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1. EARLY MIOCENE TO PLEISTOCENE DIATOM STRATIGRAPHY OF LEG 1451

John A. Barron2 and Andrey Y. Gladenkov3

ABSTRACT

Early Miocene through Pleistocene diatom datum levels are identified along with North Pacific diatom zones in the sections
cored during Ocean Drilling Program Leg 145 at Sites 881 to 884 and 887. Recording of the first complete late early Miocene
through Miocene magnetostratigraphies in the North Pacific at Sites 884 and 887 has allowed the first magnetostratigraphic
calibration of over 40 diatom datum levels between Subchron C5En (18.817-18.317 Ma) and Subchron C3Bn (6.901-6.744 Ma).
Absolute age estimates from these calibrations as well as from 20 younger (latest Miocene and Pliocene) magnetostratigraphic
calibrations of diatom datum levels at Sites 881-884 and 887 are presented and compared with the published age estimates from
the literature. Most of the late early Miocene through Pliocene diatom datum levels that have been widely used in the North Pacific
for biostratigraphy appear to be roughly isochronous within the level of resolution constrained by sample spacing. Diachroneity
across latitude, however, is revealed for a number of diatom events, including the first occurrences of Actinocyclus ingens var.
nodus, Simonseniella barboi, and Neodenticula koizumii.

Thalassiosira minutissima Oreshkina, nov. sp., is described.

INTRODUCTION

Over the past 20 yr, Miocene to Pleistocene North Pacific diatom
stratigraphy has developed rapidly from the pioneering papers of
Schrader (1973) and Koizumi (1973) through later papers by
Koizumi (1975, 1980, 1985, 1992), Burckle and Opdyke (1977),
Koizumi and Tanimura (1985), Barron (1980a, 1981, 1985b, 1992),
Oreshkina (1985), Akiba (1986), and Akiba and Yanagisawa (1986).
Akiba's (1986) paper is perhaps the best summary of the state of
Miocene to Pleistocene North Pacific diatom stratigraphy, and his
proposed stratigraphic zonation has been widely accepted. In spite of
these excellent studies, there has been a lack of pre-latest Miocene
(>6.0 Ma) calibration of diatom stratigraphy to magnetostratigraphy
in the North Pacific (Koizumi and Tanimura, 1985; Barron, 1992).

Consequently, the recording of temporally lengthy Miocene mag-
netostratigraphic records at Sites 884 and 887 (Fig. 1) in the northwest
and northeast Pacific during Ocean Drilling Program (ODP) Leg
145 (Rea, Basov, Janecek, Palmer-Julson, et al., 1993) represented a
unique opportunity to refine the absolute age estimates of Miocene
and Pliocene diatom levels in the North Pacific.

Leg 145 cored 25 holes at 7 sites in a west-to-east transect of the
subarctic North Pacific (Fig. 1). Three of these sites (882, 883, and
887) were cored on top of seamounts, where carbonate-bearing sedi-
ments relatively free of terrigenous debris offered the best possibility
of high-resolution paleoceanographic studies. Site 884, on the east
flank of the Detroit Seamount, was cored to obtain a comparative
record of deep-sea sedimentation and to record the history of the
Mejii sediment tongue. Site 881 was selected to be a northern exten-
sion of the south-to-north paleoceanographic transect begun off Japan
on Deep Sea Drilling Project (DSDP) Leg 86, whereas Sites 885 and
886 were located in the low biologic productivity region of the central
North Pacific where a good record of eolian deposition was expected
(Rea, Basov, Janecek, Palmer-Julson, et al., 1993).
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Moscow 109180, Russian Federation.

Extensive Miocene to Pleistocene diatom records were recovered
at each site. The purp°se of this paper is to document the diatom stra-
tigraphy at Sites 881 to 884 and 887 and to refine the calibration of
diatom datum levels to the magnetostratigraphy. Because the paleo-
magnetic calibration of latest Pliocene and Pleistocene diatom datum
levels in the North Pacific is relatively well known (Koizumi and
Tanimura, 1985), the emphasis is placed on the refinement of diatom
datum levels in Miocene and Pliocene sediments.

METHODS

On board the JOIDES Resolution, strewn slides were prepared by
placing a small amount of material in a snap-cap vial, adding distilled
water, agitating the vial, and removing part of the upper suspension
with a pipette. When required (because of a low concentration of
diatoms or an induration of the sediment), selected samples were
processed by boiling them in hydrogen peroxide and hydrochloric
acid, and then using the centrifuge (at 1200 rp m f° r 2-4 min) to
remove these chemicals from the suspension. In the laboratory, bea-
kers were used in place of snap-cap vials. Acid-treated material was
made pH-neutral by repeatedly filling and decanting the beakers with
distilled water and allowing 4 hr or more for settling. Strewn slides
were examined in their entirety at 500× for stratigraphic markers and
other common taxa; generally, at least 1000 specimens were exam-
ined per slide. Identifications were checked routinely at 1250×.

The following references were used in selecting diatom datum
levels for investigation: Koizumi (1985,1992), Akiba (1986), Barron
(1992), and Akiba et al. (1993). Because the stratigraphic distribution
of diatoms in the North Pacific in the middle Miocene through Pleis-
tocene is relatively well known from these studies, no attempt was
made to provide distribution charts in sediments of these ages. For
older sediments, however, a companion paper (Gladenkov and Barron,
this volume) documents the distribution of diatom taxa in the Oligo-
cene through lower Miocene of Site 884. No new diatom stratigraphic
studies beyond those published in Rea, Basov, Janecek, Palmer-Julson,
et al. (1993) were completed on the very thin (<50 m) biosiliceous
sections cored at Sites 885 and 886, so they are not discussed in
this paper.

Taxonomy

The taxonomy used follows that of Koizumi (1980, 1992), Akiba
(1986), Yanagisawa and Akiba (1990), Fenner (1991), Harwood and
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Maruyama (1992), and Akiba et al. (1993) and is summarized in the
Appendix. The reader should also consult Gladenkov and Barron
(this volume) for taxonomic citations and illustrations of the Oligo-
cene through early middle Miocene taxa discussed.

Because we were not certain how to separate selected taxa of
Crucidenticula and Denticulopsis that have been proposed by
Yanagisawa and Akiba (1990), we have made the following groupings:

Crucidenticula nicobarica = C. paranicobarica and C. nicobarica;
Denticulopsis hustedtii = D. hustedtii, D. simonsenii, D. vulgaris, and D.

praekatayamae;
D. hyalina = D. hyalina and D. miocenica;
D. lauta = D. lauta, D. ichikawae, D. okunoi, D. tanimurae, and/), praehyalina.

Time Scale

Absolute ages throughout the paper are updated according to the
geomagnetic polarity time scale of Cande and Kent (1992). Correla-
tion of the geologic epochs and periods used follows that of Berggren
et al. (1985a, 1985b), with the exception of the Miocene/Pliocene
boundary, in which the calibration of Zijderveld et al. (1986) is used.

Zonation

The diatom zonation used for the middle Miocene through Qua-
ternary (Fig. 2) closely follows the zonation of Akiba (1986) with two
changes: (1) the last occurrence (LO) of Neodenticula koizumii is
used to define the base of the Actinocyclus oculatus Zone, as sug-
gested by Koizumi (1992); and (2) the Neodenticula kamtschatica
Zone is used in its traditional sense, that is, as the interval from the
first occurrence (F0) of N. kamtschatica s. str. to the F0 of N.
koizumii. TheN kamtschatica Zone is divided into Subzones a, b, and
c by the F0 of Thalassiosira oestrupii and the LO of T. insigna after
Barron (1980a).

Below the early middle Miocene Denticulopsis praelauta Zone of
Akiba (1986), a series of partial-range zones are proposed for the
Oligocene and early Miocene by Gladenkov and Barron (this volume)
based on the successive (downhole) F0 of Crucidenticula kanayae,
C. sawamurae, Thalassiosira fraga, T. praefraga, Rocella gelida,
Cavitatus rectus, and R. vigilans.

RESULTS

The diatom biostratigraphy of the Leg 145 sites is discussed in
order of decreasing temporal length of the available paleomagnetic
stratigraphic record. Consequently, Site 887 is discussed first, fol-
lowed in turn by Sites 884, 882, 883, and 881.

Site 887

Four holes were drilled at Site 887 (54°21.9'N, 148°26.8'W; water
depth, 3645 m) on the Patton-Murray Seamount in the northeast
Pacific (Shipboard Scientific Party, 1993e). Diatoms generally are
common to abundant, with preservation ranging from good to poor in
the lower Miocene to Pleistocene section cored above about 280 mbsf
at the site (Fig. 3; Core 145-887D-3R).

Paleomagnetic stratigraphy at the site extended without interrup-
tion back to magnetic polarity Subchron C5En (Shipboard Scientific
Party, 1993e). Except for parts of the early Miocene and early middle
Miocene, all of the diatom assemblages are readily zonable by the Leg
145 North Pacific diatom zonation (Fig. 3), and standard North Pa-
cific diatom datum levels are recognizable from the late early Mio-
cene Crucidenticula sawamurae Zone through the late Pleistocene
Neodenticula seminae Zone (Table 1).

The estimated ages of early Miocene to late Pliocene diatom
datum levels at Site 887 are based on the magnetostratigraphy and are
shown in parentheses in Table 1. Other age estimates are from the
literature. A correlation of gamma-ray attenuation porosity evaluator
(GRAPE) events between Holes 887A and 887C (see note to Table 1)
was used to reconcile the stratigraphic differences between the two
holes. These ages will be discussed in detail later in the paper, where
they will be compared with those derived from the magnetostratig-
raphy at other Leg 145 sites.

In contrast to the sites from the northwest Pacific (Sites 881 to
884), Pleistocene assemblages (Cores 145-887A-1H through -8H,
145-887B-1H through -5H; and 145-887C-1H through -9H) typically
are very well preserved and easily zonable. Reworking seems to
be minimal with the exception of Sample 145-887B-4H-CC, where
common Actinocyclus oculatus, which is typical of the early part of
the Pleistocene, is reworked into the upper Pleistocene Simonseniella
curvirostris Zone. Reworking is likely, because older Sample 145-
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Figure 2. The Oligocene to Quaternary diatom zonation used for Leg 145
(modified from Akiba [ 1986] and Koizumi [ 1992] and proposed by Gladenkov
and Barron [this volume]), correlated to the geomagnetic polarity time scale
of Cande and Kent (1992). LO = last occurrence, LCO = last common
occurrence, F 0 = first occurrence, and FCO = first common occurrence.
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Figure 3. Stratigraphic position of cores, recovery (black), ages, placement of
magnetostratigraphic chrons and subchrons, polarity log, and placement of
diatom zones in Holes 887A, 887C and 887D. Intervals filled by slanted lines
indicate uncertainty in the placement of biostratigraphic boundaries and/or
absence of paleomagnetic stratigraphy. The magnetostratigraphy shown (Ship-
board Scientific Party, 1993e) is that of Hole 887 A for the interval 5-0 Ma and
that of Hole 887C for older intervals. The plotted depths of magnetostrati-
graphic events are adjusted to conform to Hole 887A using the following
correlation: GRAPE events in Hole 887A at 161.3, 201.2, 214.2, 230.6, and
256.9 mbsf correspond respectively to events at 160.0,199.5,211.8,227.6, and
253.2 mbsf in Hole 887C. H = hydraulic piston core, X = extended core barrel,
and R = rotary core barrel.



J.A. BARRON, A.Y. GLADENKOV

Table 1. Age and stratigraphic position of late early Miocene through Quaternary diatom datum levels and magnetic polarity events in Holes 887A and
887C.

LO
B
T

Datum

Simonseniella curvirostris
Cln.ln
Clr.ln

LCO Actinocyclus oculatus
B
FO
T
B
LO
T

Clr.ln
Simonseniella curvirostris
C2n.ln
C2n.ln
Neodenticula koizumii
C2An.ln

LCO Neodenticula kamtschatica
FO
B
T
B
LO
T
B
F0
F0
T
B
B
T
B
LO
T
B
F0
F0
FO
T
LO
B
T
FO
LO
B
F0
F0
LCO
T
B
T
LO
LO
LCO
T
B
LO
FO
FO
F0
T
B
FO
LO
T
B
T
F0
FO
LO
B
T
LCO
LO
T
B
T
B
FO
FO
LO
FO
FCO
T
B
T
F0
T
B
F0
T
B
F0
T

Neodenticula seminae
C2An.ln
C2An.2n
C2An.2n
Thalassiosira marujamica
C2An.3n
C2An.3n
Actinocyclus oculatus
Neodenticula koizumii
C3n.ln
C3n.ln
C3n.2n
C3n.3n
C3n.3n
Thalassiosira jacksonii (plicate)
C3n.4n
C3n.4n
Thalassiosira latimarginata
Thalassiosira jacksonii (plicate)
Thalassiosira oestrupii
C3An.ln
Thalassiosira miocenica
C3An.ln
C3An.2n
Thalassiosira miocenica
Cavitatus jouseana
C4n.ln
Neodenticula kamtschatica
Nitzschia reinholdii
Thalassionema schraderi
C4n.2n
C4n.2n
C4r.ln
Denticulopsis katayamae
Thalassiosira minutissima
Denticulopsis hustedtii
C4An.ln
C4An.ln
Denticulopsis dimorpha
Denticulopsis katayamae
Thalassinema schraderi
Thalassiosira minutissima
C4r.2n
C4Ar.2n
Thalassionema robusta
Simonseniella praebarboi
C5n.ln
C5n.ln
C5n.2n
Denticulopsis dimorpha
Hemidiscus cuneiformis
Nitzschia heteropolica
C5n.2n
C5r.2n
Denticulopsis praedimorpha
Mediaria splendida
C5An.ln
C5An.ln
C5An.2n
C5An.2n
Simonseniella barboi
Nitzschia heteropolica
Crucidenticula nicobarica
Denticulopsis praedimorpha
Denticulopsis hustedtii
C5ACn.ln
C5ACn.ln
C5ADn.ln
Denticulopsis hustedtii
C5Bn.ln
C5Bn.ln
Denticulopsis hyalina
C5Bn.2n
C5Bn.2n
Actinocyclus ingens nodus
C5Cn.ln

Age (Ma)

0.3
0.78

0.984
1.0

1.049
1.58

1.757
1.983
2.0
2.6

2.63-2.7
2.7

3.054
3.127
3.221
(3.25)
3.325
3.553
(3.65)
(3.70)
4.033
4.134
4.432
4.611
4.694
(4.8)
4.812
5.046
(5.0)
(5.0)
(5.3*)
5.705
(5.9*)
5.946
6.078
(6.2*)
(6.6*)
7.376

(7.1-7.2*)
(7.2-7.3*)
(7.4_7.5*)

7.464
7.892
8.047

(8.1-8.2*)
(8.2-8.3*)

(8.4*)
8.529
8.861

(8.8-8.9*)
(9.4*)
(9.4*)
(9.4*)
9.428
9.491
(9.5*)
(9.5*)
9.592
9.735
9.777

(9.8-9.9*)
(10.4-10.6)
(10.6-10.8)

10.834
11.378

(11.2-11.4)
(11.4-11.5)

11.852
12.00

12.108
12.333

(12.0-12.4*)
(12.4-12.6*)
(12.4-12.6*)
(12.7-13.1)
(12.7-13.1)

13.674
14.059
14.164

(13.6-14.6*)
14.8

14.89
(14.9-15.1*)

15.038
15.162

(15-5-16.7*)
16.035

Hole 887A

Source Interval

2 2H-CC/3H-CC

1 6H-CC/7H-CC

1 7H-CC/8H-CC

2 8H-CC/9H-CC

1 9H-CC/10H-CC
1 9H-CC/10H-CC

12H-2, 135 cm/12H-3, 5 cm

13H-l,21cm/13H-2, 21cm
13H-2, 21 cm/13H-3, 21 cm

16X-CC/17X-1, 21 cm

17X-3, 21 cm/17X-4, 21 cm
17X-3,21cm/17X-4, 21cm
17X-CC/18X-1.21 cm

20X-2, 21 cm/20-3,21 cm

21X-1, 22 cm/21X-2, 22 cm
21X-CC/22H-l,25cm

22H-4, 21cm/22H-5, 21cm
22H-5, 21cm/22H-6 ,21 cm
22H-6, 21 cm/22H-CC

23H-5, 21 cm/23H-6, 21 cm
23H-6, 21cm/23H-7,21cm
23H-7, 21 cm/23H-CC

24H-4, 21cm/24H-5, 21cm
24H-CC/25H-l,21cm
24H-CC/25H-1, 21 cm
24H-CC/25H-L21 cm

25H-1, 21 cm/25H-2, 24 cm
25H-l,21cm/25H-2,24cm

25H-3, 133 cm/25H-4, 133 cm
26H-2, 21 cm/26H-2, 21 cm
26H-3, 21 cm/26H-4, 21cm

25H-CC/27H-l,60cm
25H-CC/27H-l,60cm

25H-CC/27H-l,60cm
27H-1, 60 cm/27H-2, 20 cm
27H-1, 60 cm/27H-2, 20 cm
27H-3, 20 cm/27H-3, 124 cm
27H-3, 20 cm/27H-3, 124 cm

27H-CC/28H-CC

29H-1,51 cm/29H-2, 21 cm

29H-4, 21 cm/29H-CC

Depth (mbsf)

16.2/25.7
45.55
55.6

54.2/63.7
58.95

63.7/73.2

73.2/82.7
88.9

82.7/92.2
82.7/92.2

101.1
101.85
104.2

104.55/104.75
106.55
110.35

111.4/112.9
112.9/114.4

121.1
125.2
134.7

142.2
144.37/145.3

145.8
149.95

148.3/149.8
148.3/149.8
154.8/155.0

175.8/177.3

183.9/185.4
193.4/193.6

198.1/199.6
199.6/201.1
201.1/202.9

209.1/210.6
210.6/212.1
212.1/212.4

217.1/218.6
221.9/222.1
221.9/222.1
221.9/222.1

222.1/223.6
222.1/223.6

226.23/227.73
228.0/229.5
229.5/231.0

231.4/241.8
231.4/241.8

231.4/241.8
241.8/242.9
241.8/242.9
244.4/245.44
244.4/245.44

250.7/260.2

260.7/261.9

264.1/269.7

Hole 887C

Interval

2H-CC/3H-CC

6H-CC/7H-CC

9H-CC/10H-CC

9H-CC/10H-CC

10H-CC/11H-CC
10H-CC/11H-CC

11H-CC/12H-CC

13H-CC/14H-CC

17H-CC/18H-CC

17H-CC/18H-CC

19H-CC/20H-CC

20H-CC/21H-CC

22H-CC/23H-CC

22H-CC/23H-CC

23H-CC/24H-CC

23H-CC/24H-CC

24H-CC/25H-CC

24H-CC/25H-CC

26H-6, 21 cm/26H-7, 21 cm
26H-7, 21 cm/26H-CC

27H-3,21cm/27H-6, 21cm

27H-6, 21 cm/27H-CC
27H-6, 21 cm/27H-CC

27H-CC/28H-CC

727H-CC/28H-CC

28H-CC/29H-CC

Depth (mbsf)

13.8/23.3
42.7
52.6

51.8/61.3
56.25

74.3/83.8
75.35
78.95

74.3/83.8
87.3

83.8/93.3
83.8/93.3

98.3
100.55
102.7

93.3/103.8
103.4
105.9

112.3/121.8
120.35

134.8
139.65

143.55
148.65

150.3/159.8

150.3/159.8
169-169.3

169.3/178.8
177.1

181.75
178.8/188.3

199.2
197.8/207.3

197.8/207.3
199.8

205.45
206.8

207.3/216.8
211.8
215.95

207.3/216.8

219.75
220.65

216.8/223.3

221.3
222.85
223.05

216.8/223.3

231.45
235.15

234.0/235.5
235.5/235.8

238.25
239.5

240.05
241.65

239.0./243.5

243.57245.3
243.57245.3

248.45
250.85
251.75

245.3/254.8
255.6

256.25
245.3/254.8

257.05
257.55

254.8/264.3
262.1
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Table 1 (continued).

FO
FO
MJ
T
B
T
F0
FO

Datum

Denticulopsis lauta
Denticulopsis praelauta
Crucidenticula kanayae
C5Dn.ln
C5Dn.ln
C5En.ln
Crucidenticula sawamurae
Thalassiosira fraga

Age (Ma)

15.9
16.2

(16.7-17.1)
17.31
17.65

18.317
(18.3-18.5)

20.1

Source

3
3

4

Hole 887A

Interval

30X-5, 90 cm/30X-CC
Not seen

>30X-CC

Depth (mbsf)

276.6/279.4

Hole 887C

Interval

Not seen
30H-l,21cm/30H-2,21cm

30H-6, 21 cm/30H-7, 21 cm
<30H-CC

Depth (mbsf)

264.51/266.01
266.75
268.4

271.95
272.0/273.7

<273.8

Notes: Magnetostratigraphy is after Shipboard Scientific Party (1993e). Ages and polarity subchron terminology are according to the Cande and Kent (1992) geomagnetic polarity time
scale. InteΦolated ages of diatom datum based on Site 887 magnetostratigraphy are shown in parentheses; other datum level ages are from the following sources: 1 = Koizumi and
Tanimura (1985); 2 = Koizumi (1992); 3 = Barron (1992); and 4 = Baldauf and Barron (1991). Samples constraining each datum level are separated by a (/) as are the meters
below seafloor (mbsf) of these samples. LO = last occurrence; LCO = last common occurrence; FO = first occurrence; FCO = first common occurrence; B = base; and T = top. The
plotted depths of magnetostratigraphic events are adjusted to conform to Hole 887A using the following correlations: GRAPE events in Hole 887A at 161.3, 201.2, 214.2, 230.6,
and 256.9 mbsf correspond respectively to events at 160.0, 199.5, 211.8, 227.6, and 253.2 mbsf in Hole 887C.

887B-5H-CC contains an assemblage lacking A. oculatus and assign-
able to the S. curvirostris Zone and because diatom biostratigraphy at
equivalent depths in Hole 887A is supportive of such a zonal assign-
ment (Table 1). Diatom datum levels from Hole 887B, which recov-
ered only five cores, are not reported here (see Shipboard Scientific
Party, 1993e).

Persistent reworking of middle Miocene forms of Actinocyclus
ingens and A. ingens var. nodus was documented in the upper Mio-
cene and Pliocene sediments of Hole 887C (Cores 145-887C-11H
through -23H; 84-207 mbsf). Hole 887A also contains reworked
middle Miocene taxa in the upper Miocene and Pliocene section, but
they were not documented as thoroughly as those of Hole 887C.
Reworked specimens typically are rare (<2% of the assemblage), but
in Sample 145-887C-23H-CC, they are relatively common (perhaps
5% to 10% of the assemblage).

The middle Miocene Crucidenticula nicobarica Zone may be
missing at an unconformity near 245 mbsf in Hole 887A. Sample
145-887A-27H-3, 20 cm (244.4 mbsf), contains Denticulopsis prae-
dimorpha and common D. hustedtii and is assignable to the D. prae-
dimorpha Zone (11.4-12.8 Ma), whereas the dominance of D. hyalina
overZλ hustedtii without/), praedimorpha in Sample 145-887A-27H-
3,124 cm (245.44 mbsf), argues for correlation of that sample with the
Denticulopsis hyalina Zone (13.1-15.1 Ma).

Although Denticulopsis lauta was not recorded in Sample 145-
887C-28H-CC (254.8 mbsf), the presence of Actinocyclus ingens var.
nodus in that sample indicates an age no older than the D. lauta Zone.
Although poorly preserved Sample 145-887A-29H-CC (264.3 mbsf)
also lacks Denticulopsis lauta, this taxon does occur in Sample 145-
887A-29H-CC (269.7 mbsf), suggesting the possibility thatZλ lauta
has been selectively removed from the former sample.

The F0 of Crucidenticula sawamurae in Sample 145-887C-30H-
6, 21 cm (272.0 mbsf), is correlative with the uppermost part of a
normal polarity event that appears to be Chron C5En (Shipboard
Scientific Party, 1993e). Thus the F0 of C. sawamurae at Site 887 is
slightly older that the Chron C5Dn correlation reported by Barron
(1985 a) (as C. nicobarica) at equatorial Pacific DSDP Site 575;
however, it is in accord with the correlations of Baldauf et al. (1987)
at DSDP Site 610 in the North Atlantic.

Samples 145-887C-30H-CC (273.8 mbsf) and 145-887D-3R-CC
(286.7 mbsf) contain a low-diversity early Miocene assemblage of
Stellarima spp., Cavitatusjouseanus, and Coscinodiscus marginatus
and are not readily zonable. The presence of the silicoflagellate iVövi-
culopsis lata obliqua in these samples, however, indicates that they
are likely to be equivalent to the Thalassiosira fraga Zone, as that
silicoflagellate was found to be restricted to the T. fraga Zone at Sites
883 and 884 (Bukry, this volume; A. Gladenkov, unpubl. data). The
absence of Thalassiosira fraga in these samples is assumed to be
caused by ecological exclusion.

Site 884

Drilling at Site 884 on the east flank of Detroit Seamount in the
northwest Pacific (51°27'N, 168°20.2'E; water depth, 3836 m) recov-
ered an 850-m sequence of upper Paleocene(?) through Pleistocene
sediments in five holes (Shipboard Scientific Party, 1993d). In gen-
eral, diatoms are abundant to common and well preserved to moder-
ately well preserved throughout the upper Oligocene through Quater-
nary section cored above 658 mbsf at Site 884 (see also Gladenkov
and Barron, this volume).

A complete sequence of all of the Neogene North Pacific diatom
zones from the early Oligocene Rocella vigilans Zone through the
late Quaternary Neodenticula seminae Zone was cored at Site 884
(Fig. 4). The reader is referred to Gladenkov and Barron (this volume)
for detailed documentation of diatom occurrences in the older part of
Hole 884B. Standard diatom datum levels are used to recognize these
zones (Table 2) and little or no displacement of diatom biostrati-
graphic levels is apparent between Holes 884B and 884C.

At Site 884, sediments correlative to the upper middle Miocene
Thalassiosira yabei Zone and lowermost Miocene Thalassiosira
praefraga and uppermost Oligocene Rocella gelida Zones were re-
covered; these same intervals, however, are either missing or greatly
compressed at Site 883. An added bonus of drilling at Site 884 was
the recording of an excellent paleomagnetic stratigraphy in the upper
560 m of Hole 884B, which extends from the Pleistocene back to at
least the early middle Miocene or more (Fig. 4).

The magnetostratigraphy of the middle Miocene through Quater-
nary sequence in Hole 884B follows "Interpretation 2" of the Ship-
board Scientific Party (1993d), with the following modification: the
normal polarity interval recognized between 535.0 and 542.3 mbsf
is assigned to combined Subchrons C5AA and C5AB, whereas the
normal interval recognized between 550 and 559 mbsf is assigned
to Subchron C5AC. These modifications are based on diatom-
magnetostratigraphic correlations at Site 887 (Fig. 3), where the mag-
netostratigraphic record is easier to interpret. In addition, shipboard
measurement of inclination from the pass-through cryogenic magne-
tometer (after 15 mT demagnetization) identified normal polarity
intervals beginning at 580.0, 594.2, and 602.8 mbsf that are tenta-
tively correlated with the tops of Chrons C5C, C5D, and C5E, respec-
tively (Table 2; Fig. 4).

The absolute ages of early Miocene to Pleistocene diatom datum
levels that are estimated at Site 884 based on the magnetostratigraphy
are shown in parentheses in Table 2. These ages will be discussed later
in the paper.

In contrast to the overwhelmingly holoplanktonic character of the
diatom assemblages observed in uppermost Miocene through Quater-
nary section of Sites 882 and 883 on the top of Detroit Seamount,
diatom assemblages in correlative sediments at Site 884 contain con-
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Table 2. Age and stratigraphic position of late early Miocene through Quaternary diatom datum levels and magnetic polarity events in Holes 884B and
884C.

LO
LO
B
T

Datum

Simonseniella curvirostris
Thalassiosira jouseae
Cln.ln
Clr.ln

LCO Actinocyclus oculatus
B
F0
B
LO
LO
LO
LO
T
LCO
FO
B
T
LO
B
T
B
LO
F0
FO
T
B
T
B
T
B
LO
LO
T
F0
F0
B
FO
F0
F0
LO
T
LO
LO
LO
LO
FO
B
F0
T
F0
F0
B
F0
LO
T
B
FO
T
B
F0
T
B
LCO
T
FO#
FO
F0
F0
FO#
FO
B
FO
LCO
F0
T
B
LO
T
F0
F0
T
LO
FO
T
B
T
B

Clr.ln
Simonseniella curvirostris
C2n.ln
Pyxidicula horridus
Pyxidicula pustulata
Neodenticula koizumii
Pyxidicula zabelinae
C2An.ln
Neodenticula kamtschatica
Neodenticula seminae
C2An.ln
C2An.2n
Thalassiosira marujamica
C2An.2n
C2An.3n
C2An.3n
Thai ass ios ira jackson ii
Neodenticula koizumii
Actinocyclus oculatus
C3n.ln
C3n.ln
C3n.2n
C3n.2n
C3n.3n
C3n.3n
Thalassiosira jacksonii (plicate)
Thalassiosira insigna
C3n.4n
Thalassiosira tertiaria
Thalassiosira latimarginata s.str.
C3n.4n
Thalassiosira jacksonii (plicate)
Thalassiosira latimarginata s.ampi.
Thalassiosira oestrupii
Ikebea tenue
C3An.ln
Nitzschia suikoensis
Rouxia californica
Thalassiosira miocenica
Thalassiosira singularis
Thalassiosira praeoestrupii
C3An.ln
Thalassiosira convexa aspinosa
C3An.2n
Thalassiosira manifesta
Thalassiosira miocenica
C3An.2n
Thalassiosira jacksonii
Cavitatus jouseanus
C3Bn.ln
C3Bn.ln
Thalassiosira marujamica
C3Br.ln
C3Br.ln
Neodenticula kamtschatica
C4n.ln
C4n.ln
Thalassionema schraderi
C4n.2n
Actinocyclus curvatulus
Nitzschia pliocena
Nitzschia fossilis
Nitzschia rolandii
Thalassiosira gravida
Thalassiosira singularis
C4n.2n
Nitzschia praereinholdii
Denticulopsis katayamae
Nitzschia suikoensis
C4An.ln
C4An.ln
Denticulopsis dimorpha
C4Ar.ln
Thalassiosira minutissima
Denticulopsis katayamae
C4Ar.ln
Denticulopsis crassa
Thalassionema schraderi
C4r.2n
C4r.2n
C5n.ln
C5n.ln

Age (Ma)

0.3
0.3-0.41

0.78
0.984

(0.9-1.0)
LO
1.58

1.983
(1.8-2.0)
(2.0-2.2)
(2.0-2.2)
(2.0-2.2)

2.6
2.63-2.7

2.7
3.054
3.127

(3.1-3.2)
3.221
3.325
3.553

(3.7-3.8)
(3.7-3.8)

(3.9)
4.033
4.134
4.265
4.432
4.611
4.694
(4.6)

(4.7_4.8)
4.812
(4.85)
(4.9)
5.046
(5.0)
(5.3)
(5.3)

(5.4-5.5)
5.705

(5.7-5.75)
(5.7-5.75)

(5.8)
(5.8)

(5.95)
5.946
(6.1)
6.078
(6.2)
(6.2)
6.376

(6.5-6.6)
(6.5-6.6)

6.744
6.901

(6.8-6.9)
6.946
6.981

(7.1-7.2)
7.245
7.376

(7.35-7.45)
7.464

(7.5-7.6)
(7.6-7.7)
(7.6-7.7)
(7.8-7.9)
(7.9-8.0)
(7.9-8.0)

7.892
(8.3)
(8.4)
(8.4)
8.529
8.861
(9.0)
9.069
(9.1)
(9.1)
9.149
(9.3)
(9.3)
9.428
9.491
9.592
9.735

Hole 884B

Source Interval

2 1H-CC/2H-CC
1H-CC/2H-CC

5H-CC/6H-CC

1 11H-CC/12X-CC

12X-CC/13X-4, 54 cm
13X-4, 54 cm/14X-4, 47 cm
13X-4,54cm/14X-4,47cm
13X-CC/14X-4, 47 cm

1 15X-CC/16X-CC
1 15X-CC/16X-CC

18X-CC/19X-CC

23X-5, 25 cm/23X-CC
23X-5, 25 cm/23X-CC
24X-5, 25 cm/24X-CC

29X-CC/30X-2, 25 cm
30X-5, 25 cm/30X-CC

30X-CC/31X-2, 25 cm
31X-2, 25cm/31X-5,25cm

31X-CC/32X-2, 25 cm
33X-2, 25 cm/33X-5, 25 cm
33X-2, 25 cm/33X-5, 25 cm
34X-2, 25 cm/34X-CC

35X-5, 25 cm/35X-CC
35X-5, 25 cm/35X-CC
35X-CC/36X-2, 25 cm
35X-CC/36X-2, 25 cm
36X-5, 25 cm/36X-CC

37X-5, 25 cm/37X-CC

38X-2, 25 cm/38X-5, 25 cm
38X-2, 25 cm/38X-5, 25 cm

40X-2, 24 cm/40X-5, 24 cm
40X-2, 24 cm/40X-5, 24 cm

41X-2, 25cm/41X-5, 25 cm

41X-CC/42X-2, 26 cm

42X-5, 25 cm/42X-CC

43X-2, 25 cm/43X-5, 25 cm
43X-5, 25 cm/44X-2, 25 cm
43X-5, 25 cm/44X-2, 25 cm
44X-2, 25 cm/44X-5, 25 cm
44X-5, 25 cm/44X-2, 25 cm
44X-5, 25 cm/44X-2, 25 cm

46X-2, 25 cm/46X-3, 25 cm
46X-3, 25 cm/46X-4, 25 cm
46X-3, 25 cm/46X-4, 25 cm

48X-6, 25 cm/48X-CC

49X-2, 25 cm/49X-3, 25 cm
49X-3, 25 cm/49X-4, 25 cm

49X-6, 25 cm/49X-7, 25 cm
49X-6, 25 cm/49X-7, 25 cm

Depth (mbsf)

6.5/16.0
6.5/16.0

42.5
54.00-55.10

44.5/54.0
59.4

87.3/93.3
96.9

93.3/98.34
98.34/108.97
98.34/108.97
98.5/108.97

121.30-122.50
122.2/131.8
122.2/131.8

148.1
152.35

151.0/160.8
159.5-159.7

179.2
196.05/199.4
196.05/199.4
205.65/209.1

219.65
224.2

252.1?
258.4?

252.4/259.05
263.55/267.0
266.3-267.9
267.0/268.75
268.75/273.25
276.5-276.9
276.7/278.45
288.05/292.55
288.05/292.55
297.75/304.7

311.55
311.95/315.3
311.95/315.3
315.3/317.05
315.3/317.05
321.55/325.0
324.8-325.2
331.25/334.3

334.5
336.05/340.55
336.05/340.55

348
355.34/359.84
355.34/359.84
364.0-364.6

367.6
364.85/369.36

369.1
370.25

372.7/374.46
374.2
379.65

378.95/382.4
381.5

384.15/388.65
388.65/393.75
388.65/393.75
393.75/398.25
398.25/403.45
398.25/403.45

400.2
413.05/414.55
414.45/416.05
414.45/416.05

418.45
436.15

438.35/440.2
440.65

441.95/443.45
443.45/444.95

445.2
447.95/449.45
447.95/449.45

451.1?
453.1?
453.9?
457.3?

Hole 884C

Interval

2H-CC/3H-CC

6H-CC/7H-CC

10X-CC/11X-CC

12X-CC/13X-CC

11X-CC/12X-CC

15X-CC/16X-CC
15X-CC/16X-CC

17X-CC/18X-CC

21X-CC/22X-CC
21X-CC/22X-CC
22X-CC/23X-CC

28X-CC/29X-CC

29X-CC/30X-CC

30X-CC/31X-CC

34X-CC/35X-CC

34X-CC/35X-CC

36X-CC/37X-CC

Depth (mbsf)

11.9/21.4

41.1
55

49.9/59.4
59.7

88.2/97.8
101.9

107.4/117.0

97.8/107.4

118.50-127.00
136.3/146.0
136.3/146.0

147.00-147.80
154.50-156.00

155.7/165.3
158.5-159.5

164.4
178

194.3/204.0
194.3/204.0
204.0/213.7

218.45
224.5
235.9
244.25

251.5-252.4
256.9

261.8/271.4

261.8-261.9

271.4/281.1

281.1/290.7

319.7/329.2

319.7/329.2
325.7

332.4

338.7/348.2
348.2



DIATOM STRATIGRAPHY

Datum

T C5n.2n
FO Denticulopsis dimorpha
FO Hemidiscus cuneiformis
LO Nitzschia heteropolica
LO Mediaria splendida
B C5n.2n
LCO Denticulopsis praedimorpha
T C5An.ln
B C5An.ln
T C5An.2n
B C5An.2n
FO Simonseniella barboi
T C5Ar.ln
B C5Ar.ln
T C5Ar.2n
B C5Ar.2n
LO Crucidenticula nicobarica
FO Denticulopsis praedimorpha
FCO Denticulopsis hustedtii
T C5AAn.ln
FO Nitzschia heteropolica
B C5ABn.ln*
T C5Cn.ln*
T C5Cn.ln*
FO Denticulopsis hustedtii
FO Denticulopsis hyalina
F0 Cavitatus lanceolatus
FO Actinocyclus ingens nodus
T C5Cn.ln?
FO Denticulopsis lauta
LO Crucidenticula kanayae
FO Denticulopsis praelauta
FO Nitzschia challenged
LO Crucidenticula sawamurae
FO Crucidenticula kanayae
T C5Dn.ln?
B C5Dn.ln?
FO Mediaria splendida
T C5En.ln
F0 Crucidenticula sawamurae
LO Thalassiosira praefraga
O Nitzschia maleinterpretaria
B C6n.ln?
FO Thalassiosira fraga

Table 2 (continued).

Hole 884B

Age (Ma) Source Interval Depth (mbsf)

9.777
(9.8)

(10.7-10.9)
(10.7-10.9)
(10.7-10.9)

10.834
(11.4)
11.852
12.000
12.108
12.333
(12.4)
12.618
12.649
12.718
12.764
(12.8)
(12.8)
(13.1)
12.941

(13.1-13.2)
13.476
13.674
14.059

14.2
(15.1)
(15.6)
(15.8)
16.035
(15.9)
(16.2)
(16.3)
(16.3)
(16.6)
(16.9)
17.31
17.65
(17.8)
18.317
(18.4)
(18.4)

(18.5-18.6)
20.162

20.1 (20.3)

4

3

3

50X-CC/51X-2, 27 cm
54X-CC/55X-CC
54X-CC/55X-CC
54X-CC/55X-CC

56X-2, 25 cm/56X-4, 25 cm

57X-CC/58X-2, 25 cm

58X-5, 25 cm/58X-6, 25 cm
58X-5, 25 cm/58X-6, 25 cm
58X-7, 25 cm/58X-CC

58X-CC/59X-2, 25 cm

60X-CC/61X-CC
62X-4, 25 cm/62X-6, 25 cm
62X-CC/63X-2, 25 cm
63X-2, 25 cm/63X-4, 25 cm

63X-3, 25 cm/63X-4, 25 cm
63X-6, 25 cm/63X-CC
63X-CC/64X-l,25cm
63X-CC/64X-l,25cm
64X-2, 25 cm/64X-3, 25 cm
64X-4, 28 cm/64X-5, 25 cm

65X-4, 25 cm/65X-6, 25 cm

65X-CC/66X-1, 25 cm
65X-CC/66X-l,25cm
66X-2, 25 cm

66X-5, 25 cm/66X-6, 25 cm

458.0-459.5?
459.3/461.07
497.8/507.4
497.8/507.4
497.8/507.4
498.0-507.0

509.15/512.15
520.7
522.1
523.0
525.5

526.7/528.45
528.5

530.00
531.00
532.50

532.75/534.25
532.75/534.25
535.75/536.4

535.00
536.4/538.15

542.3
550
559

555.6/565.3
567.05/570.05
574.8/576.55
576.55/579.55

580.0
578.05/579.55
582.55/583.83
583.83/584.65
583.83/584.65
586.15/587.65
589.15/590.65

594.2
599.0

598.85/601.85
602.8

603.8/604.05
603.8/604.05

605.55
610.0

610.05/611.55

Hole 884C

Interval Depth (mbsf)

458.0

Notes: See Gladenkov and Barron (this volume) for older datum levels. Magnetostratigraphy is after Shipboard Scientific Party (1993d) (InteΦretation 2) with some modification (see
explanation in text). Sources of ages for diatom events: 1 = Koizumi and Tanimura (1985); 2 = Koizumi (1992); 3 = Barron (1992); and 4 = Gersonde and Burckle (1990). See
Table 1 caption for further explanation; # = isolated, possibly local, occurrence.

sistent, but typically few, neritic planktonic diatoms typical of the
Arcto-Boreal region (Koizumi, 1973; Sancetta and Silvestri, 1986) as
well as benthic diatoms displaced from shelf environments. These
taxa include Thalassiosira gravida, Porosira glacialis, Detonula con-
feravea, Thalassiosira insigna, Thalassiosira hyalina, Pyxidicula
zabelinae, Delphineis spp., Odontella aurita, Actinoptychus senarius,
Paralia sulcata, and Pseudopyxilla americana as well as representa-
tives of the benthic genera Cocconeis and Diploneis; they are taken
as evidence for sediment transport from the Bering Sea or Aleutian
Shelf. It should be noted that this distinct arcto-boreal diatom assem-
blage only evolved in the latest Miocene (Barron, 1980a; Oreshkina,
1985), so that such a Bering Sea or Aleutian influence on sedimenta-
tion may extend further back in time (see Gladenkov and Barron, this
volume). This transport must have been contemporaneous, because
reworked diatoms are extremely rare in the middle Miocene through
Pleistocene of Site 884. Sparse occurrences of late Miocene to early
Pliocene diatoms and early Miocene diatoms are present in selected
intervals of the upper Pliocene and Pleistocene sediments.

Site 882

A complete sequence of diatom zones from late Miocene Subzone
a of the Neodenticula kamtschatica Zone through the late Quaternary
Neodenticula seminae Zone was cored at Site 882 on the top of the
Detroit Seamount at 50°21.8'N; 167°36.0'E (water depth, 3255 m)
(Fig. 5). The two holes that were drilled penetrated a 398-m-thick
section consisting of diatom oozes with intervals of clayey diatom

oozes down to approximately 70 mbsf. Below this level, occasional
intervals of diatom oozes with calcite overlay the diatom ooze. Dia-
toms are generally abundant to common and well preserved to mod-
erately well preserved throughout the sequence, and the assemblages
are dominated by subarctic, planktonic taxa (Neodenticula spp.,
Coscinodiscus marginatus, etc.). Recognition of diatom datum levels
was generally straightforward (Table 3), and good agreement was
found between the stratigraphic position of datum levels between
Holes 882Aand 882B. Diatom zonal and subzonal assignments were
made using the adopted criteria.

The magnetostratigraphy at Site 882 (Shipboard Scientific Party,
1993b; R. Tiedemann and R. Weeks, pers. comm., 1992) extends
down through the Gilbert Chron (Fig. 5); however, the separate events
of the Gauss Chron and the upper normal event of the Gilbert Chron
are only tentatively identified. The absolute ages of Pliocene and
Pleistocene diatom datum levels that are estimated at Site 882 based
on the magnetostratigraphy are shown in parentheses on Table 3 and
are discussed later.

A surprising result of drilling at Site 882 was the recovery of an
anomalously thick lower Pliocene section assignable to Subzones b
to c of the Neodenticula kamtschatica Zone. Over 190 m of section
(Cores 145-882A-20H through -39H), about 180-370 mbsf, were
cored throughout this interval (Fig. 4). The diatom assemblages are
dominated by N. kamtschatica and Coscinodiscus marginatus, which
are typical of early Pliocene assemblages of the subarctic North
Pacific. Chaetoceros spores, which are indicative of high continental
marginal productivity (Sancetta and Silvestri, 1986), are not espe-



J.A. BARRON, A.Y. GLADENKOV

Hole
884B

0

20-

40

60-

80-

100-

120-

140-

^ 160-

•g 180-

~ 200-
CL,
CD

Q 220-

240-

260-

280-

300-

320-

340-

360-

380-

400-

5H

9H

IZX~T

15x1

20xf

q
25 X |

1

3 0 X 1

1
35X

44X

Hole 8
884C |

1 — • —

5H

|10X

Fp
I15X

u

|20X

r"

25 X

30X

35X

Φ

Φ
O

is
to

Φ
Q.

fl>

Φ
O
O

Q.
k•
Φ
Q.Q.
3

>
ce

nc

u

lo
w

e
r 

F

Φ

o
c

e
r

p
p

e
r 

M

3

C
h

ro
n

s
c
3

CD

J.
(0

M
at

u
ya

rr
o

ü

G
ilb

er
t

J
jC3A

C3B

C4

o
a.•
I

3

1

Diatom
Zone

N. seminae

s.
curvirostrls

> / s / / / / / / ;

A. oculatus

'/////////
N. koizumii

N. koizumii

N.
kamtschatica

ch
at

ic
a

fi b

JS
2:

a

T. schraderi

I
400-

420-

ΔdC\.

460-

480'

500

w n .

540'

560-

580-

BOO1

620-

640-

660-

680-

700-

Hole
384B

45X

55X

60X

65X

70X

75X

S
e

ri
e

s

Φ
CΦ
O
O

ü
Q.
3

Φ

s
O

üΦ

m
id

d

Φ
C
/it

M
io

c<

d>

δ

U. EO
C

h
ro

n

C4

C4A

C5

C5A

C5AA
C5AB

C5AC

C5C

C5D
C5E-C6

1
é

P
ol

ar
it

-

Diatom
Zone

T. schraderi

D. katayamae

D. dimorpha

T. yabei

o.
praedimorpha

—C nicobarica~

D. hyalina

D. lautá
0, praβlauta
C. kanayae

C. sawamurae

T. fraαa

w

im
T. praefraga

R. gelida

C. rectus
R vin Hans

Unzoned

Y///////A

Figure 4. Stratigraphic position of cores, recovery (black), ages, placement of magnetostratigraphic chrons and subchrons, polarity log, and placement of diatom

zones in Holes 884B and 884C. The magnetostratigraphy shown is that of Shipboard Scientific Party (1993d) with minor modification (see text). Intervals filled

by slanted lines indicate uncertainty in the placement of biostratigraphic boundaries and/or absence of paleomagnetic stratigraphy. J = Jaramillo event, and O =

Olduvai event of the Matuyama Chron.

cially abundant in this interval; however, the high numbers of Thαlαs-
siothrix longissimα that are found throughout may be an indicate high
oceanic productivity (J. Baldauf, pers. comm., 1992). Relatively con-
sistent and occasionally common occurrences of Thαlαssiosirα cf.
oestrupii and Thαlαssionemα nitzschioides indicate incursions of
transitional waters that are associated with the subarctic polar front.
Sparse occurrences of subtropical taxa such as Hemidiscus cuneifor-
mis and Azpeitiα noduliferα suggest relatively warmer conditions.

Site 883

Site 883 was also drilled on the top of Detroit Seamount (51 ° 11.9'N,
167°46.1'E; water depth, 2396 m), 49 nmi to the north of Site 882.

Diatoms generally are abundant to common and well preserved to
moderately well preserved throughout the lower Miocene through
Quaternary section cored above 655 mbsf at Site 883; however, almost
no diatoms were observed in the Paleogene section. With the exception
of the middle Miocene Thαlαssiosirα yαbei and Crucidenticulα nico-
bαricα Zones, all of the Neogene North Pacific diatoms zones can be
recognized from the early Miocene Thαlαssiosirα prαefrαgα Zone
through the late Pleistocene Neodenticulα seminαe Zone (Fig. 6).
Standard diatom datum levels have been used to recognize these zones
(Table 4), and little or no displacement of diatom biostratigraphic
horizons is apparent among Holes 883B, 883C, and 883E.

The magnetostratigraphy at Site 883 extends down to the third
normal event of the Gilbert reversed polarity Chron (Shipboard Sci-
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entific Party, 1993c; G. Dubuisson, pers. comm., 1993) (Fig. 6). The
absolute ages of Pliocene to Pleistocene diatom datum levels that are
estimated at Site 883 based on the magnetostratigraphy are shown in
parentheses on Table 4 are discussed later.

A possible unconformity or compressed interval at the Pliocene/
Pleistocene boundary is suggested by the coincidence of the F0 of
Simonseniella curvirostris (1.58 Ma) and the last common occur-
rence (LCO) of Neodenticula koizumii (2.0 Ma) in the interval be-
tween Samples 145-883B-6H-CC and -7H-CC (55.4 to 64.9 mbsf) in
Hole 883B and between Samples 145-883C-7H-CC and -883C-8H-
CC (60.0-69.5 mbsf) in Hole 883C (Table 4). Paleomagnetic stratig-
raphy, however, identifies the Olduvai event of the Matuyama Chron
(1.98-1.76 Ma) at about 67 to 70 mbsf in Hole 883B, suggesting that
the LO of TV. koizumii may be younger at Site 883 than it is at Sites
882 and 881.

At Site 882, the early Pliocene was characterized by high sedimen-
tation rates (ca. 115 m/m.y.) that began near the Miocene/Pliocene
boundary (5.1 Ma) and apparently ended at about 3.4 Ma (Table 3). A
correlative lower Pliocene interval occurs between ca. 170 and 320
mbsf in Holes 883B and 883C (Fig. 6) and is also characterized by
high (ca. 100 m/m.y.) sediment accumulation rates.

The LCO of Thalassionema schraderi (7.45-7.35 Ma) in Sample
145-883B-46X-CC (438.9 mbsf) is anomalous in Hole 883B because
it falls above normally younger datum levels: the F 0 of Thalassiosira
jacksonii (6.6-6.5 Ma) in Sample 145-883B-46X-CC, the F0 of
Neodenticula kamtschatica {12-1A Ma) in Sample 145-883B-49X-
CC; and the first occurrence of Nitzschia reinholdii (7.3-7.2 Ma) in
Sample 145-883B-5OX-CC. Reworking of T. schraderi seems likely
in Hole 883B.

The entire late middle Miocene, as well as the earliest late Mio-
cene (ca. 13.1-9.8 Ma), is compressed within or removed from the
interval between Sample 145-883B-59X-2,22-23 cm (558.72 mbsf),
and the base of Core 145-883B-57X (547.1 mbsf). Within this inter-
val, Sample 145-883B-58X-CC does contain a Denticulopsis praedi-
morpha Zone assemblage (12.8-11.4 Ma), but unfortunately only
0.83 m was recovered in Core 145-883B-58X. An attempt to recover
this compressed interval in Core 145-883E-1R (547.0-556.5 mbsf)
failed because the top of the 6.15-m-thick section recovered in that core
correlates with the Denticulopsis hyalina Zone and is older than 13.1 Ma.

Thus, either a greatly compressed interval or two hiatuses—one
removing the Thalassiosira yabei Zone (11.4-9.8 Ma) and the other
removing the Crucidenticula nicobarica Zone (13.1-12.8 Ma)—
must be present at Site 883. An equivalent interval also is missing or
greatly compressed at Gulf of Alaska DSDP Site 183 (Barron, 1989).

Sample 145-883B-68X-CC, 3^ cm, is assigned to the early Mio-
cene Thalassiosira praefraga Zone based on the presence of Azpeitia
oligocenica and Cavitatus rectus and the absence of Thalassiosira
fraga and Rocella spp. (see Gladenkov and Barron, this volume).
Below, at the base of the core catcher (interval ca. 39 cm), a poorly
preserved latest Oligocene(?) assemblage containing Lisitzinia or-
nata, Cavitatus jouseanus, and Kiesseleviella magnaareolata was
observed. A sharp lithologic break between greenish gray, diatom-
rich calcareous chalk above and light brownish gray, diatom-poor
calcareous chalk below the 10-cm level in the core catcher of Core
145-883B-68X possibly represents an unconformity between the late
Oligocene (>24 Ma) and the latest part of the early Miocene T.
praefraga Zone (ca. 20.5 Ma).

Site 881

An apparently continuous sequence of upper Miocene through
Quaternary sediments was recovered at Site 881 (47°6.1'N, 161°29.5'E;
water depth, 5531 m). The 335-m-thick section consists of diatom ooze
overlain by clayey diatom ooze, the latter containing numerous ash
layers. Diatoms generally are common to abundant and moderately
well preserved to well preserved throughout the section recovered at
Site 881. In parts of the upper Pliocene and Pleistocene section, how-

Holθ Hole
882A 882B

Figure 5. Stratigraphic position of cores, recovery (black), ages, placement of
magnetostratigraphic chrons and subchrons, and placement of diatom zones in
Holes 882A and 882B. The magnetostratigraphy shown is that of Shipboard
Scientific Party (1993b) and R. Tiedemann and R. Weeks (pers. comm., 1992).
Intervals filled by slanted lines indicate uncertainty in the placement of
biostratigraphic boundaries.
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Hole Hole Diatom
Zone

Diatom
Zone

J.dimorpha
+D. praedimorpha

D. praelauta

T. praefraga
I. Oligocene

4 6 0 -

480 -I

Figure 6. Stratigraphic position of cores, recovery (black), ages, placement of magnetostratigraphic chrons and subchrons, polarity log, and placement of diatom zones

in Holes 883B, 883C, and 883E. The magnetostratigraphy shown is that of Shipboard Scientific Party (1993c) and G. Dubuisson (pers. comm., 1993). Intervals filled

by slanted lines indicate uncertainty in the placement of biostratigraphic boundaries and/or absence of paleomagnetic stratigraphy. U.O. = upper Oligocene.

ever, diatoms are few in abundance because of increases in clay and
other detrital materials. Assemblages commonly are dominated by
Coscinodiscus mαrginαtus, a large, robust diatom that is resistant to
dissolution and fragmentation.

A complete sequence from the late Miocene Thαlαssionemα
schrαderi Zone through the late Quaternary Neodenticulα seminαe

Zone was recovered from the four holes cored at Site 881 (Fig. 7).
Hole 881 A, represented by a single core, recovered only uppermost
Quaternary sediments. An uppermost Pliocene through Quaternary
record (the last 2.6 m.y.) was recovered in Holes 88IB and 88IC.
Hole 88ID was drilled to retrieve uppermost lower Pliocene and
lowermost upper Pliocene not recovered in Hole 88IC. Hole 88IC

12



DIATOM STRATIGRAPHY

Table 3. Age and stratigraphic position of diatom datum levels and magnetic polarity events in Holes 882A and 882B.

LO
B
T

Datum

Simonseniella curvirostris
Cln.ln
Clr.ln

LCO Actinocyclus oculatus
B
FO
LO
T
B
LO
T

Clr.ln
Simonseniella curvirostris
Pyxidicula horridus
C2n.ln
C2n.ln
Neodenticula koizumii
C2An.ln

LCO Neodenticula kamtschatica
F0
B
LO
B
LO
F0
B
F0
T
B
T
B
LO
T
B
T
FO
B
F0
F0
F0
LO
FO

Neodenticula seminae
C2An.ln?
Thalassiosira marujamica
C2An.2n?
Thalassiosira jacksonii
Neodenticula koizumii
C2An.3n?
Actinocyclus oculatus
C3n.ln?
C3n.ln?
C3n.2n
C3n.2n
Thalassiosira jacksonii (plicate)
C3n.3n
C3n.3n
C3n.4n
Thalassiosira latimarginata s.str.
Cn.4n
Thalassiosira jacksonii (plicate)
Thalassiosira latimarginata s.ampl.
Thalassiosira oestrupii
Thalassiosira miocenica
Thalassiosira miocenica

Age (Ma)

0.3
0.78
0.98
1.0
1.05
1.58

(1.6-1.8)
1.76
1.98

(2.0-2.1)
2.6

2.63-2.7
2.7

3.054
(3.1-3.2)

3.221
(3.3-3.4)

(3.4)
3.553

(3.6-3.7)
4.033
4.134
4.265
4.611

(4.5-4.6)
4.694
4.611
4.812

(4.8-4.9)
5.046

(4.9-5.1)
(4.9-5.1)

5.4
5.7
6.2

Source

2

1

1

1
1

3
1
3

Hole 882A

Interval

1H-CC/2H-CC
4H-4, 120 cm
5H-6, 0-52 cm
4H-CC/5H-CC
6H-2, 10 cm
7H-CC/8H-CC
7H-CC/8H-CC
9H-1,10 cm
9H-2, 135 cm
8H-CC/9H-CC
11H-3, 80 cm
11H-CC/12H-CC
11H-CC/12H-CC

16H-CC/17H-CC

18H-CC/19H-CC
19H-CC/20H-CC

21H-CC/22H-CC

34H-CC/35H-CC

36H-CC/37H-CC

37H-CC/38H-CC
37H-CC/38H-CC
39H-CC/40H-CC
40H-CC/41H-CC
>42H-CC

Depth (mbsf)

8.8/18.3
33.5

44.8-45.32
37.3/46.8

48.4
65.8/75.3
65.8/75.8

75.4
78.15

75.3/84.8
98.1

103.8/113.3
103.8/113.3

146.5
151.3/160.8

165.5
170.3/179.8
179.8/189.3

202.0
198.8/208.3

267.0
279.0
302.0
317.0

322.3/331.8
329.0
336.0
342.0

341.3/350.8
357.0

350.8/360.3
350.8/360.3
369.8/379.3
379.3/388.8

>398.8

Hole 882B

Interval

1H-CC/2H-CC
5H-l,40cm
6H-2, 80 cm
5H-CC/6H-CC

8H-CC/9H-CC
9H-CC/10H-CC

9H-CC/10H-CC

11H-CC/12H-CC
11H-CC/12H-CC

17H-CC/18H-CC

19H-CC/20H-CC

20H-CC/21H-CC

Depth (mbsf)

4.4/13.9
33.3
44.7

42.4/51.9

70.9/80.4
80.4/89.9

80.4/89.9

99.4/108.9
99.4/108.9

156.4/165.9

175.4/184.9

184.9/194.4

Notes: Magnetic polarity events after Shipboard Scientific Party (1993b) and R. Tiedemann and R. Weeks (written comm., 1992). Sources of ages for diatom events: 1 = Koizumi and
Tanimura (1985); 2 = Koizumi (1992); and 3 = magnetostratigraphic correlations of Sites 884 and 887 (Tables 1 and 2). See Table 1 caption for further expanation.

penetrated the oldest sediments at this site, which are late Miocene
(ca. 7.4 Ma) in age. The stratigraphic position of diatom datum levels
in Holes 88IB and 88IC are listed in Table 5.

The magnetostratigraphy at Site 881 extends down to the upper-
most part of the Gilbert Chron (Shipboard Scientific Party, 1993a).
The absolute ages of Pliocene to Pleistocene diatom datum levels that
are estimated at Site 881 based on the magnetostratigraphy are shown
in parentheses on Table 5 and are discussed below.

DISCUSSION

The age estimates of the Miocene and Pliocene diatom datum
levels derived from the magnetostratigraphy at Sites 881-884 and 887
allow comparison to previously published age estimates (Tables 6,7).
The present age estimates are derived from correlation to the Cande
and Kent (1992) geomagnetic polarity time scale; however, differing
sample spacing and sediment accumulation rates at the various sites
result in varying degrees of refinement in the estimated ages. Thus,
resolution of the degree of isochroneity or diachroneity of individual
diatom datum levels in the North Pacific is limited. Nevertheless, a
number of observations can be made.

Miocene Datum Levels

Based on available magnetostratigraphic control (Table 6) and
synthesis studies (Koizumi, 1985; Akiba, 1986; Barron, 1992), the
following Miocene datum levels appear to be essentially isochronous
and widely applicable in the North Pacific: the FO of C. kanayae
(16.9 Ma), the F0 of Denticulopsis praelauta (16.3 Ma), the FO of
D. lauta (15.9 Ma), the F0 of D. hyalina (14.9 Ma), first common
occurrence (FCO) of D. hustedtü(\3A Ma), the F0 of D. praedimor-
pha (12.8 Ma), the LCO of D. praedimorpha (11.4 Ma), FO of D.
dimorpha (9.8 Ma), F0 of Thalassionema schraderi (9.3 Ma), the LO
of D. dimorpha (9.0 Ma), the LCO of D. hustedtii (8.4 Ma), the LCO
of T. schraderi (7.45-7.35 Ma), the F0 of Neodenticula kamtschatica

(7.2-7. 1 Ma), the LO of Cavitatus jouseanus (6.5-6.6 Ma), the F0 of
Thalassiosira miocenica (6.2 Ma), the F0 of T. praeoestrupii (5.95
Ma), the LO of Rouxia californica (5.7-5.75 Ma), and the F0 of T.
oestrupii (5.3 Ma). The F0 of Crucidenticula sawamurae (18.4 Ma)
is isochronous between Sites 884 and 887, but it is younger in the equa-
torial Pacific (17.55 Ma). Similarly, the FO of Thalassiosira fraga
(20.3 Ma) may also be widely isochronous, but its magnetostrati-
graphic calibration is more equivocal. Not surprisingly, virtually all
of these datum levels have been widely used in various North Pacific
diatom zonations (Koizumi, 1973,1985; Barron, 1980a, 1981,1985b,
1992; Maruyama, 1984; Koizumi and Tanimura, 1985; Akiba, 1986).
It should be pointed out, however, that the F0 of N. kamtschatica is
delayed in the California region (ca. 5.3 Ma), whereas Rouxia cali-
fornica has an earlier LO (about 6.5 Ma) according to Barron (1992).

The FO of Actinocyclus ingens var. nodus (15.8 Ma) and the FO
of Simonseniella barboi (12.4 Ma) may be approximately isochro-
nous between Sites 884 and 887. However, comparison with other
datum levels (Barron, 1992) suggests that these two cold-water dia-
toms may have delayed FOs in the California region (40°-33°N)
(15.1 and 11.5 Ma, respectively).

Likewise, the FOs and LOs of certain warm-water diatom taxa
appear to vary across latitude in the North Pacific—namely, the LO
of Crucidenticula nicobarica (12.8-12.4 Ma), the FO of Hemidiscus
cuneiformis (11.7-10.4 Ma), the F0 of Nitzschia fossilis (8.4-7.6
Ma), and the F0 of N. reinholdii (7.2-6.9 Ma)— but confirmation of
this diachroneity must await magnetostratigraphic studies at lower
latitudes (45°-30° N) in the North Pacific. The LO of Thalassiosira
miocenica, another tropical diatom, appears to be slightly diachro-
nous (5.9-5.7 Ma) in the North Pacific.

Pliocene Datum Levels

The F0 of Thalassiosira jacksonii (plicate form) (5.0 Ma), the F0
of T. latimarginata s. str. (4.9 Ma), the LO of T. jacksonii (plicate
form) (4.6 Ma), and the LO of T. marujamica (3.2-3.1 Ma) appear to
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Table 4. Age and stratigraphic position of diatom datum levels and magnetic polarity events in Holes 883B and 883C.

LO
B
T

Datum

Simonseniella curvirostris
Cln.ln
Clr.ln

LCO Actinocyclus oculatus
B
F0
LO
T
LO
LO
B
T
LCO
FO
B
T
LO
LO
B
T
FO
B
FO
T
B
T
B
T
LO
LO
F0
F0
F0
LO
F0
LO
F0
FO
FO
FO
LO
F0
LCO
LO
F0
F0
FCO
FO
F0
F0
F0
LO
F0
0
LO
F0

Clr.ln
Simonseniella curvirostris
Pyxidicula horridus
C2n.ln
Pyxidicula pustulata
Neodenticula koizumii
C2n.ln
C2An.ln
Neodenticula kamtschatica
Neodenticula seminae
C2An.ln
C2An.2n
Thalassiosira marujamica
Thalassiosira jacksonii
C2An.2n
C2An.3n
Neodenticula koizumii
C2An.3n
Actinocyclus oculatus
C3n.ln
C3n.ln
C3n.2n?
C3n.2n?
C3n.3n
Thalassiosira jacksonii (plicate)
Thalassiosira insigna
Thalassiosira latimarginata
Thalassiosira jacksonii (plicate)
Thalassiosira oestrupii
Thalassiosira miocenica
Thalassiosira praeoestrupii
Thalassiosira praeconvexa
Thalassiosira miocenica
Thalassiosira jacksonii
Neodenticula kamtschatica
Nitzschia reinholdii
Thalassionema schraderi
Nitzschia fossilis
Denticulops
Denticulops
Denticulops
Denticulops
Denticulops
Denticulops
Denticulops
Denticulops

s hustedtii
s dimorpha
s dimorpha
s praedimorpha
s hustedtii
s hyalina
s lauta
s praelauta

Crucidenticula sawamurae
Azpeitia oligocenica
Thalassiosira fraga
Lisitzinia ornata
Pyxilla gracilis
Cavitatus miocenica

Age (Ma)

0.3
0.78

0.984
1.0

1.049
1.58

(1.6-1.8)
1.757

(1.9-2.1)
(1.6-1.8)

1.983
2.6

2.63-2.7
2.7

3.054
3.127
(3.1)

(3.1-3.2)
3.221
3.325

(3.45-3.55)
3.553
(3.7)
4.033
4.134
4.265
4.432
4.611

(4.5^.6)
(4.5^.7)
(4.8^.9)
(5.3-5.4)

5.3
5.7

5.95
6.3
6.2

6.5-6.6
7.1-7.2
7.2-7.3

7.4
7.6-7.7

8.4
9.0
9.8
12.8
13.1
15.1
I5.i)
16.3
IS.4
20.3
20.1

24.3-27.9
30.3
30.6

Source

2

1

1

1
1

3
1
4

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
5
5
-
6
6

Hole 883B

Interval

1H-CC/2H-CC
4H-5, 50 cm
5H-5, 120 cm
4H-CC/5H-CC
6H-1, 100 cm
6H-CC/7H-CC
6H-CC/7H-CC
8H-2, 70 cm
7H-CC/8H-CC
6H-CC/7H-CC
8H-4, 60 cm
9H-7to 10H-1
9H-CC/10H-CC
9H-CC/10H-CC

15H-2, 91 cm/15H-2, 135 cm
14H-CC/15H-CC

18H-CC/19H-CC

20H-CC/21H-CC

30H-CC/31H-CC
30H-CC/31H-CC
31H-CC/32X-CC
33X-CC/34X-CC
33X-CC/34X-CC
34X-CC/35X-CC
34X-CC/35X-CC
39X-CC/40X-CC
44X-CC/45X-CC
46X-CC/47X-CC
49X-CC/50X-CC
50X-CC/51X-CC
45X-CC/46X-CC
53X-CC/54X-CC
53X-CC/54-2, 104 cm
57.4, 104 cm/57X-CC
57X-CC/58X-CC
58X-CC/59-2, 22 cm
58X-CC/59-2, 22 cm
60X-CC/61-2, 104 cm
62X-CC/63-2, 104 cm
63-2, 104 cm/63-4, 104 cm
65X-CC/66-2, 104 cm
67X-CC/68X-CC, 3
68-4, 22 cm/68X-CC,3
68X-CC
68X-CC/69X-CC
69X-CC/70X-CC

Depth (mbsf)

7.9/17.4
33.30
43.50

36.4/45.9
47.00

55.4/64.9
55.4/64.9

67.1
64.9/74.4
55.4/64.9

70
83.7-84.3
83.9/93.4
83.9/93.4

125.15
133.9

133.81/134.25
131.4/140.4

141.45
154.9

159.9/168.4
170.4

178.9/188.4
231.65
241.45
266.2

277.95
287.45

283.4/292.9
283.4/292.9
292.9/302.5
312.2/321.9
312.2/321.9
321.9/331.5
321.9/331.5
370.2/380.0
419.2/429.0
439.3/448.7
468.1/477.9
477.9/487.9
429.0/438.9
507.6/517.4
507.6/510.14
542.64/547.1
547.1/557.0

557.0/558.72
557.0/558.72
577.0/579.54
597.0/599.54
599.54/602.54
626.3/628.84
645.1/652.13
649.87/652.13

654.8
654.8/664.4
664.4/674.1

Hole 883C

Interval

2H-CC/3H-CC
5H-3, 55 cm
6H-1, 85-125 cm
5H-CC/6H-CC
6H-5, 135 cm
7H-CC/8H-CC
7H-CC/8H-CC
8H-5, 150 cm
7H-CC/8H-CC
7H-CC/8H-CC
8H-7 to 9H-2
10H-4, 50 cm
9H-CC/10H-CC
9H-CC/10H-CC

15H-CC/16H-CC
15H-CC/16H-CC

18H-CC/19H-CC

20H-CC/21H-CC

3OX-CC/31X-CC

31X-CC/32X-CC
34X-CC/35H-CC
34X-CC/35H-CC
35H-CC/36H-CC

Depth (mbsf)

12.5/22.0
35.05

41.85-42.25
41.0/50.5

48.35
60.0/69.5
60.0/69.5

67.5
60.0/69.5
60.0/69.5

69.70-71.05
84.00

79.9/88.5
79.9/88.5

136.0/145.5
136.0/145.5

164.5/174.0

183.5/193.0

278.3/288.0

288.0/297.6
314.19/326.5
314.19/326.5
326.5/336.0

Notes: Magnetic polarity events after Shipboard Scientific Party (1993c) and G. Dubuisson (written comm., 1993). Sources of ages of diatom events: 1 = Koizumi and Tanimura
(1985); 2 = Koizumi (1992); 3 = magnetostratigraphic correlations of Sites 884 and 887 (Tables 1 and 2); 4 = Boden (1993); 5 = Barron (1992); and 6 = Harwood and Maruyama
(1992). See Table 1 caption for further explanation.

be nearly isochronous in the North Pacific region of Leg 145 (Table 7);
however, Koizumi (1992) records older ages for the F0 of T. lati-
marginata (as T. trifultá) (to 5.7 Ma) and the LO of T. marujamica (5.4
Ma) from the Sea of Japan. It also should be pointed out that T. maru-
jamica can be very sparse and sporadic in Leg 145 sediments (Barron,
this volume), so that recognition of its LO may be very difficult.

The LO of Thalassiosira insigna (ca. 4.7 Ma) also may appear to
be approximately isochronous in the North Pacific (see Barron, 1980a).
However, T. insigna is very sparse and sporadic in Leg 145 sediments,
and probably is more common in neritic regions of the North Pacific
and the Bering Sea (Barron, 1980a; J.A. Barron, unpubl. data).

As recognized by Koizumi and Tanimura (1985), the F0 of Neo-
denticula koizumii is diachronous across latitude, ranging from about
3.95-3.75 Ma at Site 881 to 3.4 Ma at Site 882. All of these occur-
rences are younger than the 4.2 Ma (Subchron C3r.lr) age for the F0
of N. koizumii reported by Basilian et al. (1991) in Kamchatka, and
one must regret the widespread use of this datum level in North
Pacific diatom stratigraphy where it marks the top of the Neoden-

ticula kamtschatica Zone and the base of the overlying Neodenticula
koizumii-N. kamtschatica Zone (Fig. 2).

We hoped that the FO of Actinocyclus oculatus might prove to be
a more reliable stratigraphic marker than the F0 of Neodenticula
koizumii in the middle part of the Pliocene north of about 40°N.
Valves of A. oculatus are easier to identify at low magnification in the
light microscope because of their commonly blue interference colors
and distinctive areolar pattern. Similarly, the more robust nature of the
valves of A. oculatus, compared with those of N. koizumii, would
suggest that it should be less susceptible to dissolution. The magne-
tostratigraphy, however, indicates that the FO of A. oculatus varies
from about 3.9 to 3.65 Ma at the Leg 145 sites (Table 7).

Similarly, the LO of Thalassiosira jacksonii also shows a consid-
erable range in Leg 145 sediments (ca. 3.7-3.1 Ma), which supports
Koizumi's (1992) data from the Sea of Japan. This diachroneity
probably reflects the sparse occurrence of T. jacksonii in Leg 145
sediments (Barron, this volume) as well as the relatively delicate
nature of its valves.
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Table 5. Age and stratigraphic position of diatom datum levels and magnetic polarity events in Holes 881B, 881C, and 881D.

Datum

LO Simonseniella curvirostris
B Cln.ln
T Clr.ln
LO Rhizosolenia matuyamai
B Clr.lr
FO Rhizosolenia matuyamai
LCO Actinocyclus oculatus
FO Simonseniella curvirostris
LO Pyxidicula pustulata
T C2n.ln
B C2n.ln
LO Neodenticula koizumii
T C2n.2n
B C2n.2n
LO Thalassiosira convexa
T C2An.ln

T C2An.ln
LCO Neodenticula kamtschatica
F0 Neodenticula seminae
B C2An.ln
LO Thalassiosira jacksonii
T C2An.2n
LO Thalassiosira marujamica
B C2An.2n
T C2An.3n
B C2An.3n
T C3n.ln
FO Neodenticula koizumii
FO Actinocyclus oculatus
LO Thalassiosira jacksonii (plicate)
FO Thalassiosira latimarginata
FO Thalassiosira oestrupii
LCO Rouxia californica
FO Thalassiosira jacksonii
F0 Nitzschia reinholdii
FO Neodenticula kamtschatica
LO Thalassionema schraderi

Age (Ma)

0.30
0.78

0.984
0.91-1.04

1.049
0.98-1.12

1.0
1.58
(1.7)
1.757
1.983
2.0

2.197
2.229

2.4
2.6

2.6
2.63-2.7

2.7
3.054
(3.1)
3.127

(3.1-3.2)
3.221
3.325
3.553
4.033

(3.75-3.95)
(3.75-3.95)

4.6
4.8-4.9

5.3
6.3

6.5-6.6
7.2-7.3
7.1-7.2

7.4

Source

2

1

1
1
1

2

1

1
1

3
3
3
4
3
3
3
3

Hole 88IB

Interval

3H-CC/4H-CC
6H-3, 0 cm
7H-2, 55 cm/7H-4, 60 cm

7H-6, 120 cm

7H-CC/8H-CC
10H-CC/11H-CC
10H-CC/11H-CC
12H-3, 10 cm
12H-6, 95 cm
11H-CC/12H-CC
13H-6, 30 cm
14H-2, 50 cm ?
15H-CC/16H-CC?
18H-2, 130 cm

Hole 88ID

1H-6, 5cm/2H-l,0cm
1H-CC/2H-CC
1H-CC/2H-CC
3H-3, 120 cm
3H-4, 125 cm/3H-5, 125 cm
3H-5, 150 cm
3H-5, 125cm/3H-CC
4H-l,70cm
4H-2, 120 cm
5H-4, 40 cm/5H-6, 100 cm
6H-6, 80 cm?
>6H-CC
>6H-CC

Depth (mbsf)

24.5/34.0
46.5

55.05-58.1

61.7

62.5/72.0
91.0/100.5
91.0/100.5

103.6
108.95

100.5/110.0
117.8/119.8

121.5?
138.5/148.0

164.8

163.0/164.5
164.75/174.0
164.75/174.0

178.2
179.75/181.25

181.5
181.25/183.5

184.2
186.2

197.9/201.5
210.8

>212.0
>212.0

Hole 88IC

Interval

3H-CC/4H-CC
6H-5, 30 cm
7H-5, 30 cm
7H-CC/8H-CC
8H-2, 20 cm or 8H-4, 140 cm
8H-CC/9H-CC
7H-CC/8H-CC
11H-CC/12H-CC
11H-CC/12H-CC
12H-5, 20 cm?
13H-2, 10 cm?
11H-CC/12H-CC
14H-4, 75 cm
14H-7, 70 cm

18X-CC/21-l,25cm
18X-CC/21-l,25cm

18X-CC/21-l,25cm

18X-CC/21-l,25cm

23X-CC/25X-CC
23X-CC/25X-CC
27X-CC/29X-CC
29X-CC/30X-CC
30X-CC/32-l,46cm
32X-3, 46 cm/32X-CC
32X-CC/35X-CC
35X-CC/36X-CC
35X-CC/36X-CC

Depth (mbsf)

22.8/32.3
48.1
57.6

60.8/70.3
62.5 or 66.7

70.3/79.8
60.8/70.3

98.8/108.3
98.8/108.3

105?
109.9?

98.9/108.3
123.05
127.5

162.3/182.0
162.3/182.0

162.3/182.0

162.3/182.0

209.7/228.7
209.7/228.7
248.0/267.2
267.2/276.9

276.9/286.96
288.46/296.20
296.2/325.10
325.1/334.8
325.1/334.8

Notes: Magnetic polarity events after Shipboard Scientific Party (1993a). Sources of ages for diatom events: 1 = Koizumi and Tanimura (1985); 2 = Koizumi (1992); 3 = magneto-
stratigraphic correlations of Sites 884 and 887; and 4 = Barron (1992). See Table 1 caption for further explanation.

Unfortunately, the latest Pliocene datum levels, that is, the LO of
Pyxidicula zabelinae, the LO of Neodenticula koizumii, the LO of
P. pustulata, and the LO of P. horridus, have only been resolved
to within 200 k.y., so little can be said about their isochroneity.
Koizumi's (1992) proposal to use the LCO of N. koizumii to mark the
top of the N. koizumii Zone and the base of the overlying Actinocyclus
oculatus Zone appears to be warranted. Paleomagnetically calibrated
ages at Sites 882 and 884 are in good agreement with Koizumi's
(1992) 1.9-2.1 Ma age estimates for this datum in the Sea of Japan.
The younger age estimate (1.8-1.6 Ma) for this datum at Site 883 is
the exception. As noted earlier, however, an unconformity likely
truncates the top of the Olduvai event of the Matuyama Chron at Site
883. These data support the arguments of Sancetta and Silvestri
(1986) and others, that quantitative studies are necessary to resolve
age estimates of the latest Pliocene and Pleistocene diatom datum
levels in the North Pacific adequately.

SUMMARY

Sediments cored during Leg 145 at Sites 881 to 884 and 887 pro-
vide valuable lower Miocene through Pleistocene reference sections
for North Pacific diatom biostratigraphy. Essentially complete late
early Miocene through Quaternary magnetostratigraphies at Sites 884
and 887 allow the first detailed magnetostratigraphic calibration of
over 40 diatom datum levels between Subchron C5En (18.817-18.317
Ma) and Subchron C3Bn (6.901-6.744 Ma) in the North Pacific. In
addition, the magnetostratigraphic calibrations of 20 younger (latest
Miocene and Pliocene) diatom datum levels are provided from Sites
881,882, 883, 884, and 887.

When compared with each other and with published data, most of
those late early Miocene through Pliocene diatom datum levels that
have been widely used in the North Pacific for biostratigraphy appear
to be isochronous within the level of resolution constrained by sample
spacing. Reliable Miocene diatom datum levels in the North Pacific
include the F0 of C. kanayae (16.9 Ma), the FO of Denticulopsis
praelauta (16.3 Ma), the FO of D. lauta (15.9 Ma), the F0 of D.
hyalina (14.9 Ma), the FCO of D. hustedtii (13.1 Ma), the FO of D.
praedimorpha (12.8 Ma), the LCO of D. praedimorpha (11.4 Ma), the
F0 of D. dimorpha (9.8 Ma), the FO of Thalassionema schraderi (9.3
Ma), the LO of D. dimorpha (9.0 Ma), the LCO of D. hustedtii (8.4
Ma), the LCO of T. schraderi (7.45-7.35 Ma), the F0 of Neodenticula
kamtschatica (J2-1A Ma), the LO of Cavitatus jouseanus (6.5-6.6
Ma), the F0 of Thalassiosira miocenica (6.2 Ma), the F0 of T.
praeoestrupii (5.95 Ma), the LO of Rouxia californica (5.7-5.75 Ma),
and the F0 of T. oestrupii (5.3 Ma). Within the Pliocene, the FO of
Thalassiosira jacksonii (plicate form) (5.0 Ma), the FO of T. latimar-
ginata s. str. (4.9 Ma), the LO of T. jacksonii (plicate form) (4.6 Ma),
and the LO of T. marujamica (3.2-3.1 Ma) appear to be reliable datum
levels within the North Pacific region covered by Leg 145.

Available magnetostratigraphy suggests that a few widely used
Miocene diatom datum levels are diachronous across latitude in the
North Pacific: the F0 of Crucidenticula sawamurae (18.4-17.55 Ma),
the F0 of Actinocyclus ingens var. nodus (15.8-15.1 Ma), and the F0
of Simonseniella barboi (12.4-11.5 Ma). Although the younger cali-
bration for the F0 of C. sawamurae comes from the equatorial Pacific,
that datum level is isochronous between Sites 884 and 887; so the FO
of C. sawamurae may be a reliable datum level in the middle-to-high
latitude North Pacific. Within the Pliocene, diachroneity is documented
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Table 6. Comparison of ages of late early Miocene to latest Miocene diatom datum levels derived from magnetostratigraphy in Leg 145 holes with pub-
lished ages.

Datum

LO Rouxia californica
LO Thalassiosira miocenica
LO Thalassiosira singularis
FO Thalassiosira praeoestrupii
FO Thalassiosira miocenica
F0 Thalassiosira jacksonii
LO Cavitatus jouseanus
FO Thalassiosira marujamica
F0 Neodenticula kamtschatica
F0 Nitzschia reinholdii
LCO Thalassionema schraderi
F0 Nitzschia pliocena
F0 Nitzschia fossilis
FO Nitzschia rolandü
FO Thalassiosira gravida
F0 Thalassiosira singularis
F0 Nitzschia prae reinholdii
LCO Denticulops
LO Denticulops
FO Thalassiosir
FO Denticulops
FO Thalassione
FO Denticulops

s hustedtii
s dimorpha
a minutissima
's katayamae
na schraderi
s dimorpha

FO Hemidiscus cuneiformis
LO Nitzschia heteropolica
LO Mediaria splendida
LCO Denticulopsis praedimorpha
FO Simonseniella barboi
LO Crucidenticula nicobarica
F0 Denticulopsis praedimorpha
FCO Denticulopsis hustedtii
F0 Nitzschia heteropolica
F0 Denticulopsis hustedtii
F0 Denticulopsis hyalina
F0 Actinocyclus ingens var. nodus
F0 Denticulopsis lauta
LO Crucidenticula kanayae
F0 Denticulopsis praelauta
FO Crucidenticula kanayae
F0 Crucidenticula sawamurae
LO Thalassiosira praefraga
FO Thalassiosira fraga

Hole 884B

5.7-5.75
5.8
5.8
5.95
6.2

6.5-6.6
6.5-6.6
6.8-6.9
7.1-7.2

7.35-7.45
7.6-7.7
7.6-7.7
7.8-7.9
7.9-8.0
7.9-8.0

8.3
8.4
9.0
9.1
9.1
9.3
9.8

10.7-10.9
10.7-10.9
10.7-10.9

11.4
12.4
12.8
12.8
13.1

13.1-13.2
14.4-14.8

14.9
15.8
15.9
16.2
16.3
16.9
18.4
18.4
20.3?

Site 887

5.9*

6.2*

6.6*

7.1-7.2*
7.2-7.3*
7.4-7.5*

8.4*
8.8-8.9*

9.4*
9.4*
9.4*

9.8-9.9*
10.4-10.6
10.6-10.8
11.4-11.5
11.2-11.4
12.0-12.4*
12.4-12.6*
12.7-13.1
12.7-13.1
12.4-12.6*
13.6-14.6*
14.9-15.1*
15.5-16.7*

16.7-17.1
18.3-18.5

Published ages

Age (Ma)

5.7
5.7
6.5
5.95
6.3

6.8; 6.1-6.8
6.5

6.0-7.5
7

6.9
7.2; 7.6
7.8; 8.3

8.4
7.5; 8.3-8.5

7.9-8.0
7.7-7.9

11.7-11.8
8.6
9.1

9.4-9.7
9.3

8.4-8.6
9.6
11.7
11.4
10.2
11.4
11.5

12.2;12.4
12.8

13.65
11.9-12.0

14.2
14.9
15.1
15.9
14.7
16.2
16.7
17.55
17.8
20.1

PM?

Yes
Yes
No
Yes
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Yes(So)
Yes

Yes(So); No
Yes(So)

No
No

Yes(So)
Yes
No
No
No
No

Yes(Eq)
Yes(Eq)
No(Eq)
Yes(So)

Source

1
1
2
7
2

2:3
2
3
2
2

2:3
3:2

2
2:3

2
2
2
2
2
2
2
2
2
2
2
2

5:6
2

6; 2
4:5

2
2
4
2
2
2
2
2
2
2
2
6

Notes: Source of ages for diatom events: 1 = Koizumi and Tanimura (1985), 2 = Barron (1992), 3 = Koizumi (1992), 4 = Gersonde and Burckle (1990), 5 = Harwood and Maruyama
(1992), 6 = Baldauf and Barron (1991), and 7 = Bodén (1993). See Table 1 caption for further explanation. PM? = paleomagnetic calibration? Asterisk (*) = correlated between
Holes 887A and 887C by GRAPE events. So = Southern Ocean, and Eq = equatorial Pacific Ocean.

Table 7. Comparison of ages of latest Miocene through Pleistocene diatom datum levels derived from magnetostratigraphy in Leg 145 holes with pub-
lished ages.

Datum Site 884B Site 887 Site 882 Site 883 Site 881

Published ages

Age (Ma) PM? Source

LO Pyxidicula horridus 1.8-2.0 1.6-1.8 1.6-1.8
LO Pyxidicula pustulata 2.0-2.2 1.9-2.1
LO Neodenticula koizumii 2.0-2.2 2.0-2.1 1.6-1.8
LO Pyxidicula zabelinae 2.0-2.2
LO Thalassiosira marujamica 3.1-3.2 3.25 3.1-3.2 3.1
LO Thalassiosira jacksonii 3.7-3.8 3.3-3.4 3.1-3.2
FO Neodenticula koizumii 3.7-3.8 3.70 3.4 3.45-3.55
FO Actinocyclus oculatus 3.9 3.65 3.6-3.7 3.7
LO Thalassiosira jacksonii (plicate) 4.6 4.8 (d) 4.5-4.6 4.5-4.6
LO Thalassiosira insigna 4.7—4.8 4.5-4.7
FO Thalassiosira tertiaria 4.85
F0 Thalassiosira latimarginata s.str. 4.9 5.0 4.8-4.9 4.8-4.9
F0 Thalassiosira jacksonii (plicate) 5.0 5.0 4.9-5.1
FO Thalassiosira latimarginata s. ampl. 5.3 4.9-5.1
FO Thalassiosira oestrupii 5.3 5.3*

3.1-3.2
3.1

3.75-3.95
3.75-3.95

1.8
1.8

1.9-2.1
2.8-3.13

3.05-3.45
3.25^.05
3.51-3.85

2.3-3.85

4.6

5.05-5.7

5.4; 5.7

No
No
Yes
Yes
Yes
Yes
Yes
Yes

No

No

2; 1

Notes: See captions of Tables 1 and 6 for further explanation, with the addition of 8 = Barron (1980). (d) = dissolution controlled.
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Hole
881B

N. koizumii

-N.

kamtschatica

Figure 7. Stratigraphic position of cores, recovery (black), ages, placement of
magnetostratigraphic chrons and subchrons, and placement of diatom zones in
Holes 88IB, 88IC, and 88ID. The magnetostratigraphy shown is that of
Shipboard Scientific Party (1993a). Intervals filled by slanted lines indicate
uncertainty in the placement of magnetostratigraphic and biostratigraphic
boundaries and/or absence of paleomagnetic stratigraphy.

for the F0 of Actinocyclus oculαtus (3.9-3.6 Ma), the F0 of Neoden-
ticulα koizumii (3.75-3.4 Ma), and the LO of Neodenticulα koizumii
(ca. 2.0-1.7 Ma).
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APPENDIX

New Species

We have invited Tatjana Oreshkina to formally publish this new species here,
because she had described this form in her unpublished Ph.D. dissertation.

Thαlαssiosirα minutissimα Oreshkina, nov. sp.
(Figs. 8A-D)

Thαlαssiosirα prαeconvexα Burckle sensu Schrader, 1973, pi. 11, figs. 10-15
Thαlαssiosirα sp. 1 sensu Barron, 1980a, pi. 5, figs. 6, 7
Thαlαssiosirα sp. 1 sensu Barron, 1981, pi. 5, fig. 5
Thαlαssiosirα sp. 1 of Barron sensu Koizumi and Tanimura, 1985, pi. 4, figs.

1-3
Thαlαssiosirα prαeconvexα Schrader sensu Oreshkina, 1985, pi. 2, figs. 1, 2
Thαlαssiosirα cf. prαeconvexα Schrader sensu Akiba, 1986, pi. 8, fig. 5
Thαlαssiosirα sp. 1 sensu Barron 1980 in Baldauf and Barron, pi. 1, figs. 3,

5,6

Description. Valve circular, convex, slightly depressed in the center, 8-10
µm in diameter. Areolae tangentially arranged, somewhat disordered, isolated
from each other, 7-8 in 10 m. Areolae on the mantle finer, 12-15 in 10 µm.
On the valve face 1—2 mucous pores are present near the center. Margin striated
with about 16 striae in 10 µm and a ring of short spines, 10 in 10 µm.

Remarks. Thαlαssiosirα minutissimα is a reliable stratigraphic marker in
the upper part of the Denticulopsis dimorphα Zone and the D. kαtαyαmαe Zone
in the North Pacific. In also occurs during the approximately same stratigraphic
interval in the Southern Ocean (Baldauf and Barron, 1991; Harwood and
Maruyama, 1992).

Holotype. Figure 8D, Sample 19-192-25R-2,40-42 cm, Mejii Seamount,
northwest Pacific. Slide #4596/4 deposited in the Geological Institute, Russian
Academy of Science Collection (Moscow).
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Isotypes. Figures 8A and 8C, Sample 19-192-25R-2, 40-42 cm. Slide
#4596/4 deposited in the Geological Institute, Russian Academy of Science
Collection (Moscow).

Taxonomic References

Stratigraphically important early middle Miocene and older taxa are treated
and illustrated in Gladenkov and Barron (this volume). For stratigraphically
important younger taxa, the taxon's formal citation is given along with impor-
tant synonyms. In general, only a reference to representative illustrations
(separated from the taxon's name by a semicolon) is provided, and the reader
is referred to these references for a more thorough taxonomic treatment.

Actinocyclus curvatulus Janisch; Koizumi, 1973, pi. 1, figs. 1-6
Actinocyclus oculatus Jousé; Barron, 1980a, pi. 5, figs. 1, 3
Azpeitia nodulifera (Schmidt) Fryxell et Sims = Coscinodiscus nodulifer

Schmidt; Akiba, 1986, pi. 2, figs. 6-7, pi. 3, fig. 6
Crucidenticula nicobarica (Grunow) Akiba et Yanagisawa; Akiba, 1986, pi.

26, figs. 1-4
Denticulopsis crassa Yanagisawa et Akiba, 1990, p. 248, pi. 3, figs. 21-27, pi.

12, figs. 1-8
Denticulopsis dimorpha (Schrader) Simonsen; Akiba, 1986, pi. 26, fig. 9; pi.

27, figs. 1-13
Denticulopsis hustedtii (Simonsen et Kanaya) Simonsen; Akiba, 1986, pi. 28,

figs. 5-18
Denticulopsis hyalina (Schrader) Simonsen; Akiba, 1986, pi. 26, figs. 20-25
Denticulopsis katayamae Maruyama; Akiba, 1986, pi. 28, figs, \-^
Denticulopsis praedimorpha Barron ex Akiba; Akiba, 1986, pi. 26, fig. 8; pi.

27, figs. 14-26
Hemidiscus cuneiformis Wallich; Akiba, 1986, pi. 16, figs. 3-4
Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa; Akiba, 1986, pi.

25, figs. 7-27
Neodenticula koizumii Akiba et Yanagisawa = Denticulopsis seminae f. fos-

silis Koizumi, 1973, pi. 5, figs. 30, 37, 38
Neodenticula seminae (Simonsen et Kanaya) Akiba et Yanagisawa in Akiba,

1986, pi. 25, figs. 28-32
Nitzschia fossilis (Frenguelli) ex Schrader; Akiba, 1986, pi. 22, figs. 1, 2, 3(?)
Nitzschia grunowii Hasle; Akiba, 1986, pi. 24, figs. 19-21
Nitzschia heteropolica Schrader; Akiba, 1986, pi. 23, fig. 3
Nitzschia miocenica Burckle; Akiba, 1986, pi. 23, figs. 10, 14
Nitzschia pliocena (Bran) Mertz; Akiba, 1986, pi. 23, figs. 6-9
Nitzschia praereinholdii Schrader, 1973, p. 708, pi. 5, figs. 20, 23-26
Nitzschia reinholdii Kanaya ex Schrader; Akiba, 1986, pi. 22, figs. 4-5
Nitzschia rolandii Schrader; Akiba, 1986, pi. 25, figs. 1-6.
Nitzschia suikoensis Koizumi, 1980, pi. 1, figs. 1-6
Porosira punctata (Jousé) Makarova, 1988, p. 1184, pi. 1, figs. 1-16 =

Thalassiosira punctata Jousé; Akiba, 1986, pi. 9, figs. 5, 6
Pseudopodosira elegans Sheshukova-Poretzkaya; Akiba, 1986, pi. 4, figs. 5-7
Pyxidicula horridus (Koizumi) Oreshkina in Gladenkov et al., 1992, p. 201,

pi. XLVI, figs. 8-10 = Stephanopyxis horridus Koizumi, 1972, p. 348, pi.
42, figs. la-2b; Koizumi, 1973, pi. 6, figs, l^

Pyxidicula pustulata (Mann) Oreshkina in Gladenkov et al., 1992, p. 201, pi.
XLV, figs. 7-9 = Coscinodiscuspustulatus Mann, 1907, p. 257, pi. 48, fig.
3; Koizumi, 1973, pi. 4, figs. \^X

Pyxidicula zabelinae (Jousé) Makarova et Moiseyeva, 1986, p. 244, pi. 1, figs.
2-25; pi. 2, figs. 1-15 = Thalassiosira zabelinae Jousé; Akiba, 1986, pi.
8, fig. 11

Rhizosolenia matuyamai Burckle; Barron, 1980b, pi. 7, figs. 9-12
Rossiella tatsunokuchiensis (Koizumi) Gersonde et Schrader; Akiba, 1986, pi.

19, figs. 7-12
Rouxia californica Peragallo; Akiba, 1986, pi. 21, figs. 5-6
Simonseniella barboi (Bran) Fenner, 1991, p. 108 = Rhizosolenia barboi

(Brun) Tempère et Peragallo; Akiba, 1986, pi. 18, fig. 2
Simonseniella curvirostris (Jousé) Fenner, 1991, p. 108, pi. 3, figs. 1, 3 =

Rhizosolenia curvirostris Jousé; Akiba, 1986, pi. 18, fig. 3
Thalassionema robusta Schrader, 1973, p. 712, pi. 23, figs. 24, 35-37
Thalassionema schraderi Akiba; Akiba, 1986, pi. 21, figs. 13-16
Thalassiosira convexa Muchina; Akiba, 1986, pi. 8, fig. 1
Thalassiosira gravida Cleve; Akiba, 1986, pi. 10, figs. 1-4
Thalassiosira insigna (Jousé) Harwood et Maruyama = Cosmiodiscus insignis

Jousé; Akiba, 1986, pi. 17, fig. 1
Thalassiosira jacksonii Koizumi et Barron; Akiba, 1986, pi. 11, fig. 2
Thalassiosira jacksonii (plicate form).

Remarks. Plicate specimens of T. jacksonii are included here.

Thalassiosira jouseae Akiba, 1985, pi. 6, figs. 8-10 = Thalassiosira nidulus
(Tempère et Brun) Jousé sensu Barron, 1980a, pi. 6, fig. 5

Thalassiosira latimarginata Makarova, 1975, p. 150, figs. 3, 4 = T. trifulta
Fryxell, Akiba, 1986, pi. 10, figs. 5,7 (not 6); = Coscinodiscus excentricus
Ehr., sensu Koizumi, 1973, pi. 2, figs. 11-12; = C. excentricus var.
fasciculata Hust. sensu Koizumi, 1973, pi. 2, figs. 13-16; = C. excentricus
var. jousei Kanaya sensu Koizumi, 1973, pi. 3, figs. 1-6; = C. excentricus
var. leasareolatus Kanaya sensu Koizumi, 1973, pi. 3, figs. 7-11

Thalassiosira latimarginata Makarova s. ampl.
Remarks. Forms closely resembling T. latimarginata but lacking a definite

trifultate arrangement of central processes (such as in T. trifulta Fryxell, Akiba,
1986, pi. 10, fig. 6) are included here.
Thalassiosira manifesta Sheshukova-Poretzkaya; Akiba, 1986, pi. 9, figs. 1-3
Thalassiosira marujamica Shesukova-Poretzkaya; Akiba, 1986, pi. 13, figs.

1-7; = Thalassiosira nativa Sheshukova-Poretzkaya sensu Barron, 1980a,
pi. 6, figs. 8-9?

Thalassiosira miocenica Schrader; Barron, 1985b, pi. 11, fig. 11
Thalassiosira oestrupü (Ostenfeld) Proshkina-Lavrenko; Akiba, 1986, pi. 14,

figs. 1-6
Remarks. The Pliocene forms are probably T. tetraoestrupii Bodén, 1993,

p. 63, pi. 1, figs. A-G, and pi. 2, figs. A, B, H, and J. However, these two forms
are difficult to distinguish from each other in the light microscope, so no effort
was made to tabulate them separately.
Thalassiosira praeoestrupii Dumont, Baldauf, et Barron; Bodén, 1993, p. 67,

pi. 1, figs. H-J; pi. 2, figs. C-F, I
Thalassiosira singularis Sheshukova-Poretzkaya; Akiba, 1986, pi. 12, figs.

6-8
Thalassiosira tertiaria Sheshukova-Poretzkaya, 1967, pi. 15, fig. 2
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