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INTRODUCTION

Leg 35 of the Deep Sea Drilling Project (March-
April 1974) began in Lima, Peru and ended in
Ushuaia, Argentina. During this time, two sites were
drilled on the Bellingshausen Abyssal Plain and two
on the Antarctic continental rise. The sites were not
continuously cored, therefore a completed biostrati-
graphic study was not possible.

The biostratigraphic zonation established during Leg
28 was used for the Quaternary through late Miocene
interval and a zonation, established during Leg 29, was
used for the late Miocene through Oligocene interval.
Zonations established by Donahue (1970a) and Abbott
(1972, in press) for the Quaternary were also used.

The diatom content and abundance vary with loca-
tion and age and reflect changes in sedimentological
and environmental regime through time. Site informa-
tion is listed in Table 1 and Figure 1.

The Antarctic Ocean is a body of cold water
separated from the warmer Subantarctic water by the
Antarctic Polar Front (APF). This represents a separa-
tion of high phytoplankton production in the south
from an area of low phytoplankton production in the
north (Balech et al., 1968). The diatom flora north and
south of the APF are similar (Hargraves, 1968; Hasle,
1969). Taxonomy and distribution of Antarctic
planktonic diatoms have been studied in a series of ex-
pedition reports (Table 2, Figure 2). Species distribu-
tion and taxonomy of diatoms in Antarctic sediments
were studied by Kozlova (1964), Donahue (1970a), and
Abbott (1972, in press). Main areas of study which have
been used for correlation are shown in Figure 3.
Stratigraphic studies of Antarctic sediments were made
by Jousé et al. (1963), on a south Indian Ocean core, by
Donahue (1970a) on piston core material of the western
Bellingshausen Sea area, by Abbott (1972, in press) on
piston cores of the southern Indian Ocean, and by
McCollum (1975) on drill material from the Ross Sea.
Locations of important sites and cores are shown in
Figure 1.

PREPARATION OF SAMPLES
Approximately 3 ml of sample were heated for 20

min with an equal mixture of concentrated acetic acid
and hydrogen peroxide. The suspension was then cen-
trifuged in 50-ml centrifuge tubes at a speed of 1300
rpm for 2 min, decanted, then washed with deminer-
alized water. Washing was repeated five times to
remove most of the clay-sized fraction. The residue was
mixed with a 0.5 solution of sodium pyrophosphate,
centrifuged, then washed three times. The resulting
residue was stored in demineralized water to which a

few drops of formaldehyde had been added to prevent
bacterial activity (Schrader, 1974b).

To prepare a slide, 1 to 3 drops of residue were
pipetted using disposable plastic tips (Stradner and
Papp, 1961) and placed on an 18 × 18 mm cover glass
with a thickness of less than 0.17 mm and, after drying,
mounted in Aroclor No. 4465 (refractive index 1.66;
Schrader, 1969). The cover glass was then heated at a
temperature of approximately 100°C until the medium
hardened upon cooling. The cover glass was then lifted
onto a heated slide. For a more detailed description see
Hustedt, 1924; Schrader, 1973a, 1974b, 1974c).

Specimens were studied with a Leitz orthoplan light
microscope with apochromatic optics. Micrographs
were made using an automatic Leitz Orthomat camera.
Individuals on the plates are pictured at 1500X
magnification except for a few at 600× magnification.

All samples and slides were prepared aboard the
Glomar Challenger.

DIATOMS AT EACH SITE

Site 322
Site 322 is located on the Bellingshausen Abyssal

Plain at a water depth of 5026 meters. Five lithologic
units, four sedimentary and one igneous, are recog-
nized. Unit 1 is approximately 295 meters thick and
consists of unconsolidated, well-sorted sands and silts
interbedded with clays. Quartz is more abundant than
feldspar in the sands; few rock fragments and no
volcanic glass were observed. Diatoms and sponge
spicules are common. The contact with Unit 2 occurs in
the interval occupied by Core 3, but a complete core
was not recovered, therefore the contact was not
preserved. Unit 2 is about 170 meters thick and consists
of consolidated, dark greenish-gray claystone. Quartz
silt is abundant in some beds, whereas feldspar grains,
heavy minerals, and diatom fragments are minor com-
ponents. The contact with Unit 3 was not recovered.
Unit 3 is about 43 meters thick and consists of inter-
bedded dark gray sandstones and claystones. The sand-
stones are poorly to moderately sorted and contain
many rock fragments and some volcanic glass
fragments; feldspar is about as abundant as quartz.
Diatoms and sponge spicules are rare. Unit 4 is 4.3
meters of a distinctive yellowish-brown claystone;
arenaceous foraminifera are present in this unit.
Neither the upper nor lower contacts are preserved in
the cores.

A few diagnostic diatom specimens were found in
cleaned and sieved material from Samples 322-11-5, 40-
41 cm and 322-13-2, 130 cm. These include: Thalassio-
sira oestrupii, Actinocyclus curvatulus, Thalassiosira cf.
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TABLE 1
Leg 28, 29, and 35 Site Data

Leg

28

28

28

29

35

B5

35

35

Site

266

269

274

278

322

323

324

325

Position

Latitude

56°24.13'S
61°40.57'S
68°59.81'S
56°33.42'S
60°01.45'S
63°40.84'S
69°03.21'S
65°02.79'S

Longitude

110°06.70'E
140°04.21'E
173°25.64'E
160°04.29'E
79°25.49'W
97°59.69'W
98°47.20'W
73°40.40'W

Water
Depth

(m from
sea level)

4167
4282
3305
3675
5026
5004
4433
3748

(m)

384

958

421

4385
544

731

218

718

No of
Cores

24

24

45

35

14

21

10

10

Age of Oldest Sediment Cored

Upper Oligocene (?)
At least as old as middle Oligocene

Middle Oligocene
(?) Oligocene to early Miocene
Late Cretaceous
Pliocene
(?) Oligocene to early Miocene
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Figure 1. Location ofDSDPLeg 28, 29, and 35 sites.
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decipiens, Roperia tesselata (centric form), and dis-
placed Synedra ulna (fresh-water, planktonic). T.
oestrupii evolved from T. nativa within North Pacific
Diatom (NPD) Zone IX (base), which in turn is cor-
relative with foraminifera Zone N 18. Roperia tesselata
evolved from Roperia praetesselata at about the same
time in tropical to subtropical sequences. Thus it would
seem that Sample 322-11-5, 40-41 cm is not older than
the uppermost Miocene and is most probably early
Pliocene. The above-mentioned occurrences are scarce
and to ensure that their presence was not caused by
downhole displacement or contamination the same
type of sample was taken from 322-11-5, 89-90 cm and
322-11-5, 134-135 cm. Only 322-11-5, 89-90 cm had one
fragment of displaced Synedra ulna found within five
slides. The above-mentioned species are rare in com-
parison to mass occurrences of Rhizosolenia, Nitzschia,
etc., which would appear if contamination from recent
material had occurred, furthermore, the other two sam-
ples should also have been contaminated. A second
control test was run with a sample (consisting of alter-
nating brown to black clay layers) from 322-11-5, 40-41
cm. A few tests of the same species were found, which
should prove that the original sample was uncontam-
inated.

A stratigraphic summary is given in Table 3. The
youngest material recovered (322-1-1, 79-80 cm) is
placed in the Nitzschia interfrigidaria Zone of
McCollum (1975) which is correlated to the stratig-
raphy and is of 2.8-3.65 m.y.B.P. on the basis of com-
mon Nitzschia interfrigidaria, Cosmiodiscus insignis,
and Coscinodiscus lentiginosus. Samples 322-1-2, 61-62
cm through 322-2-2, 141-142 cm are placed into the
Nitzschia interfrigidaria-Nitzschia praeinterfrigidaria
zones of McCollum (1975) on the basis of the occur-
rence of Cosmiodiscus insignis even though no
specimens of Nitzschia praeinterfrigidaria or N. inter-
frigidaria were found. An age of 3.65-3.82 m.y.B.P. can
be assigned to this interval. Samples 2, CC through 4,
CC contain a poorly preserved diatom assemblage with
common Denticula hustedtii, and Trinacria excavata.

These are placed into the Denticula hustedtii Zone of
McCollum (1975), which is lowermost Pliocene to late
Miocene in age.

In sediments of the North Pacific representing cold
biofacies, Denticula lauta ranges into the upper part of
the late Miocene and becomes extinct at approxi-
mately 5.5 m.y.B.P. The same extinction date is used
for determination of the last occurrence of this species
in the Antarctic (322-4, CC).

The first trace of diatom-bearing sediment was found
in 6, CC. Several individuals of Rhizosolenia hebetata
forma hiemalis were found. This species ranges through
the Miocene into the Recent, therefore a precise age
cannot be calculated on the basis of its occurrence. Age
determinations on samples from Cores 7 to 13 were not
possible due to lack of diatoms. Samples barren of
diatoms are listed in Table 4.

Sedimentation rates for the upper 300 meters of
material at Site 322 are calculated to be 5 cm/1000 yr
(Figure 4).

Site 323
Site 323 is located near the southern margin of the

Bellingshausen Abyssal Plain. Six lithologic units are
recognized: five sedimentary and one igneous. Unit 1 is
about 266 meters thick and consists of gray uncon-
solidated sandy silts, diatom clay, and diatom ooze.
Unit 2 is about 241 meters thick and consists of
relatively indurated gray diatomaceous claystone and
cherts. Unit 3 is about 130 meters thick and consists of
gray claystone devoid of biogenic silica. Unit 4 is about
28 meters thick and is composed of yellowish-brown
iron-rich claystone and nanno claystone overlying Unit
5 which is 34 meters of brown zeolitic claystone devoid
of opaline silica tests.

Diatoms occurring in the interval 323-1-1, 60-61 cm
to 323-10-3, 47-48 cm are generally well to moderately
well preserved and have moderate to high species diver-
sity. The species assemblage belongs to the Antarctic-
Subantarctic assemblage of Jousé and Kozlova (1971).
Detailed climatic interpretations are not possible
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TABLE 2
Major Expedition Reports on Antarctic Diatoms

Author

Ehrenberg

Castracane

Janisch

Van Heurk

Karsten

Mangin

Heiden und
Kolbe

Peragallo

Hart

Hendey

Hasle

Manguin

Hustedt

Kozlova

Expedition

Ross Expedition
1839-1843

"Challenger"
Expedition
1873-1876

"Gazelle"
Expedition
1874-1876

"Belgica"
Expedition
1897-1899

German Deep Sea
Expedition
"Valdivia"
1898-1899

Antarctic
Expedition
"Scotia"
1902-1904

German South
Pole Expedition
1901-1903

2nd. French
Antarctic Exped-
ition 1908-1910

"Discovery"
1929-1931

"Discovery"
1929-1932

Norvegian
Expedition
1947-1948

"Commandant
Charcot"
1949-1950

German Antarctic
Expedition
1938-1939

M/V "Ob"
1955-1959

Region of
Collection

Around Kerguelen
Island, Falkland
Island, Tierra del
Fuego

Indian Ocean

Indian Ocean

Southern Indian
Ocean

Southern Ocean

South Pacific

Southern Ocean

Southern Ocean

Southern Atlantic
and Pacific oceans

Southern Atlantic
and Pacific oceans

South Pacific
Ocean

Around Adelie
Land and Herd
Island

Southern Atlantic
Ocean

Southern Indian
and Pacific oceans

Date of
Publication

1844-1854

1886

1891

1909

1905

1915

1928

1921

1934
1942

1937

1969

1960

1958

1964

because of an incomplete section. Diatoms are poorly
preserved at 11-2, 69-70 cm, 118-119 cm, 14-1, 100-101
cm, 16-4, 22-23 cm, 17-1, 16-17 cm, 18-4, 17-18 cm, and
18-4, 67-68 cm. Barren samples are listed in Table 5.

Certain diatoms, including Coscinodiscus cf. sym-
bolophorus, Actinocyclus ehrenbergii, and Charcotia ac-
tinochilus, in cores containing Cretaceous foraminifera
(16-4, 17-1, 17-4, 18-4) suggest downhole contam-
ination. A flora with almost identical species was en-
countered at 3-2, 32-33 cm. Moreover, diatoms have
never been found in Cretaceous recrystallized radio-
larian-bearing sediments. The occurrence of a diatom
assemblage below the chert-bearing sediment sequence
in 8, CC is also interpreted as downhole contam-
ination. Generally the diatom assemblage disappears
gradually as opal is mobilized to form chert. All sam-
ples containing diatoms below the chert layers are
mixed with younger downwashed material. The chert

contained a few ghost shapes of radiolarian tests and is
most probably of biogenic origin.

Displaced shallow water benthonic and/or neritic
species were found in almost all samples but with a con-
siderable increase at 8, CC, 9, CC, 10-3, 47-48 cm, and
11-2, 69-70 cm including mass occurrences of Melosira
sulcata, Stephanopyxis turris, Diploneis sp., Cocconeis,
and various other species.

Displaced fresh-water diatoms occur in 8, CC in-
cluding Pinnularia nobilis, which inhabits fresh-water
lakes in temperate climatic areas. This occurrence may
aid in interpretation of Antarctic Miocene climate.

The following biostratigraphic interpretation (Figure
5 and Table 6) is tentative due to spot coring, poor
recovery and core disturbance and displacement.

Pliocene sediments were encountered from 1-2, 55-56
cm to 2-1, 46-47 cm and are characterized by abundant
Nitzschia interfrigidaria, Nitzschia praeinterfrigidaria,
and Cosmiodiscus insignis. The occurrence of these
species permits placement of all samples above 1-4, 69-
70 cm into the Nitzschia interfrigidaria Zone of
McCollum (1975), which has been dated by correlation
with paleomagnetic stratigraphy and the radiometric
time scale as 2.8-3.65 m.y. in age. Samples below 1-4,
109-110 cm to approximately 2-1, 46-47 cm are located
in the Nitzschia praeinterfrigidaria Zone of McCollum
(1975). This has been dated by correlation to the
paleomagnetic stratigraphy and radiometric time scale
as 3.65 to approximately 4.5 m.y. in age and is thus very
close to the Miocene-Pliocene boundary as defined in
this report at the boundary of Magnetic Epoch 5 and
the Gilbert Reverse Epoch. Samples derived from Core
3 are tentatively placed into the Denticula hustedtii
Zone and Denticula hustedtii-Denticula lauta Zone of
McCollum (1975), which are correlative to the Hemi-
discus karstenii and Coscinodiscus yabei zones (this
paper) and to NPD Zones XVII/XVIII (Schrader,
1973a). These zones are of lower late Miocene age with
an approximate absolute age of 10-12 m.y. Samples de-
rived from Cores 4 through 7 are placed into the Den-
ticula antarctica-Coscinodiscus lewisianus Zone of
McCollum (1975), which is of lower middle Miocene
age. This interpretation is sustained by the co-
occurrence of Raphidodiscus marylandicus which is
short ranging and restricted to the NPD Zones XX-
XXII. R. marylandicus is found at 6-1, 137-138 cm, 6,
CC and 7, CC. Denticula nicobarica becomes extinct in
the North Pacific at the base of NPD Zone XIX
(correlative to foram Zone N10, middle middle
Miocene). D. nicobarica was found in 7, CC dating this
sample as middle middle Miocene or early Miocene. It
is tentatively placed here near the middle/early Mio-
cene boundary, which is approximately 15 m.y.B.P. on
the Berggren (1969) time scale.

Site 324
Site 324 is located on the upper Antarctic continental

rise, about 75 miles north of the base of the continental
slope. The sediments recovered in Cores 1 through 9
consist predominantly of terrigenous clays and silty
clays with thin layers of well-sorted silt. Small portions
of Cores 1, 4, and 9 are composed of diatom ooze to
diatom-bearing hemipelagic clays. Species recovered
from these cores are listed in Table 7. All other material
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TABLE 3
Distribution of Diatoms at Site 322

Sample
(Interval in cm)

1-1,79-80
1-2,61-62
1-2, 87-88
1-3, 17-18
1-3, 88-89
1-4,68-69
1-6, 130-131
l.CC
2-1, 139-140
2-2, 100-101
2-2, 141-142
2,CC
3-1,45-46
3,CC
4-1,74-75
4-2,61-62
4, CC
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9

Nitzschia interfrigidaria

Nitzschia interfrigidaria/
Nitzschia praein terfrigidaria

Denticula hustedtii

Note: O = reworked, R = rare, F = few, C = common, A = abundant.

TABLE 4
Samples Barren of Diatoms at Site 322

SITE 322
15026m 1 2 3 4 5 6 7 8 9 10 m.y.

6-1,2
6-1, 36
6-1, 137
6,CCa

7, CC
8, CC
9, CC
11-4,31
11-4,63.5
11-4,92
11-4,123
11-4, 127
11-5, 13
11-5,24.5
11-5,35
11-5, 40a

11-5,42
11-5,43
11-5,59
11-5,68.5
11-5,80
ll-5,89-90a

11-5,90
11-5,123
11-5,124
11-5,125
11-5,126.5
11-5, 134-135
11-5,135
11-6,5
11-6,16.5
11-6,22

11-6,27.5
11-6,44
11-6,62
11-6,66
11-6,77
11-6,78
11-6,86
11-6,88
11-6,97.5
11-6,107
11-6,110.5
11-6, 117
11-6, 125
11-6, 131
11, CC
13, CC

aTrace occurrence of diatoms displaced, by
coring procedure.

studied contains no diatoms and samples are listed in
Table 8.

Core 1, from Section 1, 141 cm to Section 4, 37 cm
belongs to the Nitzschia kerguelensis Zone of Abbott
(in press), which has been correlated to the uppermost
part of the Brunhes Normal epoch, to the Fragilari-
opsis kerguelensis Partial-Range Zone of Donahue
(1970a), which has been dated as .35 m.y. to the Recent,
and to the Coscinodiscus lentiginosus Partial-Range
Zone of McCollum (1975). Reworked older fossils,
such as Denticula hustedtii and Actinocyclus ingens, do
occur in trace abundance throughout this core. Core 1

400

500

5cm/1000y

barren in diatoms

Figure 4. Sediment accumulation rate at
Site 322.
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TABLE 5
Samples Barren of Diatoms at Site 323

11, CC
12-1, 131-132
12-2, 72-73
12, CC
13-1, 110-111
13-3,114
13-5,47-48
13-6,49-50
13, CC
14-1, 100-101
14-2, 70-71
14-2, 134-135
14, CC

15-1,46-47
15-2, 57-58
15-3,51-52
15-3, 124-125
15-4, 26-27
15-5, 114-115
15-6,135-136
15, CC
16-1, 19-20
16-1,26-27
16-2,11-12
16-2,140-141
16-3,15-16

16-3,49-50
16-3,87-88
16-4, 22-23a

16-4,60-61
164, 133-134
16, CC
17-1,16-17
17-1,85-86
17, CC
18-2, 141-142
18-3,63-64
184, 17-18
184,67-68

aTrace occurrence of diatoms displaced by
coring procedure.

down to 14 meters is, therefore, dated as younger than
.35 m.y., using the upper boundary of Donahue's
(1970a) Rouxia californica Partial Range Zone.

Core 1, Section 4, 66 cm to Section 5, 69 cm is cor-
related with the Rouxia calif ornica Partial-Range Zone
of Donahue (1970a) and is .35-.66 m.y. in age on the
basis of a rare occurrence of Rouxia californica.

Core 1-5, 103 cm through Core 4-2, 66 cm is placed in
the Actinocyclus ingens Partial-Range Zone of Dona-
hue (1970a) which has an upper boundary age of .66

SITE 323

m.y. and is characterized by the occurrence of Actino-
cyclus ingens and in the Coscinodiscus ellipti-
pora/Actinocyclus ingens Concurrent Range Zone of
McCollum (1975) which has been dated by paleo-
magnetic stratigraphic correlation to the radiometric
time scale as .7 to 1.6 m.y. in age.

All samples below Core 4 are almost barren in
diatoms except 9, CC which does contain a moderately
preserved diatom assemblage of low species diversity.

Denticula hustedtii and Trinacria excavata are inter-
preted as being reworked because Cosmiodiscus insignis
and Nitzschia kerguelensis are still present. This sample
is placed in the Cosmiodiscus insignis Partial-Range
Zone of McCollum (1975) and is correlative to the up-
per part of the Gauss Normal Epoch and is approxi-
mately 2.43 to 2.82 m.y. in age.

Estimates of the percent abundance of Eucampia
balaustium versus all other diatom frustules did reveal
an increase of Eucampia balaustium in Core 1 (Table 9)
and Core 4. Recent Eucampia balaustium is found in
highest abundance close to the Antarctic ice sheet and
may serve, along with ice-rafted detritus, to reconstruct
the extensions and limitations of the ice sheet through
time.

The sequence penetrated may comprise an uninter-
rupted section representing most of the upper Pliocene
and Quaternary. However, due to discontinuous coring

0 4 m

1 1
M

100-1

1
200 ]

300"

400-

500-

bUUJ

m

1

-

-

•

1 2 3 4 5 6 7 β 9 10 11 12 13 14 15 m.yt

^ X 2.5cm/1000y

2 \

3 •k

\

r X
6 X
7 Xr•

8

9

» displaced younger diatoms

11

12

barren in diatoms

15

Nitzschia

intertrigidaria

Nitzschia

jraeintertrigidaria

Denticula

hustedtii

Denticuta

hustedtii/lauta

Dent.antarctca

Cosc.lewsianus

McCOLLUM

Hemidiscus

karstenii

Denticula lauta

THIS PAPER

Figure 5. Sediment accumulation rate and biostratigraphic zonation at Site 323.

610



TABLE 6
Distribution of Diatoms at Site 323



TABLE 6 - Continued



CENOZOIC PLANKTONIC DIATOM BIOSTRATIGRAPHY

TABLE 7

Distribution of Diatoms at Site 324

Sample
(Interval in cm)

1-1, 141-142
1-2,56-57
1-2, 135-136
1-3 33-34
1-3 84-85
1-3, 133-134

1-4, 37-38
1-4,66-67
1-4, 114-115
1-5 69-70
1-5, 103-104
1-5, 131-132
1-6, 14-15
1-6,51-52
1-6, 126-127

4-2, 66-67
9,CC
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TABLE 8
Samples Barren of Diatoms at Site 324

1, CC
2-1, 15-16
2-1,76-77
2-2, 73-74
2-2, 144-145
2-3, 73-74
2-3, 115-116
24, 75-76
2-5, 71-72
2-6, 110-111
2, CC
3-1, 22-23
3-1, 100-101

3-2, 22-23
3-2,109-110
3-3,4849
3-3, 113-114
34, 4344
34, 118-119
3-5, 84-85
3-6, 117-118
3,CC
4-2, 20-21
4-2, 141-142
4-3,4849
4-3, 106-107

44,55-56
4,CC
5-1,95-96
5-1, 130-131
5-2, 93-94
5-2, 125-126
5-3,4142
5-3, 92-93
5,CC
6-1,98-99
6-2, 32-33
6-6, 131-132
6,CC

7-1,81-82
7-2, 117-118
7-3, 132-133
74, 143-144
7-6, 144-145
7,CC
8-2, 132-133
8-3,21-22
8,CC
9-1,120-121

TABLE 9
Occurrence (in percent) of Eucampia balaustium

at Site 324

Other
Sample Total E. balaustium Diatoms

(Interval in cm) Count (%) (%)

this theory cannot be confirmed and correlation with
other Quaternary climate curves is not possible at the
present time (Figure 6).

Sediment accumulation rates cannot be effectively
determined for this site. All that can be postulated from
tentative diatom stratigraphic subdivision is an aver-
age sediment accumulation of 7.5 cm/1000 yr (Figure
V).

Site 325
Site 325 is located on the upper continental rise

northwest of the Antarctic Peninsula, about 80 miles
from the base of the continental slope. The sedi-
mentary sequence consists of terrigenous detritus ex-
cept for a few thin beds with mainly biogenic com-
ponents. The two lithologic units consist of about 570

1-1, 141-142
1-2, 56-57
1-2, 135-136
1-3, 33-34
1-3, 84-85
14, 66-67
14, 114-115
1-5, 103-104
1-6, 14-15
1-6, 126-127
4-1, 139-140
4-2, 66-67

167
210
214
227
219
215

38
201
210
121
41

292

11.9
6.2
3.7
4.8
5.0
2.3

18.4
10.8
8.4

13.2
43.9

7.2

88.1
93.8
96.3
95.2
95.0
97.7
81.6
89.2
91.6
86.8
56.1
92.8

meters of clay and claystone (Unit 1) overlying 148
meters of dominantly coarser clastic rocks with minor
claystone.

Diatoms occur in each core, those in Cores 1 through
6 comprise a low diversity Antarctic assemblage with
moderate to poorly preserved frustules; those in Cores
7-10 are pyritized and consequently an age determina-
tion was not possible. Samples without diatoms or with
recrystallized tests are listed in Table 10.

Core 1, Sections 2 and 3 contained only a poorly
preserved assemblage. Age-diagnostic fossils occurred
only rarely. The first occurrence of Nitzschia ker-
guelensis places this sample into the upper part of the
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SITE 324
7 Eucampia balaustium
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Figure 6. Percent occurrence of
Eucampia balaustium in sel-
ected samples from Site 324.

SITE 32U

15cm/1000y

7cm/W00yi

Figure 7. Sediment accumulation rate at Site 324.

TABLE 10
Samples Barren of Age Diagnostic

Diatoms at Site 325

1-4, 94-96
5-1, 104-105
6-1, 42-43
7-1, 104-105
7-2, 22-24
7, CC
8-1, 56-57
8-1, 116-117
8-2, 52-52a

8-2, 120-121
8-3, 120-121
8-3, 121-122
8, CC
9-1, 134-135
9-2, 6-8
9-2, 83-85b

9-2, 107-110
9-2, 130-133

9-3, 2-4b

9-3,49-53
9-3, 84-85
9-3,135-136b

9,CCb

10-1,88-89
10-2, 92-93
10-3, 55-56
10, CC

Pliocene with an age of younger than 2.43 m.y.B.P.
Core 1, Section 4, 140 cm through Core 3, Section 4,
104 cm contained Nitzschia interfrigidaria and Cosmio-
discus insignis, which are characteristic fossils of the
Nitzschia interfrigidaria Partial-Range Zone of
McCollum (1975) which has been correlated with an
upper boundary near the Kaena Event (2.85 m.y.B.P.)
and the base above the "A" event within the Gilbert
Reverse Magnetic Epoch (3.65 m.y.B.P.). Sample 3, CC
is tentatively placed within the Nitzschia praeinter-

frigidaria Partial-Range Zone of McCollum (1975), and
has been correlated to paleomagnetic stratigraphy with
the base at the "C" event of the Gilbert epoch (ap-
proximately 4.5 m.y.B.P.) and the top near the "A"
event of the Gilbert Epoch (3.65 m.y.B.P.). Samples
below this level are placed within the Miocene. Poorly
preserved material does not allow detailed zonation to
be determined (Table 11). Sedimentation rates can only
be roughly calculated at 6.6 cm/1000 yr for the Qua-
ternary/Pliocene interval (Figure 8).

REWORKING
The three important water masses in the Antarctic

are the Antarctic Bottom Water (ABW), the Circum-
polar Deep Water (CPDW), and the Antarctic Surface
Water (ASW). The Antarctic Bottom Water is the main
source of erosion, transport, and reworking of older
microfossils into younger strata. ABW is composed of
three major water types (Gordon, 1971a), the first is
made up of the bottom layer of the Circumpolar Deep
Water, the second is a cold, relatively fresh (34.66°/oo S)
variety and is formed in shelf areas such as the Weddell
Sea and Ross Sea. The third is a cold highly saline
(34.75°/oo S) variety (Gordon, 1971b).

All three types spread clockwise between Antarctica
and the mid-ocean ridge. These currents transport com-
ponents as far north into the Pacific and Atlantic as the
equator (Burckle, 1974). There is good correlation of
sediment types found in the Antarctic due to
primary/secondary production and to circulation of
the overlying water masses (Lisitzin, 1960). The
southern section of the Southern Ocean is covered with
ice-rafted terrigenous sediments which are
predominantly silty sands. The northern limit of glacial
marine sediments corresponds to the northern limit of
the pack ice and varies in width from 300 to 900 km
(Conolly and Ewing, 1965). Diatom ooze underlies the
area of high primary production. North of the Ant-
arctic Polar Front, the high production of foraminifera
results in deposition of foraminiferal ooze (Figure 9).
The transport mechanism of the Antarctic Bottom
Water is responsible for the fact that several extinct
species of diatoms have been found in Antarctic sedi-
ment surface samples such as Rouxia antarctica, Den-
ticula species which became extinct in late Miocene
through early Pliocene time. The same type of rework-
ing is responsible for the occurrence of Miocene species
in Pleistocene sediments, which are the basis for a
diatom biostratigraphic subdivision of the Pleistocene
(partly Donahue, 1970a and Abbott, 1972, in press).
Rouxia oligocenica, Hemidiscus karstenii, Rouxia ant-
arctica, Rouxia peragalli, Rouxia peragalli forma yabei
are all abundant in Antarctic Pleistocene sediments,
thus the plotted ranges of these species (Abbott, 1972,
in press) do not represent actual ranges or extinctions
(Figure 10). These "ranges" are local occurrences and
cannot be used in other areas. On the other hand, the
occurrence of reworked species is limited in the
materials drilled during Leg 35, and this may lead to the
conclusion that eroded material is redeposited by the
ABW before entering this area and erosion must have
taken place in other areas.
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TABLE 11
Distribution of Diatoms at Site 325

Sample
(Interval in cm)

1-1, 26-27
1 9 IA 17

1-4, 140-141
1 CC
9-9 90-91
9 CC
3-1, 125-126
3-9 108-109
α α 106-107
^-4 104-1 OS
3,CC
A CC
c CC
f. CC

7-2,41-42

ju
n

d
a

<

F
p

R

c
c
c

c
c
p

p

c
p

p

p

R

c
o

es
er

va

eu

P
p

M
M

M

M

M
M
M

M

M

M

M

p

1
lo

n
gi

s
th

ri
x

al
as

si

A
Λ

c
p
Λ

Λ

C
p
Λ

Λ

A
p

p

p

F

8

•2
-S•

'δ

ne
m

a
al

as
si

R
p

c
p

R
p
r>

C
p

p

m
is

m
a 

s
π

zo
so

p

p

R
p
p

p

R
p

p

is

ε

rm
a/

zz

OS OS

R

- R

R

R F

K

m
in

ii

ed
ti

i
h

u
st

•S

p

p

p

I!
q q

p

ti
ca

K

Q

«u

r.
 h

u
st

ta
 v

a
p

u
n

c

C)

R

p
u

n
c

h
ya

li

n
ic

ol

q q q

s

m
cc

π

ft

p

p

p

en
d

oi

3 ^

OS • 0 9 a

3 3̂ ε
O O c>

^ . "S,
•̂  ^ )̂

n u u

p

R
a

tu
s

.

m
ar

g

p

F

p

R

n
ge

n
s

Co

-2

-A
in

oc

C
p

p
p

T7

F

or
u

s

a,
-S

sy
m

b
c

's
cu

s

R
p

p
p

F

R
p

ni
ca

§

lu
xi

a

OS

p
p

p
F

F

F

cf
u

s
n

 te
rs

e
sc

u
s

W
IU

IS
I

R

a
ti

va
úr

a 
n

o

p

F

u
st

iu
n

ba
la

ic
am

p

%

R

p

R

p
p

F
p
p

p

R

nd
ic

u

<3

fr

3M
X

/<
2

OS

p
p
p

F
p
p
p

R

ri
a

'g
id

a
nt

er
fr

pr
ae

fz
sc

/z

_

R

tu
rr

is

a
o
α
-c
a
5)

Q

Q

Q

R
p
p
p

R

. t o

3

vu
op

tz
sc

h
i

p

R
p

F
p
p

p

F

.Co

δ

in
if

or
sc

u
s

*S
.o
δ
**>

P̂
p

F
p
p

p

ra
ci

lis
úr

a 
g

o

la
la

ss
i

K

R
p
p

R
p

p

ri
a

fr
ig

id
a

in
te

r

t o

1

p

p
p

F
p
p

p

ic
a

n
ta

rc
t

el
la

 a

K

|

CO

p
p

_

p

_

CO

li
ne

at
i

's
cu

s
is

ci
no

p
p

R

p
p

F
p
p

COnsou

le
nt

ig
i

's
cu

s
~>

sc
in

o

F
p

p

R.

_

ie
le

ns
i

%

«

tz
sc

h

R

_

_

Diatom Zones
(McCollum, 1975)

Younger than Gauss
9

Nitzschia interfrigidaria

Nitzschia praeinterfrigidaria

1

Note: Q) = reworked, T = trace, R = rare, F = few, C common, A = abundant.

o
N

o
n
>-o
r
>

H
O
z
o
σ
>
H
O
w
δ
H



H.-J. SCHRADER

SITE 325
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Figure 8. Sediment accumulation rate at Site 325.
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CALCAREOUS OOZE

120 no

GLACIAL SEDIMENT
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Figure 9. Sediment distribution in the Ant-
arctic after Goodell et al, 1965.

Figure 10. "Ranges" (as a result of
reworking of Miocene species) of
selected diatoms and diatom bio-
stratigraphic zonation of Abbott
(1972, in press).

EPOCH AND AGE BOUNDARIES

Introduction
During the past 5 years considerable progress has

been made in defining absolute dates for epoch and age
boundaries and in relating these data to the type Euro-
pean standards. Paleomagnetics have played a con-
siderable role in this progress, but refinements in
geochemical dating techniques, increased use of micro-
paleontological datum levels, and the effort of several
workers to synthesize these data on a worldwide scale
(Berggren, 1969, 1972) have also been important. These
advances permit us to discuss, with some confidence,
the placement of Neogene epoch and age boundaries
and their relationship to the paleomagnetic
stratigraphy.

Paleomagnetic Stratigraphy
In the past 10 years, paleomagnetics have become an

important ancillary tool to the micropaleontologist
(Opdyke et al., 1966; Burckle, 1972). Foster and Op-
dyke (1970) extended the paleomagnetic reversal record
back to Epoch 11 (middle/late Miocene boundary) and
Opdyke et al. (1970) and Opdyke (1972) found reversals
back to Magnetic Epoch 15. In 1974 Opdyke et al. and
Theyer and Hammond reported on new findings and
extended the reversal record back to Magnetic Epoch
19.
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Early/Middle Miocene Boundary
The early/middle Miocene boundary is placed at the

first appearance of the genus Orbulina (Orbulina
datum). Berggren (personal communication) and Op-
dyke et al. (1974) are in agreement that this boundary is
placed at about 15 m.y.B.P. By studying calcareous-
siliceous sediments from DSDP Leg 9 Opdyke et al.
(1974) determined that the Orbulina datum occurs just
after the first appearance of the diatom Annellus califor-
nicus. In noncalcareous cores studied by Burckle
(Schrader and Burckle, in preparation) (RC13-22 and
24) the first appearance of Annellus californicus occurs
in the upper part of Magnetic Epoch 16 and the last oc-
currence is in the lower part of Epoch 15. In DSDP Leg
9 material the Orbulina datum is approximately half-
way between the first and last appearance of A. calif or-
nicus. For this reason, Opdyke et al. (1974) have con-
tended that the early/middle Miocene boundary must
occur on or near the boundary of Magnetic Epochs 16
and 15. It is interesting that Theyer and Hammond
(1974), using radiolarians, have come to much the same
conclusion.

Middle/Upper Miocene Boundary
Burckle (1972) correlated the middle/upper Mio-

cene boundary to the lower part of Magnetic Epoch 11.

Miocene/Pliocene Boundary
Saito (1969) was the first to correlate the Mio-

cene/Pliocene transition with the top of Magnetic
Epoch 5. This conclusion has been largely substantiated
by Berggren (1972).

Pliocene/Pleistocene Boundary
The Pliocene/Pleistocene boundary problem has

been reviewed by a number of workers (Hays and Berg-
gren, 1971; Cita, 1972; Burckle, 1972). Most workers
are in general agreement that this transition occurred
during the Olduvai Event of the Matuyama Reversed
Epoch.

Placement of stage boundaries discussed in this
report with respect to magnetic stratigraphy may be
summarized as follows: (1) The early middle Miocene
boundary occurs at or near the boundary of Magnetic
Epochs 16 and 15. (2) The middle/late Miocene bound-
ary occurs in Magnetic Epoch 11. (3) The Mio-
cene/Pliocene boundary occurs at the end of Magnetic
Epoch 5. (4) The Pliocene/Pleistocene boundary occurs
during the Olduvai Event of the Matuyama Reversed
Epoch. Placement of late Cenozoic epochal and stage
boundaries with respect to Southern Ocean diatom
biostratigraphic subdivision is summarized as follows:

1) The Oligocene/early Miocene boundary occurs at
the top of the Pyxilla prolungata Zone of McCollum
(1975) and at the top of the Pyxilla species Zone as
defined in this paper.

2) The early Miocene/middle Miocene boundary oc-
curs at the base of the Denticula nicobarica Zone of
McCollum (1975), which differs from results obtained
in this study. Placement of this boundary has here been
made between the Coscinodiscus lewisianus Zone (lower
part) and the Denticula lauta Zone. This corresponds to
the placement of this boundary, as defined for the
North Pacific (Schrader, 1973a).

3) The middle Miocene/late Miocene boundary oc-
curs at the base of the Denticula hustedtii/Denticula
lauta Zone of McCollum (1975) or between the
Coscinodiscus yabei Zone (lower part) and the Denticula
dimorpha Zone (upper part) as defined in this paper.

4) The late Miocene/Pliocene boundary occurs in
the Denticula hustedtii Zone of McCollum (1975) and
has not yet been precisely defined.

5) The Pliocene/Pleistocene boundary occurs within
the Rhizosolenia barboi/Nitzschia kerguelensis Zone of
McCollum (1975).

TIME RANGES OF TAXA AND
BIOSTRATIGRAPHIC ZONATION

Planktonic marine diatom zonations for the late
Quaternary of the Southern Ocean were first estab-
lished by Donahue (1970a) on sediment cores of the
Bellingshausen Sea (Figure 11). A similar study by Ab-
bott (1972, in press) using sediment cores of the
Southern Indian and South Pacific oceans included
only the latest Quaternary (Brunhes). McCollum dis-
cussed and established a diatom biostratigraphic zona-
tion for the Oligocene to Recent on material obtained
predominantly from the Ross Sea during Deep Sea
Drilling Project Leg 28. McCollum's zonation from the
Recent to the Miocene/Pliocene boundary has been
correlated to paleomagnetic stratigraphy and was used
unchanged in this report (Figure 12). Conversely, the
Miocene to Oligocene interval (Figure 13) has been re-
studied using DSDP Site 278 sediment material and
differs in the ranges of a few key species from that pro-

Figure 11. Ranges of selected diatom species and diatom
biostratigraphic zonation of Donahue (1970a) with cor-
relation to paleomagnetic stratigraphy and diatom zona-
tion ofJouse et al. (1963).

617



H.-J. SCHRADER

redrawn from McCOLLUM 1975

Figure 12. Ranges of selected diatom species and diatom
biostratigraphic subdivision of McCollum (1975) with
correlation to the Quaternary/Pliocene paleomagnetic
stratigraphy as used in this paper.

posed by McCollum. This new zonation, which basical-
ly uses known Denticula species, has been used in this
report for biostratigraphic interpretation of the
Miocene through Oligocene interval (Figure 14) (Table
12).

Zonations with higher biostratigraphic resolution
but with a similar floral content were presented by
Burckle (1969, 1972) for the equatorial east Pacific, by
Jousé (1971) for the northeast Pacific, by Koizumi
(1973) for the northwest Pacific, by Kanaya and
Koizumi (1970) for the circum-Pacific region, by
Schrader and Burckle (in preparation) for the tropical
Pacific, by Jousé (1974) for the tropical belt of oceans,
by Schrader for the northwest Pacific (1973a) and for
the tropical Indian Ocean (1974). Cross-correlations
were made whenever possible. It seems that at present a
standard diatom stratigraphy is still not possible,
because of local ranges of high diversities, high
ecological variation, and paleogeographical distribu-
tion.

The principles designated by Riedel and Sanfilippo
(1970) for establishing zones were used in this study.

The following diatom zones are defined as local
range zones in accordance with the Code of Strati-
graphic Nomenclature (1961).

Unless otherwise stated, subzones, paleomagnetic
stratigraphy, and absolute ages have not yet been

determined for the following zones.

Hemidiscus karstenii Partial-Range Zone
Definition: The base of this zone has been defined by

the last occurrence of Coscinodiscus yabei, the top by
the last occurrence of Rhizosolenia minima.

Discussion: Other floral elements include Ac-
tinocyclus ingens, Bruniopsis mirabilis, Coscinodiscus
deformans, C. endoi, C. marginatus, C. intersectus, Den-
ticula dimorpha, D. hustedtii, D. hustedtii var. ovata
(first occurrence in the upper part of this zone), D. lauta
(last occurrence in the lower part of this zone), Den-
ticula aff. seminae, Ethmodiscus rex, Eucampia
balaustium, Hemidiscus karstenii (first occurrence in the
lower part of this zone), Mediaria splendida, Nitzschia
claviceps, N. denticuloides (last occurrence in the upper
part of this zone), N. donahuensis, N. januaria, Rhizo-
solenia barboi, R. hebetata forma hiemalis, R. hebetata f.
hiemalis spinosa, R. styliformis, Rouxia califomica, R.
naviculoides, Stephanopyxis turris, Thalassionema nitz-
schioides, Thalassiosira nativa (first occurrence in the
upper part of this zone), Thalassiothrix longissima, Tri-
nacria excavata.

Comparison with the zonations of other workers: This
zone can be correlated with the Denticula hustedtii Zone
of McCollum (1975).

Type locality: DSDP Leg 29, Site 278, Samples 11-1,
50-51 cm to 9-6, 50-51 cm.

Coscinodiscus yabei Range Zone
Definition: The base of this zone has been defined by

the first occurrence of Coscinodiscus yabei, and
Nitzschia donahuensis, the top by the last occurrence of
Coscinodiscus yabei. The zone is defined by the range of
Coscinodiscus yabei.

Discussion: Other floral elements include Actino-
cyclus ingens, Bruniopsis mirabilis, Coscinodiscus defor-
mans, C. endoi, C. marginatus, C. symbolophorus, C.
yabei, Cosmiodiscus intersectus, Denticula dimorpha, D.
hustedtii, D. hustedtii var. ovata, D. aff. kamtschatica,
D. lauta, Eucampia balaustium, Mediaria splendida,
Melosira sulcata, Nitzschia claviceps, N. denticuloides,
N. donahuensis, N. januaria, N. porteri, N. pseudoker-
guelensis, Rhizosolenia barboi, R. hebetata forma
hiemalis, R. minima, R. styliformis, Rouxia califomica,
R. isopolica, R. naviculoides, Stephanopyxis turris,
Thalassionema nitzschioides, Thalassiothrix longissima.
Nitzschia pseudokerguelensis becomes extinct near the
top of this zone; Mediaria splendida first appears near
the base of this zone. Both Coscinodiscus yabei and
Mediaria splendida have longer ranges in the North
Pacific.

Comparison with the zonations of other workers: This
zone is correlative to the upper part of the Denticula
hustedtii/Denticula lauta Zone of McCollum (1975),
and to the Coscinodiscus yabei Zone of Schrader and
Burckle (in preparation).

618



CENOZOIC PLANKTONIC DIATOM BIOSTRATIGRAPHY

Coscinodiscus
lentiginosus

Cose, elliptiph.

Aatinocye. ingens

Rhizos. barboi

Nitzs. kergueI.

Cose, kolbei

Rhizos. barboi

Cosmiodiscus
ivε• gnis

Nitzschia
interfrigidaria

Nitzschia
praeinterfrig.

Denticula
hustedtii

Dent. hust.

Dent, lauta

Dent, lauta

Dent, antaret.

Dent, antarct.

Cose, lewisian.

Denticula
antaretiaa

Denticula
nicobarica

Coεeinodiεcus
sp.

Pyxilla
prolongata

1

CO

X
Itu

£J
ra
U

•riCO

t÷4

4
e.
ç

_<:

\
ç

;

3

ra

* r i

0)

CO

• r i

"=C

5

;i
•r i

3

US

3 ö

i ö

i 3

• to

+ i

! 4

CO

ε

1
ra

6

7

to

3
ra

s,
K
m̂i

n
ra
o

9

TO

rS!

ε
ta

en
s

ta

CΛ

ra

8

11

•ri
SH

N

3

f|

4 i

10

13

CO
3

•ri

s

α
+i

u
PH

H

t o

CI

Is,

>
SN

st
e

ra
Co

12

I1

15

t i

ta

N
4 i
• r i

tu
s

ci

as

ra

to

14

I
1

17

«
3

4-,

çi
to

<o

el
e

M

Cü

CO

CI

16

1

19;

a,•ri

o.• r i
r•~i

<a
Ci
CO

o<o

• r i

R

st
e

t i

en3s
en

• r i

US

18

CD
K
TO
O
s•

< i

4 i

20

1 ,1 1

|

1
1

!1

t i
•Q

ci

R
ta

•^i

CO

:>J
r i

23

Q .

0
ra

<o

ta

.9

ra
Co

22

<
<
!

25

en

S"
t•n

ra
• r i

F
TO

t o

1
1)
i
»

i
1 ,
i
i

ö
•riii
B?

24

1

1
1

27

<XI

(1
n

i
-i

O

ra
3

t i

ob
o

CO

en
0

t o

26

29

eβ
3

CJ

ra
o<o

c•t

•gt i

ig
i

TO

_s

en

+ i

fti

28

r-i

• r i

en
d

a
t i

a
TO4•^

3C

31

S•
t i

ts

ö
H

a;

33

ra
•S

ö

ö

s/ \

di
i

s•

s
ra
•S
68

32

35

n
en

en

'ts

en
C j

CTi

<ü

a,

ra
+s
• r i

35

37

rn
3

<y
TO
en

te

'~ö
o
p
en

<o

t i

ni
a

l!•
• r i
T - i

a
Sβ

p1,1ttj

36

39

+ i

TO

ra

ö

CO

^ \

ra
3

t i

ra
d

en
<1

t o

38

41

e
9

g
t i

a,
TO

CO

K
ti

CI

>

•ü"
r < i

t• '
Q

4 i

40

en

A
W

4 i

H
aao

a
TO

to

42

43

M

to

* r i

45

TO

n
en

Co

ra
o

a,
β

t

44

47

c•f

g
3
<M

4 i
s•
t«

Q

O •

•ri

i

4 6 '

1

49

ra
3
CO
Q

TO

' + -

to
ot o

ra

1

4-

4-'
TO
0

*

CO

V

18

51

ci

to

en
t i

' r
(^

r - i

TO

t i

•ri

i*1
0

n•ri

•?
•S

(-5

50

53

0

i i
In

nt
a

S

-já
R
(-5

o.

so
u

52

I

cc

t i

f

c
ti

CO

en
i i

Co

5'

1
T
•

•
|

1

55

en

ö

4?
a i
o

.
4̂ i
fl

cr
•r-

P
t •

0

o•

T •

?
• r -

\ 5(

•
|

57

„

t i
TO

ra

r i

t i

TO
j ^

to

59

TO

CO

'?
?

"ri

f i .
t i

r-V

T - i

no
d

to
CO

oCo

i 58

61

ra
,j§
ra
en

ra
"TO

fi
en
oCo

ra
j

ra

le
w

i

CO
en

Co

60

•S
h

ru
n

C3

P
Λ
»

a
4 i

6;

#

•

1

|

63

ra

r i

ra

C1

TO

65

ra
t\

• r i

4 i

•S"
TO

ra

n
(.1

• r i

4 i

ra
§
M

> r Q

I
CO

! 6 4

67

•—
n

ra
fi
en

•ri

si
n
CO

<o

^>
g
rn

t l

di
s

%
ö

66

69

Q .

ra

3r - i

ft!

CO

Hi

3
HP

ft!

68

Bf

C

71

ci
i,

s•

CO

CI
CO

TO

a,

CI

a,

δ
ra

70

73

Cn
R

a,
ci

.^ ,

H

3
h• r i

0

>

s•
<•I

en

oh
n

***

R

u,

72

75

r^

s

*•
_ra
"~Cj

ii
fi

• r i

<O

t i

la
t

5
•i

s
1
i
i

TO

t

r~

1
i
i

H
\ 1

74

77

)

C
r̂

ù
i

TO
!

• r i

|

4

!
i

t i
;

n

E•

rn
TO

'ti
•ri

•S
flen
t i
«

TO

1,
EH

76

H

79

ra
a,

I[o
j •

o
O

.

•ri

8,

e
ra

ti

to

En

78

81

(

u
Q .

t i
CO

AT"

jq
TO

CΛ

eo
CO

ra

' O

B
80

83

^ j

<i '

fπ

fl
t i

á,
CI

4 i

K

CNJ

Q .

he
c

o
ca

82

ITT
II

III I I I

en
t i

lo
b

C32

ra

k
•ri
4 i

><

84

ii1

I!! m i
Figure 13. Ranges of selected diatom species for the Oligocene/Miocene interval from McCollum (1975). Species are listed in

descending order of their last occurrences.

Type locality: DSDP Leg 29, Site 278, Samples 12-2,
50-51 cm to 11-2, 50-51 cm.

Denticula dimorpha Partial-Range Zone
Definition: The base of this zone has been defined by

the last occurrence of Denticula nicobarica, the top by
the first occurrence of Coscinodiscus yabei and Nitz-
schia donahuensis.

Discussion: Other floral elements include Actino-
cyclus ingens, Asteromphalus hookeri, Bruniopsis mira-
bilis, Coscinodiscus deformans, C. endoi, C. marginatus,
C. vetustissimus, Denticula aff. antarctica, D. dimorpha,
D. aff. kamtschatica, D. lauta, Ethmodiscus rex, Eucam-
pia balaustium, Nitzschia claviceps (first occurrence near
the base of this zone), N. denticuloides, N. pseudoker-
guelensis, Rhizosolenia alata, R. barboi, R. hebetata for-
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Figure 14. Ranges of selected diatom species from Site 278 with correlation to the diatom biostratigraphic zonation of
McCollum (1975), Schrader (1973a), and that established in this paper. Recovered intervals are indicated in black in the
left column.

ma hiemalis, R. minima (first occurrence in the lower
part of this zone), R. styliformis, Rouxia californica, R.
naviculoides, Stephanopyxis turris, Thalassiothrix longis-

sima, Thalassionema nitzschioides, Trinacria excavata.
Synedra jouseana has its last occurrence near the lower
part of this zone. Denticula aff. kamtschatica and D. aff.
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antarctica are easily confused but may only be aberrant
forms of Denticula hustedtii or D. lauta.

Comparison with the zonations of other workers: Den-
ticula dimorpha appears first in NPD Zone XIX in
North Pacific sediments (Schrader, 1973a, b). This zone
is correlative to the Denticula hustedtii/Denticula lauta
Zone of McCollum (1975), to the Denticula lauta/Koz-
loviella edita Zone of Jousé (1974), and to the Cussia
paleacea Zone of Schrader and Burckle (in
preparation).

Type locality: DSDP Leg 29, Site 278, Samples 14-6,
50-51 cm to 12-3, 50-51 cm.

Denticula antarctica Partial-Range Zone
Definition: The base of this zone has been defined by

the first occurrence of Denticula hustedtii, the top by the
last occurrence of Denticula nicobarica.

Discussion: Other floral elements include Actino-
cyclus ingens, Bruniopsis mirabilis, Coscinodiscus defor-
mans, C. endoi, C. marginatus, C. ruboides, Cosmio-
discus intersectus, Denticula hustedtii, D. hyalina, D.
lauta, D. nicobarica, D. punctata, Ethmodiscus rex,
Eucampia balaustium, Melosira sulcata, Nitzschia
efferens, N. grossepunctata, N. pseudokerguelensis (first
occurrence near base of this zone), N. sp. 17 (within the
lower part of this zone), Rhizosolenia alata, R. hebetata
forma hiemalis, R. styliformis, Rouxia antarctica, R.
californica, Stephanopyxis "turris," Synedra jouseana,
Thalassionema nitzschioides, Thalassiothrix longissima,
Trinacria excavata, T. pileolus. The last occurrence of
Denticula antarctica and the first occurrence of Nitz-
schia denticuloides is in this zone.

Comparison with the zonations of other workers: This
zone is correlative to the Denticula lauta/Denticula ant-
arctica Zone of McCollum (1975), to the NPD Zone
XX of Schrader (1973a), to the Denticula nicobarica
Zone of Schrader and Burckle (in preparation), and to
the Bogorovia veniamini Zone and basal part of the
Coscinodiscus marginatus var. Zone of Jousé (1974).

Type locality: DSDP Leg 29, Site 278, Samples 17-3,
50-51 cm to 15-2, 50-51 cm.

Denticula nicobarica Partial-Range Zone
Definition: The base of this zone has been defined by

the last occurrence of Coscinodiscus lewisianus, the top
by the first occurrence of Denticula hustedtii. Within the
lower part of this zone Dactyliosolen aff. antarctica and
Nitzschia maleinterpretaria become extinct.

Discussion: Other floral elements include Actino-
cyclus ingens, Bruniopsis mirabilis, Coscinodiscus endoi,
C. marginatus, C. ruboides, Cosmiodiscus intersectus,
Denticula antarctica, D. hyalina, D. lauta, D. nico-
barica, D. punctata, Ethmodiscus rex, Eucampia
balaustium, Melosira sulcata, Nitzschia grossepunctata,
Rhizosolenia barboi, R. hebetata forma hiemalis,
Stephanopyxis turris, Thalassiothrix longissima,
Thalassionema nitzschioides, Trinacria excavata, T.
pileolus.

Comparison with the zonations of other workers: This
zone is correlative to the Denticula nicobarica/Cussia
paleacea zones of Schrader and Burckle (in
preparation), to the Denticula antarctica/Denticula
lauta Zone of McCollum (1975), and to the NPD Zone
XXIII (?) of Schrader (1973a).

Type locality: DSDP Leg 29, Site 278, Samples 18-5,
50-51 cm to 17-4, 50-51 cm.

Coscinodiscus lewisianus Partial-Range Zone
Definition: The base of this zone has been defined by

the last occurrence of Raphidodiscus marylandicus, the
top by the last occurrence of Coscinodiscus lewisianus.

Discussion: Other floral elements include Actino-
cyclus ingens, Coscinodiscus deformans, C. endoi, C.
lewisianus, C. marginatus, C. ruboides, Dactyliosolen
aff. antarctica, Denticula antarctica, D. hyalina, D.
lauta, D. nicobarica, Ethmodiscus rex, Eucampia
balaustium, Melosira sulcata, Nitzschia grossepunctata,
Rhizosolenia barboi, R. hebetata forma hiemalis, Rouxia
californica, Stephanopyxis turris, Synedra jouseana,
Thalassiothrix longissima, Trinacria excavata, T.
pileolus. Coscinodiscus lewisianus becomes extinct in the
North Pacific at the base of NPD Zone XX and in the
Equatorial Pacific within the Coscinodiscus sp. Zone.

Comparison with the zonations of other workers: This
zone can be correlated to the NPD Zone XXI of
Schrader (1973a), to the Coscinodiscus sp. Zone of
Schrader and Burckle (in preparation), and to the Den-
ticula antarctica/Coscinodiscus lewisianus Zone of
McCollum (1975).

Paleomagnetic stratigraphy: An indirect correlation
to the upper part of Paleomagnetic Epoch 15 can be
concluded by the range of Coscinodiscus lewisianus.

Type locality: DSDP Leg 29, Site 278, Samples 19-3,
50-51 cm to 18-6, 50-51 cm.

Denticula lauta Partial-Range Zone
Definition: The base of this zone is defined by the

first occurrence of Coscinodiscus lewisianus, Denticula
antarctica, Denticula lauta, and D. punctata, the top by
the last occurrence of Raphidodiscus marylandicus.

Discussion: Other floral elements include Actino-
cyclus ingens, Asteromphalus hookeri, Bruniopsis
mirabilis, Coscinodiscus deformans, C. endoi, C.
marginatus, C. vetustissimus, Dactyliosolen aff. ant-
arcticus, Denticula antarctica, D. lauta, D. punctata, D.
punctata var. hustedtii, Ethmodiscus "rex," Eucampia
balaustium, Melosira "sulcata," Nitzschia grosse-
punctata, Raphidodiscus marylandicus, Rhizosolenia bar-
boi, R. styliformis, Rouxia californica, Stephanopyxis
"turris," Synedra jouseana, Thalassionema nitz-
schioides, Thalassiothrix longissima, Trinacria excavata,
T. pileolus. Denticula nicobarica evolves within this
zone from its immediate ancestor Nitzschia maleinter-
pretaria. Raphidodiscus marylandicus becomes extinct in
tropical sediments in the Anellus californicus Zone
(Schrader and Burckle, in preparation).

Comparison with the zonations of other workers: This
zone is correlative to the Denticula antarctica/Coscino-
discus lewisianus Zone of McCollum (1975), to the
Anellus calif ornicus Zone of Schrader and Burckle (in
preparation), to the basal part of NPD Zone XXIII of
Schrader (1973a).

Paleomagnetic stratigraphy: An indirect correlation
to the lower part of magnetic epoch 15 can be implied
by the range of Raphidodiscus marylandicus.

Type locality: DSDP Leg 29, Site 278, Samples 20-6,
50-51 cm to 20-1, 60-61 cm.

621



TABLE 12A
Distribution of Diatoms at Site 278 (Leg 29)



I

17-1,50-51 C M C R R R R R F R F R F C R F
17-2,50-51 R M F R R R R R F F C R R F
17-3,50-51 A G F R R R R F F F C R R R R F
17-4,80-81 C M F R R F R C R R R R F
17-5,50-51 C P F R R F R C R R R R F
17-6,50-51 _ £ _ M _ _ _ £ R I* F R C I* R R F_
18-1,50-51 C M F R F R C R R R R F
18-2,50-51 C M C R R F R A R R R R
18-3,50-51 A M F R F R R A R R R R F R
18-4,50-51 C M C F R F R R C R F R R R R
18-5,50-51 A M C F R F F C R R
18-6,50-51 A M R R I* R R R R R A R R R R F_
19-2,50-51 A G R R R R R R R R A R R R R F
19-3,50-51 A G R R R R R R Q II R F_
20-1,60-61 A M R R R R F F R C F R R R
20-2,60-61 A G R R R R F F R R C F R R R R
20-3,50-51 A M R R R R F F C F R R R
20-4,50-51 A G R R F F R R C F R R
20-5,50-51 A G R R R R R R R R R C R F F R R R
20-6,50-51 _ A _ C _ R _ ^ R 5 R R R R j C F F R R R_
21-1,50-51 A G R R R R R R R
21-2,50-51 A G R R R R R R R
21-4,50-51 A G R R R F R R R
21-5,50-51 A G R R R R R R
21-6,50-51 A G R R _R R_
22-1,50-51 A G R R
22-2,50-51 A G R R R
22-3,50-51 A G R R R R R R R R
22-4, 30-31 A G R R I* I* II I* R R
23-1, 80-81 A G R R R R R R R R R
23-2,50-51 A G R R R R R F R
23-3,50-51 A G R R R R F R
23-4,50-51 A G R R R R R
23-5,50-51 A G R R R R R R F
23-6,50-51 A G I* R I* R
24-1,50-51 A G R R R R R F F
24-2,50-51 A G R R R R R F F
24-3,50-51 A G R R R R R F F
24-4,50-51 A G R R R R R F F
24-5,50-51 A G R R R R R R F F R
24-6,50-51 A G R R̂  R_R I* F j R_
25-1, 100-101 A G F R A R
25-2,50-51 A G R R R R C
25-3,50-51 A G R R R R C
25-4,50-51 A G R R C
25-5,50-51 A G R_R R R F
26-1,50-51 A G R R R R
26-2,70-71 A G R R R F
26-3,50-51 A G R R R F
26-4,50-51. A G R R R F
26-5,60-61 A G R R F R F R R R R R
26-6,50-51 A G R R F R_F R R R R R
27-1,50-51 A G R R R F R R F R R R R R
27-2,50-51 A M R F R R R R
27-3,50-52 A G R F R R R R R
27-4,50-51 A G R F R R
27-5,50-51 A M R F R R
28-1,50-51 A M R F R R R
28-2,50-51 A M R F R R
28-3, 50-51 C M R R R R R R R R R
28-4,50-51 C M R R R R R R R R
28-5,50-51 C M R R R R R R R R R
28-6,50-51 A M R R R R R R R R R
28-6, 120-121 A G R R R_ I* R R R _F R_
29-1,50-51 j A [ G j R R R | R R | R R R | | F | | ~ ~ R "
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Nitzschia pusilla Partial-Range Zone
Definition: The base of this zone has been defined by

the last occurrence of Thalassiosira spumellaroides, the
top by the first occurrence of Coscinodiscus lewisianus,
Denticula punctata, D. antarctica, and D. lauta.

Discussion: Other floral elements include Actino-
cyclus ehrenbergii, A. ingens, Asteromphalus hookeri,
Coscinodiscus endoi, C. marginatus, C. symbolophorus,
C. vetustissimus, Ethmodiscus "rex," Eucampia
balaustium, Melosira sulcata, Nitzschia maleinter-
pretaria, N. pusilla, Rhizosolenia barboi, R. hebetata for-
ma hiemalis, R. styliformis, Rouxia califomica, R.
isopolica, Stephanopyxis "turris," Synedra jouseana,
Thalassionema nitzschioides, Thalassiosira spinosa var.
aspinosa, Thalassiothrix longissima, Trinacria excavata,
T. pileolus. Denticula antarctica and Coscinodiscus
lewisianus both occur at the same time as Denticula
lauta. This disagrees with McCollum (1975). Denticula
punctata first occurs in the North Pacific at the base of
NPD Zone XXIII, coinciding with Denticula hustedtii,
whereas, in the South Pacific D. hustedtii appears later.

Comparison with the zonations of other workers: This
zone is correlative to the Denticula nicobarica/Den-
ticula antarctica Zone of McCollum (1975).

Type locality: DSDP Leg 29, Site 278, Samples 22-2,
50-51 cm to 21-1, 50-51 cm.

Thalassiosira spumellaroides Partial-Range Zone
Definition: The base of this zone has been defined by

the last occurrence of Thalassiosira spinosa and by the
first occurrence of Coscinodiscus endoi; the top by the
last occurrence of Thalassiosira spumellaroides.

Discussion: Other floral elements include Actino-
cyclus ehrenbergii, A. ingens, Asteromphalus hookeri,
Coscinodiscus endoi, C. symbolophorus, C. vetustis-
simus, Ethmodiscus "rex," Melosira sulcata, Navicula
sp. 1, Nitzschia maleinterpretaria, Rhizosolenia barboi,
R. hebetata forma hiemalis, R. styliformis, Rouxia
califomica, Stephanopyxis "turris," Thalassiosira
spinosa var. aspinosa, T. spumellaroides, Thalassionema
nitzschioides, Thalassiothrix longissima, Trinacria ex-
cavata, T. pileolus.

Comparison with the zonations of other workers: This
zone is correlative with the Denticula nicobarica Zone
of McCollum (1975).

Type locality: DSDP Leg 29, Site 278, Samples 23-3,
50-51 cm to 22-3, 50-51 cm.

Thalassiosira spinosa Partial-Range Zone
Definition: The base of this zone is defined by the

first occurrence of Navicula sp. 1, the top by the last oc-
currence of Thalassiosira spinosa and by the first oc-
currence of Coscinodiscus endoi.

Discussion: Other floral elements include Aster-
omphalus hookeri, Coscinodiscus marginatus, C. aff.
marginatus, C. symbolophorus, C. vetustissimus, Dac-
tyliosolen aff. antarcticus, Ethmodiscus "rex," Melosira
sulcata, Navicula sp. 1, Nitzschia maleinterpretaria,
Rhizosolenia barboi, R. hebetata forma hiemalis, R.
styliformis, Rouxia califomica, Synedra jouseana,
Stephanopyxis "turris," Thalassionema nitzschioides,
Thalassiosira spinosa, T. spinosa var. aspinosa, T.
spumellaroides, Trinacria excavata, T. pileolus. The oc-

currence of spinous Thalassiosira species in the early
Miocene is comparable to the occurrence of similar
species within the Pliocene in tropical marine sedi-
ments (Thalassiosira convexa, T. convexa var. aspinosa,
T. praeconvexa, Burckle, 1972; Schrader, 1974b).
Coscinodiscus endoi was here found lower in the section
than described by McCollum (1975).

Comparison with the zonations of other workers: This
zone is correlative to the Denticula nicobarica Zone of
McCollum (1975) and with the Bogorovia veniamini
Zone of Jousé (1974).

Type locality: DSDP Leg 29, Site 278, Samples 24-6,
50-51 cm to 23-5, 50-51 cm.

Raphidodiscus marylandicus Partial-Range Zone

Definition: The base of this zone has been defined by
the first occurrence of Raphidodiscus marylandicus, the
top by the first occurrence of Navicula sp. 1.

Discussion: Other floral elements include Actino-
cyclus ehrenbergii, A. ingens, Asteromphalus sp. 3, Cos-
cinodiscus marginatus, C. aff. marginatus, C. symbolo-
phorus, C. vetustissimus, Ethmodiscus "rex," Macrora
Stella, Melosira "sulcata," Nitzschia maleinterpretaria,
Raphidodiscus marylandicus, Rhizosolenia barboi, R.
hebetata forma hiemalis, R. styliformis, Rouxia califor-
nica, R. isopolica, Stephanopyxis "turris," Synedra
jouseana, Thalassionema hirosakiensis, T. nitzschioides,
Thalassiosira spinosa, T. spinosa var. aspinosa, T.
spumellaroides, Thalassiothrix longissima, Trinacria ex-
cavata, T pileolus. Navicula sp. 1 has not yet been found
by other workers, thus a direct correlation to the zona-
tion of others is limited.

Comparison with the zonations of other workers: This
zone is correlative to the Denticula nicobarica Zone of
McCollum (1975) and to the Bogorovia veniamini Zone
of Jousé (1974).

Type locality: DSDP Leg 29, Site 278, Samples 27-2,
50-51 cm to 25-1, 100-101 cm.

Nitzschia maleinterpretaria Partial-Range Zone
Definition: The base of this zone has been defined by

the first evolutionary appearance of Nitzschia male-
interpretaria, the top by the first occurrence of Raphido-
discus marylandicus.

Discussion: Other floral elements include Actino-
cyclus ehrenbergii, A. ingens, Asteromphalus sp. 3,
Coscinodiscus marginatus, C. symbolophorus, C.
vetustissimus, Nitzschia maleinterpretaria, Rhizosolenia
hebetata forma hiemalis, R. styliformis, Stephanopyxis
"turris," Synedra jouseana, Thalassionema nitz-
schioides. Trinacria excavata, T. pileolus. Raphoneis sp.
McCollum (1975) (pi. 11, fig. 9, 10) was not detected in
this zone, the same is true for Coscinodiscus nodulifer.
Denticula nicobarica evolves later from Nitzschia male-
interpretaria, and this event has been defined bio-
metrically. Nitzschia maleinterpretaria differs from
Denticula nicobarica by the absence of secondary
pseudoseptae, but is otherwise close to D. nicobarica.
Raphidodiscus marylandicus has an expanded range in
cold biofacies and ranges well into the early Miocene
(see Andrews, 1974).

Comparison with the zonations of other workers: This
zone is correlative to the lower part of the Denticula
nicobarica Partial-Range Zone of McCollum (1975).
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TABLE 12B
Distribution of Diatoms at Site 278 (Leg 29)



17-1,50-51 R R R R F R R R R C R R R
17-2,50-51 F R R R R R F R F R
17-3,50-51 F R R R R R F F R
17-4, 80-81 R R R R F F R
17-5,50-51 R R R R F F R
17-6,50-51 |* R R R _ __F F R
18-1,50-51 R R R R F R
18-2,50-51 R R F F R R F F R
18-3,50-51 R T F R R F F R R
18-4,50-51 R C R R R F F R R
18-5,50-51 F C R R F F R
18-6,50-51 F C__R R R_F F _ _ F R R
19-2,50-51 F C R R R F 1 F R R
19-3,50-51 II R F R R I* R F R R F R
20-1,60-61 F R R F F R R
20-2,60-61 F R F F R R
20-3,50-51 F R R F F R R
20-4,50-51 F R R F F R R
20-5,50-51 F R R F R R R F R R F F R F R R
20-6,50-51 F I* R F R R I* F R R F F I* F R R
21-1,50-51 R R R R R R R R F F F F R
21-2,50-51 F C R R R F F F F F R R
21-4,50-51 A R R R? F F F F R
21-5,50-51 R R F R F R R
21-6,50-51 I* R F F R
22-1,50-51 R F R R R R C F R R
22-2,50-51 R F R R R R C F R R
22-3,50-51 F C F R R R F C C F F R R F
22-4, 30-31 F C F R R I* F C C F_F R R F
23-1,80-81 F C F R R R R F C C I F R R R F
23-2,50-51 C F R R R F C 1 F F R R R
23-3,50-51 C I R R R F C F F F R
23-4,50-51 C F R R R F C F F R R
23-5,50-51 C F R C C R R
23-6,50-51 C F I* F C R C R R
24-1,50-51 R C R R R F C C F C R R
24-2,50-51 C R R R F C C F C R R
24-3,50-51 C R R R F C C F C R R
24-4,50-51 C R R R F C C F C R R
24-5,50-51 R C R F R R F C F C R R R R
24-6,50-51 I* C F I* F C F C R R R R
25-1, 100-101 F F R F F R C C R R R
25-2,50-51 F F R R R R F C R R R R R
25-3,50-51 F F R R R R F C R R R R R
25-4,50-51 F F R R R R F R R R R R
25-5,50-51 C R I* F A R C F I R R
26-1,50-51 R R R R R F C R R R R
26-2,70-71 R R R R R F C R F R R
26-3,50-51 C F R F F C C F R R
26-4,50-51 C F R F F C C F R R
26-5,60-61 C R F R R R R F C R R R F R C R R
26-6,50-51 C R I* I* R R F C R R R F R C R R
27-1,50-51 C R R R R R F C R R R F R C R R
27-2,50-51 C R R R F C R R R R R R
27-3,50-52 C R R F C R R R R R R
27-4,50-51 A F R R C C R R R
27-5,50-51 F |* I* F C R
28-1,50-51 R R R R A R
28-2,50-51 R R R A R
28-3,50-51 R R R F C F F C F R
28-4,50-51 R R R C F F C F R R
28-5,50-51 R R C F F C FR
28-6,50-51 R R R C R F C F R R
28-6,120-121 R I* R C R F C F R R
29-1,50-51 R R C R F C F R R
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Type locality: DSDP Leg 29, Site 278, Samples 27-5,
50-51 cm to 27-3, 50-51 cm.

Bogorovia veniamini Partial-Range Zone
Definition: The base of this zone has been defined by

the extinotion of Pyxilla species, the top by the first
appearance of Nitzschia maleinterpretaria.

Discussion: Other floral elements include Actino-
cydus ehrenbergii, A. ingens, Asterolampra hookeri,
Bogorovia veniamini, Asteromphalus robustus (?),
Coscinodiscus marginatus, C. symbolophorus, C.
vetustissimus, Ethmodiscus "rex," Melosira sulcata,
Rhizosolenia barboi, R. hebetata forma hiemalis, R.
styliformis, Stephanopyxis "turris," Synedra jouseana,
S. miocenica, Thalassionema hirosakiensis, T. nitz-
schioides, Thalassiothrix primitiva, Trinacria excavata,
T. pileolus. The base of this zone is defined to coincide
with the Oligocene/Miocene boundary and was not de-
fined by McCollum due to taxonomic uncertainties
concerning Denticula nicobarica.

Comparison with the zonations of other workers: This
zone is correlative with the Coscinodiscus sp. Zone of
McCollum (1975) but has no Coscinodiscus nodulifer
specimens; it is correlative to the lowermost part of the
Bogorovia veniamini Zone of Jousé (1974) and is lower
early Miocene in age.

Type locality: DSDP Leg 29, Site 278, Samples 29-3,
50-51 cm to 28-1, 50-51 cm.

Pyrgupyxis Species Partial-Range Zone

Definition: The base of this zone has not been de-
fined. The top is defined by the extinction of Pyrgupyx-
is Johnsoniana and all Pyrgupyxis species.

Discussion: Other floral elements include Actino-
cydus ehrenbergii, A. ingens, Coscinodiscus marginatus,
C. ruboides, C. symbolophorus, C. vigilans, Ethmodiscus
"rex," Goniothecium odontella, Hemiaulus cf.
polymorphus, Macrora Stella (?), Pyrgupyxis pro-
longata, Rhizosolenia hebetata forma hiemalis,
Stephanopyxis "turris," Synedra jouseana, S. mio-
cenica, Thalassiothrix primitiva.

Bogorovia veniamini was found by Jousé (1974) at St.
599618 (10°58'N, 153°23'W, 43 cruise of the R.S.
Vityd), and the total range was used to define her lower
Miocene Bogorovia veniamini Zone. Since Bogorovia
veniamini was found in the Equatorial Pacific and
Mediterranean sections ranging well into the early
Miocene, the range here has only local significance.
Other important species are Coscinodiscus vigilans,
which was found by Jousé (1974) to range from late
Oligocene into the late Miocene. This species also
becomes extinct here at the top of this zone. Macrora
stella (?), a form very close to those individuals found
within the middle Miocene, is found in small numbers
throughout the zone.

Comparison with the zonations of other workers: This
zone is correlative to the uppermost part of the
Coscinodiscus vigilans-Craspedodiscus coscinodiscus
Zone of Jousé (1974), and to the Pyxilla prolongata
Partial-Range Zone of McCollum (1975).

Type locality: DSDP Leg 29, Site 278, Samples 34-3,
50-51 cm to 29-4, 50-51 cm.

SYSTEMATICS AND FLORAL SEQUENCE

The genera are arranged alphabetically and species alphabetically
with each genus. Species and varieties are treated according to the
classifications of Hustedt (1930-1959); Hendey (1937, 1964), Karsten
(1907), Kanaya (1957, 1959), Koizumi (1968, 1973), Schrader (1973a,
1974a, b), Van Landingham (1967-1971), and Sheshukova-
Poretzkaya (1967), and others whose descriptions have been strictly
followed in identifying species.

New species are described and their holotypes and paratypes
designated. Holotypes are deposited in the author's type collection.

Unidentified species are numbered or grouped and illustrated. An
attempt was made to catalog all diatom species found. Almost all in-
dividuals illustrated were marked on the slides with a diamond-tipped
marker (Schrader, 1974a, b).

In the synonymies of species that have been previously described, I
have included, in most cases, only the reference to the original de-
scription and figure. Reference to a new combination, if the generic
name now used differs, is included. A reference has also been added
to the paper defining the present concept of the species.

Genus ACTINOCYCLUS Ehrenberg (1837)

Actinocydus curvatulus Janisch in A. Schmidt (1878)
(No illustration)

Description: Hustedt (1930), p. 538, fig. 307. Numerous speci-
mens were found in the Quaternary sediments of Leg 35. No
biostratigraphic investigation was done due to incomplete sections.

Actinocydus divisus (Grunow) Hustedt (1958)
(No illustration)

Description: Hustedt (1958), p. 129-130, pi. 8, fig. 81. This species
was found rarely in Holocene to Pleistocene sediments from the Ant-
arctic. There was no opportunity to clarify the range of this species
with the present type of material.

Actinocydus ehrenbergii Ralfs in Pritchard (1861)
(No illustration)

Description: Hustedt (1930), p. 525-532, numerous figures. No
subdivisions of this species have been made here due to its rarity.

Actinocydus ellipticus Grunow in Van Heurck (1881)
(No illustration)

Description: Hustedt (1930), p. 533, fig. 303. Traces of this species
were found in Miocene sediments. It has therefore not been included
in the range chart of DSDP Leg 29, Site 278.

Actinocydus ingens Rattray (1890)
(Plate 13, Figure 8)

Description: Kanaya (1971), p. 554, numerous figures.

Actinocydus aff. ingens Rattray (1891)
(Plate 11, Figures 6, 7)

All specimens placed here have an almost flat valve surface, are
small (10-20 µm) in diameter and have an almost invisible
pseudonodulus (close to the margin). McCollum (1975) points out
that the typical undulated forms of Actinocydus ingens tend to be
frequent in the Pliocene and those forms which are smaller and placed
here tend to be more common in Miocene sediments; this statement
cannot be determined using the present material.

Genus ACTINOPTYCHUS Ehrenberg (1839)

Actinoptychus undulatus (Bail.) Ralfs in Pritchard (1861)
(No illustration)

Specimens close to A. undulatus and other actinoptychi with six-
sector division occur rarely. Therefore they are not referred to in the
species list for Site 278. It is also at present impossible to define the
range and taxonomic position of specific types within this "group tax-
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Genus ASTEROLAMPRA Ehrenberg (1845)

Asterolampra marylandica Ehrenberg (1845)
(No illustration)

Description: Hustedt (1930), p. 485-487, fig. 271. This species was
found rarely in Miocene sediments of Site 278.

Asterolampra sp. 2
(Plate 8, Figure 2)

No similar Asterolampra species was found in the literature. Since
this species occurred rarely and individuals were fragmented, this was
not taxonomically studied.

Genus ASTEROMPHALUS Ehrenberg (1844)

Asteromphalus hookeri Ehrenberg (1844)
(No illustration)

Description: Hustedt (1958), p. 127-128, pi. 8, fig. 89. This species
was found frequently in Quaternary sediments of the Bellingshausen
Sea area. Due to taxonomic uncertainties of Site 278 specimens, no
biostratigraphic range was determined.

Asteromphalus hyalinus Karsten (1905)
(Plate 8, Figure 7)

Description: Karsten (1905), p. 90, pi. 8, fig. 15; Hustedt (1958),
p. 128, pi. 8, fig. 84-87.

Asteromphalus parvulus Karsten (1905)
(Plate 8, Figures 3, 6)

Description: Karsten (1905), p. 90, pi. 8, fig. 14; Hustedt (1958),
p. 128, pi. 8, fig. 91.

Asteromphalus sp. 2
(Plate 8, Figure 1)

No similar Asteromphalus species was found in the literature.
Several specimens were found and do differ from Asteromphalus sp. 3
by the much finer areolation of the sectors. Due to the fact that the
taxonomy of the genus Asteromphalus is uncertain for some species,
no further taxonomic study was made here.

Asteromphalus sp. 3
(Plate 8, Figure 4)

This species is close to Asteromphalus sp. 2, but differs by the much
coarser areolation of the sectors (5 in 10 µm). Otherwise, the state-
ment concerning A. sp. 2 is valid also for this species.

Genus BOGOROVIA Jousé (1973, 1974)

The taxonomic position of the genus Bogorovia and Cussia will be
treated in a separate paper by the present author and A. Gombos.

Bogorovia veniamini Jousé (1973, 1974)
(Plate 5, Figures 22, 23)

Description: Jousé (1973, 1974), p. 351, pi. 4, fig. 1-3.

Genus BRUNIOPSIS (Tempère) Karsten (1928)

Bruniopsis mirabilis (Brun) Karsten (1928)
(Plate 14, Figure 1)

Description: As Brightwellial mirabilis, Brun in Brun and Tempère
(1890), p. 27, pi. 8, fig. 1. This species only occurs fragmented but is
easily recognizable by the structure and can be differentiated from
Ethmodiscus rex fragments.

Genus CESTODISCUS Greville (1865)

Taxonomy of this genus and species needs drastic revision. At this
time, only a very few species have been found, grouped, and
photographed. A complete revision will be presented at a later date,
probably by the time a complete lower Tertiary diatom bio-
stratigraphy is established. All species close to the genus A ctinocyclus
but without a pseudonodulus are grouped here.

Cestodiscus peplum Brun (1891)
(Plate 5, Figure 17)

Description: Brun (1891), p. 6, pi. 19, fig. 5.

Cestodiscus pulchellus Greville (1866)
(Plate 13, Figure 5)

Description: Greville (1866), p. 123, pi. 11, fig. 5.

Cestodiscus robustus Jousé (1973, 1974)
(Plate 10, Figure 2)

Description: Jousé (1973, 1974), p. 345, pi. 1, fig. 14, 15.

Cestodiscus sp. 1
(Plate 12, Figure 6)

Cestodiscus sp. 2
(Plate 12, Figure 7)

Cestodiscus sp. 3
(Plate 12, Figure 15)

Cestodiscus sp. 4
(Plate 12, Figure 1)

Cestodiscus sp. 5
(Plate 12, Figure 3)

Cestodiscus sp. 6
(Plate 12, Figure 4)

Cestodiscus sp. 7
(Plate 13, Figure 3)

Cestodiscus sp. 8
(Plate 13, Figure 6)

Genus CHARCOTIA Peragallo (1921)

Charcotia actinochilus (Ehr.) Hustedt (1958)
(No illustration)

Description: Hustedt (1958), p. 122-126, pi. 7, fig. 57-80.

Genus COCCONEIS Ehrenberg (1838)

Cocconeis various species

(No illustration)

Genus COSCINODISCUS Ehrenberg (1838)

Coscinodiscus deformans sp. nov.
(Plate 11, Figures 1, 2)

Description: Cells discoid, valves fiat, 40-36 µm in diameter. Valve
surface covered with rounded to rectangular areolae, areolae ar-
ranged in primary and secondary radial lines, approx. 6-7 areolae in
10 µm. Central area distinct, eccentrically situated with a few scat-
tered smaller areolae, separated from the valves areolation by hyaline
elliptical ring. Margin finely punctate with 2-4 lines of punctae, 11 in
10 µm in between with labiate processes, approx. 9-10 µm apart.
Marginal structure separated from valve structure by a hyaline ring.

Discussion: This species differs from C. endoi by its eccentric center
and by the smaller areolae at the margin. It differs from Charcotia ac-
tinochilus (Ehr.) Hustedt by the presence of an eccentrically situated
pore (? similar to the nodulus in C. nodulifer or C. endoi).

Holotype: Plate 11, Figure 1, from DSDP Leg 29, Sample 278-14-
1, 50-51 cm, southwest Pacific.

Paratype: Plate 11, Figure 2.
Coscinodiscus endoi Kanaya (1959)

(Plate 11, Figures 4, 8-10, 12)
Description: Kanaya (1959), p. 76-77, pi. 3, fig. 8-11; Koizumi

(1968), p. 211, pi. 32, fig. 21, 22.

Coscinodiscus kolbei Jousé (1962)
(No illustration)

Description: Donahue (1970), p. 202, pi. 5, fig. A-C.
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Coscinodiscus lentiginosus Janisch in A. Schmidt (1878)
(No illustration)

Description: Hustedt (1958), p. 116, pi. 4, fig. 22-25.

Coscinodiscus aff. lineatus Ehrenberg (1838)
(Plate 13, Figures 1, 2)

Specimens found do differ from the original description in having a
hyaline rim near the margin.

Coscinodiscus lewisianus Greville (1866)
(Plate 14, Figure 3)

Description: Kanaya (1971), p. 555, pi. 40.5, fig. 4-6.

Coscinodiscus marginatus Ehrenberg (1841)
(Plate 12, Figure 2)

Description: Hustedt (1930), p. 416-418, fig. 223.

Coscinodiscus aff. marginatus Ehrenberg (1841)
(Plate 10, Figure 3)

Differs from C. marginatus by its coarser striated margin.

Coscinodiscus nodulifer A. Schmidt (1878)
(Plate 11, Figure 3)

Description: Hustedt (1930), p. 426-427, fig. 229.

Coscinodiscus ruboides n. sp.
(Plate 6, Figures 4, 8)

Description: Cells discoid in valve view, cuneiform in girdle view.
Valves circular, strongly convex, 17-20 µm in diameter. Valve surface
covered with a coarse (6 in 10 µm) subhexagonal areolation, radiating
from the center (no rosette or central areola) to the margin. Margin
approx. 2-3 µm wide with coarse striation, approx. 5-6 in 10 µm.

Discussion: This species is close to Stephanopyxis species, but
differs by the absence of a spine. No similar species has been ob-
served in the literature.

Holotype: Plate 6, Figure 8, from DSDP Leg 29, Sample 278-30-2,
50-51 cm, southwest Pacific.

Paratype: Plate 6, Figure 8.

Coscinodiscus symbolophorus group
(Plate 7, Figures 1-3; Plate 10, Figures 1, 4, 5)

At this moment it is not possible to solve the taxonomy of this
group. They do differ in morphology of the margin and by the
different ground plan of the central part with labiate and without
labiate processes a.o.

Coscinodiscus tabularis Grunow (1884)
(Plate 11, Figure 5)

Description: Hustedt (1930), p. 427, fig. 230a; Hustedt (1958),
p. 119, pi. 6, fig. 48-56.

Coscinodiscus vetustissimus Pantocsek (1886)
(Plate 11, Figure 11)

Description: Hustedt (1930), p. 412, fig. 220.

Coscinodiscus vigilans A. Schmidt (1888)
(Plate 12, Figure 5)

Description: Kolbe (1954), p. 36, pi. 1, fig. 13, 14. Kolbe's figures
differ from those pictures in A. Schmidt (1888), pi. 114, fig. 12 in hav-
ing a coarse striated margin. I do follow Kolbe (1954) and Jousé
(1973, 1974) because I did not have the opportunity to reinvestigate
A. Schmidfs original material from Archangelsk-Kurojedowo.

Coscinodiscus yabei Kanaya (1959)
(No illustration)

Description: Schrader (1973a), p. 704, pi. 6, fig. 1-6.

Coscinodiscus (?) sp. 4
(Plate 6, Figure 9)

Genus COSMIODISCUS Greville (1866)

Van Landingham (1969) has rejected the taxonomic position of this
genus and combined it with Coscinodiscus e.p. Stephanodiscus e.p. I
still consider this genus valid even though it needs drastic revision.

Cosmiodiscus intersectus (Brun) Jousė (1961)
(Plate 12, Figure 13)

Description: Jousé (1961), p. 68, pi. 2, fig. 9, 10; Koizumi (1973), p.
832, pi. 4, fig. 12, 13. Sheshukova-Poretzkaya (1967), p. 174, pi. 25,
fig. 1.

Cosmiodiscus insignis Jousé (1961)
(No illustration)

Description: Jousé (1961), p. 67, pi. 2, fig. 8; Koizumi (1973),
p. 832, pi. 4, fig. 7-11.

For further comments see Thalassiosira gracilis (Karsten) Hustedt.

Genus CUSSIA Schrader (1974)

Cussia paleacea (Grunow) Schrader (1974)
(No illustration)

Description: Kolbe (1954), p. 34, pi. 3, fig. 32.

Genus CYMATOSIRA Grunow (1862)

Cymatosira sp. 1

(Plate 14, Figure 14)

Genus DACTYLIOSOLEN Castracane (1886)

Dactyliosolen aff. antarcticus Castracane (1886)

(No illustration)
Description: Castracane (1886), p. 75, pi. 9, fig. 7. Hendey (1964),

p. 142-143. Specimens placed here do differ from D. antarcticus by
their more robust intercalary bands. No valve has been found up to
now, so that taxonomic position is still questionable.

Genus DENTICULA Kützing (1844)

Denticula antarctica McCollum (1975)
(Plate 4, Figures 3, 22, 23, 25)

Description: McCollum (1975). This species is very close to Den-
ticula hyalina Schrader (1973a), but differs by the flatter valves and by
the thinner opal structures. Diagnosis should read as follows: Valves
weakly silicified, elliptical to linear elliptical with broadly rounded
ends 14-60 µm long, 4-8 µm wide. Pseudoseptae approx. 6 in 10 µm,
no short ribs between them. Secondary pseudoseptae absent. Valve
surface hyaline, elliptical fields in between the pseudoseptae close to
the margin (pores?), pore structure on both sides of the mantle; raphe
marginal. No indication of any septa could be found as stated by
McCollum (1975). At present this species is still kept valid even
though it is very close to Denticula hyalina with similar geological
range and may be combined with it in the future.

Denticula aff. antarctica McCollum (1975)
(Plate 4, Figure 1; Plate 3, Figure 16)

Description: McCollum (1975). All specimens which do fit into the
Denticula antarctica description but do differ from it by the reduction
of the pseudoseptae have been placed here. There was a wide range of
reduction until almost Nitzschia-Uke specimens were found. Tax-
onomic position will be clarified in a later paper.

Denticula dimorpha Schrader (1973a)
(Plate 4, Figures 27, 29-32)

Description: Schrader (1973a), p. 704, pi. 1, fig. 37-46; Schrader
(1973b), p. 418, pi. 1, fig. 16, 17.

Denticula hustedtii Simonsen and Kanaya (1961)
(Plate 4, Figures 2, 4, 8, 9)

Description: Simonsen and Kanaya (1961), p. 501, pi. 1, fig. 19-25;
pi. 2, fig. 36-47. Schrader (1973b), p. 418, pi. 1, fig. 12, 13.
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Denticula hustedtii var. ovata Schrader var. nov.
(Plate 4, Figures 5, 6, 12, 14, 15)

Description: Differs from the species by having more elliptical
valves, and a coarser structure. Valves strongly silicified, elliptical
with broadly rounded ends, 24-44 µm long, 13-18 µm wide with a
mean length to width ratio of 2.1 (whereas Denticula hustedtii has a
mean length to width ratio of 4.1). Pseudoseptae approx. 2-3 in 10
µm, short marginal ribs between the secondary pseudoseptae. Sec-
ondary pseudoseptae approx. 2 in between the pseudoseptae and ap-
prox. 5 in 10 µm. Valve surface coarsely punctate, transapical striae
11-12 in 10 µm, punctae in decussate arrangement.

Discussion: This variety is placed in Denticula hustedtii because of
the presence of the secondary pseudoseptae. It is close to Denticula
hustedtii in Schrader (1973a) pi. 2, fig. 29, 30, which was found in the
North Pacific in NPD Zones XXVIII-XIX (late middle Miocene to
early late Miocene age). Here the species ranges through all of the late
Miocene and into the Pliocene.

Holotype: Plate 4, Figure 5, from DSDP Leg 29, Sample 278-9-1,
50-51 cm, southwest Pacific.

Paratype: Plate 4, Figure 6.

Denticula hyalina Schrader (1973a)
(Plate 4, Figures 17, 24)

Description: Schrader (1973a), p. 704-705, pi. 1, fig. 12-22;
Schrader (1973b), p. 418, pl.l, fig. 10, 22. As has already been stated
this species is close to Denticula antarctica. It ranges in the North
Pacific from NPD Zone XXIV to Zone IX (?) and not as stated in
Schrader (1973b) fig. 4 only from NPD Zones IX-XIII.

Denticula aff. kamtschatica Zabelina (1934)
(Plate 4, Figure 18)

Description: Simonsen and Kanaya (1961), p. 503-504, pi. 1, fig.
14-18; Schrader (1973b), p. 418-419, pi. 1, fig. 7, 8. Specimens close to
Denticula kamtschatica are rare. The exact taxonomic position could
not be classified up to now. It was also impossible to show if these in-
dividuals represent intact frustules or if they represent only girdle
bands of unknown taxonomic affinity.

Denticula lauta Bailey (1954)
(Plate 4, Figures 10, 11, 13, 28)

Description: Simonsen and Kanaya (1961), p. 500-501, pi. 1, fig. 1-
8, (non fig. 9, 10 "Denticula dimorpha" Schrader); Schrader (1973b),
p. 419, pi. 1, fig. 11, 20, 23, 24.

Denticula lauta var. ovata Schrader var. nov.
(Plate 4, Figure 7)

Description: Differs from the species by having more elliptical
valves and a more coarse structure. Valves strongly silicified, elliptical
with broadly rounded ends 25-35 µm long, 11-13 µm wide with a
mean length to width ratio of 2.6 (whereas Denticula lauta has a mean
length to width ratio of 4.1). Pseudoseptae approx. 4-5 in 10 µm.
Transapical striae 12 in 10 µm, punctate. Punctae in decussate
arrangement, forming oblique rows.

Discussion: This variety is close to Denticula hustedtii var. ovata
Schrader var. nov., but differs by the absence of secondary pseudo-
septae.

Holotype: Plate 4, Figure 7 from DSDP Leg 29, Sample 278-13-1,
50-51 cm, southwest Pacific.

Denticula nicobarica Grunow (1868)
(Plate 4, Figures 19-21)

Description: Simonsen and Kanaya (1961), p. 503, pi. 1, fig. 11-13;
Schrader (1973b), p. 419-420, pi. 1, fig. 25-27. McCollum (1975) has
partly combined Denticula nicobarica Grunow with a true Nitzschia,
described here as Nitzschia maleinterpretaria. For further remarks see
this. On the other hand, this species is frequently combined with Den-
ticula punctata and thus the geological range differs from that of
Schrader (1973b); both species are easily distinguished following the
original description.

Denticula punctata Schrader (1973a)
(Plate 4, Figure 16)

Description: Schrader (1973a), p. 705, pi. 1, fig. 25-30; pi. 3, fig. 16,
17; Schrader (1973b), p. 420, pi. 1, fig. 19.

Denticula punctata var. hustedtii Schrader (1973a)
(No illustration)

Description: Schrader (1973a), p. 705, pi. 1, fig. 23-24; Schrader
(1973b), p. 420, pi. 1, fig. 18.

Denticula aff. seminae (Semina) Simonsen and Kanaya (1961)
(No illustration)

Description: Simonsen and Kanaya (1961), p. 503, pi. 1, fig. 26-30;
Schrader (1973b), p. 420, pi. 1, fig. 1-4. Specimens are close to Den-
ticula hustedtii but with a structure not resolvable with a high power
oil immersion of n.A. 1.4 in normal plane light. These individuals
may represent aberrant forms of Denticula hustedtii, but are grouped
separately here for biostratigraphic purpose. Denticula seminae has
not yet been reported from the Antarctic and has been interpreted as
being endemic to the North Pacific and Bering Sea.

Denticula sp. 1

(Plate 4, Figure 26)

Genus DIPLONEIS Ehrenberg (1844)

Diploneis various species
(No illustration)

All species encountered in Leg 35 sediment materials are derived
from shallow water and are of benthonic-marine origin.

Genus ETHMODISCUS Castracane (1886)

Ethmodiscus "rex" (Rattray) Hendey and Wiseman (1953)
(No illustration)

Description: Hendey and Wiseman (1953), p. 51-57, pi. 1, fig. 1-6;
pi. 2, fig. 1-3. I have placed all Ethmodiscus fragments into this
"group-species" even if it is almost impossible to identify Ethmo-
discus species by fragments not having the central part of the valve
represented.

Genus EUCAMPIA Ehrenberg (1839)

Eucampia balaustium Castracane (1886)
(Plate 14, Figure 7)

Description: Castracane (1886), p. 97, pi. 18, fig. 5 remarks in
Hustedt (1958), p. 136-137, pi. 5, fig. 40-43.

Genus GONIOTHECIUM Ehrenberg (1841)

Goniothecium odontella Ehrenberg (1844)
(Plate 14, Figures 5, 6)

Description: Karsten (1928), p. 301, fig. 419A.

Genus HEMIAULUS Ehrenberg (1844)

Hemiaulus cf. polymorphus Grunow (1884)
(No illustration)

Description: Hustedt (1930), p. 880-881, fig. 525, 526. Several
specimens in the lower part of Site 278 resemble H. polymorphus;
problems concerning the systematics of the genus Hemiaulus are not
dealt with in this paper.

Hemiaulus sp. 5

(Plate 14, Figure 8)

Genus HEMIDISCUS Wallich (1860)

Hemidiscus karstenii Jousé (1962)
(Plate 14, Figure 2)

Description: Abbott (1972), p. 110-112, pi. 1, fig. D-F Abbott
(1972) suggested that this species be included, after thorough in-
vestigation, into Actinocyclus ellipticus, because of its elliptical shape.
This assumption cannot be followed because Hemidiscus karstenii
possesses the typical cuneate frustules in girdle view. This species is
very close to Hemidiscus simplicissimus Hanna and Grant (1926) and
differentiation is made here with hesitation. Differences are the eccen-
trical position of the pseudonodule and the coarser and more
irregularly arranged structure on the valve surface.
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Genus MACRORA Hanna (1932)

This genus is definitely not a diatom as pointed out by Hanna
(1932), but it can be used as a good guide fossil for Miocene sedi-
ments.

Macrora Stella (Azpeitia) Hanna (1932)
(Plate 14, Figures 11, 12)

Description: Hanna (1932), p. 196, pi. 12, fig. 7.

Genus MEDIARIA Sheshukova-Poretzkaya (1962)

Mediaria splendida Sheshukova-Poretzkaya (1962)
(No illustration)

Description: Sheshukova-Poretzkaya (1967), p. 306, pi. 47, fig 14-
pi. 48, fig. 8.

Genus MELOSIRA Agardh (1824)

Melosira sulcata (Ehrenberg) Kützing (1844)
(No illustration)

Description: Hustedt (1930), p. 276-278, fig. 118-120.

Genus NAVICULA Bory (1824)

Navicula sp. 1
(Plate 5, Figure 10)

Only fragments were found. No similar species was reported in the
literature.

Genus NITZSCHIA Hassal (1845)

Nitzschia angulata Hasle (1972)
(No illustration)

Synonyms: Diatoma rhombica O'Meara (1877), p. 55, pi. 1, fig. 2;
Fragilariopsis rhombica (O'Meara) Hustedt (1952), p. 296, fig. 6, 7.

Description: Hasle (1965), p. 24-26, pi. 1, fig. 6; pi. 4, fig. 19; pi. 6,
fig. 5; pi. 8, fig. 11; pi. 9, fig. 1-6; pi. 10, fig. 2-6.

Nitzschia claviceps sp. nov.
(Plate 2, Figures 2, 4)

Description: Valves club-like with broadly rounded apices, 37-45
µm long, smallest width 6-7, broadest width 9-10 µm. Apical axis
heteropol. Transapical costae straight in the middle of the valves, 7-8
in 10 µm, becoming curved towards the apices. One apex with curved
transapical costae with a curving center near the apical axis, the other
with a curving center eccentrically neighbored towards the raphe.
Intercostal membranes with two lines of decussate distinct pores, ap-
prox. 19 in 10 µm. Raphe marginal.

Discussion: No similar species has been found in the literature.
Holotype: Plate 2, Figure 2, from DSDP Leg 29, Sample 278-11-1,

50-51 cm, southwest Pacific.
Paratype: Plate 2, Figure 4.

Nitzschia curta (Van Heurck) Hasle (1972)
(Plate 15, Figures 21, 23, 24)

Synonym: Fragilariopsis curta (Heurck) Hustedt in Hasle (1965), p.
32-33, pi. 6, fig. 6; pi. 12, fig. 2-5; pi. 13, fig. 1-6; pi. 16, fig. 6; pi. 17,
fig. 5.

Nitzschia cylindrus (Grun.) Hasle (1972)
(No illustration)

Description: Hasle (1965), p. 34-37, pi. 12, fig. 6-12; pi. 14, fig. 1-
10; pi. 17, fig. 2-4.

Nitzschia denticuloides sp. nov.
(Plate 3, Figures 7, 8, 10, 12, 18-24; Plate 15, Figure 22)

Description: Valves elliptical with broadly rounded ends to valves
with parallel margins with slightly capitate apices, 70-28 µm long, 13-
8 µm wide. Valves strongly silicified with a lanceolate hyaline middle
area to a narrow hyaline area. Area in some specimens with a con-
tinuation of the transapical ribs, in some without. Sometimes pores
scattered or have an apical pore line. Transapical ribs straight in the

middle of the valves, curved towards the poles and continuing over
the apex with radial arranged short ribs, 6-7 in 10 µm. Transapical
ribs forming transapical chambers with a hyaline outer membrane
and a wide pore opening to the inner side. Valve structure very
variable. Raphe marginal, canal raphe with keel punctae, 6-7 in 10
µm.

Discussion: This species is very close to Denticula antarctica
McCollum, but differs by the valve outline and the interrupted trans-
apical ribs. No similar species was found in the literature. It is still
questionable whether McCollum (1975), in including these specimens
with Denticula antarctica, established a different range. There is a
wide variation and in cases it seemed difficult to separate between D.
antarctica and this species.

Holotype: Plate 3, Figures 21, 22, from DSDP Leg 29. Sample 278-
11-1, 50-51 cm, southwest Pacific.

Paratype: Plate 3, Figure 18.

Nitzschia donahuensis sp. nov.
(Plate 2, Figure 30)

Description: Valve broadly lanceolate with heteropol apical axis,
and acute rounded apices, 45-55 µm long, 10-13 µm wide, length and
width positively correlated. Transapical costae straight, slightly curved
to curved near and on the apices, 5-6 in 10 µm. Intercostal mem-
branes poroid with one line of small slot-like pores, approx. 20 in 10
µm. Raphe marginal, keel punctae 5-6 in 10 µm, transapical ribs seem
to be widened towards the raphe canal.

Discussion: This species is close to Nitzschia (Fragilariopsis)
lanceolata Donahue (1970, p. 208, pi. 7, fig. m-p) but differs by the
much finer slot-like structure of the intercostal membranes.

Derivation of name: To Dr. J. Donahue, who initiated detailed
biostratigraphic investigation of Quaternary Antarctic siliceous
sediments.

Holotype: Plate 2, Figure 30, from DSDP Leg 29, Sample 278-14-
1, 50-51 cm, southwest Pacific.

Nitzschia efferans sp. nov.
(Plate 2, Figures 1, 3, 5-7)

Description: Valve club-like to elliptical with semiparallel margins,
broadly rounded apices, 26-54 µm long, smallest width 4-6 µm,
broadest width 7-10 µm. Apical axis heteropol. Transapical ribs well
developed only near the margins, 6-7 in 10 µm, straight in the middle
of the valve, slightly curved to strongly curved near the apices. Center
of curving on one apex in the valve apical axis, of the other broader
apex, eccentrically. Intercostal membranes with one line of large
pores, sometimes irregularly arranged, approx. 5 in 10 µm when com-
plete. One large pore on each margin in between the distinct trans-
apical ribs. Raphe marginal.

Discussion: This species differs from N. claviceps by the coarser
structure. No similar species has been observed in the literature.

Holotype: Plate 2, Figure 1, from DSDP Leg 29, Sample 278-17-1,
50-51 cm, southwest Pacific.

Paratype: Plate 2, Figure 5.

Nitzschia evenescens sp. nov.
(Plate 2, Figures 22, 23)

Description: Valves linear-elliptical with broadly rounded ends,
25-30 µm long, 6-4 µm wide. Apical axis isopolar. Transapical ribs 14-
15 in 10 µm, straight in the middle of the valves, slightly curved near
the apices. Intercostal membranes punctate, punctae closely spaced,
often melted into one another, 20-22 in 10 µm. Raphe marginal, keel
punctae marginal, approx. 14-15 in 10 µm, no pseudonodulus pres-
ent.

Discussion: This species is close to Nitzschia maleinterpretaria, but
differs from it by the finer structure. No similar species was found in
the literature.

Holotype: Plate 2, Figure 22 from DSDP Leg 29, Sample 278-17-1,
50-51 cm, southwest Pacific.

Paratype: Plate 2, Figure 23.

Nitzschia grossepunctata sp. nov.
(Plate 3, Figures 1-4)

Synonym: Rhaphoneis sp., McCollum (1975), pi. 11, fig. 9, 10.
Description: Valves elliptical with broadly rounded ends, some-

times broadly capitate, 46-40 µm long, 9-7 µm wide. Transapical ribs
8 in 10 µm distinctly marked only at the margins. Valve surface with
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"intercostal membranes" coarsely punctate (pores 1.7-1 µm in
diameter) with one line of large punctae, which are reduced in some
individuals, on both sides of the margins and one line of large pores in
between the transapical ribs. Transapical ribs radial and continuing
over the apices. Raphe marginal with distinct keel punctae, 8 in 10
µm, raphe bent towards the apices onto the valve surface. Pseudo-
nodulus present in most individuals, slightly enlarged, and distin-
guished from other keel punctae by being close to one apex.

Discussion: No similar species was found in the literature. It is
different from all other Nitzschia species by the coarse punctate struc-
ture.

Holotype: Plate 3, Figures 3, 4, from DSDP Leg 29, Sample 278-
20-2, 60-61 cm, southwest Pacific.

Paratype: Plate 3, Figures 1, 2.

Nitzschia interfrigidaria McCollum (1975)
(No illustration)

Description: McCollum (1975), pi. 9, fig. 7-9. In order to clear the
exact taxonomic position and the variation of this species a detailed
reinvestigation of DSDP Leg 28 material seems necessary. This is not
possible at present. This species is close to Nitzschia grossepunctata
sp. nov. I did follow the illustration of McCollum due to incomplete
diagnosis. Thus all individuals close to McCollum's pictures are
designated here as affinis: Nitzschia aff. interfrigidaria McCollum
(1975, pi. 3, fig. 5, 6).

Nitzschia januaria sp. nov.
(Plate 2, Figures 25-29)

Description: Valves elliptical with broadly rounded ends, 15-30 µm
long, 7-5 µm wide. Transapical costae straight in the middle of the
valves, curved near the apices. Costae near the poles grading into
apical direction, both pole field similarly structured; 13-12 costae in
10 µm. Intercostal membranes hyaline in normal plane through light.
Keel punctae in some specimens distinct, approx. 12 in 10 µm with no
indication of a pseudonodulus. Raphe marginal.

Discussion: This species differs from other Nitzschia species by its
isopol valves, the identical structure of the pole fields and the valve
shape, no similar species were observed in the literature.

Holotype: Plate 2, Figure 26, from DSDP Leg 29, Sample 278-11-
1, 50-51 cm, southwest Pacific.

Paratype: Plate 2, Figure 25.

Nitzschia kerguelensis (0'Meara) Hasle (1972)
(No illustration)

Description: Hasle (1965), p. 14-18, pi. 3, fig. 4, 5; pi. 4, fig. 11-18;
pi. 5, fig. 1-11; pi. 6, fig. 2-4; pi. 7, fig. 9; pi. 8, fig. 10; pi. 16, fig. 3-5.

Nitzschia maleinterpretaria sp. nov.
(Plate 2, Figures 9, 11-19, 21, 24)

Description: Valves elliptical to linear elliptical with broadly
rounded apices, 43-11 µm long, 7-3 µm wide. Apical axis isopol.
Transapical ribs 12-13 in 10 µm, straight in the middle of the valves,
becoming curved towards the apices, one apex with slightly curved,
the other one with strongly eccentrically curved ribs. Intercostal
membranes with one line of round distinct pores, sometimes in-
complete with omitted pores, approx. 10 in 10 µm. Raphe marginal,
keel punctae sometimes visible, approx. 12 in 10 µm.

Discussion: This species is very close to Denticula nicobarica and
may be misinterpreted occasionally. It differs from those forms by the
absence of pseudoseptae.

Holotype: Plate 2, Figure 9, from DSDP Leg 29, Sample 278-24-1,
50-51 cm, southwest Pacific.

Paratype: Plate 2, Figure 12.

Nitzschia porteri Frenguelli (1949)
(Plate 2, Figures 33-35)

Description: Frenguelli (1949), p. 116, pi. 1, fig. 33, 34.

Nitzschia aff. porteri Frenguelli (1949)
(Plate 2, Figure 32)

Description: Frenguelli (1949), p. 116, pi. 1, fig. 33, 34. Atypical
specimen with similar structure, but differs by the narrow elongated
valve shape.

Nitzschia praeinterfrigidaria McCollum (1975)
(No illustration)

Description: McCollum (1975), pi. 10, fig. 1. The illustration of
McCollum (1975) has been used to identify this species. The varia-
tion, taxonomy, and morphology still needs to be correlated with
DSDP Leg 29 type material.

Nitzschia pseudokerguelensis sp. nov.
(Plate 15, Figures 13-15)

Description: Valves broadly lanceolate with a heteropol apical ax-
is, with one pole broadly rounded and the other acute, 52-40 µm long,
11-10 µm wide. Frustules strongly silicified and coarsely structured, 6
transapical costae in 10 µm. Transapical ribs are straight in the mid-
dle of the valves and curved towards the poles. Intercostal membrane
distinctly punctate with one row of large poroids. Keel punctae dis-
tinct 6 in 10 µm, canal raphe distinct.

Discussion: This species is close to Nitzschia kerguelensis
(O'Meara) Hasle in Hasle (1965), p. 14-16, numerous figures, but
differs by the intercostal membranes with only one line of poroids, by
the canal raphe, and the keel punctae.

Holotype: Plate 15, Figures 14, 15, from DSDP Leg 29, Sample
278-16-4, 50-51 cm, southwest Pacific.

Paratype: Plate 15, Figure 13.

Nitzschia pusilla sp. nov.
(Plate 2, Figure 20)

Description: Valves elliptical to linear elliptical with broadly
rounded apices, 20-27 µm long, 5-6 µm wide. Apical axis isopol.
Transapical ribs straight in the middle of the valves, curved near the
apices, 16-17 in 10 µm. Intercostal membranes punctate, punctae
closely spaced, approx. 22-24 in 10 µm. Raphe marginal, 15-16 in 10
µm keel punctae, no pseudonodulus present.

Discussion: This species is close to Nitzschia maleinterpretaria but
has finer structure. No similar species was found in the literature.

Holotype: Plate 2, Figure 20, from DSDP Leg 29, Sample 278-21-
1, 50-51 cm, southwest Pacific.

Nitzschia ritscheri (Hustedt) Hasle (1972)
(No illustration)

Description: Hasle (1965), p. 20-21, pi. 1, fig. 20; pi. 3, fig. 3; pi. 4,
fig. 1-10; pi. 5, fig. 12, 13; pi. 6, fig. 1; pi. 7, fig. 8.

Nitzschia separanda (Hustedt) Hasle (1972)
(No illustration)

Description: Hasle (1965), p. 26-27, pi. 9, fig. 7-10; pi. 10, fig. 1.

Nitzschia sicula var. rostrata Hustedt (1958)
(Plate 2, Figure 31)

Description: Hustedt (1958), p. 180, pi. 11, fig. 128-132; Hasle
(1964), p. 39-41, pi. 14, fig. 22; pi. 16, fig. 2, 4.

Nitzschia sp. 14
(Plate 2, Figures 8, 36)

Nitzschia sp. 16
(Plate 2, Figure 37)

Nitzschia sp. 17
(Plate 3, Figures 13-15, 17; Plate 2, Figure 10)

The morphological variation within this artificial grouping is not
understood at the moment by the author. Therefore a number of ex-
tremes are pictured to demonstrate variations. Pictured individuals
may later prove to belong to more than one species, others may be
evolutionary lineages.

Nitzschia sp. 18
(Plate 15, Figure 19)

Nitzschia sp. 19
(Plate 15, Figure 20)
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Genus PINNULARIA Ehrenberg (1840)

Pinnularia nobilis Ehrenberg
(No illustration)

Description: Hustedt (1930), p. 337, fig. 619.

Genus PTEROTHECA (Grunow) Forti (1909)

Pterotheca sp. 1
(Plate 14, Figure 10)

Genus PYRGUPYXIS Hendey (1869)

Pyrgupyxis johnsoniana Greville (Hendey, 1865)
(No illustration)

Description: Greville (1865), p. 2, pi. 1, fig. 6.

Pyrgupyxis prolungata Brun (Hendey, 1891)
(No illustration)

Description: Brun (1891), p. 176, pi. 24, fig. 7.

Genus RAPHIDODISCUS H.L. Smith (1887)

Raphidodiscus marylandicus Christian (1887)
(Plate 5, Figure 19; Plate 15, Figure 16)

Description: Andrews (1973, 1974), p. 233-234, pi. 1-5.

Genus RHAPHONEIS Ehrenberg (1844)

Rhaphoneis sp. 1
(Plate 14, Figure 13)

Only one fragment was found; therefore no taxonomic study was
made. Similar species were not observed in the literature.

Genus RHIZOSOLENIA Ehrenberg (1841)

Rhizosolenia alata Brightwell (1858)
(Plate 9, Figure 10)

Description: Hustedt (1930), p. 600-604, fig. 345-348.

Rhizosolenia barboi Brun (1894)
(Plate 9, Figures 11-13)

Description: Donahue (1970), p. 136.

Rhizosolenia hebetata forma hiemalis Grun (1904)
(Plate 9, Figure 3)

Description: Hustedt (1930), p. 590-592, fig. 337.

Rhizosolenia hebetata f. hiemalis-spinosa
(Plate 9, Figures 1, 2)

Differs from the above-mentioned forma by its longer spine. Struc-
ture on the calyptra somewhat finer than on the forma. At present no
new variety or species will be established with these forms unless the
taxonomy of R. hebetata has been cleared.

Rhizosolenia minima sp. nov.
(Plate 15, Figures 1-3)

Description: Valve cylindrical, widened at the base, tapering
towards the apex, apical process round, small with radial punctate
lines, approx. 10 in 10 µm, punctate lines reaching the end of apical
process. Apical process with spine at the top. Spine tapers towards
the top, but is mostly broken off. Individuals found are 30-23 µm
long, apical process approx. 6-3 µm in diameter.

Discussion: No similar species were observed in the literature. In-
dividuals are mostly broken, but are easily identified by their small
size.

Holotype: Plate 15, Figures 2, 3, from DSDP Leg 29, Sample 278-
14-1, 50-51 cm, southwest Pacific.

Paratype: Plate 15, Figure 1.

Rhizosolenia oligocaenica sp. nov.
(Plate 9, Figure 7)

Description: Valve cylindrical, approx. 14 µm in diameter at base,
tapering gradually towards the apex. Apical process round with
radial punctate lines, about 23 in 10 µm, punctae forming oblique
rows, distance between oblique rows little wider than between radial
rows. Punctate structure not reaching end of apex. Apical process
with apical spine at the top. Spine tapers towards the top, with a small
central canal.

Discussion: No similar species has been observed in the literature.
This species can easily be distinguished from others by its range and
by its fine structure.

Holotype: Plate 9, Figure 7, from DSDP Leg 29, Sample 278-32-4,
120-121 cm, southwest Pacific.

Rhizosolenia praebarboi Schrader (1973a)
(Plate 9, Figure 14)

Description: Schrader (1973a), p. 709-710, pi. 24, fig. 1-3.

Rhizosolenia styliformis Brightwell (1858)
(Plate 9, Figure 4)

Description: Hustedt (1930), p. 584-588, fig. 333-335.

Rhizosolenia sp. 1
(Plate 9, Figure 5)

These specimens may be included into R. styliformis but differ by
the complexly built wings surrounding the spine.

Rhizosolenia sp. 2
(Plate 9, Figure 6)

This specimen is similar to R. minima, but differs by having a
coarser structure and a different range.

Genus ROPERIA Grunow in Van Heurck (1881)

Roperia tesselata (Roper) Grunow in Van Heurck (1881)
(No illustration)

Description: Hustedt (1930), p. 523-524, fig. 297.

Genus ROUXIA Brun and Héribaud (1893)

Rouxia antarctica Heiden and Kolbe (1928)
(Plate 5, Figures 1-8)

Description: Heiden and Kolbe (1928), p. 632, pi. 4, fig. 90.

Rouxia californica M. Peragallo in Tèmpère and Peragallo (1910)
(Plate 5, Figure 21)

Description: Hanna (1930), p. 186-188, pi. 14, fig. 6, 7.

Rouxia elongata sp. nov.
(Plate 15, Figures 4, 5)

Description: Valves linear with rounded rostrated apices, and
swelled up central parts, 200-230 µm long, 8 µm wide in the middle, 6
µm wide between center and apex. Valve surface convex with a cen-
tral depression. Raphe bars well developed, with a rectangular,
narrow central area and narrow apical areas. Transapical striae 15 in
10 µm transapical-parallel, becoming radial at the very apex. Trans-
apical striae with punctae 2-4 within one striae. Inner pores near the
margins. Pole fields with a sharp triangular hyaline area, isopol.

Discussion: This species differs from all other Rouxia species by its
elongated valve, by its long raphe bars and by its fine structure.

Holotype: Plate 15, Figures 4, 5, from DSDP Leg 29, Sample 278-
20-6, 50-51 cm, southwest Pacific.

Rouxia isopolica sp. nov.
(Plate 5, Figures 9, 14, 15, 20)

Description: Valves linear-lanceolate with cuneate broadly round-
ed ends 21-48 µm long, 4-6 µm wide. Valve surface flat with a central
depression over the central area. Two rudimentary raphe bars
separated by an elongated narrow hyaline central area. Axial area
narrow, parallel to the raphe. Transapical striae 18-19 in 10 µm,
transapical becoming radiate near the apices. Striae crossed by two
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apical lines, one very near the margin, the other one between margin
and apical axis. Transapical striae with one to two inner pores. Pole
fields hyaline, triangular, isopol.

Discussion: Differs from other Rouxia species by its fine structure
and by its triangular hyaline pole fields.

Holotype: Plate 5, Figure 15, from DSDP Leg 29, Sample 278-11-
1, 50-51 cm, southwest Pacific.

Paratype: Plate 5, Figures 9, 14, 20.

Rouxia naviculoides Schrader (1973a)
(Plate 5, Figures 13, 18)

Description: Schrader (1973a), p. 710, pi. 3, fig. 27-32.

Rouxia oligocaenica sp. nov.
(No illustration)

Synonyms: Rouxia peragalli Abbott non Brun and Héribaud in
Abbott (1972), pi. 9; fig. A; Rouxia peragalli McCollum non Brun
and Héribaud in McCollum (1975), pi. 12, fig. 1, 2.

Description: Valves elliptical with broadly rounded ends 30-55 µm
long, 15-20 µm wide. Valve surface flat, two rudimentary raphe bars
separated by a narrow central area. Transapical striae 5 in 10 µm,
parallel becoming radial towards the apices. Striae crossed by one
apical line somewhat parallel to the margin. Transapical striae
representing chambers with no visible structure in light microscope.
Valve structure isopolar.

Discussion: This species differs from other Rouxia species by its
coarse structure, by its isopolar valve structures, and by its geo-
logical range. Specimens found in Pliocene to Pleistocene sediment
materials are reworked from older strata.

Holotype: McCollum (1975), pi. 12, fig. 1, from DSDP Leg 28,
Sample 274-11-1, 140-142 cm, South Pacific.

Rouxia yabei Hanna (1930)
(No illustration)

Description: Hanna (1930), p. 185, pi. 15, fig. 2-4.

Rouxia sp. 2
(Plate 5, Figures 11, 12)

Genus STEPHANOPYXIS Ehrenberg (1844)

Stephanopyxis "turris" (Grev. and Arn.) Ralfs in Pritchard (1861)
(Plate 13, Figure 7)

Description: Hustedt (1930), p. 304-307, fig. 140-144. All in-
dividuals belonging to the genus Stephariopyxis have been
grouped into this "group species." At the moment I am unable to dis-
tinguish and separate the variously described Stephanopyxis species
of Miocene to Eocene age. Separation by the arrangement of spines
and marginal areas seems to be more satisfactory and must be
reviewed to enable workers to distinguish and work with species of
this genus for stratigraphic purposes.

Genus SYNEDRA Ehrenberg (1830)

Synedra jouseana Sheshukova-Poretzkaya (1962)
(Plate 1, Figures 11-13)

Description: Sheshukova-Poretzkaya (1967), p. 245; Schrader
(1973a), p. 710, pi. 23, fig. 21-23, 25, 28.

Synedra miocenica sp. nov.
(Plate 1, Figure 1)

Diagnosis: Valves narrow with parallel margins, 7-10 µm wide,
250-300 µm long. Ends broadly rounded, transapical striate marginal,
with a wide pseudoraphe, 15-17 in 10 µm. Axial area wide, lanceolate.
Poles isopol with isolated elongated mucilage pores on each side.

Discussion: This species differs from Synedra jouseana by its
parallel margin, by the different shape of the poles, and by the
different mucilage pores. No similar species has been observed in the
literature.

Holotype: Plate 1, Figure 1 (total), fig. la and lb from DSDP Leg
29. Sample 278-13-1, 50-51 cm, southwest Pacific.

Synedra ulna (Nitzsch) Ehrenberg
(No illustration)

Description: Hustedt (1932), p. 151-154, fig. 158-168.

Genus THALASSIONEMA Grunow (1881)

Thalassionema hirosakiensis (Kanaya) Schrader (1973a)
(? Plate 1, Figures 14-16)

Description: Kanaya (1959), p. 104-106, pi. 9, fig. 11-15 as
Fragilaria hirosakiensis.

Thalassionema nitzschioides Grunow in Van Heurck (1881)
(No illustration)

Description: Hustedt (1959), p. 244-246, fig. 725.

Genus THALASSIOSIRA Cleve (1873)

Thalassiosira convexa var. aspinosa Schrader (1974)
(Plate 15, Figures 9, 10)

Description: Schrader (1974), p. 916, pi. 2, fig. 8, 9, 13a-21.

Thalassiosira cf. decipiens (Grunow) Jörgensen (1905)
(No illustration)

Description: Hustedt (1930), p. 322-323, fig. 158.

Thalassiosira gracilis (Karsten) Hustedt (1958)
(No illustration)

Description: Hustedt (1958), p. 109, fig. 4-7.

Thalassiosira nativa Sheshukova-Poretzkaya (1964)
(Plate 12, Figures 8-11)

Description: Sheshukova-Poretzkaya (1967), p. 145, pi. 14, fig. 7.

Thalassiosira oestrupii (Ostenfeld) Proshkina-Lavrenko (1953)
(No illustration)

Description: Hustedt (1930), p. 318, fig. 155 as Coscinosira
oestrupii.

Thalassiosira spinosa sp. nov.
(Plate 6, Figures 5-7)

Description: Valve strongly convex, 18-20 µm in diameter. Areolae
hexagonal forming closed network over the entire valve, 9-10 in 10
µm, decreasing in size gradually towards the margin. Areolae in
radial rows, sometimes fasciculate or arranged in convex lines.
Margin 1-1.5 µm wide with radial striae 10 in 10 µm. One row of
heavily silicified spines near the margin, spines mostly broken off, but
detectable by the base.

Discussion: This species is almost identical with the Pliocene
marker species, T. convexa, but differs by its geological range, by the
more robust spines, and by the finer areolation.

Holotype: Plate 6, Figure 6, from DSDP Leg 29, Sample 278-27-1,
50-51 cm, southwest Pacific.

Paratype: Plate 6, Figures 5, 7.

Thalassiosira spinosa var. aspinosa var. nov.
(Plate 6, Figure 3)

Description: This variety differs from the species by its nonspinous
margin; other morphological criteria are almost identical with T.
spinosa.

Holotype: Plate 6, Figure 3, from DSDP Leg 29, Sample 278-27-1,
50-51 cm, southwest Pacific.

Thalassiosira spumellaroides sp. nov.
(Plate 6, Figures 1, 2)

Description: Cells solitary, appearance similar to a spumellarian
radiolarian, valves 40-60 µm in diameter, convex with a flattened cen-
tral part. Valve margin finely striated. Areolae, hexagonal, arranged
in tangential rows, approx. 6 areolae in 10 µm, slightly decreasing in
size towards the margin. No central area. Long strongly silicified
species do arise near the margin. No labiate process nor strutted
tubuli were found in these strongly silicified frustules.
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Discussion: No similar species was found in the literature, it grades
towards Thalassiosira convexa, and this was one of the reasons for its
position in the genus Thalassiosira.

Holotype: Plate 6, Figures 1, 2, from DSDP Leg 29, Sample 278-
25-1, 100-101 cm, southwest Pacific.

Thalassiosira sp. 8
(Plate 12, Figure 12)

Thalassiosira sp. 9
(Plate 13, Figures 4a-4b; Plate 15, Figures 11, 12)

Thalassiosira sp. 10
(Plate 15, Figures 6-8)

Genus THALASSIOTHRIX Cleve and Grunow (1880)

Thalassiothrix frauenfeldii (Grunow) Grunow
in Cleve and Grunow (1880)

(Plate 1, Figures 7-10)

Description: Hustedt (1959), p. 247-248, fig. 727; Hasle and Men-
diola (1967), p. 113-114, fig. 9, 10, 21, 38, 47-52.

Thalassiothrix longissima Cleve and Grunow (1880)
(Plate 1, Figures 5, 6, 17)

Description: Hustedt (1959), p. 247, fig. 726; Hasle and Mendiola
(1967), p. 114, fig. 35-37, 45, 46, 53. All Thalassiothrix individuals
have been grouped within this species, which possess dissimilar ends,
one end is somewhat widened and bluntly rounded, the other has a
swallowtail-like spine. The marginal spines are mostly broken off.

Thalassiothrix monospina Schrader (1974)
(No illustration)

Description: Schrader (1974a), p. 917, pi. 19, fig. 9, 10.

Thalassiothrix primitiva sp. nov.
(Plate 1, Figure 3)

Description: Valves strongly silicified, elongate linear with parallel
margins and broadly rounded apices, mostly broken into fragments,
complete frustules 200-400 µm long, 9-12 µm wide. Ends dissimilar,
one of them broadly rounded with a rounded mucilage pore and a
solitary, rudimentary spine and continuation of the transapical struc-
tures which are here radially oriented, the other one with a more
acute end and a solitary elliptical mucous pore. Marginal punctae ap-
prox. 13 in 10 µm.

Discussion: This species differs from others by the strongly silici-
fied valves and by the apices. No similar species were found in the
literature.

Holotype: Plate 1, Figure 2 from DSDP Leg 29, Sample 278-32-6,
50-51 cm, southwest Pacific. Schrader Collection.

Paratype: Plate 1, Figure 3. Schrader Collection.

Thalassiothrix vanhoeffenii Heiden in Heiden and Kolbe (1928)
(No illustration)

Description: Heiden in Heiden and Kolbe (1928), p. 566, pi. 6, fig.
124, 125; Simonsen (1974), p. 38, pi. 25, fig. 1-3. This species was dis-
tinguished from Thalassiothrix longissima by its broad transapical
striae, approx. 8 in 10 µm, whereas T. longissima has approx. 20-24 in
10 µm.

Genus TRINACRIA Heiberg (1863)

Trinacria excavata Heiberg (1863)
(Plate 14, Figure 15)

Description: Hustedt (1930), p. 887-888, fig. 532.

Trinacria pileolus (Ehr.) Grunow (1884)
(No illustration)

Description: Hustedt (1930), p. 885-887, fig. 529.

Genus XANTHIOPYXIS Ehrenberg (1844)

Xanthiopyxis oblonga Ehrenberg (1844)
(Plate 14, Figure 4)

Description: Hanna (1927), p. 124.

Genus et species indet.
(Plate 5, Figure 16)

Genus et species indet.
(Plate 12, Figure 14)
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PLATE 1
(Magnification 1500X, except Figures 1 = 55× and 7 = 700X)

Figure 1 Synedra miocenica sp. nov.; Sample 278-18-1, 50
cm (Type).

Figure 2 Thalassiothrix primitiva sp. nov.; Sample 278-32-6,
50 cm (Type).

Figure 3 Thalassiothrix primitiva sp. nov; Sample 278-33-1,
50 cm.

Figure 4 Thalassiothrix primitiva sp. nov.; Sample 278-21-1,
50 cm.

Figure 5 Thalassiothrix longissima Cleve and Grunow;

Sample 278-9-1, 50 cm.

Figure 6 Thalassiothrix longissima; Sample 278-13-1, 50 cm.

Figure 7 Thalassiothrix frauenfeldii (Grun.) Grunow; Sam-
ple 278-14-1, 50 cm.

Figure 8 Thalassiothrix frauenfeldii; Sample 278-14-1, 50
cm.

Figure 9 Thalassiothrix frauenfeldii; Sample 278-14-1, 50
cm.

Figure 10 Thalassiothrix frauenfeldii; Sample 278-14-1, 50
cm.

Figure 11 Synedra jouseana Shes.-Poretzkaya; Sample 278-

33-6, 50 cm.

Figure 12 Synedra jouseana; Sample 278-23-1, 80 cm.

Figure 13 Synedra jouseana; Sample 278-27-1, 50 cm.

Figure 14 Thalassionema hirosakiensis (Kan.) Schrader;
Sample 278-33-6, 50 cm.

Figure 15 Thalassionema hirosakiensis; Sample 278-33-1, 50
cm.

Figure 16 Thalassionema hirosakiensis; Sample 278-29-4, 20
cm.

Figure 17 Thalassiothrix longissima; Sample 278-11 -1, 50 cm.
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PLATE 2
(Magnification 1500X)

Figure 1 Nitzschia efferans sp. nov.; Sample 278-17-1, 50 cm (Type).

Figure 2 Nitzschia claviceps sp. nov.; Sample 278-11-1, 50 cm (Type).

Figure 3 Nitzschia efferans sp. nov.; Sample 278-11-1, 50 cm.

Figure 4 Nitzschia claviceps sp. nov.; Sample 278-11-1, 50 cm.

Figure 5 Nitzschia efferans sp. nov.; Sample 278-16-1, 50 cm.

Figure 6 Nitzschia efferans sp. nov.; Sample 278-13-1, 50 cm.

Figure 7 Nitzschia efferans sp. nov.; Sample 278-13-1, 50 cm.

Figure 8 Nitzschia sp. 14; Sample 278-14-1, 50 cm.

Figure 9 Nitzschia maleinterpretaria sp. nov.; Sample 278-24-1, 50 cm
(Type).

Figure 10 Nitzschia sp. 17; Sample 278-18-1, 50 cm.

Figure 11 Nitzschia maleinterpretaria sp. nov.; Sample 278-21-1, 50 cm.

Figure 12 Nitzschia maleinterpretaria sp. nov.; Sample 278-27-1, 50 cm.

Figure 13 Nitzschia maleinterpretaria sp. nov.; Sample 278-17-1, 50 cm.

Figure 14 Nitzschia maleinterpretaria sp. nov.; Sample 278-17-1, 50 cm.

Figure 15 Nitzschia maleinterpretaria sp. nov.; Sample 278-19-2, 50 cm.

Figure 16 Nitzschia maleinterpretaria sp. nov.; Sample 278-27-1, 50 cm.

Figure 17 Nitzschia maleinterpretaria sp. nov.; Sample 278-9-1, 50 cm.

Figure 18 Nitzschia maleinterpretaria sp. nov.; Sample 278-27-1, 50 cm.

Figure 19 Nitzschia maleinterpretaria sp. nov.; Sample 278-24-1, 50 cm.

Figure 20 Nitzschia pusilla sp. nov.; Sample 278-21-1, 50 cm (Type).

Figure 21 Nitzschia maleinterpretaria sp. nov.; Sample 278-27-1, 50 cm.

Figure 22 Nitzschia evenescens sp. nov.; Sample 278-17-1, 50 cm (Type).

Figure 23 Nitzschia evenescens sp. nov.; Sample 278-17-1, 50 cm.

Figure 24 Nitzschia maleinterpretaria sp. nov.; Sample 278-24-1, 50 cm.

Figure 25 Nitzschia januaria sp. nov.; Sample 278-9-1, 50 cm.

Figure 26 Nitzschia januaria sp. nov.; Sample 278-11-1, 50 cm (Type).

Figure 27 Nitzschia januaria sp. nov.; Sample 278-9-1, 50 cm.

Figure 28 Nitzschia januaria sp. nov.; Sample 278-9-1, 50 cm.

Figure 29 Nitzschia januaria sp. nov.; Sample 278-9-1, 50 cm.

Figure 30 Nitzschia donahuensis sp. nov.; Sample 278-14-1, 50 cm (Type).

Figure 31 Nitzschia sicula var. rostrata Hustedt; Sample 278-10-1, 50 cm.

Figure 32 Nitzschia aff. ported Frenguelli; Sample 278-11-1, 50 cm.

Figure 33 Nitzschia ported Frenguelli; Sample 278-11-1, 50 cm.

Figure 34 Nitzschia ported; Sample 278-14-1, 50 cm.

Figure 35 Nitzschia ported; Sample 278-11-1, 50 cm.

Figure 36 Nitzschia sp. 14; Sample 278-11-1, 50 cm.

Figure 37 Nitzschia sp. 16; Sample 278-9-1, 50 cm.
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PLATE 3

(Magnification 1500X)

Figure 1 Nitzschia grossepunctata sp. nov.; Sample 278-19-
2, 50 cm.

Figure 2 Nitzschia grossepunctata sp. nov.; Sample 278-19-
2, 50 cm.

Figures 3,4 Nitzschia grossepunctata sp. nov.; Sample 278-20-
2, 60 cm (Type).

Figures 5, 6 Nitzschia interfrigidaria McCollum; Sample 278-
11-1, 50 cm.

Figure 7 Nitzschia denticuloides sp. nov.; Sample 278-15-2,
50 cm.

Figure 8 Nitzschia denticuloides sp. nov.; Sample 278-16-1,
50 cm.

Figure 9 Denticula antarctica McCollum; Sample 278-17-1,
50 cm.

Figure 10 Nitzschia denticuloides sp. nov.; Sample 278-13-1,

50 cm.

Figure 11 Denticula antarctica', Sample 278-9-1, 50 cm.

Figure 12 Nitzschia denticuloides sp. nov.; Sample 278-14-1,

50 cm.

Figures 13, 14 Nitzschia sp. 17; Sample 278-20-2, 60 cm.

Figure 15 Nitzschia sp. 17; Sample 278-20-2, 60 cm.

Figure 16 Denticula aff. antarctica McCollum; Sample 278-

17-1, 50 cm.

Figure 17 Nitzschia sp. 17; Sample 278-17-1, 50 cm.

Figure 18 Nitzschia denticuloides sp. nov.; Sample 278-14-1,
50 cm.

Figure 19 Nitzschia denticuloides sp. nov.; Sample 278-14-1,
50 cm.

Figure 20 Nitzschia denticuloides sp. nov.; Sample 278-14-1,
50 cm.

Figures 21,22 Nitzschia denticuloides sp. nov.; Sample 278-11-1,
50 cm (Type).

Figure 23 Nitzschia denticuloides sp. nov.; Sample 278-14-1,
50 cm.

Figure 24 Nitzschia denticuloides sp. nov.; Sample 278-14-1,
50 cm.
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PLATE4

(Magnification 1500×)

Figure 1 Denticula aff. antarctica McCollum; Sample 278-19-2, 50 cm.

Figure 2 Denticula hustedtii Simonsen and Kanaya; Sample 278-14-1, 50 cm.

Figure 3 Denticula antarctica McCollum; Sample 278-20-2, 60 cm.

Figure 4 Denticula hustedtii; Sample 278-16-1, 50 cm.

Figure 5 Denticula hustedtii var. ovata var. nov.; Sample 278-9-1, 50 cm (Type).

Figure 6 Denticula hustedtii var. ovata var. nov.; Sample 278-9-1, 50 cm.

Figure 7 Denticula lauta var. ovata var. nov.; Sample 278-13-1, 50 cm (Type).

Figure 8 Denticula hustedtii; Sample 278-9-1, 50 cm.

Figure 9 Denticula hustedtii; Sample 278-10-1, 50 cm.

Figure 10 Denticula lauta Bailey; Sample 278-14-1, 50 cm.

Figure 11 Denticula lauta; Sample 278-14-1, 50 cm.

Figure 12 Denticula hustedtii var. ovata var. nov.; Sample 278-12-1, 50 cm.

Figure 13 Denticula lauta; Sample 278-14-1, 50 cm.

Figure 14 Denticula hustedtii var. ovata var. nov.; Sample 278-12-1, 50 cm.

Figure 15 Denticula hustedtii var. ovata var. nov.; Sample 278-12-1, 50 cm.

Figure 16 Denticula punctata Schrader; Sample 278-10-1, 50 cm.

Figure 17 Denticula hyalina Schrader; Sample 278-23-1, 80 cm.

Figure 18 Denticula aff. kamtschatica Zabelina; Sample 278-12-1, 50 cm.

Figure 19 Denticula nicobarica Grunow; Sample 278-17-1, 50 cm.

Figure 20 Denticula nicobarica; Sample 278-15-2, 50 cm.

Figure 21 Denticula nicobarica; Sample 278-17-1, 50 cm.

Figure 22 Denticula antarctica; Sample 278-17-1, 50 cm.

Figure 23 Denticula antarctica; Sample 278-18-1, 50 cm.

Figure 24 Denticula hyalina; Sample 278-20-2, 60 cm.

Figure 25 Denticula antarctica; Sample 278-17-1, 50 cm.

Figure 26 Denticula sp. 1; Sample 278-11-1, 50 cm.

Figure 27 Denticula dimorpha Schrader; Sample 278-20-2, 60 cm.

Figure 28 Denticula lauta; Sample 278-13-1, 50 cm.

Figure 29 Denticula dimorpha; Sample 278-14-1, 50 cm.

Figure 30 Denticula dimorpha; Sample 278-14-1, 50 cm.

Figure 31 Denticula dimorpha; Sample 278-14-1, 50 cm.

Figure 32 Denticula dimorpha; Sample 278-14-1, 50 cm.
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PLATE5

(Magnification 1500X)

Figures 1, 2 Rouxia antarctica Heiden and Kolbe; Sample 278-
14-1, 50 cm.

Figure 3 Rouxia antarctica; Sample 278-14-1, 50 cm.

Figure 4 Rouxia antarctica; Sample 278-14-1, 50 cm.

Figure 5 Rouxia antarctica; Sample 278-14-1, 50 cm.

Figure 6 Rouxia antarctica; Sample 278-14-1, 50 cm.

Figure 7 Rouxia antarctica; Sample 278-14-1, 50 cm.

Figure 8 Rouxia antarctica; Sample 278-14-1, 50 cm.

Figure 9 Rouxia isopolica sp. nov.; Sample 278-11-1, 50 cm.

Figure 10 Navicula sp. 1; Sample 278-24-1, 50 cm.

Figure 11 Rouxia sp. 2; Sample 278-11-1, 50 cm.

Figure 12 Rouxia sp. 2; Sample 278-11-1, 50 cm.

Figure 13 Rouxia naviculoides Schrader; Sample 278-9-1, 50

cm.

Figure 14 Rouxia isopolica sp. nov.; Sample 278-18-1, 50 cm.

Figure 15 Rouxia isopolica sp. nov.; Sample 278-11-1, 50 cm

(Type).

Figure 16 Genus et species indet.; Sample 278-30-2, 50 cm.

Figure 17 Cestodiscus sp. 1; Sample 278-24-1, 50 cm.

Figure 18 Rouxia naviculoides; Sample 278-14-1, 50 cm.

Figure 19 Raphidodiscus marylandicus Christian; Sample

278-27-1, 50 cm.

Figure 20 Rouxia isopolica sp. nov.; Sample 278-11-1, 50 cm.

Figure 21 Rouxia califomica Peragallo; Sample 278-9-1, 50
cm.

Figure 22 Bogorovia veniamini Jousé; Sample 278-30-2, 50
cm.

Figure 23 Bogorovia veniamini; Sample 278-30-2, 50 cm.
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PLATE 6

(Magnification 1500X)

Figures 1, 2 Thalassiosira spumellaroides sp. nov.; Sample 278-
25-1, 100 cm (Type).

Figure 3 Thalassiosira spinosa var. aspinosa var. nov.; Sam-
ple 278-27-1, 50 cm (Type).

Figure 4 Coscinodiscus ruboides sp. nov.; Sample 278-21-1,
50 cm (Type).

Figure 5 Thalassiosira spinosa sp. nov.; Sample 278-27-1, 50
cm.

Figure 6 Thalassiosira spinosa sp. nov.; Sample 278-27-1, 50
cm (Type).

Figure 7 Thalassiosira spinosa sp. nov.; Sample 278-27-1, 50
cm.

Figure 8 Coscinodiscus ruboides sp. nov.; Sample 278-30-2,
50 cm.

Figure 9 Coscinodiscus sp. 4; Sample 278-23-1, 80 cm.
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H.-J. SCHRADER

PLATE 7
(Magnification 1500X)

Figure la Coscinodiscus symbolophorus group 1; Sample 278-
33-1, 50 cm.

Figure 1 Coscinodiscus symbolophorus group 1; Sample 278-
32-4, 120 cm.

Figure 2 Coscinodiscus symbolophorus group 2; Sample 278-
13-1, 50 cm.

Figure 3 Coscinodiscus symbolophorus group 3; Sample 278-
29-3, 50 cm.
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H.-J. SCHRADER

PLATE 8

(Magnification 1500X)

Figure 1 Asteromphalus sp. 2; Sample 278-21-1, 50 cm.

Figure 2 Asterolampra sp. 2; Sample 278-32-4, 50 cm.

Figure 3 Asteromphalus parvulus Karsten; Sample 278-29-4,

20 cm.

Figure 4 Asteromphalus sp. 3; Sample 278-28-2, 50 cm.

Figure 5 Asteromphalus aff. hyalinus', Sample 278-9-1, 50

cm.

Figure 6 Asteromphalus parvulus; Sample 278-27-1, 50 cm.

Figure 7 Asteromphalus hyalinus Karsten; Sample 278-23-1,
80 cm.
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H.-J. SCHRADER

PLATE 9

(Magnification 1500X)

Figure 1 Rhizosolenia hebetata f. hiemalis-spinosa; Sample
278-9-1, 50 cm.

Figure 2 Rhizosolenia hebetata f. hiemalis-spinosa; Sample
278-32-4, 120 cm.

Figure 3 Rhizosolenia hebetata f. hiemalis Gran; Sample
278-14-1, 50 cm.

Figure 4 Rhizosolenia styliformis Brightwell; Sample 278-

27-1, 50 cm.

Figure 5 Rhizosolenia sp. 1; Sample 278-21-1, 50 cm.

Figure 6 Rhizosolenia sp. 2; Sample 278-23-1, 80 cm.

Figure 7 Rhizosolenia oligocaenica sp. nov.; Sample 278-32-

4, 120 cm (Type).

Figure 8 Chaetoceros sp. bristle; Sample 278-27-1, 50 cm.

Figure 9 Chaetoceros sp. bristle; Sample 278-27-1, 50 cm.

Figure 10 Rhizosolenia alata Brightwell; Sample 278-18-1, 50

cm.

Figure 11 Rhizosolenia barboi Brun; Sample 278-14-1, 50 cm.

Figure 12 Rhizosolenia barboi; Sample 278-26-2, 70 cm.

Figure 13 Rhizosolenia barboi; Sample 278-23-1, 80 cm.

Figure 14 Rhizosolenia praebarboi Schrader; Sample 278-27-
1, 50 cm.
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H.-J. SCHRADER

PLATE 10

(Magnification 1500X)

Figure 1 Coscinodiscus symbolophorus group 4; Sample 278-
23-1, 80 cm.

Figure 2 Cestodiscus robustus Jousé; Sample 278-33-1, 50
cm.

Figure 3 Coscinodiscus aff. marginatus Em\; Sample 278-12-
1, 50 cm.

Figure 4 Coscinodiscus symbolophorus group 5; Sample 278-
12-1, 50 cm.

Figure 5 Coscinodiscus symbolophorus group 6; Sample 278-
12-1, 50 cm.
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H.-J. SCHRADER

PLATE 11

(Magnification 1500X)

Figure 1 Coscinodiscus deformans sp. nov.; Sample 278-14-
1, 50 cm (Type).

Figure 2 Coscinodiscus deformans sp. nov.; Sample 278-14-
1, 50 cm.

Figure 3 Coscinodiscus nodulifer A. Schmidt; Sample 278-
14-1, 50 cm.

Figure 4 Coscinodiscus endoi Kanaya; Sample 278-23-1, 80
cm.

Figure 5 Coscinodiscus tabularis Grunow; Sample 278-12-1,
50 cm.

Figure 6 Actinocyclus aff. ingens Rattray; Sample 278-18-1,

50 cm.

Figure 7 Actinocyclus aff. ingens', Sample 278-17-1, 50 cm.

Figure 8 Coscinodiscus endoi; Sample 278-24-1, 50 cm.

Figure 9 Coscinodiscus endoi; Sample 278-11-1, 50 cm.

Figure 10 Coscinodiscus endoi; Sample 278-13-1, 50 cm.

Figure 11 Coscinodiscus vetustissimus Pantocsek; Sample
278-14-1, 50 cm.

Figure 12 Coscinodiscus endoi; Sample 278-14-1, 50 cm.
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H.-J. SCHRADER

PLATE 12

(Magnification 1500X)

Figure 1 Cestodiscus sp. 4; Sample 278-13-1, 50 cm.

Figure 2 Coscinodiscus marginatus Ehr.; Sample 278-29-4,

20 cm.

Figure 3 Cestodiscus sp. 5; Sample 278-32-6, 50 cm.

Figure 4 Cestodiscus sp. 6; Sample 278-29-4, 20 cm.

Figure 5 Coscinodiscus vigilans A. Schmidt; Sample 278-32-

6, 50 cm.

Figure 6 Cestodiscus sp. 1; Sample 278-13-1, 50 cm.

Figure 7 Cestodiscus sp. 2; Sample 278-14-1, 50 cm.

Figure 8 Thalassiosira nativa Shes.-Poretzkaya; Sample

278-9-1, 50 cm.

Figure 9 Thalassiosira nativa; Sample 278-9-1, 50 cm.

Figure 10 Thalassiosira nativa; Sample 278-9-1, 50 cm.

Figure 11 Thalassiosira nativa; Sample 278-9-1, 50 cm.

Figure 12 Thalassiosira sp. 8; Sample 278-23-1, 80 cm.

Figure 13 Cosmiodiscus intersectus (Brun) Jousé; Sample

278-13-1, 50 cm.

Figure 14 Genus et species indet.; Sample 278-17-1, 50 cm.

Figure 15 Cestodiscus sp. 3; Sample 278-27-1, 50 cm.

664



CENOZOIC PLANKTONIC DIATOM BIOSTRATIGRAPHY

PLATE 12

665



H.-J. SCHRADER

PLATE 13
(Magnification 1500X)

Figures 1, 2 Coscinodiscus aff. lineatus Ehr.; Sample 278-27-1,
50 cm.

Figure 3 Cestodiscus sp. 7; Sample 278-32-6, 50 cm.

Figure 4a Thalassiosira sp. 9; Sample 278-14-1, 50 cm.

Figure 4b Thalassiosira sp. 9; Sample 278-14-1, 50 cm.

Figure 5 Cestodiscus pulchellus Greville; Sample 278-34-2,

20 cm.

Figure 6 Cestodiscus sp. 8; Sample 278-29-3, 50 cm.

Figure 7 Stephanopyxis "turris" (Grev. and Am.) Ralfs;
Sample 278-34-3, 50 cm.

Figure 8 Actinocyclus ingens Rattray; Sample 278-14-1, 50
cm.
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H.-J. SCHRADER

PLATE 14
(Magnification 1500X)

Figure 1 Bruniopsis mirabilis (Brun) Karsten; Sample 278-
14-1, 50 cm.

Figure 2 Hemidiscus karstenii Jousé; Sample 278-9-1, 50
cm.

Figure 3 Cosciµodiscus lewisianus Greville; Sample 278-19-
2, 50 cm.

Figure 4 Xanthiopyxis oblonga Ehr.; Sample 278-34-2, 20
cm.

Figures 5, 6 Goniothecium odontella Ehr.; Sample 278-34-2, 20
cm.

Figure 7 Eucampia balaustium Castracane; Sample 278-13-

1, 50 cm.

Figure 8 Hemiaulus sp. 5; Sample 278-32-5, 50 cm.

Figure 9 Genus et species indet.; Sample 278-32-5, 50 cm.

Figure 10 Pterotheca sp. 1; Sample 278-10-1, 50 cm.

Figure 11 Macrora Stella (Azpeitia) Hanna; Sample 278-29-

' 3, 50 cm.

Figure 12 Macrora Stella', Sample 278-32-4, 120 cm.

Figure 13 Rhaphoneis sp. 1; Sample 278-9-1, 50 cm.

Figure 14 Genus et species indet.; Sample 278-20-2, 60 cm.

Figure 15 Trinacria excavata Heiberg; Sample 278-14-1, 50
cm.

668



CENOZOIC PLANKTONIC DIATOM BIOSTRATIGRAPHY

PLATE 14

11

669



H. J. SCHRADER

PLATE 15

(Magnification 1500X, except Figure 4 = 55O×)

Figure 1 Rhizosolenia minima sp. nov.; Sample 278-9-6, 50
cm.

Figures 2, 3 Rhizosolenia minima sp. nov.; Sample 278-14-1, 50
cm (Type).

Figures 4, 5 Rouxia elongata sp. nov.; Sample 278-20-6, 50 cm
(Type).

Figure 6 Thalassiosira sp. 10; Sample 278-11-2, 50 cm.

Figures 7, 8 Thalassiosira sp. 10; Sample 278-11-2, 50 cm.

Figures 9, 10 Thalassiosira convexa var. aspinosa Schrader; Sam-
ple 278-11-1, 50 cm.

Figures 11, 12 Thalassiosira sp. 9; Sample 278-11-1, 50 cm.

Figure 13 Nitzschia pseudokerguelensis sp. nov.; Sample 278-
11-2, 50 cm.

Figures 14, 15 Nitzschia pseudokerguelensis sp. nov.; Sample 278-
16-4, 50 cm, (Type).

Figure 16 Raphidodiscus marylandicus Christian; Sample
278-20-6, 50 cm.

Figures 17, 18 Hemidiscus karstenii Jousé; Sample 278-9-4, 50
cm.

Figure 19 Nitzschia sp. 18; Sample 278-10-3, 50 cm.

Figure 20 Nitzschia sp. 19; Sample 278-16-4, 50 cm.

Figure 21 Nitzschia curta (Van Heurck) Hasle; Sample 278-
16-4, 50 cm.

Figure 22 Nitzschia denticuloides sp. nov.; Sample 278-11-1,

50 cm.

Figure 23 Nitzschia curta; Sample 278-16-4, 50 cm.

Figure 24 Nitzschia curta; Sample 278-16-4, 50 cm.
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