. Stephanopyxis cf. superba (Greville) Grunow. Sample 647A-24R, CC (69 um); 5. Coscinodiscus argus. Sample 647A-15R-1, 125-127 cm
(71 um); 6. Cestodiscus pulchellus Greville. Sample 647A-13R-4, 109-111 cm (44 um); 7. Cestodiscus sp. 8. Sample 647A-25R-2, 120-122 cm (30
um); 8. Coscinodiscus sp 3. Sample 647A-15R-1, 125-127 cm (42 um); 9. Cestodiscus sp. 9. Sample 647A-15R-3, 125-127 c¢m (56 um);
10. Pseudorocella barbadensis Deflandre. Sample 647A-25R-4, 119-121 cm (21); 11, 19. Stephanopyxis turris Group. (11) Sample 647A 21R-1,
124-126 cm (28 um), (19) Sample 647A-21R-1, 124-126 cm (50 um length); 12. Azpeitia voluta (Baldauf) Sims. Sample 647A-23R-1, 104-106 cm
(47 um); 14-17. Hemiaulus polycystinorium Ehrenberg. Sample 647A-21R-1, 124-126 cm, 14) (70 um length), 15) (37 um length), 16) (35 um
length), 17) (24 um length); 18. Azpeitia tuberculata var. atlantica (Gleser and Jousé) Sims. Sample 647A-19R-4, 124-126 cm (38 um).
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Plate 3 1. Triceratium unguiulatum Greville, Sample 647A-23R-1, 104-106 cm (93 um); 2. Coscinodiscus obscurus Schmidt. Sample 647A-21R-1,
124-126 cm (152 um); 3. Asterolampra schmidtii Hajos. Sample 647A-21R-1, 124-126 cm (145 um); 4. Screptroneis grunowii Anissimova. Sam-
ple 647A-17R-5, 125-127 cm (59 um length); 5. Stephanopyxis marginata Grunow. Sample 647A-14-2, 50-52 cm (44 um); 6. Triceratium cf. con-
decorum Brightwell. Sample 647A-21R-1, 124-126 cm (30 um); 7. Stephanogonia sp. 2. Sample 647A-18R, CC (39 um); 8. Sceptroneis humunica
Schrader and Fenner. Sample 647A-19R-5, 124-126 cm (30 um length); 9. Stephanopyxis grunowii Grove and Sturt. Sample 647A- 22R, CC (47 um);
10. Stephanopyxis sp. 3. Sample 647A-25R, CC (62 um); 11. Hemiaulus sp. 3. Sample 647A- 15-1, 125-127 cm (41 um length); 12. Hemiaulus
sp. 1. Sample 647A-21R-1, 124-126 cm (120 um length); 13. Hemiaulus taurus Gombos and Ciesielski. Sample 647A-19R-5, 124-126 cm (32 um
length); 14. Thalassiosira leptopus (Grunow) Hasle and Fryxell. Sample 647A-17R-3, 128-130 cm (143 um).
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Plate 4 1. Cestodiscus sp. 10. Sample 647A-15R-1, 125-127 cm (63 um); 2. Thalassiosira aff. irregulata Schrader and Fenner. Sample 647A-21R-1,

124-126 cm (38 um); 3. Hemiaulus sp. 4. Sample 647A-25R-2, 120-122 (32 um length); 4. Hemiaulus crenulatus Greville. Sample 647A- 15R-3,
125-127 cm (29 um length); 5. Genus and Species indet. 10. Sample 647A-19R-5, 124-126 cm (27 um width); 6. Pseudotriceratium chenevieri
(Meister) Gleser. Sample 647A-17R-3, 128-130 cm (41 um length); 7. Hemiaulus porteus Heiberg. Sample 647A-25R-2, 120-122 ¢cm (36 um
length); 8. Sceptroneis tenue Schrader and Fenner. Sample 647A-15R-3, 125-127 cm (110 um length); 9, 10. Pyxilla gracilis Tempere and Forti.
(9) Sample 647A-25R-2, 120-122 cm (90 um length), (10) Sample 647A-24R, CC (103 um length); 11. Rhizosolenia oligocaenica Schrader. Sample
647A-19R-5, 124-126 cm (86 um length); 12. Hemiaulus kittonii Grunow. Sample 647A-21R-1, 124-126 cm (85 um length); 13. Hemiaulus sp. 2.
Sample 647A-21R-1, 124-126 cm (100 um length); 14. Hemiaulus sp. 1. Sample 647A-21R-1, 124-126 cm (160 um length).
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