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4. NEOGENE DIATOM BIOSTRATIGRAPHY OF THE ICELAND SEA SITE 907!

Nalan Kog? and Reed P. Scherer?

ABSTRACT

Sediments recovered during Ocean Drilling Program Leg 151 at Site 907 from the Iceland Plateau have good recovery and
a pristine paleomagnetic record. Well-preserved diatoms are present throughout the middle Miocene to upper Pliocene interval
and in the Holocene of Site 907. The stratigraphic occurrence of diatom species are studied to constrain their ranges. Thirty-two
diatom events are observed and given absolute age estimates through direct correlation to the established paleomagnetic stratig-
raphy of Site 907. Many of these species are either endemic to the Norwegian-Greenland Sea or have diachronous occurrences
as compared with other high-latitude areas. However, the first occurrence of Denticulopsis praedimorpha and the last occur-
rence of Proboscia praebarboi appear to be roughly isochronous between the North Pacific and the Iceland Sea. The 32 diatom
events are used to establish 11 biostratigraphic intervals for the Iceland Plateau area.

INTRODUCTION

The Norwegian-Greenland Sea was a region of high biosiliceous
productivity until the onset of Northern Hemisphere glaciations dur-
ing the late Miocene. Diatoms are the most abundant microfossil
group preserved in sediments of Paleogene and early to mid-Neogene
age. Diatom species through the Cenozoic show very rapid evolution,
which makes it possible to establish a high-resolution biostratigraphy
for the area. For these reasons, diatoms have great potential to be used
as biostratigraphic markers in this area. However, most of the fossil
diatom species of the Norwegian-Greenland Sea are endemic to the
area. Therefore, it is not possible to use the established North Atlantic
diatom biostratigraphy (Baldauf, 1984, 1987). It is also problematic
to use the established high-latitude Southern Ocean and Pacific
Ocean diatom biostratigraphies because of strong possibilities of di-
achroneity between datum levels. Therefore, it is of great importance
to establish a good diatom biostratigraphy for the Norwegian-Green-
land Sea.

So far there have been three Deep Sea Drilling Program (DSDP)
and Ocean Drilling Program (ODP) cruises (Legs 38, 104, and 151)
to the Norwegian-Greenland Sea. The existing diatom biostratigra-
phy for the area is based upon the DSDP Leg 38 material (Dzinoridze
et al., 1978; Schrader and Fenner, 1976). This biostratigraphy is very
incomplete for the following reasons: (1) Since DSDP Leg 38 em-
ployed rotary drilling and discontinuous coring for most of the sites,
the recovery was very poor, and is today described as spot-coring; (2)
as a result, the first and last appearances of species cannot be located
with enough precision; (3) there is no paleomagnetic stratigraphy to
provide ages to the diatom events. The Norwegian Sea diatom zona-
tions proposed by Schrader and Fenner (1976) are considered impre-
cise (Eldholm, Thiede, Taylor, et al., 1987) and difficult to use be-
cause they used multiple diagnostic species which have rare and spo-
radic occurrences for defining zonal boundaries. However, the
diatom studies of Schrader and Fenner (1976) and Dzinoridze et al.
(1978) have been pioneering studies in documenting the diatom spe-
cies of the Norwegian-Greenland Sea. The diatom zones proposed by
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Dzinoridze et al. (1978) are also of limited value because the zones
span long time intervals and are mainly based on species from the ge-
nus Denticulopsis.

The Leg 104 sites on the Vering Plateau were drilled with the ad-
vanced piston corer (APC) with high recovery and good sample qual-
ity. However, the Neogene sequences from Leg 104 are incomplete,
owing to the occurrence of several poorly defined hiatuses. The Pa-
leogene intervals of these sites are either missing or seriously altered
by diagenesis (Eldholm, Thiede, Taylor, et al., 1987). No diatom zo-
nation has been established for the ODP Leg 104 material from the
Vgring Plateau. The existing information about diatoms from these
cores comes from the low-resolution on-board studies and diatom
species abundance studies of Bodén (1992) from Holes 642B, 642C,
and 644A. Since the paleomagnetic signal of sediments older than
Pliocene age have been extremely hard to interpret in Leg 104 holes,
there is only a coarse relative stratigraphy and the timing of the oc-
currences of studied species remains uncertain.

The Leg 151 sites were drilled with APC and XCB with very high
recovery and good sample quality. Rich diatom horizons were recov-
ered in Sites 907, 908, and 913. Sites 908 and 913 contain Paleogene
biosiliceous sediments. Biostratigraphic and paleoceanographic anal-
ysis of Paleogene sediments of Leg 151 can be found in Scherer and
Kog (this volume). Site 907 is located on the Iceland Plateau. The
crust at this site is either of Anomaly 5B age, between 14 and 15 Ma
(Vogt et al., 1980), or of Anomaly 6B age, between 22 and 24 Ma
(Talwani and Eldholm, 1977), depending on the existence of an ex-
tinct intermediate axis on the eastern Iceland Plateau. Hole 907A has
arich diatom flora and a pristine paleomagnetic record that extends
back to middle middle Miocene. The purpose of this study is to take
the first steps in establishing a detailed and reliable Neogene diatom
biostratigraphy for the Nordic Seas by assigning absolute ages to the
Neogene diatom events of Hole 907A through direct correlation to
the paleomagnetic stratigraphy.

METHODS

All core-catcher samples recovered on Leg 151 were processed
during the cruise. Later on shore at least one additional sample from
each core section (1.5 m) and the core-catcher samples were analyzed
for their diatom content. Approximately 1-2 g of each dry sample
was placed in a 250-ml beaker and 10 drops of 37% HCl was added.
After waiting for at least 15 minutes for the reaction to stop, 10 drops
of 30% hydrogen peroxide were added. The sample was gently heat-
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ed until the liquid became light yellow. The acidity of the sample was
diluted by centrifuging it with distilled water until a pH of 7 was
achieved. Quantitative slides of acid-cleaned material were examined
at 400x for relative diatom abundances. Assessment of total diatom
abundance was qualitative. Diatoms were recorded as abundant (A)
if six or more specimens were present in one field of view at 400x,
common (C) if one to five specimens occurred in one field of view,
few (F) if one to four specimens occurred in five fields of view, and
rare (R) if one to ten specimens occurred per horizontal traverse.

Qualitative estimates of abundance of individual taxa are based on
the number of specimens observed per field of view at 400x. Species
were recorded as abundant (A) if two or more specimens were
present in one field of view, common (C) if one to five specimens
were observed per five fields of view, few (F) if two to ten specimens
were observed per horizontal traverse, rare (R) if one specimen was
observed per horizontal traverse, and trace (T) if only fragments of
the specimen were observed.

Diatom preservation was recorded as good (G) when both finely
silicified and heavily robust forms were present and no significant al-
teration of the frustules other than minor fragmentation was ob-
served, moderate (M) when the assemblage showed moderate break-
age and slight dissolution, and poor (P) when finely silicified forms
were rare or absent, and the assemblage was dominated by robust
forms and fragments.

NEOGENE ICELAND SEA DIATOM INTERVALS

The Neogene Iceland Sea diatom intervals proposed in this study
are based on observations of ranges of diatom species from Hole
907A and represent a time interval spanning the middle middle Mi-
ocene to the Present (Table 1, Fig. 1).

Time Scale

The geomagnetic polarity time scale used here is that of Cande
and Kent (1992). Correlation of the paleomagnetic record of Hole
907A to the geomagnetic polarity time scale of Cande and Kent
(1992) indicates that the sequence goes back to at least Chron CSAD
(14.8 Ma; Fig. 1). However, Chrons C3B and C4A seem to be miss-
ing from the sequence. Thus, the sequence is incomplete because of
the presence of two possible unconformities between 6.7-7.2 Ma and
between 8.5-9.5 Ma.

Intervals

A total of 32 diatom events are observed and given absolute age
estimates through direct correlation to the established paleomagnetic
stratigraphy of Hole 907A (Fig. 1, Table 2). Eleven intervals, which
are correlated to the geomagnetic record of Hole 907A, are defined
(Fig. 2).

Coscinodiscus norwegicus Interval

Authors. Kog and Scherer, herein.

Definition of top. FO Denticulopsis praedimorpha

Definition of base. FO Coscinodiscus norwegicus

Age. middle middle Miocene, 13.6-12.9 Ma.

Paleomagnetic correlation. The base boundary of this interval
falls within Chron C5ABr.

Discussion and remarks. Floral elements of this interval include
R. norwegicus, P. praebarboi, T. yabei, I. tenuis, D. hustedtii, C. nor-
wegicus, and T. grunowii (Table 1). This interval correlates to the
North Atlantic C. lewisianus Zone of Baldauf et al. (1987), which in-
cludes all of the above mentioned species but also A. ingens. Howev-
er, the first occurrence of A. ingens in Hole 907A is recorded above
the C. norwegicus Interval (Figs. 1, 2). This may suggest that the FO
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of A. ingens is not synchronous between the North Atlantic and the
Iceland Sea. The C. norwegicus Interval correlates to the interval
from the top part of the D. hyalina Zone to the top of the C. nicobar-
ica Zone in the North Pacific (Barron and Gladenkov, 1995). The top
of the C. nicobarica Zone in the North Pacific is also defined by the
first occurrence of D. praedimorpha and has an age of ~12.8 Ma,
which correlates well with the Hole 907A age of 12.9 Ma.

The first common occurrence (FCO) of D. hustedtii is recorded in
Sample 151-907-19H-CC within Chron C5AB (Table 1, Fig. 1). This
event is no older than Chron C5AB in the North Pacific (Barron and
Gladenkov, 1995). The near coincidence of this datum with the first
occurrence of 7. grunowii (Sample 151-907-20H-2) is also seen in
the North Pacific (Barron, 1980; Barron and Keller, 1983), equatorial
Pacific (Barron, 1985) and at Norwegian Sea Site 338 (Schrader and
Fenner, 1976) and can be an important datum for inter-regional cor-
relation.

Actinocyclus ingens Interval

Authors. Kog and Scherer, herein.

Definition of top. FO Synedra pulchella

Definition of base. FO Denticulopsis praedimorpha

Age. middle Miocene, 12.9-12.0 Ma.

Paleomagnetic correlation. The base boundary of this interval
falls within Chron C5AAn.

Discussion and remarks. The first occurrence of A. ingens is re-
corded right above the base of this interval (Fig. 1). The first occur-
rence of N. donahuensis is recorded within this interval. This interval
correlates in the North Pacific to D. praedimorpha Zone (Barron and
Gladenkov, 1995) and in the North Atlantic to C. gigas var. diorama
Zone (Baldauf et al., 1987).

Nitzschia donahuensis Interval

Authors. Kog and Scherer, herein.

Definition of top. LO Nitzschia donahuensis

Definition of base. FO Synedra pulchella

Age. middle Miocene, 12.0-11.7 Ma.

Paleomagnetic correlation. The base boundary of this interval
falls within the base of Chron C5Anln,

Discussion and remarks. This interval is characterized by the
abundant to common occurrence of both Synedra pulchella and
Nitzschia donahuensis. Both of these species have very short ranges
and distinct taxonomic morphologies, making them very promising
as biostratigraphic markers in the Norwegian-Greenland Sea (Table
1, Fig. 1).

Synedra pulchella Interval

Authors. Kog and Scherer, herein.

Definition of top. LO Synedra pulchella

Definition of base. LO Nitzschia donahuensis

Age. late middle Miocene, 11.7-11.0 Ma.

Paleomagnetic correlation. The base boundary of this interval
falls within Chron C5r3.

Discussion and remarks. This interval is characterized by the
abundant occurrence of Synedra pulchella and the absence of Nirzs-
chia donahuensis.

Proboscia praebarboi Interval

Authors. Kog and Scherer, herein.

Definition of top. LO Actinocyclus ingens

Definition of base, LO Synedra pulchella

Age. late late Miocene, 11.0-10.1 Ma. The last occurrence of
Svnedra pulchella and the base of this interval correlates to the mid-
dle/upper Miocene boundary.



Table 1. Diatoms of Site 907.

NEOGENE DIATOM BIOSTRATIGRAPHY
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Table 1 (continued).

NEOGENE DIATOM BIOSTRATIGRAPHY
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Figure 1. Stratigraphic ranges of selected diatoms and the proposed Neogene diatom intervals for Hole 907A. Plotted against core depth are cores and magneto-
stratigraphic chrons and subchrons. Two possible unconformities are indicated by wavy lines.

Paleomagnetic correlation. The base boundary of this interval
falls within Chron C5r2.

Discussion and remarks. The secondary datums for the top of
this interval are the LO of P. praebarboi and T. yabei (Fig. 2). The
LO of P. praebarboi has an estimated age of 9.5 Ma at Site 887 in the
North Pacific (Barron and Gladenkov, 1995) and an age of 10.1 Ma
at Site 907. The LO of T. yabei has an estimated age of 8.6-8.9 Ma
in the North Pacific (Barron, 1980). In the North Pacific the LO of P.
praebarboi and T. yabei falls within the D. dimorpha Zone. Thus, the
P. praebarboi Interval of Site 907 can be correlated partly to the D.
dimorpha and partly to the 7. yabei Zone of the North Pacific.
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The LO of Actinocyclus ingens and T. yabei occur very close to-
gether at the top of the Denticulopsis praedimorpha Zone of Baldauf
(1984) within a low recovery interval in Hole 555. Accordingly, the
top of the P. praebarboi Interval can be correlated to the top of the
Denticulopsis praedimorpha Zone of Baldauf (1984). The FO of Cy-
matosira biharensis occurs at the bottom of this interval.

Denticulopsis hustedtii Interval

Authors. Kog¢ and Scherer, herein.
Definition of top. LO Denticulopsis hustedtii



Table 2. Specific diatom events and estimated ages for the Iceland Pla-
teau region.

Stratigraphic Estimated age

Diatom event occurrence (mbsf) (Ma)
LO Proboscia barboi 63.0-63.3 331-3.33
LO Thalassiothrix miocenica 63.0-63.3 331-3.33
LO Thalassionema lineatum 66.4-67.9 3.52-3.12
LO Nitzschia pseudocylindrica 66.4-67.9 3.52-3.712
LO Stephanogonia hanzawae 72.2-73.9 4.354.57
FO Thalassiosira nidulus 73.9-74.1 4.57
LO Thalassiosira jacksonii 75.9-77.8 4.79-4.96
FO Thalassiosira jacksonii §7.3-89.2 5.57-5.69
FO Thalassiosira oestrupii 94.5-96.1 6.19-6.34
LO Thalassiosira grunowii 100.2-101.4 7.25
FO Thalassiothrix miocenica 101.4-102.3 7.25
LO Coscinodiscus norwegicus 107.2-108.6 8.53-9.49
LO Denticulopsis hustedtii 107.2-108.6 8.53-9.49
LO Ikebea tenuis 107.2-108.6 8.53-9.49
LO Cymatosira biharensis 109.0-108.6 8.53-9.49
FO Proboscia barboi 109.0-109.6 8.53-9.49
LO Actinocyclus ingens 121.3-121.7 10.13-10.16
LO Thalassiosira yabei 121.3-121.7 10.13-10.16
LO Proboscia praebarboi 121.3-121.7 10.13-10.16
FO Cymatosira biharensis 129.5-130.8 10.81-10.94
LO Synedra pulchella 130.8-134.3 10.94-11.41
FO Nitzschia pseudocylindrica 137.9-140.3 11.62-11.76
LO Nitzschia donahuensis 137.9-140.3 11.62-11.76
FO Synedra pulchella 142.2-143.7 11.92-12.23
FO Nitzschia donahuensis 153.2-159.3 12.79-12.93
LO Rhizosolenia norwegica 159.3-159.7 12.93-12.94
FO Denticulopsis praedimorpha  159.3-159.7 12.93-12.94
FO Actinocyclus ingens 159.7-163.1 12.94-13.25
FO Thalassiosira yabei 178.3-180.2 13.48-13.52
FO Thalassiosira grunowii 180.2-183.2 13.52-13.58
FO Coscinodiscus norwegicus 183.2-187.8 13.58-13.67
FO Proboscia praebarboi 183.2-187.8 13.58-13.67

Note: FO = first occurrence, LO = last occurrence.

Definition of base. LO Actinocyclus ingens

Age. middle late Miocene, 10.1-9.0 Ma.

Paleomagnetic correlation. The base boundary of this interval
falls within Chron C5n.

Discussion and remarks. The last occurrence of Denticulopsis
hustedtii occurs at an unconformity that spans the time interval 8.5—
9.5 Ma. Therefore, the top of this zone cannot be dated precisely. In
the North Pacific this event is dated to 8.4 Ma and defines the top of
the D. katayamae Zone (Barron and Gladenkov, 1995). This zone
correlates to chrons C4An and C4Arl, which are missing from Hole
907A. The D. hustedtii Interval correlates to the C. yabei Zone in the
North Atlantic (Baldauf et al., 1987).

Proboscia barboi Interval

Authors. Kog and Scherer, herein.

Definition of top. FO Thalassiosira jacksonii

Definition of base. LO Denticulopsis hustedtii

Age. late Miocene, about 8.5-5.6 Ma.

Paleomagnetic correlation. The base boundary of this interval
falls within an unconformity that spans the time interval 8.5-9.5 Ma.

Discussion and remarks. The first occurrence of T. jacksonii is
dated as 5.6 Ma at Site 907 and as 5.2 Ma at Site 642 from the Vgring
Plateau (Bodén, 1992). In the North Pacific this event is dated to 6.5—
6.6 Ma (Barron and Gladenkov, 1995), which is about 1 Ma earlier
than the datums from Sites 907 and 642.

The FO of T. oestrupii is recorded within this interval around 6.2
Ma (Fig. 1, Table 2). This event occurred later both in the North Pa-
cific (5.4-5.3 Ma) (Barron and Gladenkov, 1995) and in the Southern
Ocean (5.1 Ma) (Baldauf and Barron, 1991).

Secondary datums for the base of this interval are FO P. barboi
and LO C. norwegicus, C. biharensis, and I. tenuis (Fig. 2). The co-
incidence of so many last occurrences at this level supports the pres-
ence of a hiatus at this level.
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Figure 2. The Holocene through middle Miocene diatom intervals proposed
in this study. The marker species delineate the individual zonal boundaries.
FO = first occurrence, LO = last occurrence. Diagonal shading indicates the
missing time interval.

Thalassiosira jacksonii Interval

Authors. Kog¢ and Scherer, herein.

Definition of top. LO Thalassiosira jacksonii

Definition of base. FO Thalassiosira jacksonii

Age. latest Miocene to earliest Pliocene, 5.6-4.9 Ma. The last oc-
currence of Thalassiosira jacksonii and the top of this interval is right
above the Miocene/Pliocene boundary.

Paleomagnetic correlation. This interval falls within Chron C3r.

Discussion and remarks. The interval is characterized by com-
mon to abundant P. barboi, T. jacksonii, T. oestrupii, and Tn. linea-
tum (Table 1). The short range and the abundant and consistent oc-
currence of T. jacksonii both at Site 907 and Leg 104 Vgring Plateau
sites (Bodén, 1992) makes it a valuable stratigraphic marker for the
Norwegian-Greenland Sea. However, a longer range (3.1-6.4 Ma)
for T. jacksonii is recorded from the North Pacific (Barron, 1992).

Thalassiothrix miocenica Interval

Authors. Kog and Scherer, herein.

Definition of top. LO Thalassiothrix miocenica

Definition of base. LO Thalassiosira jacksonii

Age. early Pliocene, 4.9—3.3 Ma. The last occurrence of Thalas-
siosira jacksonii and the base of this zone is slightly above to the Mi-
ocene/Pliocene boundary.,
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Paleomagnetic correlation. The base boundary of this interval
correlates to the base of Chron C3n.

Discussion and remarks. This interval is characterized by com-
mon to abundant P. barboi, Tx. miocenica, T. oestrupii, and Tn. lin-
eatum, The LO of Thalassiothrix miocenica is also dated to 3.3 Ma
from Site 642 at the Vgring Plateau (Bodén, 1992). The top of this in-
terval corresponds also to the LO of P. barboi. The LO of Stephan-
ogonia hanzawae, N. pseudocylindrica, Thalassionema lineatum and
FO of T. nidulus occurs within this interval (Fig. 1). The LO of
Thalassiosira jacksonii, which is dated as 4.9 Ma at Site 907, is dated
as 3.1 Ma in the North Pacific (Barron, 1992), indicating a significant
diachroneity in the extinction of this species.

Proboscia curvirostris Interval

Authors. Kog and Scherer, herein.

Definition of top. LO Proboscia curvirostris

Definition of base. LO Thalassiothrix miocenica

Age. late Pliocene—Pleistocene, 3.3—7 Ma.

Paleomagnetic correlation. The base boundary of this interval
correlates to the boundary between Chrons C2An2/C2An3.

Discussion and remarks. The last occurrence of Proboscia cur-
virostris is within a barren zone and therefore the top of this zone can-
not be precisely dated (Fig. 1). However, Baldauf (1984) extrapolat-
ed this datum to be about 0.36 Ma in the Rockall Region of the North
Atlantic, The LO of P. curvirestris is dated to 0.3 Ma in the subarctic
Pacific (Koizumi, 1986). The upper part of this interval correlates to
the P. curvirostris Zone in the North Pacific (Koizumi, 1973; Barron,
1980). Most of this zone spans a barren interval at Site 907.

Thalassiosira oestrupii Interval

Authors. Kog and Scherer, herein.

Definition of top. Holocene

Definition of base. LO Proboscia curvirostris

Age. latest Pleistocene, 7-0 Ma. The last occurrence of Proboscia
curvirostris is within a barren zone and therefore the base of this in-
terval cannot be precisely dated.

Paleomagnetic correlation. This interval boundary falls within
the Brunhes chron (Cln).

Discussion and remarks. This interval correlates with the upper
portion of the Thalassiosira oestrupii Zone of Schrader and Fenner
(1976). These authors place the base of their zone immediately above
the extinction of Proboscia barboi, which is recorded at 3.3 Ma right
above the lower/upper Pliocene boundary at Site 907. Recent, mostly
arctic floral elements, which include Proboscia alata, Rhizosolenia
hebetata forma hebetata, Rhizosolenia hebetata forma semispina,
Thalassiosira angustelineata, Thalassiosira gravida spore and vege-
tative cells, Thalassiosira oestrupii, Thalassiosira trifulta, and
Thalassiothrix longissima are found in this interval (Table 1).

SUMMARY

A middle Miocene to Holocene diatom biostratigraphy for the
Iceland Plateau is developed from investigation of diatom species
ranges from Site 907. Many of the observed species are endemic to
the Norwegian-Greenland Sea and/or show diachronous first and/or
last occurrences as compared with other high-latitude regions. This
causes difficulties in utilizing other already established middle- and
high-latitude diatom biostratigraphies. A total of 32 diatom events
are observed and given chronological estimates through direct corre-
lation to the established paleomagnetic stratigraphy of Site 907.
These events are used to establish 11 biostratigraphic intervals for
this site.
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APPENDIX
List of Flora

Actinocyclus curvatulus Janisch, 1878 in Schmidt et al. (1874-1959): pl. 57,
fig. 31; Hustedt, 1958, p. 129-130, pl. 8, fig. 81.

Actinocyclus ehrenbergii Ralfs in Pritchard, 1861: p. 834; Hustedt, 1929, p.
525, fig. 298,

Actinocyclus ingens Rattray, 1890a s. ampl.: p. 149, pl. 11, fig. 7; Baldauf and
Barron, 1980, pl. 1, figs. 1-4; Baldauf and Barron, 1982, p. 68, pl. 1, figs.
6-10.

Coscinodiscus asteromphalus Ehrenberg, 1844 in Hustedt, 1930: p. 452-454,
fig. 250.

Coscinodiscus flexuosus Brun 1895 in Schrader and Fenner, 1976, pl. 15, fig.
10.

Coscinodiscus lewisianus Greville, 1866: p. 78, pl. 8, figs. 8—10; Schrader and
Fenner, 1976, pl. 21, figs. 4, 6; Bodén, 1992, pl. 3, fig. 13.

Coscinodiscus marginatus Ehrenberg, 1841: p. 142: Hustedt, 1930, p. 416,
fig. 223.

Coscinodiscus norwegicus Schrader in Schrader and Fenner, 1976: pl. 17,
figs. 3, 4a, b.

Coscinodiscus oculus-iridis Ehrenberg, 1839: p. 147; Hustedt, 1930, p. 454—
459, fig. 252.

Coscinodiscus vetustissimus Pantocsek, 1886 in Hustedt, 1930: p. 412, fig.
220; Schrader and Fenner, 1976, pl. 14, fig. 3.

Cymatosira biharensis Pantocsek, 1889: p. 66, pl. 3, fig. 42; Schrader and
Fenner, 1976, pl. 8, figs. 1-5, 7; Bodén, 1992, pl. 1, fig. 5.

Denticulopsis hustedtii (Simonsen and Kanaya) Simonsen, 1979: p. 64;
Baldauf and Barron, 1982, pl. 7, figs. 7, 8; Akiba and Yanagisawa, 1986,
p. 488, pl. 17, figs. 4, 5, 7-23, pl. 18, figs. 1-10, pl. 19, figs. 1-5.

Denticulopsis lauta (Bailey) Simonsen, 1979: p. 64; Akiba, 1986, pl. 26, figs.
15-19; Akiba and Yanagisawa, 1986, p. 489, pl. 7, figs. 16-29, pl. 9, figs.
1-9; Bodén, 1992, pl. 3, figs. 11.

Denticulopsis praedimorpha (Akiba, 1979) Barron, 1981: p. 529, pl. 4, figs.
8-10; Akiba, 1986, pl. 27, figs. 14-26; Akiba and Yanagisawa, 1986, p.
489, pl. 13, figs. 1-28, pl. 14, figs. 1-12; Bodén, 1992, pl. 3, figs. 3-5.

Dimerogramma aff. dubium Grunow in Van Heurck, 1880; Schrader and Fen-
ner, 1976, pl. 3, figs. 12, 15, 16, 174, b.

Eucampia aff. balaustium Schrader, 1976: pl. 10, figs. 15, 16.

Hemiaulus polycistinorum Ehrenberg, 1854: pl. 36, figs. 43a, b; Schrader and
Fenner, 1976, pl. 10, figs. 20, 21.

Tkebea tenuis (Brun) Akiba, 1986: p. 439, pl. 19, figs. 1-5; synonym: Gonio-
thecium tenue Brun, 1894: p. 77, pl. VI, figs. 5, 6; Schrader and Fenner,
1976, pl. 6, figs. 610, pl. 37, figs. 6-10.

Mediaria splendida Sheshukova-Poretzkaya, 1962: p. 210, pl. 2, fig. 5:
Schrader and Fenner, 1976, pl. 8, fig. 18.

Nitzschia arlantica (Paasche) Hasle, 1965: p. 9-11, pl. 1, figs. 1-5; Schrader
and Fenner, 1976, pl. 1, fig. 10.

Nitzschia donahuensis Schrader, 1976: p. 633, pl. 2, fig. 30; Gersonde and
Burckle, 1990, pl. 1, figs. 16-18.

Nitzschia evenescens Schrader, 1976: p, 991, pl. 1, figs. 28, 29,

Nitzschia kanayensis Schrader, 1974: p. 547, figs. 6, 23, 25, 28; Schrader and
Fenner, 1976, pl. 1, figs. 21-23.

Nitzschia pseudocylindrica Schrader in Schrader and Fenner, 1976: pl. 1, figs.
3-5, 12, 15-18.
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Nitzschia riedelia Schrader, 1974: p. 549, figs. 6, 20, 21; Schrader and Fenner,
1976, pl. 1, figs. 14, 19.

Porasira glacialis (Grunow) Jorgensen, 1905; Schrader and Fenner, 1976, pl.
16, figs. 1-4; pl. 197, fig. 1.

Proboscia alata Sundstrém, 1986: p. 99-102, pl. 36, figs. 258-266; synonym:
Rhizosolenia alata Brightwell, 1858, p. 95, pl. 5, figs. 8, 8a.

Proboscia barboi Jordan and Priddle, 1991: p. 56; synonym: Rhizosolenia
barboi (Brun) Tempére and Peragallo, 1908, p. 26, no. 47; Akiba and
Yanagisawa, 1986, p. 497, pl. 42, figs. 3-5, 7, 10, 11; pl. 44, figs. 1-8.

Proboscia curvirostris Jordan and Priddle, 1991: p. 57; synonym: Rhizosole-
nia curvirosiris Jousé 1959, p. 48, pl. 2, fig. 17; Akiba and Yanagisawa,
1986, p. 497, pl. 42, figs. 1, 2; pl. 45, figs. 1-6.

Proboscia praebarboi Jordan and Priddle, 1991: p. 57; synonym: Rhizosole-
nia praebarboi Schrader, 1973, p. 709, pl. 24, figs. 1-3; Akiba and
Yanagisawa, 1986, p. 497, pl. 42, figs. 8, 9; pl. 43, figs. 1-9.

Pseudodimerogramma filiformis Schrader and Fenner, 1976: pl. 3, figs. 21,
22.

Pseudopodosira simplex (Jousé) Strelnikova, 1974: p. 51-52, pl. 2, figs. 10,
11; Schrader and Fenner, 1976, pl. 12, figs. 24, 25.

Pseudopyxilla directa (Pantocsek) Forti, 1909: p. 13; Schrader and Fenner,
1976, pl. 9, figs. 8, 9; pl. 44, fig. 12.

Pseudopyxilla rossica (Pantocsek) Forti, 1909: pl. 1, fig. 13; Schrader and
Fenner, 1976, pl. 12, figs. 19, 20; pl. 44, figs. 2,4, 5.

Pterotheca aculeifera Grunow, 1880; Schrader and Fenner, 1976, pl. 43, figs.
1—4; Baldauf, 1984, pl. 10, figs. 11, 12.

Pterotheca reticulata Sheshukova-Poretzkaya, 1967: p. 229, pl. 36, fig. 6a—c;
pl. 8, fig. 4a—c; Schrader and Fenner, 1976, pl. 12, figs. 1, 2, 11; pl. 38,
figs. 1012, 14-16; pl. 45, fig. 6.

Rhaphoneis margaritalimbata Mertz, 1966: p. 27, pl. 6, figs. 1-3; Schrader
and Fenner, 1976, pl. 5, figs. 23, 24.

Rhaphoneis ossiformis Schrader in Schrader and Fenner, 1976: pl. 5, fig. 20.

Rhaphoneis parallelica Schrader and Fenner, 1976: pl. 5, figs. 15-19.

Rhizosolenia bergonii Peragallo, 1892: p. 110, pl. 15, fig. 5: Schrader and
Fenner, 1976, pl. 41, fig. 14;

Rhizosolenia hebetata forma hebetata Sundstrom, 1986: p. 47, 48, pl. 4, figs.
18 a, b; pl. 17, figs. 112, 113.

Rhizosolenia hebetata forma semispina (Hensen) Gran, 1904: p. 524, pl. 17;
Sundstrom, 1986, p. 48-52, pl. 4, figs. 19, 20; pl. 17, figs. 117, 118.

Rhizosolenia miocenica Schrader, 1973: p. 709, pl. 10, figs. 2-6, 9-11;
Schrader and Fenner, 1976, pl. 9, figs. 5, 11, 13, 14.

Rhizosolenia norwegica Schrader in Schrader and Fenner, 1976: pl. 9, figs. 4,
10.

Rhizosolenia styliformis Brightwell, 1858: p. 95, pl. 5, figs. 5a, b, d; Baldauf,
1987, pl. 6, fig. 7.

Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986: 111; Hasle, Sims
and Syvertsen, 1988, figs. 1-25.

Stephanogonia hanzawae Kanaya, 1959: p. 118-119, pl. 11, figs. 3-7,
Schrader and Fenner, 1976, pl. 12, figs. 10, 12; pl. 13, figs. 5, 7, 8.

Stephanopyxis spinossima Grunow, 1884: p. 90-91; Schrader and Fenner,
1976, pl. 31, fig. 5; Dzinoridze et al., 1978, pl. 14, fig. 7.

Stephanopyxis turris (Greville and Arnott) Ralfs in Pritchard, 1861: p. 826, pl.
5, fig. 74; Schrader and Fenner, 1976, pl. 30, figs. 1-10, 14; pl. 37, figs.
17-19.

Synedra miocenica Schrader, 1976: p. 94, pl. 1, fig. 1; Schrader and Fenner,
1976, pl. 5, fig. 2; pl. 45, figs. 19-21.

Synedra pulchella (Ralfs) Kiitzing, 1844; Hustedt, 1930, p. 191-192, fig. 688;
Schrader and Fenner, 1976, pl. 5, figs. 10, 11.

Thalassionema lineatum Jousé, 1971: p. 15-16, fig. 3; Schrader and Fenner,
1976, pl. 5, figs. 5, 9.

Thalassionema nitzschioides (Grunow) Van Heurck, 1896: p. 319, fig. 75;
Schrader and Fenner, 1976, pl. 5, fig. 8.

Thalassiosira anguste-lineata (A. Schmidt) Fryxell and Hasle, 1977: p. 73,
figs. 22-34.

Thalassiosira baldaufii Bodén, 1993: p. 9-10, pl. 1, figs. R—V; pl. 2, figs. A~
G; pl. 4, fig. A.

Thalassiosira convexa Muchina, 1965: p. 22, pl. 11, figs. 1-2; Baldauf, 1987,
pl. 2, fig. 5; Bodén, 1992, pl. 4, fig. 2.

Thalassiosira decipiens (Grunow) Jgrgensen, 1905; Hustedt, 1930, p. 322-
323, fig. 158; Schrader and Fenner, 1976, pl. 17, fig. 9.

Thalassiosira eccentrica (Ehrenberg) Cleve, 1904; Fryxell and Hasle, 1972,
p. 300, pl. 1, figs. 1a-2; pl. 2, figs. 3—10; pl. 3, figs. 11-15; pl. 4, figs. 16—
18.

Thalassiosira gravida Cleve, 1896: p. 12, pl. 2, figs. 14-16; Hustedt, 1928, p.
325, fig. 161; Schrader and Fenner, 1976, pl. 16, figs. 5, 6; pl. 17, fig. 2.



Thalassiosira grunowii Akiba and Yanagisawa, 1986: p. 493, pl. 27, fig. 5, pl.
29, figs. 1-8b, pl. 30, figs. 1-10; synonym: Coscinodiscus plicatus
Grunow, 1878 in Schmidt et al. (1874-1959): pl. 59, fig. 1; Schrader and
Fenner, 1976, pl. 15, figs. 5, 8, 9, 11-13.

Thalassiosira jacksonii Koizumi and Barron in Koizumi, 1980: p. 396, pl. 1,
figs. 11-14; Baldauf, 1984, pl. 5, fig. 11; Bodén, 1992: pl. 5, figs. 7a-b.
Synonym: Thalassiosira sp. b Schrader and Fenner, 1976, pl. 17, figs. 5,
10.

Thalassiosira kryophila (Grunow) Jgrgensen, 1905; Hustedt, 1930, p. 324—
325, fig. 160,

Thalassiosira nidulus (Tempére and Brun) Jousé, 1961: p. 63; Schrader and
Fenner, 1976, pl, 17, figs. 13, 16.

Thalassiosira nordenskioeldii Cleve, 1873: p. 7, pl. 1, fig. 11; Hustedt, 1928,
p- 321, fig. 157; Sancetta, 1982, p. 242, pl. 5, figs. 8-9.

Thalassiosira oestrupii (Ostenfeld) Proshkina-Lavrenko; Hasle, 1960, p. 8,
pl. 1, figs. 5-7; Akiba, 1986, pl. 14, figs. 1-6.
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Thalassiosira sp. a. Schrader and Fenner, 1976, pl. 17, fig. 17.

Thalassiosira sp. c. Schrader and Fenner, 1976, pl. 16, figs. 7, 8.

Thalassiosira trifulta Fryxell in Fryxell and Hasle, 1979: p. 16, pls. 1-5, figs.
1-24; Sancetta, 1982, p. 244, pl. 5, figs. 10-12.

Thalassiosira yabei (Kanaya) Akiba and Yanagisawa, 1986: p. 493, pl. 27,
figs. 1-2, pl. 28, figs. 1-9; synonym: Coscinodiscus yabei Kanaya, 1959:
p. 86, pl. 3, figs. 6-9; Schrader, 1973, p. 704, pl. 6, figs. 1-6.

Thalassiosira zabelinae Jousé, 1961: p. 66, pl. 2, figs. 1-7; Akiba, 1986, pl.
8, fig. 11.

Tkaias.i?o:hrfx longissima Cleve and Grunow, 1880: Hustedt, 1932, p. 247,
fig. 726; Hasle and Semina, 1987, figs. 1-25.

Thalassiothrix miocenica Schrader, 1973: p. 713, pl. 23, figs. 2-5, Schrader
and Fenner, 1976, pl. 5, fig. 1; Bodén, 1992, pl. 1. fig. 1.
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1 Sk

Plate 1. Scale bar = 10 pm, unless otherwise indicated. 1. Thalassiothrix miocenica Schrader, SEM, internal view of valve face, Sample 151-907A-8H-1, 64-65
em. 2. Thalassiosira nidulus Jousé, SEM, external view of valve face, Sample 151-907A-8H-1, 64-65 cm. 3. Nitzschia pseudocylindrica Schrader, SEM, inter-
nal view of valve face, Sample 151-907A-8H-CC. 4. Proboscia barboi Jordan and Priddle, SEM, Sample 151-907A-8H-1, 64-65 cm. 5-6. Stephanogonia han-
zawae Kanaya, SEM, (5) valve view, Sample 151-907A-8H-CC, (6) girdle view, Sample 151-907A-10H-3, 98-100 cm. 7. Thalassionema lineatum Jousé,
SEM, external view of valve face, Sample 151-907A-14H-4, 72-73 cm. 8-9. Coscinodiscus norwegicus Schrader, SEM, (8) internal view of valve face, (9)
external view of valve face, Sample 151-907A-16H-CC.
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Plate 2. Scale bar = 10 pm, unless otherwise indicated. 1-2. Denticulopsis hustedrii Simonsen, SEM, internal views of valve face, (1) Sample 151-907A-18H-3,
83-84 cm, (2) Sample 151-907A-16H-CC. 3. Denticulopsis praedimorpha Barron, SEM, internal view of valve face, Sample 151-907A-18H-3, 83-84 cm. 4.
Cymatosira biharensis Pantocsek, SEM, internal view of valve face, Sample 151-907A-14H-4, 72-73 cm. 5-6. lkebea tenuis (Brun) Akiba, SEM, (5) external
view of valve face, Sample 151-907A-19H-CC, (6) internal view of valve face, Sample 151-907A-18H-3, 83-84 cm. 7. Thalassiosira grunowii Akiba and
Yanagisawa, SEM, external view of valve face, Sample 151-907A-16H-CC. 8. Thalassiosira yabei (Kanaya) Akiba and Yanagisawa, SEM, external view of
valve face, Sample 151-907A-16H-CC. 9. Actinocyclus ingens Rattray, SEM, external view of valve face, Sample 151-907A-16H-CC.
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Plate 3. Scale bar = 10 pm, unless otherwise indicated. 1-2. Proboscia praebarboi Jordan and Priddle, SEM, (1) Sample 151-907A-18H-3, 83—84 cm. (2)
Close-up view of the distal end, Sample 151-907A-15H-5, 106-107 cm. 3. Rhaphoneis ossiformis Schrader, SEM, internal view of valve face, Sample 151-
907A-14H-4, 7273 cm. 4-5. Synedra pulchella (Ralfs) Kiitzing, SEM, (4) internal view of valve face, (5) external view of valve face, Sample 151-907A-15H-
5, 106—107 cm. 6. Nitzschia donahuensis Schrader, SEM, Sample 151-907A-16H-CC. 7-8. Rhizosolenia norwegica Schrader, SEM, Sample 151-907A-18H-3,
83-84 cm. 9. Rhizosolenia miocenica Schrader, SEM, Sample 151-907A-14H-4, 72-73 cm.
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