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43. NEOGENE DIATOM BIOSTRATIGRAPHY OF ODP LEG 113, WEDDELL SEA
(ANTARCTIC OCEAN)!
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ABSTRACT

Diatom assemblages recovered during ODP Leg 113 at eight sites in the Weddell Sea (Atlantic sector of the circum-
Antarctic Ocean) provide new insights into southern high-latitude Neogene diatom biostratigraphy. The excellent sec-
tions recovered by ODP Leg 113 Sites 689 and 690 (Maud Rise, southeast Weddell Sea, Antarctic Ocean) were chosen
for the establishment of a revised Neogene Antarctic diatom zonation. Altogether, 16 diatom zones are described as well
as several stratigraphically useful diatom datums of late early Miocene to Pleistocene age. Six zones established by pre-
vious authors are partly modified or renamed, and 10 new zones are proposed. The zones are calibrated directly to the
geomagnetic time scale, which provides a chronological framework for the zones and permits comparisons of Neogene
Antarctic diatom events with events described from the low and northern high latitudes. This is the first attempt at di-
rect calibration of Miocene Antarctic diatom zones with the geomagnetic time scale.

INTRODUCTION

Leg 113 of the Ocean Drilling Program hydraulically piston
cored (APC) or rotary drilled nine sites in the Weddell Sea re-
gion, Antarctic Ocean, to investigate the Cenozoic paleoclimatic
and paleoceanographic history of the southern high latitudes.
Neogene sediment sequences were recovered at eight sites, all lo-
cated in the present-day Antarctic cold-water belt south of the
Polar Front. These included open-ocean pelagic biogenic sedi-
ments at Maud Rise (Sites 689 and 690), hemipelagic sequences
recovered at the Antarctic continental margin (Sites 692 and
693) and at the eastern South Orkney microcontinent (Sites 695,
696, and 697), and a deep-sea turbiditic to hemipelagic sequence
in the Weddell Sea abyssal plain (Site 694) (Fig. 1). Leg 113 was
the first to use the hydraulic piston coring technique in Antarc-
tic sediments, and at some sites gathered well preserved and
continuously recovered sediment sequences, which can be used
for the establishment of an integrated bio- and magneto-stratig-
raphy.

McCollum (1975) described the first detailed diatom biostrati-
graphic zonation for the Oligocene to the Pleistocene based on
rotary-drilled material recovered during Deep Sea Drilling Proj-
ect (DSDP) Leg 28 in the Pacific sector of the Antarctic Ocean.
Thirteen zones were established, of which eight zones defined
for the Pleistocene and the Pliocene time interval (last 5 m.y.)
were correlated to the geomagnetic time scale based on addi-
tional piston core studies (Fig. 2). However, the origin of the pa-
leomagnetic data used was not identified. Schrader (1976) re-ex-
amined part of McCollum’s material. He revised the Miocene
and Oligocene zonation of McCollum (1975) based on a com-
prehensive study of DSDP Site 278, because he found signifi-
cant differences in the ranges of key species.

Later, Weaver and Gombos (1981) summarized the develop-
ments of southern high-latitude diatom biostratigraphy and pro-
posed a regionally applicable Neogene (last 24 m.y.) diatom zo-
nation using species easily recognized and with a broad geo-
graphic distribution. Based on a revised and comparative study
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of the DSDP Sites 278 and 266, and a number of piston cores
from the Pacific and Indian sector of the Southern Ocean,
Weaver and Gombos defined 16 zones. The five youngest zones
spanning the last 2.7 m.y. were taken from McCollum (1975),
six zones defined by McCollum (1975) or Schrader (1976) were
redefined, and five new zones were established. Weaver and
Gombos (1981) correlated the late late Miocene to Pleistocene
diatom zones (last 8 m.y.) with the geomagnetic time scale, but
again the original paleomagnetic data taken from piston core
studies were not shown.

Ciesielski (1983) revised the zonation of Weaver and Gombos
(1981) based on DSDP Leg 71 cores from the Southwest (Sub-
antarctic) Atlantic and described five additional Neogene zones.
The late middle Miocene, and Pliocene-Pleistocene zones were
correlated to the geomagnetic time scale. However, reliable pa-
leomagnetic data exist only for the Pliocene and Pleistocene
(Salloway, 1983), while the correlation to the Miocene zones is
weak because of the questionable paleomagnetic data interpre-
tation of Ledbetter (1983). This leads to poorly defined age as-
signments of the Miocene zonal boundaries.

Critical and yet unresolved points of the Neogene diatom zo-
nation established by Weaver and Gombos (1981) and Ciesielski
(1983) are:

1. Most of the diatom zones are defined by the LAD (last
appearance datum) of species, a definition which causes prob-
lems because reworking of older species into younger sediments
by bottom water activity is common in the Southern Ocean ba-
SIns.

2. Some zones are defined by the LAAD (last abundant ap-
pearance datum) of species—a definition which is, however, not
supported by quantitative measurements.

3. Several species used as biostratigraphic marker species are
poorly described and documented, which leads to misidentifica-
tions and, as a consequence, to incorrect age assignments.

4, The Miocene zones are not directly tied to the geomag-
netic time scale.

5. Some Miocene zones range up to 4 m.y. in duration and
should be refined.

For improvement and refinement of the Neogene diatom bio-
stratigraphic zonation for the Antarctic Ocean we chose Holes
689B and 690B (Maud Rise) which are the focus of this paper.
In both holes a well preserved and continuously recovered Neo-
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Figure 1. Location of Leg 113 sites in the Weddell Sea. Contours in meters. SOM = South Orkney microcontinent.

gene sediment sequence was obtained, bearing moderately to
well preserved diatom assemblages. Despite low sedimentation
rates of the pelagic biogenic sediment sequences we could im-
prove especially the early Pliocene and late and middle Miocene
diatom zonation, and correlate the species ranges with the mag-
netostratigraphic polarity record established by Spief} (this vol-
ume). As far as possible we used the first appearance datum
(FAD) of species easily identified for the definition of zonal
boundaries. However, for zones of the late Pliocene and Pleisto-
cene time period only the LAD of diatom species was available
for zonal definition (Table 1). The combination of Holes 689B
and 690B resulted in a relatively complete Pliocene to late early
Miocene sequence. The comparison of both holes was used to
test coherency of the biostratigraphic results and to confirm the
absolute age determination of species ranges and zonal bounda-
ries.

Other sites with Neogene sections were rotary drilled (Site
693), or had incomplete recovery (Sites 694 and 696), or pene-
trated only Pliocene-Pleistocene sediments with in part poorly
preserved siliceous microfossil assemblages (Sites 695 and 697).
A biostratigraphic age assignment of these sites is presented us-
ing the biostratigraphic zonation established from Holes 689B
and 690B. Due to a later date of submission the biostratigraphic
age assignment of the Neogene sections recovered at Sites 693-
697 are slightly different than those in the biostratigraphic syn-
thesis chapter by Gersonde et al. (this volume).

MATERIAL AND METHODS

Samples were taken aboard JOIDES Resolution during Leg
113. Micropaleontological and paleomagnetic samples were taken
at nearly the same core depths. In Holes 689B and 690B, which
are the focus of this study, we generally investigated two sam-
ples per section (at ~28 and 115 cm of each section) which were
supplemented by additional samples when needed. At Holes
693A, 693B, 694B, 694C, 695A, 696A, 696B, 697A, and 697B
the spacing of investigated samples is generally larger (only one
or two samples per core). For quantitative and qualitative dia-
tom study, microscope slides with randomly distributed micro-
fossils were used. The cleaning of the sediment samples, prepa-
ration of permanent mounts for light microscopy (using the
resin Mountex, nd = 1.67) and SEM investigations were carried
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out according to methods developed by A. Abelmann, U. Bok,
R. Gersonde, and U. Treppke (in prep.). Light microscope inves-
tigations were made with a Leitz Orthoplan microscope with ap-
ochromatic optics. Species identification and counting were con-
ducted routinely at x630 or x 1000. Light micrographs were
made with an automatic Leitz Orthomate camera, and scanning
electron microscope investigations with a Philips SEM 515. Spe-
cies abundance was determined through quantitative studies on
Miocene sequences of Hole 689B. The counting procedure, calcu-
lation of absolute microfossil numbers, and definition of count-
ing units follow those of Schrader and Gersonde (1978). In gen-
eral more than 400 diatom valves were counted per sample.
Semiquantitative diatom species abundance classes are: A =
abundant (>30% of total assemblage); C = common (15%-
30%); F = few (3%-15%); R = rare (<3%); and T = trace
(species encountered only sporadically). Preservation was con-
sidered good if the preserved diatom assemblages did not show
obvious signs of dissolution. Moderate preservation was charac-
terized by evidence of slight dissolution and breakage. Preserva-
tion was regarded as poor when only robust silicified valves were
preserved, combined with strong breakage.

The absolute age assignment is according to the geomagnetic
polarity time scale of Berggren et al. (1985). For designation of
paleomagnetic events we used a modified nomenclature pro-
posed by Spief3 (this volume) which follows the scheme pro-
posed by Tauxe et al. (1984, figs. 2, 3). This nomenclature was
also used in the Initial Reports volume of ODP Leg 113 (Barker,
Kennett, et al., 1988).

NEOGENE ANTARCTIC DIATOM ZONATION

The Neogene Antarctic diatom zonation proposed in this
study represents a time interval spanning the early Miocene to the
Pleistocene. Sixteen zones are defined (Table 1, Fig. 3) which were
correlated to the geomagnetic record in Holes 689B and 690B
drilled on Maud Rise. Two zones were taken from McCollum
(1975), unchanged or modified. Four lower and middle Miocene
zones, originally established by Schrader (1976), or Weaver and
Gombos (1981), were redefined. Ten middle and upper Miocene
and Pliocene-Pleistocene zones are new. The oldest Thalassio-
sira spumellaroides Zone is tentative, because the data base to
define this zone is limited. A comparison of the described Neo-
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Figure 2. Comparison of Neogene diatom zonations for the southern high latitudes es-
tablished by McCollum (1975), Weaver and Gombos (1981), Ciesielski (1983), and the
present study, and their correlation to the paleomagnetic time scale. Direct correlation
between the zonations and the geomagnetic stratigraphy is indicated by continuous
bars; correlation to the paleomagnetic stratigraphy by extrapolation and intervals with
uncertain identification of the paleomagnetic polarity record are indicated by dashed
bars. Shaded zone intervals indicate range of uncertainty of zonal boundary age.

763



PoL

Table 1. Neogene Antarctica diatom zonation, its definition and age range.

Antarctic diatom zones

Age range (Ma)

Definition of base

Definition of top

Other important datums

Thalassiosira lentiginosa Zone
(McCollum 1975, renamed herein)

Actinocyclus ingens Zone (new)
Thalassiosira kolbei Zone (new)

Nitzschia interfrigidaria/Cosmiodiscus
insignis Zone (new)

Nitzschia barronii Zone (new)
Thalassiosira inura Zone (new)

Cosmiodiscus intersectus Zone (new)

Asteromphalus kennettii Zone (new)

Nitzschia praecurta Zone (new)

Denticulopsis praedimorpha Zone (new)

Nitzschia denticuloides Zone
(Weaver and Gombos 1981, redefined herein)

Denticulopsis hustedtii/Nitzschia
grossepunctata Zone (new)

Nitzschia grossepunctata Zone
(Weaver and Gombos 1981, redefined herein)

Denticulopsis maccollumii Zone
(McCollum 1975, redefined herein)

Nitzschia maleinterpretaria Zone
(Weaver and Gombos 1981, redefined herein)

Thalassiosira sp llaroides Zone
(Schrader 1976, redefined herein)

0.6-0

ca. 1.8-0.6
(2.5-2.1)-ca. 1.8
3.6-(2.5-2.1)

(4.2-4.1)-3.6
4.47-(4.2-4.1)

7.9-4.47
9.6-7.9
10.5-9.6

12.6-10.5

13.5-12.6
14.2-13.5

15.3-14.2

2(17.6-15.4)-15.3
220.2-2(17.6-15.4)

>120.5-720.2

LAD Actinocyclus ingens

LAD Thalassiosira kolbei
LAD Cosmiodiscus insignis
FAD Nitzschia interfrigidaria

FAD Nitzschia barronii
FAD Thalassiosira inura

FAD Cosmiodiscus intersectus

FAD Asteromphalus kennettii
FAD Nitzschia praecurta

FAD Denticulopsis praedimorpha

1. FAD Nitzschia denticuloides
2. LAD N, grossepunctata
FAD Denticulopsis hustedtii

FAD Nitzschia grossepunctata

FAD Denticulopsis maccoll

FAD Nitzschia maleinterpretaria

FAD Thalassiosira spumellaroides

Recent

LAD Actinocyclus ingens
LAD Thalassiosira kolbei

LAD Cosmiodiscus insignis

FAD Nitzschia interfrigidaria
FAD Nitzschia barronii

FAD Thalassiosira inura
FAD Cosmiodiscus intersectus
FAD Asteromphalus kennettii

FAD Nitzschia praecurta

FAD Denticulopsis praedimorpha
1. FAD Nitzschia denticuloides
2. LAD Nitzschia grossepunciata
FAD Denticulopsis hustedtii

FAD Nitzschia grossepunctata

FAD Denticulopsis maccoll

FAD Nitzschia maleinterpretaria

4.3 Ma FAD Rouxia heteropolara
4.3 Ma FAD Thalassiosira complicata

7.1 Ma LAD Asteromphalus kenneitii
ca. 7.3 Ma LAAD Denticulopsis hustedtii
7.9-7.8 Ma FAD A. ingens var. ovalis

9.9-9.8 Ma LAAD Denviculopsis dimorpha
10.4 Ma LAD Denticulopsis praedimorpha

10.9-10.8 Ma LAAD D. praedimorpha
11.0-10.9 Ma FAAD D. dimorpha
11.5 Ma LAD Nitzschia denticuloides
12.3 Ma LAD A. ingens var. nodus

14.4 Ma LAD Denticulopsis maccollumii
14.9 Ma FAD A. ingens var. nodus
15.2 Ma FAD Actinocyelus ingens

?719.6 Ma FAD Thalassiosira fraga

Note: FAD = first appearance datum. LAD = last appearance datum, FAAD = first abundant appearance datum (> 15% of total diatom assemblage), LAAD = last abundant appearance

datum (> 15% of total diatom assemblage).
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Figure 3. Ranges of selected Neogene diatom species, Neogene Antarctic diatom zonation as herein defined, and stratigraphic intervals recovered in
Holes 689B and 690B correlated to the standard geomagnetic time scale. Thickened bar portions of species ranges indicate intervals where species in
general make up more than 15% of total assemblage.
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gene Antarctic diatom zonation with the previous zonations of
McCollum (1975), Weaver and Gombos (1981), and Ciesielski
(1983) is given in Figure 2.

The ages of the zonal boundaries and the ranges of selected
diatom species (Fig. 3) are based on a combined and detailed
stratigraphic interpretation of the Neogene sections in Holes
689B and 690B. The geomagnetic polarity record established
for the Neogene of Holes 689B and 690B by SpieB (this volume)
was interpreted based on the magnetic polarity pattern and the
occurrence of diatom species. Additional magnetostratigraphic
information from Holes 695A, 697A, and 697B was contributed
by Hamilton and O’Brien (unpubl. data, also see Gersonde et
al., this volume). Age assignment of the Pliocene-Pleistocene
geomagnetic record was done according to previous diatom zo-
nations, and based on additional radiolarian biostratigraphic
data contributed by Lazarus (this volume). Additional informa-
tion came from the study of piston and gravity cores recovered
during Polarstern cruise ANT 1V/4 on the Maud Rise and the
Weddell Sea area (Gersonde et al., in prep.). The interpretation
of the Miocene record was supported by comparison of Antarc-
tic species ranges with calibrated diatom species ranges in the
low latitudes and mid to high latitudes of the North Pacific ac-
cording to the compilation of Barron (1985). Further important
support was contributed by Abelmann (this volume) for the
early and middle Miocene time interval which now allows a ten-
tative age assignment for the early Miocene diatom zones. Inter-
pretation of the lower Miocene sequences was difficult due to
the occurrence of disconformities which strongly disturb the geo-
magnetic scheme. The combined stratigraphic interpretation was
tested for coherency by comparison of both Maud Rise sites and
was then used for the establishment of detailed age-depth dia-
grams for the Neogene of Holes 689B and 690B (Figs. 5 and 7).
Zonal boundary ages and ages of species ranges were then cal-
culated assuming constant sedimentation rates between the vari-
ous geomagnetic and biostratigraphic datum points. The sub-
bottom depth (mbsf) of zonal boundaries, species ranges, and
disconformities were calculated as the midpoint between sub-
bottom depths of studied samples below and above these events
or boundaries. In general, ages of the zonal boundaries or spe-
cies ranges given in Ma are rounded to 107 yr values.

Problematic stratigraphic intervals are in the upper upper
Miocene, the middle middle Miocene, and below the lower mid-
dle Miocene. A disconformity occurs near the Miocene/Plio-
cene boundary in Holes 689B and 690B (Figs. 5, 7). Accurate
stratigraphic placement of the sequences immediately below this
disconformity is problematic. These can only be based on the
interpretation of the geomagnetic polarity pattern because no
independent biostratigraphic datums calibrated to the time scale
are available for this time interval. As a prominent tie-point for
the interpretation of the late Miocene polarity pattern we used
the occurrence of Subchron C5N-1. A possible point of criti-
cism may be our interpretation of two distinct middle middle
Miocene geomagnetic events in Holes 689B and 690B to be Sub-
chrons C5N-3 and C5N-4, respectively. Our interpretation is
supported by the FAD of Denticulopsis praedimorpha which
can be placed approximately between these subchrons at ~12.6
Ma (Figs. 4, 6). The same age for the FAD of D. praedimorpha
is reported by Barron (1985) for the high and mid-latitudes of
the North Pacific (Table 2). However, according to Berggren et
al. (1985) both subchrons are short-ranging (Subchron C5N-4:
12.62-12.58 Ma; Subchron C5N-3: 12.49-12.46 Ma). Thus, con-
sidering the general low sedimentation rate of ~4-8 m/m.y. in
the middle Miocene of Holes 689B and 690B, both events should
not be as distinctly marked as found in both holes. More prob-
lematic is the age assignment of the lower Miocene sequences in
Holes 689B and 690B, separated from upper Oligocene and
middle Miocene sequences by a disconformity at both holes
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(Figs. 4, 6). The stratigraphic interpretation of the lower Mio-
cene sediments is still tentative and was primarily based on radi-
olarian biostratigraphic results of Abelmann (this volume). Her
results rely on a comparison of radiolarian biostratigraphic data
of Holes 689B and 690B, with data from Leg 120 Site 571.

1. Thalassiosira lentiginosa Partial-Range Zone

Author. McCollum (1975), renamed herein.

Definition of top. recent.

Definition of base. LAD Actinocyclus ingens.

Age. late Pleistocene, 0-0.6 Ma.

Paleomagnetic correlation. The zonal boundary falls within the low-
ermost portion of the Brunhes Chron (CIN-1).

Discussion and remarks. Estimations of Ciesielski (1983), based on
Islas Orcadas piston core 1011-70 from the southeast Atlantic, result in
an age of ~0.62 Ma for the LAD of A. ingens. Gersonde and Treppke
(in prep.) report an age of 0.6 Ma from Polarstern gravity core PS 1225-
1, recovered in the Atlantic sector of the Antarctic Ocean, at 54°31'S,
10°17'E. The zone was renamed because the nominate species for the
zone, originally named Coscinodiscus lentiginosus, was transferred to
Thalassiosira lentiginosa (Fryxell, 1977). For correlation with diatom
zones of previous authors compare Fig. 2.

2. Actinocyclus ingens Partial-Range Zone

Authors. Gersonde and Burckle, herein.

Definition of top. LAD Actinocyclus ingens.

Definition of base. LAD Thalassiosira kolbei.

Age. latest Pliocene to early Pleistocene, ~1.8-0.6 Ma.

Paleomagnetic correlation. The zone ranges from the lower part of
the Olduvai Subchron of the Matuyama Chron (Subchron C2N) to the
lowermost portion of the Brunhes Chron (CIN-1).

Discussion and remarks. The age assignment for the base of this
zone was estimated based on data of McCollum (1975), who placed the
LAD of T. kolbei into Subchron C2N (age range: 1.66-1.88 Ma), and
Ciesielski (1983), who found this LAD at the base of Subchron C2N. At
Leg 113 sites the critical time interval was not recovered (Hole 689B), or
incompletely present due to occurrence of a hiatus (Hole 690B), or the
sediments are barren in diatoms (Holes 693A, 694B, 697B), or strongly
condensed due to extremely low sedimentation rates (Holes 695A, 696A).
The A. ingens Zone corresponds stratigraphically to the Coscinodiscus
elliptopora/Actinocyclus ingens Zone and the short ranging Rhizosole-
nia barboi/Nitzschia kerguelensis Zone of McCollum (1975). The latter
zone was omitted because of the rare to trace occurrence of the nomi-
nate species Rhizosolenia barboi in late Pliocene-early Pleistocene Ant-
arctic sediments. The same is true for C. elliptopora, which is scattered
in Pleistocene and Pliocene sediments of the Weddell Sea (Gersonde et
al., in prep.).

3. Thalassiosira kolbei Partial-Range Zone

Authors. Gersonde and Burckle, herein.

Definition of top. LAD Thalassiosira kolbei.

Definition of base. LAD Cosmiodiscus insignis.

Age. late Pliocene, (2.5-2.1)-~1.8 Ma.

Paleomagnetic correlation. The base of the zone cannot be defined
precisely. It is between the Gauss/Matuyama Chron boundary (Chron
C2/C2A boundary) and about midway between the Chron C2/C2A
boundary and the Olduvai Subchron of the Matuyama Chron (Sub-
chron C2N). The top of the zone is at the lower part of the Olduvai Sub-
chron of the Matuyama Chron (Subchron C2N).

Discussion and remarks. The Thalassiosira kolbei Zone correlates,
at least in part, to the Coscinodiscus kolbei/Rhizosolenia barboi Zone
of McCollum (1975) as redefined by Weaver and Gombos (1981). The
age assignment for the LAD of C. insignis, which defines the base of
the T. kolbei Zone, is still under discussion. Thus we can only indicate a
range for the base of the T. kolbei Zone. McCollum (1975) and Ciesiel-
ski (1983), and Weaver and Gombos (1981) place the LAD of C. insignis
just below, and at the Gauss/Matuyama Chron boundary (Chron C2/
C2A boundary), respectively. Our data (Burckle et al., in prep.) show a
distinct abundance maximum of C. insignis in the upper portion of the
Gauss Chron and an upper boundary of the abundance maximum around
the Gauss/Matuyama Chron boundary. The drop in abundance is prob-
ably not equivalent to the LAD of C. insignis because the species was
found to occur in minor amounts in the lower portion of the Matuyama
Chron. However, we cannot exclude the possibility that the occurrence
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Table 2. Age range of selected diatom species in Neogene Antarctic sediments, as recovered
from Holes 689B and 690B, and comparison to species ranges as recovered from the low-
latitude Ocean and the middle- and high-latitude Pacific Ocean (data from Barron 1983,

1985).
Southern Ocean Low latitudes High and mid-latitude
(Holes 689B and 690B)  (Barron 1983, 1985)  N-Pacific (Barron 1985)
Species (Ma) (Ma) (Ma)
Actinocyclus ingens 15.2-0.6 15.5-11.5 16.8-74.4
A. ingens var. nodus ca. 14.9-12.3 15.2-13.7
A. ingens var. ovalis (7.9-7.8)-7.2
Asteromphalus kennettii 9.6-7.1
Azpeitia tabularis group 15.4-ca. 2.5
Cosmiodiscus infersectus 7.9-ca. 4.5
Denticulopsis dimorpha 12.4-4.3 8.9-8.4
D. hustedtii 14.2-4.5 14.3-8.4 14.2-4.3
D. maccollumii N17.6-15.4)-14.4
D. praedimorpha 12.6-10.4 12.6-10.4
Nirzschia arcula 7.8-ca. 3.6
N. aurica 7.9*-3.8
N. barronii (4.2-4.1)-ca. 1.5
N. denticuloides 13.5-11.5
N. grossepunctata 15.3-13.5
N. interfrigidaria 3.6-7(2.5-2.1)
N. lacrima 4.3-ca. 2.8
N. maleinterpretaria 220.2-14.6 18.8-15.6
N. praecurta 10.5-3.8
N. praeinterfrigidaria 74.5-3.6
Rouxia heteropolara 4.3-ca. 2.5
Synedra jouseana Oligocene-14.6 Oligocene-10.4
Thalassiosira complicata 4.3-ca. 2.5
T. fraga 719.6-2(<17.6->15.4) 19.9-16.2 ca. 19.6-16.5
T. inura 4.47-71.7
T. oestrupii >4.9-ca. 2.5 5.1-recent 5.1-recent
T. spinosa 719.8-14.6 ca. 23.2-18.0 ca. 23.2-18.0
T. spumellaroides >20.5-1<19.5 ca. 21.7-17.5 ca. 21.7-17.0

Note: * = first consistent occurrence.

of C. insignis in the lower Matuyama Chron is due to reworking by bot-
tom water activity. This stratigraphic problem cannot be resolved based
on Leg 113 material because the critical interval is not well represented
in the investigated holes.

4. Nitzschia interfrigidaria/Cosmiodiscus insignis Concurrent-Range
Zone

Authors. Gersonde and Burckle, herein.

Definition of top. LAD Cosmiodiscus insignis.

Definition of base. FAD Nitzschia interfrigidaria.

Age. late early Pliocene—late Pliocene, 3.6-(2.5-2.1) Ma.

Paleomagnetic correlation. The base of the zone is in the lower portion
of the upper Gilbert reversed time interval (between Subchrons C2AN-3 and
C3N-1). The top of the zone cannot be defined precisely. It is between the
Gauss/Matuyama Chron boundary (Chron C2/C2A boundary) and about
midway between the Chron C2/C2A boundary and the Olduvai Sub-
chron of the Matuyama Chron (Subchron C2N).

Discussion and remarks. The Nitzschia interfrigidaria/Cosmiodis-
cus insignis Zone includes the Nitzschia interfrigidaria Zone and the
Cosmiodiscus insignis Zone of McCollum (1975; Fig. 2). The base of
the latter zone was defined by the LAD of N. interfrigidaria placed at
2.85 Ma. However, we found N. interfrigidaria ranging into the lower-
most portion of the Matuyama Chron (lower part of Chron C2). For
discussion of the upper boundary age assignment compare the discus-
sion and remarks of the T. kolbei Zone.

The age of the FAD of N. interfrigidaria found in the investigated
ODP Leg 113 holes is slightly younger compared to those reported by
previous authors. McCollum (1975) places the FAD of N. interfrigidaria
at the base of Subchron C3N-1 (3.97 Ma). Weaver and Gombos (1981)
indicate an age of 3.9 Ma (within Subchron C3N-1), and Ciesielski
(1983) places the FAD at 4.02 Ma (between Subchrons C3N-1 and C3N-
2). These differences in FAD age assignment may be due to different
species concepts for the definition of N. interfrigidaria. For an emended
description of N. interfrigidaria compare Gersonde (in press).

In the lower portion of the N. interfrigidaria Zone we note abundant
occurrences of Nitzschia barronii. Thalassiosira inura is another charac-
teristic species of the zone.

5. Nitzschia barronii Partial-Range Zone

Authors. Gersonde and Burckle, herein.

Definition of top. FAD Nitzschia interfrigidaria.

Definition of base. FAD Nitzschia barronii.

Age. early Pliocene, (4.2-4.1)-3.6 Ma.

Paleomagnetic correlation. The base of the zone was placed within
Subchron C3N-2 between 4.2 and 4.1 Ma. The top is in the lower por-
tion of the reversed time interval between Subchrons C2AN-3 and C3N-
1.

Discussion and remarks. N. barronii is very probably conspecific
with N. angulata, the nominate species of the N. angulata Zone defined
by Weaver and Gombos (1981). Weaver and Gombos refer to the extant
Nitzschia angulata (O’Meara) Hasle, a species which was not found in
early Pliocene sediments of Leg 113 sites and Polarstern piston cores re-
covered in the Weddell Sea. Unfortunately Weaver and Gombos did not
photographically document the species, nor was this done by Ciesielski
(1983), who also used the FAD of N. angulata. Barron (1985) labels a
species as N. angulata which, based on its photographically documented
outline (fig. 14.14 in Barron, 1985), is very probably conspecific with N,
barronii.

In Holes 689B and 690B (Figs. 4, 6) the FAD of N. barronii is corre-
lated to the lower part of Subchron C3N-2 (~4.2 Ma). Denoting the
same age it was found in Polarstern piston core PS 1467-1, also recov-
ered on Maud Rise. However, at Holes 695A and 697B, southeast of the
South Orkney Islands, the FAD of N. barronii is correlated to the top of
Subchron C3N-2 (4.1 Ma) (Figs. 10, 12). Weaver and Gombos (1981)
also place the FAD of their N. angulata (= ?N. barronii) at the top of
Subchron C3N-2. Ciesielski (1983) notes that the FAD of N. angulata
(= ?N. barronii) is diachronous and ranges within Subchron C3N-2
from about 4.2 to 4.1 Ma. He states however, that in most of his cores
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the FAD is at about 4.2 Ma. Despite the diachronous FAD of N. barro-
nii between 4.2 and 4.1 Ma we propose to use the species as a biostrati-
graphic marker because the species is easy to identify and also occurs in
moderately to poorly preserved assemblages.

A distinct mass occurrence of fragments of the giant diatom Ethmo-
discus rex occurs around 4.0-3.8 Ma (near Subchron C3N-1).

6. Thalassiosira inura Partial-Range Zone

Authors. Gersonde and Burckle, herein.

Definition of top. FAD Nitzschia barronii.

Definition of base. FAD Thalassiosira inura.

Age. 4.47-4.2 Ma.

Paleomagnetic correlation. The zone ranges in the Gilbert Chron
from the base of Subchron C3N-3 to approximately the middle of Sub-
chron C3N-2.

Discussion and remarks. Other species having their FAD within the
T inura Zone are Rouxia heteropolara, Thalassiosira complicata, and
Nitzschia lacrima. Characteristic species occurring within the 7. inura
Zone are Nitzschia aurica and N. praeinterfrigidaria. The T. inura Zone
replaces parts of the Nitzschia praeinterfrigidaria Zone of McCollum
(1975), and the Nitzschia reinholdii Zones of Weaver and Gombos (1981)
(Fig. 2). The latter zones lead to some confusion because the nominate
species were not clearly described (N. praeinterfrigidaria), or occur only
sporadically in Antarctic sediments (N. reinholdii).

7. Cosmiodiscus intersectus Partial-Range Zone

Authors. Gersonde and Burckle, herein.

Definition of top. FAD Thalassiosira inura.

Definition of base. FAD Cosmiodiscus intersectus.

Age. late Miocene to early Pliocene, 7.9-4.47 Ma.

Paleomagnetic correlation. The zone ranges from the base of Chron
C4 to the base of Subchron C3N-3.

Discussion and remarks. Another species having its FAD near the
base of the C. intersectus Zone is Actinocyclus ingens var. ovalis, which
ranges from ~7.9-7.8 Ma up to ~7.2 Ma. Nitzschia aurica, which oc-
curs commonly to abundantly in all sediments of the C. intersectus
Zone recovered at Holes 689B and 690B, has its first consistent occur-
rence at ~7.9 Ma. Another important date is the FAD of Nitzschia ar-
cula, placed at ~7.8 Ma. The FAD of Thalassiosira oestrupii also falls
in the C. intersectus Zone. However, due to a disconformity at the Mio-
cene/Pliocene boundary this FAD could not be determined exactly. It
must be at 4.9 Ma or older, and younger than 6.3 Ma. Probably the
FAD of T. oestrupii in the Antarctic is time-synchronous to its FAD in
the low latitudes and the high and mid-latitudes of the North Pacific.
There, this species first occurs at 5.1 Ma according to the compilation
of Barron (1985) (Table 2). The FAD of Nitzschia praeinterfrigidaria
can tentatively be placed near Subchron C3N-4. The last consistent oc-
currence of Denticulopsis hustedtii is in the top of the zone and its
LAAD (> 15% of total assemblage) in Holes 689B and 690B is at ~7.3
Ma.

Other interesting species are those of the Thalassiosira torokina-ma-
Juramica group. We also note sparse occurrences of Thalassiosira usat-
chevii, T. miocenica, T. praeconvexa, and Nitzschia cylindrica, all rang-
ing in the lower part of the zone (within Chron C4). Additionally we
found in the latter interval three species of Hemidiscus. In the sediments
of early Pliocene age (around Subchron C3N-4) we note the consistent
occurrence of Thalassiosira convexa var. aspinosa.

The relatively long time range of the C. intersectus Zone is due to wide-
spread, long-ranging disconformities at the Miocene/Pliocene boundary,
spanning from ~4.9 to 6.7 Ma (Hole 689B) and 4.6 to 7.9 Ma (Hole
690B). The C. intersectus Zone replaces the Denticulopsis hustedtii
Zone of McCollum (1975). The top and base of McCollum’s zone are
defined by the LAD of D. hustedtii and Denticulopsis lauta, respec-
tively. Weaver and Gombos (1981) modified the definition of the top
and defined it by the LAAD of D. hustedtii, but without circumscribing
quantitatively the term LAAD. D. lauta was recovered only sporadically
in the holes of Leg 113, except in Hole 696B where it occurs in few to
common numbers in Miocene sediments (Table 9). However, because of
the sparse recovery at Site 696, the range of this species could not be de-
termined accurately. The distribution pattern of D. lauta suggests that
the biogeographic province of the species may be more linked to the
Subantarctic and northern Antarctic regions of the Southern Ocean.
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This might indicate probable diachronism in the time-geographic distri-
bution of D. lauta.

8. Asteromphalus kennertii Partial-Range Zone

Authors. Gersonde and Burckle, herein.

Definition of top. FAD Cosmiodiscus intersectus.

Definition of base. FAD Asteromphalus kennettii.

Age. late Miocene, 9.6-7.9 Ma.

Paleomagnetic correlation. The zone ranges from the central portion
of Subchron C5N-1 to the base of Chron C4.

Discussion and remarks. The first occurrence of several Hemidiscus
species which range into the C. intersectus Zone is in the upper portion
of the A. kennettii Zone. The top of an abundance interval of Actinocy-
clus ingens ranging from ~9.8-9.7 Ma to 8.8 Ma falls about midway
within the A. kennettii Zone. Another species which occurs few to com-
mon throughout the entire zone is D. hustedtii.

9. Nitzschia praecurta Partial-Range Zone

Authors. Gersonde and Burckle, herein.

Definition of top. FAD Asteromphalus kennettii.

Definition of base. LAD Nitzschia praecurta.

Age. latest middle Miocene to early late Miocene, 10.5-9.6 Ma.

Paleomagnetic correlation. The zone ranges from the reversed inter-
val between Subchrons C5N-2 and C5N-1 to the central portion of Sub-
chron C5N-1.

Discussion and remarks. The LAD of Denticulopsis praedimorpha
is near the base of the N. praecurta Zone, at 10.4 Ma. In the upper por-
tion of the N. praecurta Zone is the top of an abundance interval of
Denticulopsis dimorpha which ranges from ~11.0-10.9 Ma to ~9.9-
9.8 Ma, followed by an abundance interval of D. hustedtii ranging from
~9.9-9.8 Ma to about 7.3 Ma. Another date within the N. praecurta
Zone is the base of an abundance interval of A. ingens, which can be
placed at ~9.8-9.7 Ma.

10. Denticulopsis praedimorpha Partial-Range Zone

Authors. Gersonde and Burckle, herein.

Definition of top. FAD Nirzschia praecurta.

Definition of base. FAD Denticulopsis praedimorpha.

Age. middle Miocene, 12.6-10.5 Ma.

Paleomagnetic correlation. The zone ranges from Subchron C5AN-4
to the reversed interval between Subchrons C5N-2 and C5N-1.

Discussion and remarks. The nominate species ranges into the low-
ermost part of the younger overlying N. praecurta Zone, and thus has a
total range from 12.6 to 10.4 Ma. An identical range is reported for the
species from the high- and mid-latitude North Pacific (Barron 1985).
Between ~12.5 Ma and 10.9-10.7 Ma D. praedimorpha occurs com-
monly to abundantly. In the lower portion of the D. praedimorpha
Zone is the top of an A. ingens abundance interval (> 15% of total as-
semblage), which ranges from ~14.9 to 12.4 Ma, and the top of an
abundance interval of D. hustedtii (>15% of total assemblage) span-
ning 14.0-12.4 Ma. An abundance interval of D. dimorpha has its base
at ~11.,0-10.9 Ma. Another important date in the lower part of the
zone is the LAD of Actinocyclus ingens var. nodus at —12.3 Ma. Addi-
tionally we note rare occurrences of Crucidenticula nicobarica, Katathi-
raia aspera, and Nitzschia donahuensis in the lower portion of the D.
praedimorpha Zone.

11. Nitzschia denticuloides Partial-Range Zone

Authors. Weaver and Gombos (1981), redefined herein.

Definition of top. FAD Denticuloides praedimorpha.

Definition of base. FAD Nitzschia denticuloides.

Age. middle Miocene, 13.5-12.6 Ma.

Paleomagnetic correlation. The zone ranges from the reversed inter-
val between Subchrons C5SAN-7 and C5AN-6 to Subchron C5AN-4.

Discussion and remarks. The base of the N. denticuloides Zone co-
incides with the LAD of Nitzschia grossepunctata. Few to abundant
species within the zone are A. ingens, A. ingens var. nodus, and D. hu-
stedtii. Crucidenticula nicobarica, Katathiraia aspera, Mediaria splen-
dida, and Nitzschia donahuensis occur rarely.

The herein defined N. denticuloides Zone covers a lower portion of
the N. denticuloides Zone as defined by Weaver and Gombos (1981)
(Fig. 2). The coincidence of LAD of N. grossepunctata with FAD of N.
denticuloides was also described by Weaver and Gombos (1981).



12. Denticulopsis hustedtii/Nitzschia grossepunctata
Concurrent-Range Zone

Authors. Gersonde and Burckle, herein.

Definition of top. FAD Nitzschia denticuloides.

Definition of base. FAD Denticulopsis hustedtii.

Age. middle Miocene, 14.2-13.5 Ma.

Paleomagnetic correlation. The zone ranges from the top of Sub-
chron C5AN-8 to the reversed interval between Subchrons CSAN-7 and
C5AN-6.

Discussion and remarks. The nominate species D. husted!tii ranges
into the early Pliocene interval of the Cosmiodiscus intersectus Zone
and thus has a total range from 14.2 to ~4.5 Ma. Barron (1985) re-
ported the FAD of D. hustedtii at 14.3 Ma for low latitudes and at 14.2
Ma for high to mid-latitudes of the North Pacific, which is similar to
that in the Antarctic Ocean. This suggests that the FAD of D. hustedtii
can be used as a worldwide datum plane for the early middle Miocene.
The co-occurring species N. grossepunctata has its LAD at the top (13.5
Ma) of the zone. The base of an abundance interval of the nominate
species is at 14.0 Ma and ranges into the lower portion of the D. praedi-
morpha Zone. There are rare occurrences of Crucidenticula nicobarica
and Mediaria splendida.

A D. hustedtii Zone was also defined by McCollum (1975) and later
modified by Weaver and Gombos (1981). McCollum’s zone has a differ-
ent range compared to the herein proposed D. hustedtii Zone (Fig. 2).
Its top was defined by the LAD, and the LAAD (Weaver and Gombos’s
definition), of D. hustedtii, and the base was placed at the LAD of D.
lauta.

13. Nitzschia grossepunctata Partial-Range Zone

Authors. Weaver and Gombos (1981), redefined herein.

Definition of top. FAD Denticulopsis hustedtii.

Definition of base. FAD Nitzschia grossepunctata.

Age. early middle Miocene, 15.3-14.2 Ma.

Paleomagnetic correlation. The zone ranges from the upper portion
of the lower reversed interval of Chron C5B (below Subchron C5BN-2)
to the top of Subchron C5AN-8.

Discussion and remarks. The lower part (interval below Chron C5A)
of the N. grossepunctata Zone is characterized by high abundances of
Denticulopsis maccollumii. The LAD of the latter species was placed
into the uppermost portion of the zone at about 14.4 Ma. Other impor-
tant datums in the N. grossepunctata Zone are the FAD of Actinocyclus
ingens, placed at ~15.2 Ma, and the FAD of Actinocyclus ingens var.
nodus, placed at ~ 14.9 Ma. The last consistent occurrence of Thalassi-
osira spinosa is at ~ 14.6 Ma.

Weaver and Gombos (1981) define their N. grossepunctata Zone by
the LAD of Coscinodiscus lewisianus (base of zone) and the LAD of
the nominate species. In the herein modified N. grossepunctata Zone,
the last occurrences of C. lewisianus are in the lowermost part of the
zone, somewhere between Subchrons C5BN-2 and C5BN-1 (~ 15.0 Ma).
The LAD of Raphidodiscus marylandicus is also noted at about the
same age.

14. Denticulopsis maccollumii Partial-Range Zone

Author. McCollum (1975), renamed and modified herein.

Definition of top. FAD Nitzschia grossepunctata.

Definition of base. FAD Denticulopsis maccollumii.

Age. ?late early Miocene to early middle Miocene, ?(17.6-15.4)-15.3
Ma.

Paleomagnetic correlation. Due to a disconformity around the early/
middle Miocene boundary only the top of the D. maccollumii Zone can
be calibrated directly to the geomagnetic time scale. It is placed in the
upper portion of the lower reversed interval of Chron C5B (below Sub-
chron C5BN-2). The base is somewhere between the middle of Chron
C5B and the base of Chron C5C.

Discussion and remarks. The FAD of species of the Azpeitia tabula-
ris group probably falls into the D. maccollumii Zone. Other interesting
species are Crucidenticula kanayae, Raphidodiscus marylandicus, Syn-
edra jouseana, Coscinodiscus lewisianus, and Thalassiosira spinosa.

McCollum (1975) defined the base of his Denticula antarctica (=
Denticulopsis maccollumii) Zone by the FAD of the nominate species.
The top was determined by the LAD of Coscinodiscus lewisianus. The
latter species, however, occurs at Holes 689B and 690B within or below
the D. maccollumii Zone. Thus the original definition of the top of the
zone had to be redefined.
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15. Nitzschia maleinterpretaria Partial-Range Zone

Authors. Weaver and Gombos (1981), redefined herein.

Definition of top. FAD Denticulopsis maccollumii.

Definition of base. FAD Nitzschia maleinterpretaria.

Age. early Miocene, 720.2-7(16.6-15.4) Ma.

Paleomagnetic correlation. Because of disconformities in the lower
Miocene sequences of Holes 689B and 690B, interpretation of the geo-
magnetic polarity is difficult. Based on radiolarian data of Abelmann
(this volume) allowing comparison to preliminary stratigraphic results
based on Leg 120 sequences, we placed the N. maleinterpretaria Zone
into a time interval from the late Chron C6 (Subchron C6N) to the late
Chron C5C.

Discussion and remarks. Besides the nominate species, Nitzschia pu-
silla, Thalassiosira fraga, and T. spinosa are prominent in the N. ma-
leinterpretaria Zone. Possibly T. fraga and T. spinosa have their first oc-
currence date in the lower portion of the zone at ~19.6 Ma, and 19.8
Ma, respectively. Barron (1985) reports the FAD of T. fraga at ~19.6
Ma for the mid- to high-latitude North Pacific, and at 19.9 Ma for the
low latitudes. These reports support our age interpretation for the early
Miocene species in the Antarctic. Other species in the N. maleinterpre-
taria Zone are Coscinodiscus rhombicus, Raphidodiscus marylandicus,
and Synedra jouseana. The first occurrences of Crucidenticula kanayae,
Mediaria splendida, and Coscinodiscus lewisianus fall in the upper por-
tion of the N. maleinterpretaria Zone.

16. Thalassiosira spumellaroides Partial-Range Zone

Author. Schrader (1976), redefined herein.

Definition of top. FAD Nitzschia maleinterpretaria.

Definition of base. FAD Thalassiosira spumellaroides.

Age. early Miocene, >?20.5-720.2 Ma.

Paleomagnetic correlation. The top of the zone was placed in Sub-
chron C6N. The base of the T. spumellaroides Zone cannot be corre-
lated to the geomagnetic time scale because of a disconformity around
the Oligocene/Miocene boundary in Holes 689B and 690B.

Discussion and remarks. Occurrences of Synedra jouseana are com-
mon in the 7. spumellaroides Zone. The first occurrence of T. spumella-
roides in the mid- to high-latitude North Pacific and low-latitude Pacific
is reported by Barron (1983, 1985) at ~21.7 Ma.

DIATOMS AT THE SITES

Site 689

Site 689 is located near the crest of Maud Rise (64°31.01'S,
3°5.99'E) at a water depth of 2080 m. It is the first site in the
Antarctic zone where Cenozoic sediments were continuously re-
covered by high-quality coring using APC and XCB (extended
core barrel) equipment. The sediment sequences at Site 689 are
exclusively pelagic and more or less entirely biogenic in compo-
sition because of their position on an isolated topographic ele-
vation. At Site 689 four holes were drilled, of which Hole 689B,
which will be discussed herein, reached a penetration of 297.3 m
and ended in upper Campanian sediments. The upper eight
cores of Hole 689B contain Neogene sediments bearing, in gen-
eral, common to abundant diatoms at good to moderate preser-
vation. The topmost sediment sequence was not recovered un-
disturbed at Site 689 because the mud line was not obtained.
Based on piston and gravity core studies carried out at the posi-
tion of Site 689 and the surrounding Maud Rise area, the youn-
gest sediment sequence consists of ~3.0-3.5-m-thick foraminif-
eral ooze spanning a time interval of about the last 2.2 Ma (Ger-
sonde et al., in prep; Gersonde and Cordes, in press). The
topmost sediments recovered during drilling at Site 689 can be
placed into the late early Pliocene-late Pliocene N. interfrigida-
ria/C. insignis Zone. Ranges and abundance patterns of species
of biostratigraphic and paleoceanographic significance are shown
in Table 3 (back pocket) and Figure 4.

We established a high resolution age-depth diagram for the
Neogene of Hole 689B (Fig. 5) based on a combined and de-
tailed stratigraphic interpretation of the diatom species ranges
in Neogene sections of Holes 689B and 690B (Figs. 4, 6) and
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Figure 4. Ranges and abundance patterns of selected diatom species in the Neogene sections of Hole 689B and Neogene diatom zonal assignment cor-
related to the magnetostratigraphy of Spiel (this volume). Disconformities are indicated by wavy lines. Diatom zones are numbered as follows: (4)
Nitzschia interfrigidaria/Cosmiodiscus insignis Zone; (5) Nitzschia barronii Zone; (6) Thalassiosira inura Zone; (7) Cosmiodiscus intersectus Zone;
(B) Asteromphalus kennettii Zone; (9) Nitzschia praecurta Zone; (10) Denticulopsis praedimorpha Zone; (11) Nitzschia denticuloides Zone; (12) Den-
ticulopsis hustedtii/Nitzschia grossepunctata Zone; (13) Nitzschia grossepunctata Zone; (14) Denticulopsis maccollumii Zone; (15) Nitzschia malein-

terpretaria Zone.

considering the magnetostratigraphic results of Spie (this vol-
ume) with additional radiolarian biostratigraphic data of Laza-
rus (this volume) and Abelmann (this volume). Seven Neogene
disconformities could be determined (Table 4). The lowermost
hiatus is at 67 mbsf separating the lower Miocene from the up-
per Oligocene and spanning from ~20.0 to ~26.3 Ma. An-
other prominent hiatus is at 18.1 mbsf and covers ~4.9-6.3
Ma, thus omitting the sediments around the Miocene/Pliocene
boundary. Three or probably even more hiatuses occur between
55 and 67 mbsf, which impede an accurate age assignment of
this interval.

The first occurrence of N. interfrigidaria in Sample 113-
689B-1H-2, 28-29 cm, places the interval above Sample 113-
689B-1H-2, 50-52 cm, into the Nitzschia interfrigidaria/Cosmi-
odiscus insignis Zone (Table 3). Species occurrences of few to
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common in this zone are Nitzschia barronii, Thalassiosira compli-
cata, T, inura, T. oestrupii, and Rowxia naviculoides. A marked in-
crease in Ethmodiscus rex fragments occurs between Samples
113-689B-1H-3, 28-29 cm, and -2H-2, 28-29 c¢m. This interval
was found to be at ~4.0-3.8 Ma (near Subchron C3N-1) in
Hole 690B. The base of the Nitzschia barronii Zone is placed
between Samples 113-689B-2H-3, 90-92 c¢m, and -2H-3, 28-29
cm, marked by the first occurrence of the nominate species.
Species occurrences of few in the Nitzschia barronii Zone are
Nitzschia aurica, N. praecurta, and Rouxia naviculoides. Other
species found in this zone are Rhizosolenia costata, Thalassio-
sira complicata, T. inura, T. oestrupii, Nitzschia lacrima, and
N. reinholdii. Between Samples 113-689B-2H-5, 27-28 ¢m, and
-2H-5, 55-57 cm (~ 11.7 mbsf), we assume a short-ranging hia-
tus which omits the lower part of the Thalassiosira inura Zone.
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Figure 5. Age-depth diagram for the Neogene of Hole 689B. For defini-
tion of stratigraphic datum points 1-32 compare Table 4.

Within the underlying Cosmiodiscus intersectus Zone is a hiatus
between Samples 113-689B-3H-2, 148-150 cm, and -3H-3, 56-58
cm (~ 18.1 mbsf). This hiatus spans from ~ 6.3 to 4.9 Ma and
can probably be related to major oceanographic events associ-
ated with a latest Miocene cooling event and glaciation in the
Antarctic region. However, taxa below and above the hiatus are
indicative of warmer conditions such as species of Hemidiscus,
Thalassiosira miocenica, T. praeconvexa, T. convexa var. aspi-
nosa, and Nitzschia cylindrica. The dominant species in the C.
intersectus Zone is Nitzschia aurica. Another distinct occur-
rence is Nitzschia clementia ranging above the hiatus. The base
of the C. intersectus Zone is placed between Samples 113-689B-
3H-5, 80-82 cm, and -3H-5, 114-115 cm. The base of the subse-
quent Asteromphalus kennettii Zone is between Samples 113-
689B-4H-3, 31-32 c¢cm, and -4H-3, 114-115 cm. The most im-
portant species occurring in this zone are Actinocyclus ingens
and Denticulopsis hustedtii. Other interesting species besides
the nominate species are Nitzschia donahuensis, Rouxia isopo-
lica, Nitzschia januaria, and Katathiraia aspera. The first occur-
rence of the nominate species of the Nitzschia praecurta Zone is
between Samples 113-689B-5H-3, 56-58 c¢m, and -5H-3, 145-
147 cm. There is a major abundance interval of Denticulopsis
dimorpha in the N. praecurta Zone. Other species occurring in
this zone are Nitzschia donahuensis, Nitzschia claviceps, and
Nitzschia efferans. In the middle portion of the underlying Den-
ticulopsis praedimorpha Zone falls a hiatus placed between Sam-
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Table 4. Definition and depth (mbsf) of stratigraphic datum
points, and age range and depth of disconformities in the Neo-
gene of Hole 689B used to construct age/depth diagram in Fig-
ure 5.

Datum points Age Depth
and hiatuses (Ma) (mbsf) Definition
1 3.6 2.20 FAD N. interfrigidaria
2 4.10 8.79 Top C3N-2
3 4.24 9.63 Base C3N-2
Hiatus ca. 4.5-4.4 11.5
4 4.47 11.72  Base C3N-3
5 4.57 15.17 Top C3N-4
6 4.77 16.92  Base C3IN-4
Hiatus ca. 6.3-4.9 17.8
7 6.37 18.09 Top CIBN
8 6.50 18.67 Base C3BN
92 6.70 18.92 Top C4N-1,2,3
10 7.41 20.17 Base C4N-1,2,3
11 7.90 22.18  Top C4AN-1,2
12 8.50 23.65 Base C4AN-1,2
13 8.92 2446  Top C5N-1
14 10.40 4.4 LAD D. praedimor-
pha
15 10.42 34.55 Base C5N-1
16 10.65 37.75 Mid C5N-2
Hiatus ca. 12.3-11.4 43.8
17 12.46 45.93 Top C5AN-3
18 12.49 46.41 Base C5AN-3
19 12.58 46.68  Top C5AN-4
20 12.62 47.18 Base C5AN-4
21 12.83 48.63  Top C5AN-5
22 13.01 49.18  Base C5AN-5
23 13.20 49.68 Top C5AN-6
24 13.46 50.91 Base C5SAN-6
25 14.20 52.85 Top C5AN-8
26 14.2 529 FAD D. hustedtii
Hiatus ca. 15.0-14.6 55.1
27 15.13 56.53 Top C5BN-2
28 15.27 57.40 Base C5BN-2
Hiatus 117.6-715.6 58.8
29 17.6 58.8 Top C5DN-1
30 17.90 59.64  Base CSDN-I1
31 18.13 60.20  Mid C5DN-2
32 18.56 61.76 Top CSEN
Hiatus 719.4-719.1 64.7
Hiatus I. Oligocene-720.0 67.0

ples 113-689B-6H-1, 27-28 ¢m, and -6H-1, 74-76 cm (~43.8
mbsf). This hiatus spans from 12.3 to 11.4 Ma. Whereas in the
lower two thirds of the zone the nominate species is dominant,
the upper part of the zone is characterized by high abundances
of Denticulopsis dimorpha. The base of the D. praedimorpha
Zone is between Samples 113-689B-6H-3, 114-115 cm, and -
6H-4, 28-29 cm. The lower boundary of the subsequent Nitz-
schia denticuloides Zone falls between Samples 113-689B-6H-5,
114-115 c¢m, and -6H-6, 28-29 c¢m. Prominent species in this
zone are Actinocyclus ingens and Denticulopsis hustedtii. Other
species occurring within this zone are Crucidenticula nicobarica,
K. aspera, N. donahuensis, and N. efferans. The next zone is
the Denticulopsis hustedtii/Nitzschia grossepunciata Zone which
has its base between Samples 113-689B-6H-7, 28-29 c¢m, and
-7H-1, 28-29 cm. The zone is characterized by high abundance of
the nominate species and A. ingens. Other species in this zone are
N. grossepunctata, C. nicobarica, M. splendida, Rouxia sp. 1, R.
sp. 2, and R. sp. 3. The underlying Nitzschia grossepunctata
Zone is marked by a disconformity between Samples 113-689B-
7H-2, 65-67 ¢cm, and -7H-2, 115-116 ¢m, which ranges from
15.0 to 14.6 Ma. According to the radiolarian biostratigraphic
results of Abelmann (this volume), this hiatus can be placed
near Sample 113-689B-7H-2, 70 cm (55.1 mbsf). The base of
the N. grossepunctata Zone is between Samples 113-689B-7H-4,
28-29 cm, and -7H-4, 86-88 cm. The most prominent species in
the lower part of this zone is Denticulopsis maccollumii, the
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nominate species of the next zone downcore. The lower portion
of the D. maccollumii Zone is cut by a disconformity placed be-
tween Samples 113-689B-7H-4, 115-116 cm, and -7TH-5, 28-29
cm (~ 58.8 mbsf), spanning from ~17.6 to 15.6 Ma. Below this
hiatus is the Nitzschia maleinterpretaria Zone, bound at its base
by a hiatus spanning from ~20.0 to ~26.3 Ma, according to
Abelmann (this volume). This Miocene-Oligocene hiatus was
placed between Samples 113-689B-8H-4, 28-29 cm, and
-8H-3, 144-145 cm (67.0 mbsf). One other hiatus in the N. ma-
leinterpretaria Zone is in the interval between Samples 113-
689B-8H-2, 86-88 cm, and -8H-2, 57-59 cm (~64.7 mbsf),
spanning probably from 19.4 to 19.1 Ma. The disconformity
omits the reversed paleomagnetic time period between Sub-
chrons C5EN and C6N and probably parts of these subchrons.
This interpretation was based on combined diatom, radiolarian
(Abelmann, this volume), and magnetostratigraphic (SpieB, this
volume) results. The underlying upper Oligocene sediments are
characterized by poorly preserved diatom assemblages. Synedra
Jouseana is most prominent. Other important species are Ro-
cella gelida, R. vigilans, and Lisitzina ornata.

Site 690

Site 690 is on the western flank of Maud Rise (65°9.63'S,
1°12.30"E) in 2914 m of water. Three holes were drilled at this
site, of which Hole 690B, which penetrated 213.4 m and ended
in upper Paleocene sediments, was sampled and the Neogene
was investigated in detail for refinement of the Neogene diatom
biostratigraphy. Ranges and abundance patterns of species of
biostratigraphic and paleoceanographic significance are shown
in Table 5 (back pocket) and Figure 6. The uppermost seven cores
of Hole 690B recovered Neogene sediments. In comparison to
Hole 689B, the Neogene accumulation rates at Hole 690B are
slightly lower, and the Neogene sediment sequence is marked by
more disconformities (Fig. 7, Table 6). However, this site was ex-
tremely useful because it contains an important middle Miocene
sediment interval (upper portion of Chron C5A) which is omit-
ted at Hole 689B by a disconformity and, in contrast to Hole
689B, Quaternary sediments were also gathered (Fig. 3). Hole
690B is also important because, by comparison with Hole 689B,
coherency of the biostratigraphic results were tested and the age
determination of species ranges and zonal boundaries confirmed.

The sediment interval above Sample 113-690B-2H-1, 28-29
cm, is placed in the Thalassiosira lentiginosa and Actinocyclus
ingens Zones. The sediment of that topmost interval is a fora-
miniferal ooze containing only rare to few diatoms of moderate
to poor preservation. Relatively common to abundant are Nitz-
schia kerguelensis and Thalassiosira lentiginosa. The last occur-
rence of A. ingens is in Sample 113-690B-1H-2, 32-34 cm. The
Actinocyclus ingens Zone is separated from the underlying Tha-
lassiosira kolbei Zone by a disconformity which can be placed
between Samples 113-690B-1H-2, 32-34 c¢m, and -2H-1, 28-29
cm (2 mbsf). The hiatus falls within the lowermost portion of
the ~2.4-m-thick foraminiferal ooze and spans from ~2.0 to
0.75 Ma. The base of the 7. kolbei Zone is between Samples
113-690B-2H-1, 114-115 ¢cm, and -2H-1, 28-29 ¢m. The under-
lying N. interfrigidaria/Cosmiodiscus insignis Zone is marked
by a hiatus situated between Samples 113-690B-2H-4, 28-29
cm, and -2H-4, 114-115 cm (7.2 mbsf). The occurrence of this
disconformity is primarily based on the geomagnetic polarity
pattern, but it is also marked by an abundance change in Nitz-
schia barronii. The first occurrence of N. interfrigidaria which
marks the base of the N. interfrigidaria/C. insignis Zone is
between Samples 113-690B-2H-5, 28-29 c¢m, and -2H-5, 114-
115 cm.

Below this level follows a Pliocene to early Miocene sequence
which is very similar to that described for Hole 689B. For this
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reason we will focus the following description of Hole 690B on
the depths of zonal boundaries and disconformities, and on
major differences in comparison to the recoveries at Hole 689B.
For general abundance changes of diatoms in the Neogene of
the Maud Rise we refer to the description given in the Site 689
section. The base of the Nitzschia barronii Zone is between Sam-
ples 113-690B-2H-7, 28-29 c¢m, and -3H-1, 27-28 cm. Within this
zone occurs an abundance interval of Ethmodiscus rex between
Samples 113-690B-2H-6, 114-115 cm, and -2H-5, 28-29 cm.
The base of the underlying Thalassiosira inura Zone is bounded
by a hiatus between Samples 113-690B-3H-2, 115-116 cm, and -
3H-3, 73-75 cm (~ 14.9 mbsf). The hiatus spans ~4.5-4.4 Ma
and is comparable to a hiatus in Hole 689B. The base of the fol-
lowing C. intersectus Zone is omitted by a hiatus located be-
tween Samples 113-690B-3H-5, 125-127 ¢cm, and -3H-6, 23-25
cm (~ 18.9 mbsf; ~7.9-4.6 Ma). A comparable Miocene-Plio-
cene hiatus recovered in Hole 689B at 18.1 mbsf has a signifi-
cantly shorter range. Within the underlying A. kennettii Zone is
a disconformity between Samples 113-690B-4H-1, 26-27 cm,
and -3H-7, 23-25 cm ( ~ 21.0 mbsf). The base of the latter zone
is between Samples 113-690B-4H-2, 115-116 c¢m, and -4H-3,
26-27 cm. The first occurrence of Nitzschia praecurta places the
base of the N. praecurta Zone between Samples 113-690B-4H-5,
26-27 ¢cm, and -4H-4, 115-116 cm. The underlying Denticulop-
sis praedimorpha Zone has a hiatus between Samples 113-690B-
5H-6, 28-29 c¢m, and -5H-6, 115-116 c¢cm (31.2 mbsf), which
spans ~ 11.4-11.0 Ma. Below the hiatus is a sediment sequence
corresponding to the paleomagnetic Subchrons C5AN-1 and
C5AN-2 in the upper portion of Chron C5A, which in Hole
689B is not present due to a disconformity. This interval is char-
acterized by high abundances of D. praedimorpha and also con-
tains the FAD of Denticulopsis dimorpha located between Sam-
ples 113-690B-5H-3, 115-116 cm, and -5H-4, 28-29 cm, dated
to be ~12.4 Ma. The lower boundary of the D. praedimorpha
Zone is between Samples 113-690B-5H-4, 28-29 cm, and -5H-5,
28-29 cm. The lower portion of the underlying Nitzschia denti-
culoides Zone is cut by a disconformity between Samples 113-
690B-5H-6, 28-29 cm, and -5H-6, 115-115 cm (39.0 mbsf),
which spans from ~ 13.8 to 12.8 Ma. The same hiatus omits the
upper portion of the underlying Denticulopsis hustedtii/Nitz-
schia grossepunctata Zone, which has its base between Samples
113-690B-5H-7, 27-28 c¢m, and -6H-1, 28-29 cm. The lower
portion of the following Nitzschia grossepunctata Zone is cut by
a hiatus placed between Samples 113-690B-6H-3, 27-28 cm,
and -6H-2, 114-115 ¢m (43.8 mbsf), which is interpreted to span
?17.6-15.1 Ma. This hiatus is also marked as a sharp facies
boundary between calcareous nannofossil-bearing sediments be-
low the hiatus and diatom ooze above the hiatus. Below the hia-
tus, which omits the entire Denticulopsis maccollumii Zone,
follows directly the Nitzschia maleinterpretaria Zone. Two dis-
conformities, occurring at 47.1 mbsf, and 48.7 mbsf, respec-
tively, were placed into this zone based on combined diatom, ra-
diolarian (Abelmann, this volume), and magnetostratigraphic
(SpieB, this volume) results (Fig. 7, Table 6). The N. malein-
terpretaria Zone is underlain by the Thalassiosira spumella-
roides Zone between Samples 113-690B-7H-1, 28-29 cm, and -
7H-1, 49-51 cm. The latter zone is characterized by abundant
occurrences of Synedra jouseana and the presence of Rocella vi-
gilans, R. gelida, and large diatom fragments which can be at-
tributed to the genus Ethmodiscus. The preservation of the dia-
toms is poor. Only the topmost portion of the T. spumellaroides
Zone is present because it is cut by a hiatus (between Samples
113-690B-7H-1, 49-51 c¢m, and -7H-1, 114-115 cm, 51.2 mbsf).
According to the radiolarian biostratigraphic results (Abelmann,
this volume) and the magnetostratigraphy (Spief3, this volume),
this hiatus spans from ~20.5 to 27.0 Ma.
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Figure 6. Ranges and abundance patterns of selected diatom species in the Neogene sections of Hole 690B and Neogene diatom zonal assignment
correlated to the magnetostratigraphy of Spief (this volume). Disconformities are indicated by wavy lines. Diatom zones are numbered as follows:
(1) Thalassiosira lentiginosa Zone; (2) Actinocyclus ingens Zone; (3) Thalassiosira kolbei Zone; (4) Nitzschia interfrigidaria/Cosmiodiscus insignis
Zone; (5) Nitzschia barronii Zone; (6) Thalassiosira inura Zone; (7T) Cosmiodiscus intersectus Zone; (8) Asteromphalus kennettii Zone; (9) Nitzschia
praecurta Zone; (10) Denticulopsis praedimorpha Zone; (11) Nitzschia denticuloides Zone; (12) Denticulopsis hustedtii/Nitzschia grossepunctata
Zone; (13) Nitzschia grossepunctata Zone; (14) Denticulopsis maccollumii Zone; (15) Nitzschia maleinterpretaria Zone; (16) Thalassiosira spumel-

laroides Zone.

The underlying upper Oligocene sediments are characterized
by poorly preserved diatom assemblages. The most prominent
species is Synedra jouseana. Other important species are Ro-
cella gelida, R. vigilans, and Lisitzina ornata.

Site 693

Site 693 is located on a midslope bench on the Weddell Sea
margin of East Antarctica (70°49.9'S, 14°34.4' W), 10 km south-
west of the rim of Wegener Canyon, in 2359 m of water (Fig. 1).
Two holes were drilled at Site 693. Hole 693A sampled a ~ 300~
310-m-thick Neogene sediment sequence. Because of rotary drill-
ing this sequence is not well recovered, and the cores are affected
by drilling disturbances and downhole contamination. A well
established paleomagnetic stratigraphy could not be worked out
for this hole. The same is true for Hole 693B, which was washed
down to upper Miocene sediments at 234 mbsf and continued
by using the XCB coring system.

In general, diatoms are widespread in the Neogene sequences
of Site 693 and thus allow a biostratigraphic age assignment for
the recovered sequences (Fig. 8, Table 7). Within the Quaternary,
diatoms occur only in the time interval represented by the Tha-

lassiosira lentiginosa Zone. The lower Quaternary and upper
Pliocene sediment sequences are barren in diatoms or contain
only poorly preserved assemblages. Based on the occurrence of
the nominate species we place the Nitzschia interfrigidaria/Cos-
miodiscus insignis Zone between Sample 113-693A-6R-5, 20-21
cm, and Section 113-693A-4R-CC. The underlying lower Plio-
cene sequences are strongly expanded and consist of diatom
clayey or diatom silty mud. The FAD of Nitzschia barronii is be-
tween Samples 113-693A-8R-1, 19-20 cm, and -7R-2, 20-21 cm.
The base of the underlying Thalassiosira inura Zone is tentative
because of the scattered occurrence of the nominate species. It is
placed between Samples 113-693A-11R-3, 20-21 cm, and
-10R-6, 20-21 cm, based on the FAD of Thalassiosira compli-
cata and the last occurrence of Denticulopsis hustedtii. Diatom
abundance and preservation range from common/moderate to
rare/poor in the Cosmiodiscus intersectus Zone, which strad-
dles the Miocene/Pliocene boundary. Based on diatom bio-
stratigraphic zonation, the position of the Miocene/Pliocene
boundary in Hole 693A cannot be determined accurately. Con-
sidering the first occurrence of Thalassiosira oestrupii, a species
which had its FAD around 5 Ma (Table 2), and the LAAD of

773



R. GERSONDE, L. H. BURCKLE

Age (m.y.)
0 5 10 15 20 25
0 PR o A i i | T — i L PR T i 1 A i i i
1 HIATUS (ca. 2.0 - 0.75 Ma) .
5 4 2
3 HIATUS (ca. 3.45 - 3.0 Ma)
4
10 5-6
1 7-9
] HIATUS (ca. 4.5 - 4.4 Ma)
15
10 HIATUS (ca. 7.9 - 4.6 Ma)
11
20 \2 HIATUS (ca. 9.0 - 8.5 Ma)
G
% ]
E o5 ]
£
[ =
@
a
30
35
21 HIATUS (ca. 13.8 - 12.8 Ma)
40 1 22-24
] 25-27
] HIATUS (ca. 17.6 - 15.1 Ma)
] 29
45 7 30
] HIATUS (7 18.7 - ? 18.5 Ma)
] 219.6-219.0Ma
50.] ____HIATUS (ate Oligocene - 2 20.5 Ma)

Figure 7. Age-depth diagram for the Neogene of Hole 690B. For defini-
tion of stratigraphic datum points 1-30 compare Table 6.

Denticulopsis hustedtii, which lived in the late Miocene, the Mi-
ocene/Pliocene boundary can tentatively be placed between
Sections 113-693A-17R-CC and -14R-CC. The base of the C. in-
tersectus Zone is between Section 113-693A-22R-CC and Sam-
ple 113-693A-22R-2, 10-11 cm. The boundary between the As-
teromphalus kennettii and Nitzschia praecurta Zones is defined
based on the abundance pattern of D. dimorpha, D. hustedtii,
and A. ingens and placed between Samples 113-693A-26R-5,
20-21 c¢m, and -26R-4, 20-21 cm. Only trace and strongly frag-
mented A. kenneitii was encountered in Hole 693A. The base of
the Nitzschia praecurta Zone is between Sample 113-693A-28R-
4, 20-21 cm, and Section 113-693A-28R-CC. Most of the mid-
dle Miocene and some upper lower Miocene is omitted by a dis-
conformity, which can be placed between Section 113-693A-
28R-CC and Sample 113-693A-29R-1, 20-21 cm (~ 263 mbsf).
Below the hiatus, which separates the top of the Denticulopsis
praedimorpha and Nitzschia maleinterpretaria Zones, diatom
preservation is moderate to poor, but successively deteriorates
with increasing depth (compare Hole 693B, Table 7). For this
reason the placement of the Oligocene/Miocene boundary at
Site 693 can be estimated only on the basis of silicoflagellate
and radiolarian data (compare Gersonde et al., this volume).
The last Oligocene silicoflagellates attributed to the Dictyocha
Jfrenguelli Zone were recorded in Sample 113-693A-33R-1, 96-98
c¢m (~ 302.5 mbsf), while the first unquestionable Miocene radi-
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Table 6. Definition and depth (mbsf) of stratigraphic datum
points, and age range and depth of disconformities in the Neogene
of Hole 690B used to construct age/depth diagram in Figure 7.

Datum points Age Depth
and hiatuses (Ma) (mbsf) Definition
1 0.6 1.3 LAD A. ingens
Hiatus ca. 2.0-0.75 2.0
2 2.47 4.83 Top C2AN-1
3 2.90 6.71 Base C2AN-1
Hiatus ca. 3.45-3.0 7.2
4 3.6 8.1 FAD N. interfrigidaria
5 3.88 10.23 Top C3N-1
6 3.97 10.48 Base C3N-1
7 4.10 11.21  Top C3N-2
8 4.24 11.78 Base C3N-2
9 4.3 12.4 FAD R. het./T. compl.*
Hiatus ca. 4.5-44 14.9
10 4.57 18.23 Top C3N-4
Hiatus ca. 7.9-4.6 18.8
1 7.9 18.83  Top C4AN-2
12 8.21 20.07 Base C4AN-2
Hiatus ca. 9.0-8.5 21.0
13 9.6 24.4 FAD A. kennettii
14 10.42 28.03 Base C5N-1
Hiatus ca. 11.4-11.0 31.2
15 11.55 31,72 Top C5AN-I
16 11.73 3245 Base C5AN-1
17 11.86 33.47  Top C5AN-2
18 12.12 33.95 Base C5AN-2
19 12.46 36.35  Top C5AN-3
20 12.6 37.0 FAD D. praedimorpha
21 12.62 37.97  Base C5AN-4
Hiatus ca. 13.8-12.8 39.0
22 14,08 39.95 Base C5AN-7
23 14.20 40.20  Top C5AN-8
24 14.2 40.7 FAD D. hustedtii
25 14.66 41.68  Base C5AN-8
26 14.87 42.16 Top C5BN-1
27 14.96 42.41 Base CSBN-1
Hiatus ca. 17.6-15.1 43.7
28 17.57 43.7 Top CSDN-1
29 17.90 44.68  Base C5DN-1
30 18.14 45.55  Mid C5DN-2
Hiatus 718.7-718.5 47.1
Hiatus 719.6-719.0 48.7
Hiatus 1. Oligocene-720.5  51.2

* = first consistent occurrence.

olarians were reported from Section 113-693B-8X-CC (~292
mbsf).

Site 694

Site 694 is in the northern part of the Weddell Sea abyssal
plain (66°50.8'S, 33°26.8' W) in a water depth of 4653 m (Fig.
1). The site is the deepest of seven that form a depth transect in
the Weddell Sea region. Four holes were drilled at Site 694.

Hole 694A was abandoned after recovery of the first core be-
cause the sediment/water interface was not sampled. The base
of this 9.8-m-long core is in a sediment interval rich in diatoms,
which can be assigned to the late early Pliocene Nitzschia barro-
nii Zone. In Hole 694B the latter interval was recovered around
13 mbsf. The recovery in Hole 694B, which was abandoned in
upper Miocene sediments at 179 mbsf, was continuous only in
the topmost three cores. Below that, recovery dropped consider-
ably because of the occurrence of medium- to coarse-grained
sands, between ~21 and 111.5 mbsf (Cores 113-694B-5H to
-14H). All Pliocene and Pleistocene sediments above this sandy
interval were barren in diatoms except for the diatomaceous in-
terval at ~ 13 mbsf described above. Below the sandy interval,
sediments bearing moderately preserved siliceous microfossils
were recovered in Core 113-694B-14H. The composition of the
siliceous microfossil assemblages indicates an age near the Mio-
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Figure 8. Diatom biostratigraphy of Holes 693A and 693B.

cene/Pliocene boundary (compare Gersonde et al., this vol-
ume). Below that level most samples are barren of diatoms or
contain only poorly preserved assemblages. In Core 113-694B-
24X, the diatom Denticulopsis dimorpha occurs commonly to
abundantly (Fig. 9). At the sites drilled on Maud Rise a D. di-
morpha acme was observed around the middle/upper Miocene
boundary (upper Denticulopsis praedimorpha-Nitzschia prae-
curta Zone).

Hole 694C was washed down to the total depth of Hole 694B
and continued below this depth with the XCB. The recovery
from Hole 694C, which reached 391 mbsf, is low. Low recovery
and poor preservation of siliceous microfossils do not allow a
well established biostratigraphic age assignment for the recov-
ered sequences. Based on scattered occurrences of diatom bio-

NEOGENE DIATOM BIOSTRATIGRAPHY OF LEG 113

stratigraphic marker species most of the sediments drilled in
Hole 694C can be placed in the middle Miocene Nitzschia denti-
culoides and Denticulopsis hustedtii/Nitzschia grossepunctata
Zones (Fig. 9).

Site 695

Site 695 is located on the southeast margin of the South Orkney
microcontinent (SOM) in the northeast Weddell Sea (62°23.5'S,
43°27.1'W) at 1300 m water depth (Fig. 1). One hole was drilled at
this site using the APC and XCB coring technique, and a 341-
m-thick Quaternary to upper Miocene sequence was sampled
consisting of predominantly diatom silty and clayey mud. The
preservation of diatom assemblages is generally moderate to
good, except in the lowermost portion of the hole (below Core
113-695A-36X) where the preservation is poor. Core recovery
and preservation of cores range from good to moderate, allow-
ing dense and more or less continuous sampling for biostrati-
graphic and paleomagnetic studies. However, in this study we
mostly use core catcher samples for the biostratigraphic inter-
pretation. A more comprehensive diatom biostratigraphic study
of this site, which contains a well recovered and very expanded
lower Pliocene sediment sequence, is in preparation. Paleomag-
netic data are provided by Hamilton and O’Brien (unpubl. data;
also compare Gersonde et al., this volume).

At Site 695 the Pleistocene and uppermost Pliocene T. lenti-
ginosa, A. ingens, and T. kolbei Zones are strongly condensed
(Fig. 10, Table 8). Preservation of siliceous microfossils is gener-
ally poor in this sediment sequence. Disconformities probably
occur in the uppermost Pliocene and Quaternary, but sample
spacing was not close enough to delineate them clearly. The sed-
imentation rate increases gradually from the Pleistocene to the
upper Pliocene. In the upper Pliocene the diatoms exhibit a
marked increase in diversity and preservation. The Nitzschia in-
terfrigidaria/Cosmiodiscus insignis Zone is placed between Sec-
tions 113-695A-7H-CC and -1H-CC. A dramatic increase of the
sedimentation rate occurred in the late early Pliocene, so that
the lower Pliocene Nitzschia barronii and Thalassiosira inura
Zones, which are short ranging zones, are drastically expanded.
The base of the Nitzschia barronii Zone is between Sections
113-695A-16H-CC and -15H-CC, and the base of the underly-
ing Thalassiosira inura Zone falls into the interval between Sec-
tions 113-695A-25X-CC and -23X-CC. On the basis of radiolar-
ian biostratigraphic data and physical-properties logs, a Mio-
cene-Pliocene hiatus is suggested at the base of Hole 695A (see
Gersonde et al., this volume). This hiatus is probably located at
315 mbsf and ranges from ~ 8 to ~5 Ma (Fig. 10). The range of
the hiatus cannot be determined accurately because of the poor
preservation of siliceous microfossils in the four lowermost cores
of Hole 695A.

Site 696

Site 696 lies on the southeast margin of the South Orkney
microcontinent (SOM), in 650 m of water at 61°50.9'S, 42°56' W
(Fig. 1). Two holes were drilled at Site 696. Hole 696A, which
has its base in lower Pliocene sediments (Cosmiodiscus intersec-
{us Zone) at 103 mbsf, includes 10 APC and 2 XCB cores. Hole
696B was washed to 76.6 mbsf and continued by rotary drilling.
The deepest datable Neogene sediments were sampled in Core
113-696B-50R at ~ 530 mbsf and placed in the lower middle Mi-
ocene Nitzschia grossepunctata Zone. An accurate biostrati-
graphic age assignment is not possible because of poor recovery.

Compared to Site 695, the Pleistocene and upper Pliocene
section at Site 696 is strongly condensed (Fig. 11, Table 9). Sedi-
ments of the early Pliocene Nitzschia barronii and early/late
Pliocene Nitzschia interfrigidaria/Cosmiodiscus insignis Zone
are omitted by a hiatus or strongly condensed. The top of the
Thalassiosira inura Zone is placed between Sample 113-696A-
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Table 7. Stratigraphic occurrences of selected diatom species from the Neogene of Holes 693A and 693B. Abbreviations are explained in Table 3.
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Figure 9. Relative abundance and range of selected diatom species, and
inferred diatom biostratigraphy of Holes 694B and 694C (below 100
mbsf). Abundance: A = abundant, C = common, F = few, R = rare;
dots indicate rare occurrence. Preservation: G = good, M = moderate,
P = poor.

3H-1, 50-51 ¢m, and Section 113-696A-2H-CC and its base be-
tween Section 113-696A-6H-CC and Sample 113-696A-6H-4,
120-121 cm. The sediment interval expected to include the Mio-
cene/Pliocene boundary was not recovered.

The sampled Miocene is rich in diatoms. However, because
of low recovery and problems with downhole contamination the
stratigraphic age assignment can only be tentative. The bound-
ary between the Nitzschia praecurta and Denticulopsis praedi-
morpha Zones, which is close to the middle/upper Miocene
boundary, is between Sections 113-696B-26R-CC and -25R-CC,
at ~290 mbsf. Below Core 113-696B-50R (early middle Mio-
cene N. grossepunctata Zone) no datable Neogene samples were
obtained. Site 696 is the only Leg 113 site where we found few to
common Denticulopsis lauta. This suggests that the biogeo-
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Figure 10. Diatom biostratigraphy of Hole 695A. A tentative Miocene/
Pliocene disconformity is indicated by a wavy line. Paleomagnetic data
according to Hamilton and O’Brien (unpubl. data, also compare Ger-
sonde et al., this volume).

graphic province of the species may be more linked to the Sub-
antarctic and northern Antarctic regions of the Southern Ocean.

Site 697

Site 697 lies in the Jane Basin (61°48.6'S, 40°17.3'W) in
3480 m of water, and is the deepest of the three-site transect on
the southeast margin of the South Orkney microcontinent (SOM)
in the northeast Weddell Sea (Fig. 1). Two holes were drilled at
Site 696. Hole 697A recovered 26.6 m of sediments of late Qua-
ternary age in three APC cores and was then abandoned for
technical reasons. Hole 697B was washed to 18 mbsf and cored
to 322.9 mbsf using APC and XCB methods. In this hole a
Quaternary to lower Pliocene sediment sequence was sampled.
Core recovery varies from good to moderate in the Quaternary
through the upper Pliocene, and from moderate to poor in the
lower Pliocene. The recovered sediment sequences allowed the
establishment of a magnetostratigraphic record useful for the
calibration of Pliocene-Pleistocene biostratigraphic zonations
(Hamilton and O’Brien, unpubl. data, compare Gersonde et
al., this volume). However, the abundance and preservation of
diatoms exhibit strong fluctuations, thus some species ranges
and zonal boundaries cannot be determined accurately (Fig. 12,
Table 10).
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Table 8. Stratigraphic occurrences of selected diatom species from Hole 695A. Abbreviations are explained in Table 3.

Hole 695A
Core-section
(interval in cm)

Coscinodiscus vulnificus
Cosmiodiscus insignis
Cosmiodiscus intersectus
Nitzschia fossilis

Denticulopsis hustedtii
Nitzschia aurica

Actinocyclus ingens
Neobrunia mirabilis

Nitzschia barronii

Nitzschia interfrigidaria

3y
5C

nit:

Thalassiosira nordenskioeldii

Rouxia heteropolara
Rouxia naviculoides
Stephanopyxis turris
Thalassiosira complicata
Thalassiosira inura
Thalassiosira kolbei
Thalassiosira oestrupii
Thalassiosira oliverana
Thalassiothrix longissima

Nitzschia praeinterfrigidaria
Rouxia antarctica

Rhizosolenia barboi

Nitzschia reinholdii
Nitzschia weaveri

Nitzschia praecurta

1H-1, 20-21
1H-1, 55-56
1H-2, 30-31
1H-3, 30-31
1H-4, 30-31
1H-4, 100-101
1H, CC

T 7 | Eucampia balaustium

T. lentiginosa-
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mTREx

xR
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Compared to other sites on Leg 113, the Quaternary and up-
per Pliocene sediment sequence at Site 697 is expanded. How-
ever, because of generally poor preservation, the range of the T
lentiginosa, A. ingens, and T. kolbei Zones is not well docu-
mented. The base of the N. interfrigidaria/C. insignis Zone is
between Sections 113-697B-19X-CC and -18X-CC. The base of
the N. barronii Zone is tentatively placed between Section 113-
697B-21X-CC and Sample 113-697B-21X-2, 15-16 cm, and the
base of the underlying 7. inura Zone is between Section 113-
697B-28X-CC and Sample 113-697B-28X-3, 114-115 cm.
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TAXONOMIC NOTES AND FLORAL REFERENCES

A taxonomic paper including the description of new Miocene taxa fol-
lows this paper (Gersonde, this volume). Descriptions of other new
Pliocene species are in Gersonde (in press). The first citation in the
following list is the original description of the species, the second is
more recent. In most cases only the second citation is included in the
reference list. In parenthesis is the reference to the figure included in
this paper.

Actinocyclus ingens Rattray, 1890. Whiting and Schrader, 1985.

Actinocyclus ingens var. nodus Baldauf in Baldauf and Barron, 1980, p.
104, pl. 1, figs. 5-9.

Actinocyclus ingens var. ovalis Gersonde (this volume) (P1. 5, Fig. 4).

Actinocyclus octonarius Ehrenberg 1845. Hustedt, 1930, p. 525, fig. 298
(as A. ehrenbergii Ralfs in Pritchard).

Actinoptychus senarius Ehrenberg, 1862. Hustedt, 1930, p. 475, fig. 264
(as A. undulatus (Bail.) Ralfs in Pritchard).
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Figure 11. Diatom biostratigraphy of Holes 696A and 696B.

Asteromphalus hookeri Ehrenberg, 1844, Hustedt, 1958, p. 127, pl. 8,
fig. 89. Asteromphalus inaequabilis Gersonde (this volume).

Asteromphalus kennettii Gersonde (this volume) (Pl. 5, Fig. 6).

Asteromphalus oligocenicus Schrader and Fenner, 1976, pl. 5, figs. 5-7.

Azpeitia nodulifer (Schmidt) Fryxell and Sims in Fryxell et al., 1986, p.
19, figs. 17, 18-1, -2, -3, -5, 30-3, -4.

Azpeitia tabularis—group. Includes the following species: A. tabularis
Fryxell and Sims, A. elegantula (Greville) Sims, and A. endoi (Ka-
naya) Sims and Fryxell. All species are described and figured in
Fryxell et al. (1986).
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Coscinodiscus elliptopora Donahue, 1970. Gombos, 1977, p. 592, pl. 3,
figs. 1-3, 6; pl. 9, fig. 3.

Coscinodiscus lewisianus Greville, 1866. Schrader, 1973, pl. 8, figs. 1-6,
10, 15.

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

Coscinodiscus rhombicus Castracane, 1886. Schrader and Fenner, 1976,
pl. 21, figs. 1-3, 5.

Coscinodiscus vulnificus Gombos, 1977, p. 593, pl. 4, figs. 1-3; pl. 42,
figs. 1-2.

Cosmiodiscus insignis Jousé, 1961. McCollum, 1975, pl. 8, fig. 5.

Cosmiodiscus intersectus (Brun) Jousé, 1961, p. 68, pl. 2, figs. 9, 10
(Pl. 4, Fig. 13).

Crucidenticula kanayae Akiba and Yanagisawa, 1985, p. 486, pl. 1, figs.
3-8; pl. 3, figs. 1-6, 9-10 (PL. 3, Figs. 11-12).

Crucidenticula nicobarica (Grunow) Akiba and Yanagisawa, 1985, p.
486, pl. 1, fig. 9; pl. 2, figs. 1-7; pl. 5, figs. 1-9 (PI. 3, Figs. 18-19).

Crucidenticula punctata (Schrader) Akiba and Yanagisawa, 1985, p.
487, pl. 1, figs. 10-12; pl. 4, figs. 1-9 (PL. 4, Fig. 9).

Denticulopsis dimorpha (Schrader) Simonsen, 1979. Akiba and Yanagi-
sawa, 1985, p. 488, pl. 15, figs. 1-25; pl. 16, figs. 1-11 (PL. 4, Figs.
10-12).

Denticulopsis hustedtii (Simonsen and Kanaya) Simonsen, 1979. Akiba
and Yanagisawa, 1985, p. 488, pl. 17, figs. 4-5, 7-23; pl. 18, figs. 1-
10; pl. 19, figs. 1-5 (PL. 5, Figs. 10-13).

Denticulopsis lauta (Bailey) Simonsen, 1979. Akiba and Yanagisawa,
1985, p. 489, pl. 7, figs. 16-29; pl. 9, figs. 1-9.

Denticulopsis maccollumii Simonsen, 1976, Schrader, 1976, p. 631, pl.
4, figs. 3, 22, 23, 25 (as Denticula antarctica McCollum) (Pl. 5, Figs.
7-9).

Denticulopsis praedimorpha Barron ex Akiba, 1982. Akiba and Yanagi-
sawa, 1985, p. 489, pl. 13, figs. 1-28; pl. 14, figs. 1-12.

Ethmodiscus rex (Rattray) Wiseman and Hendey, 1953. Round, 1980.

Eucampia balaustium Castracane, 1886. Syvertsen and Hasle, 1983, p.
181, figs. 4, 84-129. Synonym is E. antarctica (Castr.) Mangin,
1914.

Hemidiscus cuneiformis Wallich. Hustedt, 1930, p. 904, fig. 542.

Katathiraia aspera Komura, 1976, p. 385, fig. 5 (Pl. 4, Fig. 8).

Lisitzina ornata Jousé, 1978. Gombos and Ciesielski, 1983, p. 603, pl.
18, figs. 1-4.

Mediaria splendida Sheshukova-Poretzkaya, 1962. Schrader, 1973, p.
706, pl. 3, figs. 14-15 (Pl. 4, Fig. 14).

Neobrunia mirabilis (Brun in Brun and Tempere) Kuntze, 1898. Hendey,
1981, p. 86.

Nitzschia angulata (O'Meara) Hasle, 1972, Fenner et al., 1976, p. 775,
pl. 1, figs. 17-39.

Nitzschia arcula Gersonde, in press (Pl. 1, Figs. 25-26).

Nitzschia aurica Gersonde, in press (Pl. 2, Figs. 10-12).

Nitzschia barronii Gersonde, in press (PI. 1, Figs. 11-13).

Nitzschia claviceps Schrader, 1976, p. 633, pl. 2, figs. 2, 4 (Pl. 2, Figs.
20-21).

Nitzschia clementia Gombos, 1977, p. 595, pl. 8, figs. 18, 19 (Pl 2,
Figs. 22-23).

Nitzschia curta (V. Heurck) Hasle, 1972, Fenner et al., 1976, p. 775, pl.
4, figs. 5-9.

Nitzschia cylindrica Burckle, 1972, p. 239, pl. 2, figs. 1-6 (Pl. 1, Fig.
27).

Nitzschia denticuloides Schrader, 1976, p. 633, pl. 3, figs. 7, 8, 10, 12,
18-24 (PL. 2, Figs. 7-8).

Nitzschia donahuensis Schrader, 1976, p. 633, pl. 2, fig. 30 (Pl. 1, Figs.
16-18).

Nitzschia efferans Schrader, 1976, p. 633, pl. 2, figs. 1, 3, 5-7 (PL 2,
Fig. 9).

Nitzschia fossilis (Frenguelli) Kanaya in Kanaya and Koizumi, 1970.
Schrader, 1973, p. 707, pl. 4, figs 9-11, 24, 25 (Pl. 1, Figs. 19-20).

Nitzschia grossepunctata Schrader, 1976, p. 633, pl. 3, figs. 1-4 (P1. 2,
Figs. 3-6).

Nitzschia interfrigidaria McCollum, 1975, p. 535, pl. 9, figs. 7-9 (PL. 1,
Figs. 1-3).

Nitzschia januaria Schrader, 1976, p. 634, pl. 2, figs. 25-29.

Nitzschia kerguelensis (O'Meara) Hasle, 1972. Fenner et al., 1976, p.
776, pl. 2, figs. 19-30.

Nitzschia lacrima Gersonde, in press (Pl. 1, Figs. 14-15).

Nitzschia maleinterpretaria Schrader, 1976, p. 634, pl. 2, figs. 9, 11-19.
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Table 9. Stratigraphic occurrences of selected diatom species from the Neogene of Holes 696A and 696B. Abbreviations are explained in Table 3.
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Figure 12. Diatom biostratigraphy of Holes 697A and 697B. Paleomag-
netic data according to Hamilton and O’Brien (unpubl. data, also com-
pare Gersonde et al., this volume).

Remark. The species Nitzschia evenescens Schrader, 1976, p. 633,
pl. 2, figs. 22, 23, which differs only by its slightly finer structure from
N. maleinterpretaria, was included in N. maleinterpretaria (Pl. 2, Figs.
13-16).

Nitzschia praecurta Gersonde, in press (Pl. 1, Figs. 21-24).
Nitzschia praeinterfrigidaria McCollum, 1975, p. 535, pl. 10, fig. 1 (PL.

1, Figs. 4-10)

Nitzschia pseudokerguelensis Schrader, 1976, p. 634, pl. 15, figs. 13-15

(Pl. 2, Fig. 2).

Nitzschia pusilla Schrader, 1976, p. 634, pl. 2, fig. 20 (Pl. 2, Figs. 17-

19).

Nitzschia reinholdii Kanaya ex Schrader, 1973. Akiba and Yanagisawa,
1985, p. 496, pl. 40, figs. 8-9; pl. 41, figs. 3-4 (PL. 2, Fig. 1).
Raphidodiscus marylandicus Christian, 1887. Andrews, 1973, p. 233,

pls. 1-5 (PL 5, Fig. 5).

Rhizosolenia alata Brightwell, 1858. Hustedt, 1930, p. 600, figs. 345-

348.

Rhizosolenia barboi (Brun) Tempere and Peragallo. Akiba and Yanagi-

sawa, 1985, p. 495, pl. 42, figs. 3-5, 7, 10-11; pl. 44, figs. 1-8.
Rhizosolenia costata Gersonde, in press (Pl. 3, Fig. 6).

Rhizosolenia hebetata Gran, 1904. Hustedt, 1930, p. 590.

Rhizosolenia styliformis Brightwell, 1858. Hustedt, 1930, p. 584, figs.
333-335.

Rocella gelida (Mann) Bukry, 1978, pl. 5, figs. 1-13.

Remark. R. gelida var. schraderi (Bukry) Barron, 1983, pl. 4, fig. 10,
was included in R. gelida.

Rocella vigilans Fenner, 1984, pl. 1, fig. 11.
Rouxia antarctica Heiden and Kolbe, 1928, p. 632, pl. 4, fig. 90. Schra-

der 1976, pl. 5, figs. 1-8.
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Rouxia heteropolara Gombos, 1974, p. 275 (Pl 5, Fig. 2).

Rouxia isopolica Schrader, 1976, p. 635, pl. 5, figs. 9, 14, 15, 20.

Rouxia naviculoides Schrader, 1973, p. 710, pl. 3, figs. 27-32 (Pl 4,
Fig. 16).

Rouxia oligocaenica Schrader, 1976, p. 636.

Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986, p. 111, figs.
18-27.

Stephanopyxis turris (Grev. and Arn.) Ralfs in Pritchard. Hustedt, 1930,
p. 304, fig. 140.

Synedra jouseana Sheshukova-Poretzkaya, 1962. Schrader, 1973, p. 710,
pl. 23, figs. 21-23, 25, 38.

Synedra miocenica Schrader, 1976, p. 636, pl. 1, fig. 1.

Thalassionema nitzschioides Hustedt, 1930, p. 244, fig. 725,

Thalassiosira complicata Gersonde, in press (Pl. 4, Figs. 1-2).

Thalassiosira convexa var. aspinosa Schrader, 1974, p. 916, pl. 2, figs.
8-9, 13-21 (PL. 3, Figs. 2-3).

Thalassiosira fraga Schrader in Schrader and Fenner, 1976. Akiba and
Yanagisawa, 1985, p. 498, pl. 51, figs. 5-10; pl. 53, figs. 1-8 (PI. 3,
Figs. 9-10).

Thalassiosira gracilis (Karsten) Hustedt, 1958. Johansen and Fryxell,
1985, p. 168, figs. 8, 58, 59.

Thalassiosira inura Gersonde, in press (Pl. 3, Figs. 15-17; Pl. 5, Fig.
14).

Thalassiosira kolbei (Jous¢) Gersonde (this volume) (PL. 3, Fig. 1).

Thalassiosira lentiginosa (Janisch) Fryxell, 1977, p. 100, figs. 13, 14.

Thalassiosira majuramica-torokina group. Includes forms with affini-
ties to T. majuramica Sheshukova-Poretzkaya, 1959, and T. torokina
Brady, 1977, p. 122-123, figs. 1-5 (PL. 3, Fig. 8).

Thalassiosira miocenica Schrader, 1974, p. 916, pl. 22, figs. 1-5, 11-13
(Pl. 3, Figs. 4-5).

Thalassiosira nordenskioeldi Cleve, Hustedt, 1930, p. 321, fig. 157.

Thalassiosira oestrupii (Ostenfeld) Proshkina-Lavrenko, 1956. Schra-
der, 1973, p. 712, pl. 11, figs. 16-22, 26-33, 36, 39-45 (PL. 3, Figs.
13-14).

Thalassiosira oliverana (O’Meara) Makarova and Nikolaev, 1984, pl. 1,
figs 1-11; pl. 2, figs. 1-11.

Remark. Makarova and Nikolaev (1984) transfer this taxon from
Schimperiella, but spell the basionym Actinocyclus oliveranus O’'Meara
(1877) incorrectly as A. oliverianus and thus name the new combination
incorrectly as T. oliveriana.

Thalassiosira praeconvexa Burckle, 1972, p. 241, pl. 2, figs. 7-9.

Thalassiosira spinosa Schrader, 1976, p. 636, pl. 6, figs. 5-7 (Pl. 4, Figs.
3-4).

Thalassiosira spumellaroides Schrader, 1976, p. 636, pl. 6, figs. 1-2 (P1.
3, Fig. 7).

Thalassiosira yabei (Kanaya) Akiba and Yanagisawa, 1985, p. 493, pl.
27, figs. 1-2; pl. 28, figs. 1-9.

Thalassiothrix longissima Cleve and Grunow, 1880. Hustedt, 1959, p.
247, fig. 726.
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Hole 697A
1H, CC
2H, CC
3H, CC
Hole 697B
IH, CC
2H, CC
ccC
ccC
CC
cC
CccC
cc

3H, CC
4H-3, 145-146

Core-section
(interval in cm)
13X-3, 31-32

H, CC
11H, CC
13X, CC

12X, CC

19X, CC
20X, CC
21X-2, 15-16

Table 10. Stratigraphic occurrences of selected diatom species from Holes 697A and 697B. Abbreviations are explained in Table 3.
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T. kolbei
inura

Zone
Thalassiosira
lentiginosa
2
A. ingens
9

7
7
Nitzschia
interfrigidaria/
Cosmiodiscus
insignis
N. barronii
Cosmiodiscus

intersectus

Thalassiosira
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For the plates: All LM figures x 1500 unless otherwise stated.
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Plate 1. 1-3. Nitzschia interfrigidaria, Sample 113-689B-1H-1, 28-29 cm; (1) SEM external view of valve face, bar = 10 um. 4-10. Nitzschia
praeinterfrigidaria; (4-7) Sample 113-689B-1H-4, 28-29 cm; (8-10) Sample 113-689B-1H-3, 114-115 cm; (4) SEM external view of valve face, bar =
10 um. 11-13. Nitzschia barronii, Sample 113-689B-1H-3, 114-115 cm; (11) SEM external view of valve face, bar = 10 um. 14-15. Nitzschia lac-
rima, Sample 113-689B-2H-2, 31-32 cm. 16-18. Nitzschia donahuensis; (16) Sample 113-689B-3H-2, 148-150 c¢m; (17) Sample 113-689B-4H-3,
114-115 cm, SEM external view of valve face, bar = 10 um; (18) Sample 113-689B-4H-1, 112-113 em. 19-20. Nitzschia fossilis, Sample 113-689B-
2H-6,29-30cm. 21-24. Nitzschia praecurta; (21) Sample 113-689B-5H-2, 86-88 cm; (22, 24) Sample 113-689B-3H-2, 148-150 cm; (23) Sample 113-
689B-4H-1, 112-113 cm. 25-26. Nitzschia arcula; (25) Sample 113-689B-4H-1, 112-113 cm; (26) Sample 113-690B-3H-4, 27-28 cm. 27. Nitzschia
cylindrica, Sample 113-689B-3H-5, 28-29 cm.
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1. Nitzschia reinholdii, Sample 113-689B-3H-5, 80-82 cm. 2. Nitzschia pseudokerguelensis, Sample 113-690B-5H-6, 28-29 cm. 3-6.
10 um; (4) Sample 113-690B-5SH-4, 28-29

Plate 2.
Nitzschia grossepunctata; (3) Sample 113-689B-7H-3, 28-29 cm, SEM external view of valve face, bar

cm; (6) Sample 113-689B-5H-7, 28-29 cm.  7-8. Nitzschia denticuloides, Sample 113-689B-6H-1, 28-29 cm; (7) SEM external view of valve face, bar
= 10 um. 9. Nitzschia efferans, Sample 113-689B-6H-1, 114-115 cm. 10-12. Nitzschia aurica; (10) Sample 113-689B-2H-6, 114-115 cm, SEM ex-
= 10 um; (11, 12) Sample 113-689B-3H-2, 114-115 cm. 13-16. Nitzschia maleinterpretaria, Sample 113-689B-7H-5,

ternal view of valve face, bar =

55-57 em. 17-19. Nitzschia pusilla; (17, 19) Sample 113-689B-8H-1, 88-90 cm; (18) Sample 113-689B-7TH-4, 115-116 cm, SEM external view of
valve face, bar = 10 gm. 20-21. Nitzschia claviceps, Sample 113-689B-4H-1, 56-58 cm. 22-23. Nitzschia clementia, Sample 113-689B-2H-6, 29~
30 cm.
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Plate 3. 1. Thalassiosira kolbei, Sample 113-690B-2H-4, 114-115 cm. 2-3. Thalassiosira convexa var. aspinosa Sample 113-689B-3H-2, 114-115
cm. 4-5. Thalassiosira miocenica, Sample 113-689B-3H-4, 56-58 cm. 6. Rhizosolenia costata, Sample 113-689B-2H-3, 90-92 cm. 7. Thalassio-
sira spumellaroides, Sample 113-690B-6H-7, 27-28 cm. 8. Thalassiosira majuramica-torokina group, Sample 113-689B-3H-3, 116-118 cm. 9-10.
Thalassiosira fraga, Sample 113-689B-8H-1, 88-90 cm. 11-12. Crucidenticula kanayae, Sample 113-689B-TH-4, 115-116 cm. 13-14. Thalassiosira
oestrupii, Sample 113-689B-1H-1, 28-29 cm. 15-17. Thalassiosira inura, Sample 113-689B-1H-3, 114-115 cm. 18-19. Crucidenticula nicobarica;
(18) Sample 113-689B-6H-3, 114-115 cm; (19) Sample 113-689B-7TH-4, 114-115 cm.
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Plate 4. 1-2. Thalassiosira complicata, Sample 113-689B-2H-2, 114-115 cm. 3-4. Thalassiosira spinosa, Sample 113-689B-7H-5, 55-57 cm. 5.
Hemidiscus sp. 1, Sample 113-689B-3H-3, 148-150 cm (% 975). 6. Hemidiscus sp. 2, Sample 113-689B-3H-3, 56-58 cm. 7. Hemidiscus sp. 3,
Sample 113-689B-3H-3, 56-58 cm. 8. Kartathiraia aspera, Sample 113-689B-4H-3, 31-32 cm. 9. Crucidenticula punctata, Sample 113-689B-6H-3,
114-115 em.  10-12. Denticulopsis dimorpha, Sample 113-689B-4H-6, 28-29 cm. 13. Cosmiodiscus intersectus, Sample 113-689B-3H-3, 116-118
cm. 14. Mediaria splendida, Sample 113-689B-7H-4, 115-116 cm. 15. Rouxia sp. 1, Sample 113-689B-5H-7, 28-29 cm. 16. Rouxia naviculoi-
des, Sample 113-689B-1H-2, 50-52 cm.
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Plate 5. 1. Rouxia sp. 3, Sample 113-689B-8H-1, 88-90 cm. 2. Rouxia heteropolara, Sample 113-689B-1H-3, 114-115 cm. 3. Rouxia sp. 2, Sam-
ple 113-689B-TH-5, 55-57 cm. 4. Actinocyclus ingens var. ovalis, Sample 113-689B-3H-5, 28-29 cm. 5. Raphidodiscus marylandicus, Sample
113-689B-TH-4, 115-116 cm. 6. Asteromphalus kennettii (< 1125), Sample 113-689B-4H-1, 112-113 cm. 7-9. Denticulopsis maccollumii; (7)
Sample 113-689B-7TH-4, 115-116 cm, SEM external view of valve face, bar = 10 um; (8, 9) Sample 113-689B-7TH-3, 114-115 cm. 10-13. Denticu-
lopsis hustedtii, Sample 113-689B-3H-5, 114-116 cm. 14. Thalassiosira inura, Sample 113-689B-1H-3, 114-115 cm.
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