
30. SYNTHESIS OF BIOSTRATIGRAPHY, CENTRAL EQUATORIAL PACIFIC, DEEP SEA
DRILLING PROJECT LEG 85: REFINEMENT OF OLIGOCENE TO QUATERNARY

BIOCHRONOLOGY1

John A. Barron, U.S. Geological Survey, Menlo Park
Catherine A. Nigrini, Scripps Institution of Oceanography

Annick Pujos, Université de Bordeaux
Tsunemasa Saito, Yamagata University

Fritz Theyer, Hawaii Institute of Geophysics
Ellen Thomas, Scripps Institution of Oceanography

and
Norbert Weinreich, Institut für Geophysik, Ruhr Universitàt Bochum2

ABSTRACT

Biostratigraphic studies using planktonic and benthic foraminifers, calcareous nannofossils, radiolarians, diatoms,
and silicoflagellates are summarized for the four main sequences (Sites 572 to 575) collected during DSDP Leg 85 in the
central equatorial Pacific. Upper Eocene through Quaternary reference sections were recovered at Sites 573 and 574,
and middle Miocene through Quaternary and lower Miocene through Quaternary reference sections were cored at Sites
572 and 575, respectively. Detailed graphic correlation plots suggest that Site 573 may contain as many as nine short hia-
tuses. Site 572 in the fertile eastern equatorial Pacific is apparently free of hiatuses, and Sites 574 and 575 have hiatuses
(two each) only in the compressed upper sections.

Few inconsistencies exist in the various microfossil stratigraphies. Diachronous species occurrences are identified,
and age estimates for 66 late Eocene through Quaternary microfossil datums have been extrapolated from age-vs.-depth
plots constructed from 63 datums with direct and/or indirect ties to paleomagnetic stratigraphy.

An addendum presents an alternative biostratigraphic time scale for the middle and late Miocene based on a correla-
tion of paleomagnetic Anomaly 5 with paleomagnetic Chron 11.

INTRODUCTION

Upwelling associated with the equatorial current sys-
tem renews the supply of nutrients to the surface waters
along the equator in the central Pacific and creates one
of the Earth's most fertile planktonic belts. Production
rates of both biogenic carbonate (planktonic foramini-
fers and calcareous nannofossils) and silica (diatoms and
radiolarians) are high in this equatorial belt, which has
a present-day width of 3 to 4° and a maximum expres-
sion in the sediment slightly offset to the north of the
equator. Siliceous microfossils (mostly diatoms) are dom-
inant in sediment east of 120°W, whereas carbonate mi-
crofossils become increasingly more abundant to the west.
Spreading and rotation of the ocean crust away from the
East Pacific Rise has resulted in a northwestward dis-
placement of this equatorial Pacific sediment bulge.

The central equatorial Pacific has received considera-
ble attention for biostratigraphic and paleoceanograph-
ic studies in recent years (van Andel et al., 1975; Leinen,
1979; Savin et al., 1981; Keller and Barron, 1983). DSDP
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Office).
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ent address) 510 Papyrus Dr., La Habra Heights, CA 90631; (Pujos) Université de Bordeaux,
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Site 77 has been thoroughly studied for planktonic fora-
minifers (Jenkins and Orr, 1972; Keller, 1980, 1981,
1983a), calcareous nannofossils (Bukry, 1972; Gartner,
1972; Lohmann and Carlson, 1981), radiolarians (Goll,
1972, 1979; Westberg and Riedel, 1978), and diatoms
(Milow in Hays et al., 1972; Keller et al., 1982; Barron,
1981, 1983; Harwood, 1982). Site 77 has undoubtedly
been the most important reference section for establish-
ing microfossil datum sequences for the low-latitude Pa-
cific and for correlating planktonic microfossil stratigra-
phies. Site 77 has also been well researched for benthic
and planktonic foraminiferal isotopes (Haq et al., 1980;
Savin et al., 1981; Keigwin and Keller, 1984).

A primary purpose of DSDP Leg 85 was to complete
hydraulic piston coring in this high-productivity area of
the central equatorial Pacific. Recovery of relatively un-
disturbed cores in sediment with moderate to high (> 15
m/m.y.) accumulation rates would allow high-resolution
stratigraphic and isotope studies to be extended back in
time at least as far as the early Miocene. Such high-reso-
lution studies are needed not only to refine the resolu-
tion of Cenozoic time; they are also crucial for under-
standing the mechanisms and sequencing of paleocean-
ographic and paleoclimatic changes (e.g., Keller and Bar-
ron, 1983; Vincent and Killingley, this volume).

Five sites were occupied during Leg 85 (Sites 571 to
575) (Fig. 1). Sites 571 and 572 lie near the eastern edge
of the equatorial sediment bulge; Sites 573 to 575 form
a south-to-north transect (0°N to 6°N) at about 133°W,
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Figure 1. Cruise track and site locations of DSDP Leg 85 in relation to acoustic sediment thickness (con-
tours in tenths of seconds of two-way traveltime) and previously drilled DSDP holes in the central
equatorial Pacific.

near the center of the bulge. Seventeen holes, the major-
ity of which were completed with hydraulic piston cor-
ing, were drilled at the five sites (Table 1).

BIOSTRATIGRAPHIC TIME SCALE

The biostratigraphic time scale adopted for Leg 85
(Fig. 2) incorporates the planktonic foraminiferal zones
of Blow (1969) and Berggren (1969) (with some modifi-
cation by Saito, this volume); the calcareous nannofos-
sil zones of Bukry (1975), with notation after Okada
and Bukry (1980); the radiolarian zones of Nigrini (1971)
and Riedel and Sanfilippo (1978); and the diatom zones
of Burckle (1972) and Barron (1983, in press, and this
volume). The silicoflagellate zones of Bukry (1981, 1983)
have also been included on the time scale on the basis of
their correlation with other microfossil zones in Leg 85
material.

The paleomagnetic time scale utilized is that of Berg-
gren, Kent, and Flynn (in press) and Berggren, Kent,
and Van Couvering (in press), and the paleomagnetic

chrons are recognized in the manner of LaBrecque et al.
(1977) and Tauxe et al. (1983). See also the Addendum
to this chapter.

Correlation of the Eocene and Oligocene zones with
paleomagnetic stratigraphy follows Poore et al. (1983)
and Berggren, Kent, and Flynn (in press), for the most
part. Radiolarian zonal boundaries have been shifted
somewhat, on the basis of Leg 85 results (Nigrini, this
volume). Correlation of the CP17/CP18 calcareous nan-
nofossil zone boundary with the upper part of the re-
versed event of paleomagnetic Chron C12 at about 33.3
Ma (Lowrie et al., 1982) is accepted in preference to cor-
relation of that datum lower in Chron C12 at about 34.1
Ma (Berggren, Kent, and Flynn, in press), because it is
more consistent with Leg 85 planktonic foraminiferal and
radiolarian stratigraphy (see section on age-vs.-depth
plots).

The Miocene correlations of biozones with paleomag-
netic stratigraphy are after Barron et al. (in press), and
include new direct paleomagnetic correlations for paleo-

Table 1. Summary of locations, coring records, and oldest sediments cored, DSDP Leg 85 holes.

Hole

571
572
572A
572B
572C
572D
573
573A
573B
574
574A
574B
574C
575
575A
575B
575C

Latitude

03°59.84'N
01°26.09'N
01°26.09'N
01°26.09'N
01°26.09'N
01°26.09'N
00°29.91'N
00°29.91'N
00°29.91'N
04°12.52'N
04°12.52'N
04°12.52'N
04°12.53'N
O5°51.OO'N
O5°51.O0'N
O5°51.OO'N
O5°51.OO'N

Longitude

114°08.53'W
113°50.52'W
113°5O.52'W
113°5O.52'W
113°5O.52'W
113°5O.52'W
133°18.57'W
133°18.57'W
133°18.57'W
133°19.81'W
133°19.81'W
133°19.81'W
133°19.81'W
135°02.16'W
135°02.16'W
135°02.16'W
135°02.16'W

Water
deptha

(m)

3962
3893
3893
3893
3893
3893
4301
4301
4301
4561
4561
4561
4561
4536
4536
4536
4536

Sub-bottom
depth

range cored
(m)

0-7.11
0-18.7
0-154

154-169.4
0-169.5

151-489.0
0-158.6

14.0-57.7
138.5-529.0

0-206.5
6.0-186.2

185.0-194.0
194.5-532.5

0-98.6
93.8-208.4
3.3-119.0

0-15.8

Number
of cores

1
2

17
4

20
34
19
6

43
31
23

1
37
11
33
14
2

Total core
recovered

(m)

7.11
9.25

154.35
19.95

161.56
258.87
159.4
53.5

279.7
208.93
180.74

9.45
197.35
99.35

140.53
118.68

15.91

Oldest
sediment

cored

Pleistocene
Pleistocene
upper Miocene
upper Miocene
upper Miocene
middle Miocene
upper Miocene
lower Pliocene
upper Eocene
lower Miocene
lower Miocene
lower Miocene
upper Eocene
lower Miocene
lower Miocene
lower Miocene
upper Miocene

a Water depth from sea level.

906



SYNTHESIS OF BIOSTRATIGRAPHY, LEG 85

magnetic Chrons 16 and 17 in Hole 575A, utilizing the
paleomagnetic data of Weinreich and Theyer (this vol-
ume). The Pliocene and Pleistocene time scale adopted
results from paleomagnetic correlations of planktonic
foraminifers (Saito et al., 1975; Berggren et al., 1980),
calcareous nannofossils (Gartner, 1973; Backman and
Shackleton, 1983), radiolarians (Theyer et al., 1978; La-
bracherie, this volume), and diatoms (Burckle, 1972,
1978).

The epoch boundaries adopted in the Leg 85 biostrati-
graphic time scale (Fig. 2) include those of Berggren,
Kent, and Flynn (in press) for the Eocene/Oligocene,
early Oligocene/late Oligocene, and Oligocene/Miocene
boundaries; that of Ryan et al. (1974) for the early Mio-
cene/middle Miocene boundary; those of Berggren (1984)
for the middle Miocene/late Miocene, Miocene/Pliocene,
and early Pliocene/late Pliocene boundaries; and that
of Berggren et al. (1980) for the Pliocene/Pleistocene
boundary.

It should be noted that this biostratigraphic time scale
is updated from the time scale presented in the Intro-
duction to this volume, although most differences are
minor (see Addendum for larger changes).

SITE SUMMARIES

The records of coring, biostratigraphic zonation, and
paleomagnetic stratigraphy at Sites 572 to 575 are sum-
marized on Figures 3 to 7. Only one core (of uppermost
Quaternary sediment) was recovered at Site 571, because
that site was occupied primarily for heat-flow studies.
The base of that core (Core 571-1) contains planktonic
foraminifers of Zone N23, calcareous nannofossils of
Subzone CN14a, radiolarians of the Amphirhopalum yp-
silon Zone, and diatoms of the Pseudoeunotia doliolus
Zone, and is approximately 500,000 to 650,000 yrs. old.
The reader is referred to the calcareous nannofossil chap-
ter of Pujos ("Nannofossils from Quaternary Deposits,"
this volume) and the radiolarian chapter of Labracherie
(this volume) for detailed stratigraphic data from Core
571-1.

Site 572

Site 572 lies within the eastern equatorial Pacific, where
the permanent thermocline is relatively shallow (>60 m)
(Wyrtki, 1966) and diatoms dominate the sediment. A
complete reference section apparently free of hiatuses was
recovered from the lower middle Miocene (about 15 Ma)
through the Quaternary at the site (Fig. 3). Hydraulic
piston coring extended down to the uppermost Miocene
(about 170 m sub-bottom), and was completed in four
of the five holes (Holes 572, 572A, 572B, and 572C).
Uppermost Quaternary sediment was present in the sin-
gle core successfully recovered from Hole 572, so Hole
572 is not included on Figure 3. Rotary coring (Hole
572D) extended from the uppermost Miocene (151.0 m
sub-bottom) to the lower middle Miocene (464.5 m sub-
bottom), and was terminated 13 m above the sediment/
basalt contact.

Dissolution of calcareous microfossils (especially plank-
tonic foraminifers) is common to sporadic in the Mio-
cene section at Site 572. A sharp downhole change from

rich, well preserved planktonic foraminiferal assemblages
to monotonous, moderately well preserved assemblages
occurs at about 155 m sub-bottom (about 5.9 Ma). Pli-
ocene and Quaternary planktonic foraminifers can be
readily correlated with the paleomagnetically dated deep-
sea sequences west of Site 572 (Hays et al., 1969; Saito
et al., 1975), and coiling changes in Pulleniatina are also
useful for biostratigraphy (Saito, this volume).

Site 572 lies a few miles south and west of Site 81
(Fig. 1). Although the paleontologists of Leg 9 (Hays et
al., 1972) assigned the basal sediments of Site 81 to plank-
tonic foraminiferal Zone N8, basal sediments of Site 572
(Sample 572-33,CC) contain sparse specimens of Orbu-
lina universa and are assigned to Zone N9. Radiolarians
(Dorcadospyris alata Zone) and diatoms (Subzone B of
the Cestodiscus peplum Zone) are consistent with this
Zone N9 assignment (Fig. 3).

The sequence of microfossil zones and subzones at
Site 572 is in good agreement with the Leg 85 biostrati-
graphic time scale (Fig. 2), except for the CN9 calcare-
ous nannofossil zones of Pujos ("Cenozoic Nannofos-
sils," this volume) and Gartner and Chow (this volume).
The CN8/CN9 boundary has been calibrated in numer-
ous Pacific sections with lower Zone N17, upper Didy-
mocyrtis antepenultima Zone, and Subzone A of the Nitz-
schia ported Zone by Keller et al. (1982) and Barron et
al. (in press). Gartner and Chow's placement of the CN8/
CN9 boundary in Core 572D-8 agrees well with this cor-
relation, whereas Pujos' assignment of the CN8/CN9
boundary to the base of Core 572D-2 coincides with the
lowermost parts of the Stichocorys peregrina and Tha-
lassiosira convexa zones, and is more than 2 m.y. youn-
ger (6.0 Ma vs. 8.3 Ma). Similarly, Gartner and Chow's
placement of the CN9a/CN9b boundary in Core 572D-7
agrees well with the results of Keller et al. (1982) and
Barron et al. (in press), who note that the CN9a/CN9b
boundary (the first occurrence of the calcareous nanno-
fossil Amaurolithus primus) almost coincides with the
base of the Nitzschia miocenica Zone in the eastern equa-
torial Pacific (7.3 Ma). Pujos, on the other hand, places
the CN9a/CN9b boundary substantially higher in Core
572A-17 (about 5.9 Ma).

Pujos' assignment of the CN9/CN10 boundary, to the
base of Core 572A-13, approximates the N18/N19 bound-
ary (5.2 Ma) and the Subzone B/Subzone C boundary
of the Thalassiosira convexa Zone (5.1 Ma), a correla-
tion noted elsewhere in the eastern equatorial Pacific by
Keller et al. (1982). Gartner (1973) tied the last occur-
rence of Discoaster quinqueramus, the marker for the
CN9/CN10 boundary, with the middle of paleomagnet-
ic Chron 5 (about 5.5 Ma), but more recently Gartner et
al. (1983) have argued for a correlation of this calcare-
ous nannofossil zonal boundary with the Miocene/Plio-
cene boundary, or about 5.1 Ma. At Site 572, Gartner
and Chow's placement of the CN9/CN10 boundary in
Core 572A-11 falls well into the lower Pliocene, and is
certainly too high.

The Dorcadospyris alata/Diartus petterssoni zonal
boundary is somewhat older at Site 572 (Fig. 3), with re-
spect to diatoms and planktonic foraminifers, than it is
in the Leg 85 biostratigraphic time scale (Fig. 2) and at
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both Site 574 and Site 575. In these latter cases, the D.
alata/D. petterssoni zonal boundary approximates the
N12/N13 and Coscinodiscus gigas var. diorama/Cras-
pedodiscus coscinodiscus zonal boundaries. At Site 572,
however, the D. alata/D. petterssoni zonal boundary falls
in lower Zone N12 and lower C. gigas var. diorama Zone
(Fig. 3); at Site 573 (Fig. 4), a correlation with the even
older Zone Nil and Coscinodiscus lewisianus Zone is
suggested.

It should also be noted that Nigrini's (this volume)
placement of the Amphirhopalum ypsilon/Collosphae-
ra tuberosa radiolarian zonal boundary in Core 572A-2
is about 6 m stratigraphically below Labracherie's (this
volume) assignment in Core 572A-1.

Site 573

Site 573 was chosen near Site 77, which has been the
location of the most extensively studied central equato-
rial Pacific deep-sea section in recent years. The objec-
tive at Site 573 was to obtain an HPC section for the up-
per part of the Site 77 section and to core the Eocene/
Oligocene boundary. Site 573 is about 10 km (6 mi.)
west of Site 77, over a sediment section about 50 m thicker
than that at Site 77.

Upper Eocene through Quaternary sediment, typically
containing well-preserved planktonic and benthic fora-
minifers, calcareous nannofossils, radiolarians, and dia-
toms, was recovered at Site 573 (Fig. 4). Virtually all of
the sediment section is readily zonable by planktonic mi-
crofossils, although the thin upper Eocene section lacks
both radiolarians and diatoms and part of the lower Mi-
ocene section is essentially barren of diatoms. In Hole
573, hydraulic piston coring extended down to 158.6 m
sub-bottom, just above the middle Miocene/upper Mio-
cene boundary. Rotary coring in Hole 573B was com-
pleted to 529.0 m sub-bottom, with the sediment/basalt
contact encountered at 528.0 m sub-bottom in upper Eo-
cene sediments assignable to Zones P16 and CP15.

The Eocene/Oligocene boundary lies within Core
573B-42 (at approximately 525 m sub-bottom), in a very
dark brown metalliferous claystone unit (Subunit IIIB
of site chapter) relatively poor in microfossils. The strati-
graphically lowest radiolarians and diatoms at Site 573
occur in Sample 573-42-1, 0-1 cm, and are assignable to
the Oligocene Theocyrtis tuberosa and Coscinodiscus ex-
cavatus zones, respectively. Pujos ("Cenozoic Nanno-
fossils," this volume) places the CP15/CP16b boundary
of calcareous nannofossils between Samples 573B-42-4,
58 cm and 573B-42-2, 50 cm. Planktonic foraminiferal
assemblages correlated with Zone P16 occur in Sample
573B-42-4, 123-124 cm, whereas Saito (this volume) ten-
tatively assigns Sample 573B-42-2, 5-8 cm to Oligocene
Zone PI8. The Eocene benthic foraminifers Nuttallides
truempyi and Alabamina dissonata are present in Sam-
ple 573B-42-4, 144-147 cm, but poor preservation in the
immediately overlying samples prevents accurate place-
ment of their last-appearance datums. The sum of all
the evidence suggests that a hiatus, or greatly compressed
interval equivalent to Zone P17 (37.4 to 36.3 Ma), is
present in Section 3 of Core 573B-42. A coeval hiatus at
the Eocene/Oligocene boundary is present at Site 289

on the Ontong-Java Plateau in the western equatorial
Pacific (Andrews et al., 1975), and is extensive in the Pa-
cific Basin (Kennett et al., 1975).

In Hole 573, paleomagnetic stratigraphy was obtained
down to the lower Gauss paleomagnetic Chron (Core
573-6); paleomagnetic stratigraphy extended down to the
Cochiti event of the Gilbert Chron in Hole 573A (Wein-
reich and Theyer, this volume). Within the constraints
of the sample intervals, correlations of the various mi-
crofossil zones with paleomagnetic stratigraphy are con-
sistent with the Leg 85 time scale (Figs. 2, 4). The de-
tailed studies of the Quaternary by Pujos ("Nannofos-
sils from Quaternary Deposits," this volume, calcareous
nannofossils) and Labracherie (this volume, radiolari-
ans) show more precise calibration of microfossil events
to paleomagnetic stratigraphy.

The sequence of planktonic microfossil zones (Fig. 4)
encountered at Site 573 shows some inconsistencies when
compared with the Leg 85 time scale (Fig. 2). The N5/
N6 and N17/N18 zonal boundaries appear to be slightly
older with respect to the other microfossil zones at Site
573. The N5/N6 boundary was correlated with paleo-
magnetic stratigraphy in Hole 575A, where an age of
18.1 Ma was implied, coincident with the lower part of
the Stichocorys wolffii Zone of radiolarians. At Site
573, Zone N6 appears to be longer in duration, its base
correlating with the middle of the Stichocorys delmon-
tensis Zone. Correlation of the base of N6 in Hole 574C
(Fig. 5) is also with the middle of the S. delmontensis
Zone, so it is possible that the correlation of the N5/N6
boundary with the upper normal event of paleomagnet-
ic Chron 17, inferred from Hole 575A, is too young.
Berggren (1984) indirectly correlates the N5/N6 boundary
with earliest paleomagnetic Chron 17 (about 19.0 Ma),
a correlation supported by correlations with radiolarian
stratigraphy at Sites 573 and 574.

In a similar manner, placement of the N17/N18 bound-
ary in Core 573-11 is at odds with calcareous nanno-
fossil and diatom stratigraphies, which suggest that the
Miocene/Pliocene boundary should lie in Core 573-10
(Fig. 4).

There are also a number of inconsistencies between
the calcareous nannofossil stratigraphies of Pujos and
Gartner and Chow at Site 573 (Fig. 4). As at Site 572,
the CN8/CN9 and CN9a/CN9b boundaries of Gartner
and Chow are more consistent with the Leg 85 biostrati-
graphic time scale than are the CN8/CN9 and CN9a/
CN9b boundaries of Pujos. It is worthwhile to note,
however, that Pujos' placement of these boundaries is
internally consistent with respect to the other microfos-
sil zones at Sites 572 and 573 (Figs. 3, 4). Pujos' assign-
ment of the CN7/CN8 boundary in Core 573B-4 is fa-
vored over Gartner and Chow's placement of that bound-
ary in Core 573B-5, on the basis of the near coincidence
of her CN7/CN8 boundary with the Actinocyclus mo-
ronensis/Coscinodiscus yabei zonal boundary of diatoms
at Sites 572 (Fig. 3) and 574 (Fig. 5).

Differences in placement of the CN1/CN2 and CP18/
CP19 zonal boundaries by Pujos and by Gartner and
Chow will be discussed in a later section dealing with
graphic correlation plots between the sites.
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Figure 4. Coring record, biostratigraphic zonation, benthic foraminiferal events, and paleomagnetic stratigraphy at Site 573. Shaded intervals repre-
sent core recovery. Stratigraphy shown is for Holes 573 and 573B. See Nigrini (this volume), Barron (this volume), and Weinreich and Theyer
(this volume) for correlation between duplicated holes. Benthic foraminiferal events are labeled on Table 6; vertical bar with asterisks represents
time of maximum turnover in benthic foraminiferal assemblages. Paleomagnetic chrons are listed in left part of column, paleomagnetic anomaly
numbers in right part of column.
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As discussed earlier, the Dorcadospyris alata/Diartus
petterssoni radiolarian zonal boundary seems anomalously
old at Site 573 with respect to the other microfossil stra-
tigraphies, but other radiolarian zonal boundaries ap-
pear to agree reasonably well with the Leg 85 biostrati-
graphic time scale.

Selected benthic foraminiferal datums which show the
most consistency in correlations between Sites 573, 574,
and 575 (Thomas, this volume) are numbered Bl through
B7 on Figures 4 to 6. Events Bl and B2, the last appear-
ances of Alabamina dissonata and Nuttallides truem-
pyi, respectively, closely approximate the Eocene/Oligo-
cene boundary, and have been discussed earlier. Events
B3 through B7 include the first appearance of Melonis
barleeanus (B3), the last appearance of Cibicidoides lau-
risae (B4), and the first appearances of C. wuellerstorfi
(B5), Francesita advena (B6), and Melonis pompilioi-
des. These events took place in the late early Miocene to
middle Miocene interval (18 to 13 Ma) which shows the
maximum turnover in benthic foraminiferal assemblages
(Thomas, this volume).

Site 574

Site 574 is the second of the three-site latitudinal tran-
sect (Sites 573 to 575) along 133°W across the equatori-
al Pacific high-productivity belt. Because Site 574 lies at
4°N, north of the present-day high-biologic-productivi-
ty zone (Koblentz-Mishke et al., 1970), the Pliocene and
Quaternary section is compressed relative to that at Site
573 (0°N) (Figs. 4, 5).

The hydraulic piston coring in Hole 574 reached
206.5 m sub-bottom (approximately 16.7 Ma) and was du-
plicated, for the most part, by the coring in Hole 574A.
Rotary coring extended from 194.5 to 532.5 m sub-bot-
tom in Hole 574C, reaching the sediment/basalt con-
tact at 520.0 m, in upper Eocene sediments assigned to
Zones P17 and CP15.

Throughout most of the section, siliceous micro fos-
sils occur in common to high abundances and show good
preservation. The abundance of diatoms declines and
diatom preservation becomes poorer downhole, in the
upper Oligocene to upper part of the lower Oligocene,
and again downhole in Cores 574C-33 and 574C-34, near
the Eocene/Oligocene boundary. Core 574C-35, the core
immediately overlying the basalt, is barren of both dia-
toms and radiolarians. Radiolarians are generally abun-
dant and well preserved throughout the section at Site
574.

The abundance and preservation of planktonic fora-
minifers fluctuates at Site 574. Parts of the lowermost
Oligocene, uppermost lower Miocene, and uppermost
middle Miocene show severe dissolution of planktonic
foraminifers, making zonation difficult. Calcareous nan-
no fossils, on the other hand, are typically abundant to
common throughout the section.

Site 574 appears to contain an uninterrupted sequence
through the Eocene/Oligocene boundary. Planktonic for-
aminifers suggest that the P17/P18 boundary occurs be-
tween Samples 574C-35-1, 126-128 cm and 574C-34,CC;
the last occurrence of Hantkβnina primitiva may, how-
ever, have been influenced by dissolution. The CP15/

CP16 calcareous nannofossil zonal boundary is placed
in Core 574C-33 by Pujos, but between Cores 574C-35
and 574C-34 by Gartner and Chow (Fig. 5). The Theo-
cyrtis tuberosa/Thyrsocyrtis bromia radiolarian zonal
boundary appears to be in lower Core 574C-33, and the
base of the lower Oligocene Coscinodiscus excavatus Zone
of diatoms lies between Cores 574C-33 and 574C-34. The
last occurrences of the Eocene benthic foraminifers Ala-
bamina dissonata and Nuttallides truempyi (events Bl
and B2, Fig. 5) are in lower Core 574C-33, in close agree-
ment with the Eocene/Oligocene boundary (CP15/
CP16) determined from calcareous nannofossils by Pu-
jos and with the Eocene/Oligocene boundary determined
from radiolarians and diatoms. These data are also sup-
ported by the presence of a major increase (O.9%o) in
benthic foraminiferal 18O in the upper part of Core
574C-33 (between 33-1, 113-115 cm and 33-2, 113-115
cm) (Miller and Thomas, this volume). Keigwin (1980)
demonstrated that this shift occurs immediately above
the extinction levels of Hantkenina spp. and Globorota-
lia cerroazulensis cerroazulensis, which mark the top of
planktonic foraminiferal Zone P17.

Reworked calcareous nannofossils and diatoms are
common in the uppermost part of the section (Cores
574-4 through 574-1), and reworked Oligocene plank-
tonic foraminifers and calcareous nannofossils occur in
several horizons within the lower middle Miocene at Site
574.

In general, there are few inconsistencies between the
Site 574 microfossil stratigraphy (Fig. 5) and the Leg 85
biostratigraphic time scale (Fig. 2). As mentioned in the
discussion of Site 573, planktonic foraminiferal Zone N6
is thicker (of longer duration) with respect to the other
microfossil zones at Site 574 than it is at Site 575 (Fig. 6).
Pujos' placement of the CP15/CP16, CP18/CP19, and
CN9/CN10 calcareous nannofossil zonal boundaries is
favored over Gartner and Chow's assignments, because
they are more consistent with the Leg 85 biostratigraph-
ic time scale. As at Sites 572 and 573 (Figs. 3, 4), how-
ever, Pujos' CN8/CN9 boundary is too high, and Gart-
ner and Chow's CN8/CN9 boundary in Core 574-7 is
favored.

The radiolarian and diatom stratigraphies show no
major conflicts, although coincidence of the Craspedo-
discus elegans/Triceratium pileus diatom zonal bound-
ary with the CN1/CN2 and Stichocorys delmontensis/
S. wolffii zonal boundaries at about 238 m sub-bottom
(Core 574C-5) is at odds with the relationship at Site 575
(Fig. 6) and with the Leg 85 biostratigraphic time scale
(Fig. 2). Barron (this volume) has suggested that a short
hiatus, equivalent to hiatus NH1 of Keller and Barron
(1983), is present at the C. elegans/T. pileus boundary
at Site 574.

Comparison of the stratigraphic positions of the sev-
en benthic foraminiferal datums, Bl through B7 (see
discussion of Site 573), at Site 574 (Fig. 5) and Site 573
(Fig. 4) suggests that only one, the last occurrence of Ci-
bicidoides laurisae (B4), is noticeably diachronous; it lies
one calcareous nannofossil zone, one radiolarian zone,
and one diatom zone lower at Site 574 than at Site 573.
The interval of maximum turnover in the benthic fora-
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miniferal assemblage covered roughly the same period
of time (18 to 13 Ma) at both Site 573 and Site 574.

Weinreich and Theyer (this volume) identify paleo-
magnetic events between the Olduvai Event and the base
of Chron 5 at Site 575 (Fig. 5). They also record the
top of Chron 9 at about 79 m sub-bottom (lower Core
574-9); however, this interval coincides with Zone CN7,
the Diartus petterssoni Zone, and the Actinocyclus mo-
ronensis Zone, and more likely represents the top of pa-
leomagnetic Chron 11 (see Fig. 2). Barron (this volume)
argues that much of paleomagnetic Chron 9 has been
removed at a hiatus at about 70 m sub-bottom (lower
Core 574-8) at Site 574, as is suggested by graphic corre-
lation plots in a later section of this paper. Weinreich
and Theyer's (this volume) extrapolations did not allow
for this hiatus.

Paleomagnetic stratigraphy (Weinreich and Theyer, this
volume) indicates that the Jaramillo Event of the Matu-
yama paleomagnetic Chron may be missing in Hole 574.
Pujos ("Nannofossils from Quaternary Deposits," this
volume) also reports a possible short hiatus (about 1.0
to 0.6 Ma) at about 5 m sub-bottom, in upper Core 574-2.
The lithology of Core 574-2 is highly variable through-
out, with alternating intervals of very pale brown, brown-
ish gray, and dark brown siliceous and carbonate oozes
(site chapter), so there is no definite lithologic evidence
for a hiatus.

Site 575
Site 575, the third of the three-site south-to-north tran-

sect in the central equatorial Pacific, was occupied to ex-
tend hydraulic piston coring further back in time from
the record obtained at Site 574. The second objective at
Site 575—to recover a complete and undisturbed section
across the Eocene/Oligocene boundary—unfortunately
could not be achieved, owing to lack of time. Four holes
were completed with the hydraulic piston corer (HPC)
at the site, with the deepest, Hole 575A, extending into
lowermost Miocene sediment (about 22 Ma) (Fig. 6).

With few exceptions, all the major micro fossil groups
are well represented at Site 575, and most of the early
Miocene through Quaternary biozonal boundaries can
be recognized. The upper 30 m of the section, however,
accumulated very slowly, and a combination of carbon-
ate dissolution and reworking makes zonation of this
section difficult (especially for planktonic foraminifers).
A 1000-m-high seamount is located 10 km to the north-
east of Site 575, and centimeter-thick sandy to pebbly
turbidite layers, containing mostly foraminifers, basalt,
and/or volcanic glass, are interbedded throughout the
section.

Weinreich and Theyer's (this volume) paleomagnetic
stratigraphy for Cores 575-1 through 575-4 (Fig. 7) and
Cores 575A-1 through 575A-10 (Fig. 6) can be correlat-
ed with the micro fossil stratigraphies for those cores,
and the resultant correlations can be compared with pub-
lished correlations between microfossil datum levels and
paleomagnetic stratigraphy. Paleomagnetic stratigraphy
was also obtained for Hole 575C and, in part, for Hole
575B, but will not be discussed here, because most micro-
fossil studies were concentrated on material from Holes

575 and 575A. The chapters by Pujos ("Nannofossils
from Quaternary Deposits," this volume, calcareous nan-
nofossils) and Labracherie (this volume, radiolarians) dis-
cuss Quaternary correlations for Hole 575C.

Direct correlation of the CN1/CN2 and Stichocorys
delmontensis/S. wolffii zonal boundaries with the low-
er normal event of Anomaly 5D (upper paleomagnetic
Chron 17) (Fig. 6) implies an age of 18.2 Ma for these
boundaries, according to the paleomagnetic time scale
of Berggren, Kent, and Van Couvering (in press) (Fig.
2). Gartner and Chow's placement of CN1/CN2 bound-
ary in Core 575A-10 is supported by an independent study
of calcareous nannofossils by David Bukry (pers. comm.,
1983), and is favored over Pujos' placement of the CN1/
CN2 boundary between Cores 575A-8 and 575A-7.

The N5/N6 boundary correlates with the normal event
within Anomaly 5D, and has an estimated age of 18.1
Ma. As stated in the discussions of Sites 575 and 574,
however, the N5/N6 boundary may be placed too high
in Hole 575A. The Triceratium pileus/Denticulopsis ni-
cobarica zonal boundary correlates with the middle of
the upper normal event of Anomaly 5D (upper Chron
17, 17.8 Ma), and the CN2/CN3 zonal boundary is al-
most coincident with the top of Anomaly 5D (top of
Chron 17, 17.6 Ma).

The N6/N7 and Naviculopsis ponticula/Corbisema
triacantha (silicoflagellate) zonal boundaries lie imme-
diately above the top of Anomaly 5D, in the lowermost
part of paleomagnetic Chron 16 (17.5 Ma). Correlation
of the N6/N7 and CN2/CN3 zonal boundaries with the
top of Chron 17 was suggested earlier (Ryan et al., 1974;
Berggren, 1984), and is confirmed here for the first time.

The Stichocorys wolffii/Calocycletta costata zonal
boundary is tied to lower Chron 16 (17.3 Ma), a corre-
lation slightly younger than the correlation with Chron
17 by Theyer et al. (1978). The Subzone A/Subzone B
boundary of the Denticulopsis nicobarica Zone also falls
in the lower part of Chron 16, and has an estimated age
of 17.0 Ma. Finally, the Denticulopsis nicobarica/Ces-
todiscus peplum zonal boundary is calibrated with the
upper normal event of Anomaly 5C (middle Chron 16)
(16.4 Ma), a correlation younger than that with Chron
17 suggested by Burckle (1978) but consistent with the
extrapolations of Barron (1983).

For the most part, correlation of planktonic micro-
fossil datum levels and zonal boundaries with Weinreich
and Theyer's paleomagnetic stratigraphy for Cores 575-1
through 575-4 (Fig. 7) agrees well with published cali-
brations. Events tied to paleomagnetic Chron 12, the
N13/N14 boundary (Ryan et al., 1974), the CN5/CN6
boundary (Barron et al., in press), and the last occur-
rence of the diatom Craspedodiscus coscinodiscus ( =
the top of the C. coscinodiscus Zone) (Barron et al., in
press) all fall within Chron 12, according to Weinreich
and Theyer. Likewise, events previously calibrated with
paleomagnetic Chron 10 fall within the interval Wein-
reich and Theyer assign to Chron 10: the CN7/CN8
boundary (Ryan et al., 1974); the transition of the radi-
olarian Diartus petterssoni to D. hughesi (= top of the
D. petterssoni Zone) (Johnson and Wick, 1982); and
the last occurrence of the diatom Actinocyclus moron-
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ensis (= top of the A. moronensis Zone) (Burckle, 1978).
A hiatus (NH5) which removes paleomagnetic Chron 9
is shown by Weinreich and Theyer (this volume) at the
base of Core 575-3, and finds supporting evidence in the
diatom stratigraphy of Barron (this volume).

Interestingly, Pujos' CN8/CN9 boundary at Site 575
correlates with uppermost paleomagnetic Chron 8 near
the last occurrence of the diatom Coscinodiscus yαbei.
This calibration agrees with the Leg 85 biostratigraphic
time scale (Fig. 2), and is considerably older than Pujos'
placements of the CN8/CN9 boundary at Sites 572 to
574, in terms of both diatoms and radiolarians.

The last occurrence of Diαrtus hughesi (= top of the
Didymocyrtis antepenultima Zone) and first occurrence
of Nitzschia miocenica (= base of the N. miocenica
Zone) have both been tied to paleomagnetic Chron 7
(Keller et al., 1982; Burckle, 1978), in agreement with
Hole 575 paleomagnetic stratigraphy (Fig. 7), but the

CN9/CN10 boundary should correlate with the top of
Chron 5 (Gartner et al., 1983). Consequently, it is as-
sumed that Pujos' CN9/CN10 boundary in Hole 575 is
placed too low; Gartner and Chow (this volume) do not
recognize the CN9/CN10 boundary in Hole 575.

Weinreich and Theyer's assignment of paleomagnetic
Chron 6 is supported by the transition of the radiolarian
Stichocorys delmontensis to S. peregrina (Theyer et al.,
1978) and by the first occurrences of the diatoms Tha-
lassiosira praeconvexa and T. miocenica (Burckle, 1978).
The last occurrence of T. praeconvexa at about 12 m
sub-bottom confirms paleomagnetic Chron 5, but the
CN10/CN11 boundary should lie in the upper part of
the Gilbert Chron (Backman and Shackleton, 1983).

The presence of a hiatus in the uppermost part of
Core 575-2, which removes almost all of the Gilbert Chron
(about 5.1 to 3.4 Ma), is supported by the near coinci-
dence of lowermost Gilbert events, the last occurrence
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of Thalassiosira miocenica (Burckle, 1978), and the first
occurrence of Pterocanium prismatium (Theyer et al.,
1978), with the base of the Gauss paleomagnetic Chron.
The last occurrences of Stichocorys peregrina and Nitz-
schiajouseae have been tied to the upper Gauss by They-
er et al. (1978) and Burckle (1978), respectively, in agree-
ment with the paleomagnetic stratigraphy of Weinreich
and Theyer for Hole 575 (Fig. 7).

The various subzonal boundaries of calcareous nan-
nofossil Zone CN12 recognized by Pujos at Site 575
(Fig. 7) can be compared with age estimates of Backman
and Shackleton (1983) for the North Atlantic. Backman
and Shackleton's (1983) ages for the CN12a/CN12b,
CN12b/CN12c, and CN12c/CN12d boundaries are 2.65,
2.41, and 2.35 Ma, respectively. Pujos does not recog-
nize Subzone CN12b, but her CN12a/CN12c boundary
is middle Gauss, or approximately 3.1 to 2.8 Ma. Pujos'
CN12c/CN12d boundary is near the top of the Gauss,
and could be as young as Backman and Shackleton's
(1983) 2.35 Ma.

Backman and Shackleton (1983) estimate the age of
the CN12/CN13 boundary, the last occurrence of Dis-
coaster brouweri, at 1.88 Ma, near the base of the Oldu-
vai Event. Pujos's assignment of the CN12/CN13 bound-
ary in Hole 575 lies very close to the base of Weinreich
and Theyer's Olduvai Event (Fig. 7).

GRAPHIC CORRELATION PLOTS

To refine correlations between the individual sites and
to evaluate the completeness of the stratigraphic sections,
graphic correlation plots have been constructed for four
stratigraphic intervals: the uppermost Eocene to lower-
most Miocene of Sites 573 and 574 (Fig. 8); the lower
Miocene of Sites 573, 574, and 575 (Fig. 9); the middle
Miocene and most of the upper Miocene (to 6.2 Ma) of
Sites 572, 573, and 574 (Fig. 10); and the uppermost Mi-
ocene through Quaternary of Sites 572 and 573 (Fig. 11).
Graphic correlation plots allow comparison of the strati-
graphic sequencing of the numerous datum levels iden-
tified for planktonic foraminifers (Saito, this volume),
calcareous nannofossils (Pujos, both chapters, this vol-
ume; Gartner and Chow, this volume), radiolarians (Ni-
grini, this volume; Labracherie, this volume), diatoms
(Barron, this volume; Baldauf, this volume), and ben-
thic foraminifers (Thomas, this volume). Diachronous
datum levels can be identified, and a best-fit correlation
plot between sections can be produced (Shaw, 1964). In
addition, other stratigraphic events—paleomagnetic, car-
bonate, isotopic, and lithologic—can be used on such
plots to greatly refine correlations. Correlation of car-
bonate, isotope, and lithologic events is not attempted
here, but carbonate and isotopic tuning of the record is
addressed in the chapter by Pisias and Prell (this vol-
ume). Construction of graphic correlation plots is also a
convenient way of relating the datum levels of different
micro fossil groups. Where individual datum levels of one
microfossil group have been directly calibrated to paleo-
magnetic stratigraphy, indirect correlation of other da-
tum levels with paleomagnetic stratigraphy is often pos-
sible.

Tables 2 to 6 list the radiolarian, diatom, calcareous
nannofossil, planktonic foraminiferal, and benthic fora-

Table 2. Radiolarian datum levels used for correlations on
Figures 3 to 13.

Event

R60
R59
R58
R57
R56
R55
R54
R53
R52
R51

R50
R49
R48
R47

R46
R45
R44

R43
R42
R41

R40

R39
R38
R37
R36
R35
R34
R33
R32
R31
R30
R29
R28
R27

R26

R25

R24
R23
R22
R21
R20

R19
R18

R17
R16
R15
R14
R13

R12
Rll
RIO
R9
R8
R7
R6
R5
R4

R3

R2
Rl

B.
B.
T.
T.
T.
T.
T.
T.
T.
T.
B.
T.
T.
B.
B.
T.
T.
T.

Datuma

Buccinosphaera invaginata
Coliosphaera tuberosa
Axoprunum angelinum
Amphispyris roggentheni
Anthocyrtidium angulare
Theocorythium vetulum
Pterocanium prismatium
Stichocorys peregrina
Spongaster pentas
Didymocyrtis penultima
Spongaster tetras
Spongaster berminghami
Botryostrobus bramlettei
Pterocanium prismatium
Botryostrobus aquilonaris
Siphostichartus corona
Acrobotrys tritubus
Calocycletta caepa

Stichocorys delmontensis -»

B.
T.
T.
T.
B.
T.
B.
T.
T.
T.
B.
T.
T.
T.
T.
B.
B.
B.
T.
T.
T.
T.
T.
T.
B.
B.
B.
B.
B.
T.
B.
B.
B.
B.
T.
B.
T.
B.
B.
B.
T.
B.
B.
B.
T.
B.
T.
B.
T.
T.
B.
T.
B.

S. peregrina
Soienosphaera omnitubus
Diartus hughesi
Botryostrobus miralestensis
Dictyocorne ontongensis
Didymocyrtis penultima
Diartus petterssoni
Diartus hughesi
Stichocorys wolffii
Cyrtocapsella japonica
Spirocyrtis subtilis
Didymocyrtis antepenultima
Cyrtocapsella cornuta
Lithopera renzae
Dorcadospyris alata
Giraffospyris toxaria
Diartus petterssoni
Lithopera thornburgi
Didymocyrtis laticonus
Calocycletta costata
Didymocyrtis tubaria
Dorcadospyris dentata
Didymocyrtis viotina
Dorcadospyris forcipatata
Liriospyris stauropora
Dorcadospyris alata
Liriospyris parkerae
Giraffospyris toxaria
Calocycletta costata
Stichocorys wolffii
Dorcadospyris ateuchus
Siphostichartus corona
Didymocyrtis tubaria
Didymocyrtis violina
Stichocorys delmontensis
Theocyrtis annosa
Calocycletta virginis
Cyclampterium pegetrum
Cyrtocapsella cornuta
Cyrtocapsella tetrapera
Carpocanopsis favosa
Artophormis gracilis
Lychnocanoma elongata
Calocycletta robusta
Dorcadospyris forcipata
Lithocyclia angustata
Theocyrtis anno~
Lithocyclia crux
Dorcadospyris ateuchus
Tristyiospyris triceros
Cyclampterium milowi
Eucyrtidium diaphanes
Theocyrtis tuberosa
Lithocyclia angustata

lowermost Theocyrtis tuberosa

•

Zone

Age (Ma)

Paleomagnetic
correlation'3

0.65-0.72d

0.28e

0.42e

0.78e?
1.05e

1.20e

l >
2Af

3-4
3.7
3.6f

4.8 f

5.5^, 5.0f

6.2f

7.38
7.98

9.8^
10.48
11.5f

IO.48
11.5d

11.5f

12.58

11.3f, 12.8d

12.6d

>13.5 d

13.81

14.88

15.3f

15.5f

16.5**
17.3"
18.2h

18.2h

18.2h

20.3f
20.2'
2U
21.3
21.5f

22.18
22.18

22.6?
24 .1*
25.5f*

33.01

Extrapolated
(this chapter)c

4.2-4.3
4.6

5.1
5.1
5.5
5.6

8.8-8.9
8.8-8.9

9.8-10.0
10.4-11.2
10.8
11.4
11.5

12.6-12.7
12.6-12.8
12.8-14.5
12.9-13.0
12.8-13.3
13.6

14.7-14.8

15.0-15.3
15.2-15.3
15.2-15.3

16.1-16.4

18.2-19.8

20.3-20.5
20.9

21.9-22.1

22.4-22.6

28.0-28.5
31.8-32.0
32.2-32.8
32.1-33.6?

32.8-33.5
32.8-33.5
33.6-33.8
33.6-33.8
34.6
36.4-36.6

Note: Asterisks identify reinterpreted paleomagnetic chron assignments.
" T . - top; B. = bottom.

Absolute age estimates are from direct and indirect correlations with paleo-
magnetic stratigraphy. The paleomagnetic time scale of Berggren et al. (in
press) is used; see Addendum and Table 8.

^ Extrapolated age estimates are from Figures 12 and 13.
d Johnson and Wick (1982).
e Labracherie (this volume).
' Theyer et al. (1978).
8 Barron et al. (in press).

Leg 85 paleomagnetic calibration in Hole 575A.
1 F. Theyer (unpubl. data).
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Table 3. Diatom datum levels used for correlations on Figures 3 to 13.

Event

D43
D42
D41
D40
D39
D38
D37
D36
D35
D34
D33
D32
D31
D30
D29
D28
D27
D26
D25
D24
D23
D22
D21
D20
D19
D18
D17
D16
D15
D14
D13
D12
Dll
D10
D9
D8
D7
D6
D5
D4
D3
D2
Dl

T.
T.
B.
T.
T.
B.
B.
T.
B.
T.
T.
T.
T.
T.
B.
B.
B.
T.
T.
B.
B.
T.
B.
T.
T.
T.
B.
B.
T.
T.
T.
B.
T.
B.
T.
T.
T.
T.
B.
B.
B.
T.
T.

Datuma

Nilzschia reinholdii
Rhizosolenia praebergonii var. robusta
Pseudoeunotia doliolus
Thalassiosira convexa
Nitzschia jouseae
Rhizosolenia praebergonii
Asterolampra elegans
Nitzschia cylindrica
Nitzschia jouseae
Thalassiosira miocenica
Asterolampra acutiloba
Nitzschia miocenica
Nitzschia miocenica var. elongata
Thalassiosira praeconvexa
Thalassiosira convexa
Thalassiosira praeconvexa
Nitzschia miocenica
Thalassiosira burckliana
Coscinodiscus yabei
Nitzschia fossilis
Thalassiosira burckliana
Coscinodiscus vetustissimus var. javanica
Coscinodiscus vetustissimus var. javanica
Actinocyclus moronensis
Coscinodiscus tuberculatus
Craspedodiscus coscinodiscus
Hemidiscus cuneiformis
Coscinodiscus temperei var. delicata
Coscinodiscus lewisianus
Cestodiscus peplum
Annellus californicus
Cestodiscus peplum
Thalassiosira bukryi
Denticulopsis nicobarica
Craspedodiscus elegans
Bogorovia veniamini
Coscinodiscus oligocenicus
Thalassiosira primalabiata
Actinocyclus hajosiae
Rocella gelida
Bogorovia veniamini
Cestodiscus mukhinae
Coscinodiscus excavatus

Age (Ma)

Paleomagnetic
correlation''

0.65d

1.6e

1.8e

2.2e

2.6C

i.<f
3.9e

4.4C

4.6e

5.1e

5.35e

5.6e

5.65f

5.8^
6.2C

6.3e

7.3e

8.0e

8.6e

9.0e

10.7e

11.2e

11.3e

12.08
12.2n

12.6e

12.8^
13.51

14.2e

15.0e

16.4h

17.0h

17.8h

18.7'
19.9f

20.61

21.71

Extrapolated
(this chapter)0

0.65-0.70

1.8-2.0?

9.8
10.5-10.6

18.4-18.5
19.5-19.7
20.2
20.7-21.7
21.0
23.8-24.0
26.4-27.3
28.5-28.7
33.0±

" T . = top; B. = bottom.
Absolute age estimates are from direct and indirect correlations with paleomagnetic stratig-
raphy. The paleomagnetic time scale of Berggren et al. (in press) is used.

c Extrapolated age estimates are from Figures 12 and 13.
d Burckle (1972).
e Burckle (1978).
f L. H. Burckle (pers. comm., 1980).
8 Burckle et al. (1982).
. Leg 85 paleomagnetic calibration in Hole 575A.
' Barron et al. (in press).

miniferal datum levels (or zonal boundaries) used in the
graphic correlation plots. Published age estimates of these
datum levels from direct and indirect calibrations with
paleomagnetic stratigraphy are also included. The ma-
jority of datums used here are those of radiolarians and
diatoms, because Nigrini, Labracherie, and Barron (all
this volume) have provided tables giving the stratigraph-
ic positions of numerous datums in the sections at Sites
572 to 575. Calcareous micro fossil datums used for cor-
relations are mostly zonal and subzonal boundaries, al-
though Pujos ("Nannofossils from Quaternary Depos-
its," this volume) provides correlation of numerous Qua-
ternary calcareous nannofossil datums at Sites 571 to
575.

Uppermost Eocene to Lowermost Miocene

Graphic correlation of the uppermost Eocene to low-
ermost Miocene sections at Sites 573 and 574 is shown
on Figure 8. The correlation between the two sections is
well constrained by 12 radiolarian, 4 diatom, 7 calcare-
ous nannofossil, 5 planktonic foraminiferal, and 2 ben-

Datuma

N21/N22
Sphaeroidinella seminulina

N18/N19
N16/N17
N11/N12
N10/N11
N8/N9
N5/N6
N4/N5

P22/N4
P21/P22
P20/P21
P19/P20
P16/P17

Paleomagnetic

correlation"

1.9d

3.05d

4.9a

9.0e

13.7e

14.2^
15.2f

18.18
20.1^
23.7
28.2*
31.6
32.7
36.3f

Extrapolated

(this chapter)0

4.6-4.8
9.8-10.7

13.6
14.0

18.1-19.0
20.1-20.6

Table 4. Planktonic foraminiferal datum levels (and zonal bounda-

ries) used for correlations on Figures 3 to 13.

Age (Ma)

Event

P14
P13
P12
Pl l
P10
P9
P8
P7
P6
P5
P4
P3
P2
PI

J T. = top.
Absolute age estimates are from direct and indirect correlations with paleo-
magnetic stratigraphy. The paleomagnetic time scale of Berggren et al. (in
press) is used.

c Extrapolated age estimates are from Figures 12 and 13.
d Saito et al. (1975).
e Barron et al. (in press).
f Poore et al. (1983).
^ Leg 85 paleomagnetic calibration in Hole 575A.

Table 5. Calcareous nannofossil datum levels (and zonal and sub-

zonal boundaries) used for correlations on Figures 3 to 13.

Age (Ma)

Event

N20
N19
N18
N17
N16
N15
N14
N13
N12
Nil
N10
N9
N8
N7
N6
N5
N4
N3
N2
Nl

T. = top.
Absolute age estimates are from direct and indirect correlations with paleo-
magnetic stratigraphy. The paleomagnetic time scale of Berggren et al. (in
press) is used.
Extrapolated age estimates are from Figures 12 and 13.
Berggren et al. (1980).
Backman and Shackleton (1983).
Gartner (1973).
Haq et al. (1980).
Leg 85 paleomagnetic calibration in Hole 575A.
Barron et al. (in press).
Ryan et al. (1974).
Poore et al. (1983).
Lowrie et al. (1982).

Datuma

Pseudoemiliana lacunosa

CN12/CN13
CN11/CN12
CN9/CN10
CN8/CN9
CN7/CN8
CN6/CN7
CN5/CN6

CN5a/CN5b
CN4/CN5
CN3/CN4
CN2/CN3

CN1/CN2
CNla/CNlb
CP19/CN1
CP18/CP19
CP17/CP18
CP16/CP17

CP16b/CP16c
CP15/CP16

Paleomagnetic
correlation'3

0.47d

1.88e

3.56e

5.5*

8 • 3 h
11. l h

12.01

12.3!
12.81

14.11

15.71

17.5J
18.2J

22.71

23.7*
30.7k

33 3L
35.0k

36.8k

Extrapolated
(this chapter)0

3.5

5.1-5.2
6.0 (Pujos)

11.7-11.8

13.7-14.0
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Table 6. Benthic foraminiferal datum levels used for Leg 85 correla-
tions.

Event

B7
B6
B5
B4
B3
B2
Bl

B.
B.
B.
T.
B.
T.
T.

Datuma

Melonis pompilioides
Francesita advena
Cibicidoides wuellerstorfi
Cibicidoides laurisae
Melonis barleeanus
Nuttallides truempyi
Alabamina dissonata

Age (Ma)

Paleomagnetic
correlation"

About 36.5C

Extrapolated
(this chapter)0

13.0-13.1
13.4-14.6
14.7-15.4
17.2-17.7
18.8-19.8

About 36.5

a B. = bottom; T. = top.
Extrapolated age estimates are from Figures 12 and 13.

c Tjalsma and Lohmann (1983).

thic foraminiferal datum levels. Only the R5 datum lev-
el, the last occurrence of the radiolarian Lithocyclia crux,
lies off the correlation line, although Pujos' N5 datum
(the CP18/CP19 boundary) also appears off the line.
The general relationship suggests that the Site 573 sec-
tion accumulated at a rate typically about twice that of
the Site 574 section throughout most of the Oligocene,
except during two hiatuses and one compressed interval
(possibly a hiatus) (Fig. 8). During the early Oligocene
interval of calcareous nannofossil Zone CP16 (datums
Nl to N3, or 36.8 to 34.6 Ma), accumulation rates at
Sites 573 and 574 are approximately equal (Fig. 8).

The Eocene/Oligocene hiatus mentioned in the dis-
cussion of Site 573 is apparent at about 525 m sub-bot-
tom at Site 573. This hiatus appears to cover at least the
interval from the base of Zone P17 (37.3 Ma) to the top
of Zone CP15 (36.8 Ma) (Table 7). An Oligocene/Mio-
cene hiatus (hiatus PH) at nearby Site 77, mentioned by

320
300 320 340

f
360 380

Sub-bottom depth (m), Site 573
400 420 440 460 480 500 520 540

R12

340

360

380

400

420

440

460

480

500

520

- R11

R10 R9

P4
D2

D3

R8

N5 N5*

P3

\

R 7 ^

R5

R6
P2

N3

N2

Figure 8. Graphic correlation of the uppermost Eocene to lowermost Miocene sections at Sites 573 and 574. Boxes constrain the stratigraphic posi-
tions of the microfossil datums used for the correlation—refer to Tables 2 to 6. Overlaps of boxes are shaded. Calcareous nannofossil datum
levels used are those of Pujos (this volume), except for those marked with an asterisk, which are from Gartner and Chow (this volume).
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Table 7. Summary of hiatuses and compressed intervals in Leg 85 sedi-
ment.

Site

573
573
573
573
573
573
573
573
573
574
574
575
575

Sub-bottom
depth (m)

76
158
177
187
272
290
328

392-404
525

5
70
8

26

Age (Ma)

4.6-5.1
9.8-10.5

11.5-12.0
12.3-12.7
18.2-19.7
20.5-21.5
22.7-24.0
28.7-32.0
36.8-37.3
0.6-1.0
9.8-11.1
3.4-5.1
8.8-10.5

Hiatus (H) or
compressed (C)

H?
H
H
H?orC
H
H
H
C
H
H
H
H
H

Lithologic
change

Yes
Yes
No
No u

Yesb

Yes
No
No
Yes
Yes?
Yes
No
No

Recorded
elsewhere

NH7 a

NH5 a

NH4 a

NH3?a

N H l b a

NHla a

P H a

c
d

NH5 a

NH7 a e

NH5 a

a Keller and Barron (1983).
" Downhole change in diatom preservation.
c Keller (1983a).
d Kennett et al. (1975).
e Osborn et al. (1983).

Hays et al. (1972) and Keller and Barron (1983), is pres-
ent at about 328 m sub-bottom at Site 573. As noted by
Pujos ("Cenozoic Nannofossils," this volume), this hia-
tus removes calcareous nannofossil Subzone CNla. An

estimated duration of 24.0 to 22.7 m.y. for this Oligo-
cene/Miocene hiatus is suggested by the Leg 85 biostrati-
graphic time scale (Fig. 2, Table 7).

A compressed interval is present at Site 573 within
planktonic foraminiferal Zone P21 (datums P3 to P4,
404 to 392 m sub-bottom). This compressed interval in
Zone P21 (31.6 to 28.2 Ma) coincides with a widespread
deep-sea hiatus (Keller, 1983a), major lowering of sea
level (Vail and Hardenbol, 1979), and oxygen-isotope en-
richment in benthic foraminiferal tests both at Site 77
(Keigwin and Keller, 1984) and at Site 574 (Miller and
Thomas, this volume).

Lower Miocene

Graphic correlation plots for the lower Miocene sec-
tions at Sites 573, 574, and 575 are shown on Figure 9.
The records at Sites 574 and 575 are quite similar, with-
out any apparent hiatuses, whereas one major or two
lesser hiatuses are predicted within the Site 573 section.

Most of the 23 datum levels correlated between Sites
574 and 575 lie on or very close to the plotted line of
correlation. The exceptions are events D6 (the last oc-
currence of Thalassiosira primalabiatá), P6 (the N4/N5
boundary), P7 (the N5/N6 boundary), and B3 (the first
occurrence of Melonis barleeanus). Barron (this volume)

60 80
160

180 -

Sub-bottom depth (m), Site 575

100 120 140 160 180 200 220

Sub-bottom depth (m), Site 573

240 260 280 300 320

320 -

340

Figure 9. Graphic correlation of the lower Miocene sections at Sites 573, 574, and 575. See caption to Figure 8 for further explanation. The two
alternatives for the Site 574-Site 573 correlation are discussed in the text.
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noted that the last occurrence of T. primalabiata at Site
575 seemed diachronous with correlations at Sites 574
and 71, when compared with radiolarian stratigraphy.
Discrepancies in site-to-site correlations of the N5/N6
boundary have been discussed earlier. The Leg 85 time
scale (Fig. 2) suggests that the N4/N5 boundary (datum
P6, 20.1 Ma) should lie stratigraphically higher at Site
574 if it is to be isochronous with correlations elsewhere.
The correlation plot suggests about a 265-m sub-bottom
depth (Core 574C-8) for an isochronous placement of
the N4/N5 boundary at Site 574.

The two alternatives for correlation of the lower Mio-
cene at Sites 573 and 574 (Fig. 9) both recognize a hiatus
at about 290 m sub-bottom at Site 573. A sharp litho-
logic contact at 290.6 m sub-bottom (uppermost Core
573B-17), between brown ooze (Subunit IIC) above and
white-gray chalk (Subunit IID) below, is consistent with
this interpretation.

One of the alternatives extends the upper Site 573-
Site 574 correlation line down through datums B3 and P7
and allows for one major hiatus (about 21.5 to 18.5 Ma
by extrapolation). The second alternative ignores events
B3 and P7 (which were shown to be diachronous in the
Site 574-Site 575 correlation) in favor of radiolarian da-
tums R18 (the first occurrences of Didymocyrtis tubaria
and D. violiná) and R19 (the first occurrence of Siphos-
tichartus corona), and suggests a second hiatus at about
272 m sub-bottom, between Cores 573B-14 and 573B-15.
Under the second alternative, the older hiatus would be
from about 21.5 to 20.5 Ma and the younger hiatus
would be from about 19.7 to 18.2 Ma. Barron (this vol-
ume) proposed a slightly younger hiatus within the mid-
dle of Core 573B-14.

Keller and Barron (1983) favor two such hiatuses
(NHla and NHlb) at nearby Site 77, but estimated ages
for these hiatuses, 20.3 to 19.8 Ma (NHla) and 19.0
to 17.8 Ma (NHlb) (ages adjusted by Barron et al., in
press), differ somewhat for the age estimates at Site 573.
No lithologic changes are noted between Cores 573B-14
and 573B-15, but the preservation of diatoms deterio-
rates dramatically downhole at that level at Site 573. At
present, the second alternative, with its two hiatuses, is
favored over the first alternative with its single hiatus
(Table 7).

Middle Miocene to Uppermost Miocene

Graphic correlation plots of the middle Miocene to
uppermost Miocene sections of Sites 572, 573, and 573
are shown on Figure 10. Comparison of the Site 572 and
Site 573 records (right side of the figure) suggests three
hiatuses in the Site 573 section, at approximately 187 m
(upper Core 573B-6), 177 m (lowermost Core 573B-5),
and 158 m (uppermost Core 573B-3) sub-bottom depths
(Table 7).

Barron (this volume) argues for the uppermost of these
hiatuses, and estimates its age from 10.5 to 9.8 Ma.
Pujos ("Cenozoic Nannofossils," this volume) also pos-
tulates a hiatus at about this interval in the lower part
of the calcareous nannofossil CN8 Zone. Barron (this
volume) notes that this hiatus (NH5 of Keller and Bar-
ron, 1983) coincides with the top of a distinctive purple-

banded unit in Section 1 of Core 573B-3. At Site 574,
Barron (this volume) recognized a coeval hiatus in low-
ermost Core 574-8 (about 70 m sub-bottom), where a
purple-banded unit was also present. Pujos ("Cenozoic
Nannofossils," this volume) also supports a hiatus in
Zone CN8 at Site 574. The Site 573-Site 574 plot (left
side of Fig. 10) shows that a section present at Site 573
has been removed at a hiatus at 70 m sub-bottom at Site
574, implying that hiatus NH5 was of longer duration at
Site 574 than at Site 573. The additional interval re-
moved at Site 574 has an estimated age of 11.1 to 10.5
Ma (Table 7).

Barron (this volume) notes compression in the age-
vs.-depth curve for Site 573 between 12.0 and 11.5 Ma,
at about 174 to 176 m sub-bottom. At nearby Site 77,
Barron (this volume) postulates a hiatus between 12.0
and 11.5 Ma, on the basis of the absence of a pronounced
abundance peak in the diatom Denticulopsis hustedtii.
Section equivalent to this middle hiatus at Site 572 (310
to 290 m sub-bottom) is characterized by very low per-
cent carbonate values (site chapter), so that dissolution
of carbonate at Site 573 may have been partly responsi-
ble for this hiatus. This middle hiatus correlates with
widespread deep-sea hiatus NH4 of Keller and Barron
(1983), which coincides with low values of percent car-
bonate throughout the equatorial Pacific (Barron and
Keller, 1982). At this approximate interval, Mayer et al.
(this volume) also note a sharp seismic boundary in sed-
iments throughout the equatorial Pacific. The Site 573-
Site 574 plot (left side of Fig. 10) has not been drawn to
show this hiatus, although the vertical distribution of
the D19, N14, R35, and R36 datums could be construed
to be consistent with existence of this hiatus at 177 m
sub-bottom at Site 573.

Evidence for the lowermost hiatus, which had an es-
timated duration of between 12.7 and 12.3 m.y., is less
certain. Vertical distribution of the R33, R34, D17, N13,
and D18 datums in both the Site 572-Site 573 plot and
the Site 573-Site 574 plot support arguments for a hia-
tus at about 187 m sub-bottom at Site 573, although the
hiatus is not plotted in the latter graph. No such hiatus
at nearby Site 77 is suggested, however, by Keller (1980),
Keller and Barron (1983), or Barron (this volume). Per-
cent carbonate values within the equivalent interval (342
to 320 m sub-bottom) at Site 572 are typically high (site
chapter). Hiatus NH3 of Keller and Barron (1983) (13.5
to 12.5 Ma) overlaps this lower hiatus only in part, and
is typically older. No obvious lithologic changes are pres-
ent in upper core 573B-6 at 187 m sub-bottom (site chap-
ter)

During the middle Miocene, the section at Site 574 ac-
cumulated at a rate 1.5 to 1.2 times greater than the sec-
tion at Site 573. During the late Miocene (after 10 Ma),
however, the Site 573 section accumulated at a rate aver-
aging 1.5 times the rate of accumulation at Site 574.
This reversal in relative rates reflects the northwestward
movement of Sites 574 and 573 through the equatorial
belt of high biologic productivity (Weinreich and They-
er, this volume).

The relative rates of sediment accumulation during
the late middle Miocene to latest Miocene are generally
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comparable between Sites 572 and 573, except during
the three hiatus intervals at Site 573 (Fig. 10). After
6.3 Ma (datum D28), the accumulation rates at Site 572
appear to have been markedly higher than those at Site
573; this will be discussed in the following section on the
uppermost Miocene through Quaternary graphic corre-
lation plot.

As the plots are drawn, only datums P8 (the N8/N9
boundary), R26 (the last occurrences of the radiolarians
Dorcadospyris dentata and Didymocyrtis violina), and
B5 (the first occurrence of the benthic foraminifer Cibi-
cidoides wuellerstorfi) lie appreciably off the correlation
line between Sites 573 and 574. The N8/N9 boundary,
however, was recognized by differing criteria (Saito, this
volume) at Sites 573 and 574, namely, by the last occur-
rence of Globigerinoides sicanus at Site 573 and by the
first occurrence of Orbulina suturalis, the zonal marker,
at Site 574.

Uppermost Miocene through Quaternary

Figure 11 is a graphic correlation plot of the sections
at Sites 572 and 573 for the uppermost Miocene through
the Quaternary. More detailed correlations of Leg 85
Quaternary sections by calcareous nannofossils and ra-
diolarians are provided in the chapters by Pujos "Nan-
nofossils from Quaternary Deposits," this volume) and
Labracherie (this volume), respectively.

The section at eastern Site 572 accumulated at rates
approximately twice as great as those at Site 573 during
the latest Miocene (datum D29, or 6.2 Ma, to datum
N17, or 5.1 Ma). The lowermost Pliocene (about 5.1 to
4.6 Ma), however, is extremely compressed at Site 573,
in that the interval between datums N17 (the CN9/CN10
boundary) and D35 (the first occurrence of Nitzschia
jouseaé) encompasses 25 m of section at Site 572 but
only 6 m of section at Site 573. On the basis of diatom
stratigraphy, Barron (this volume) and Baldauf (this vol-
ume) argue for a hiatus between 5.1 and 4.6 Ma (at the
base of Core 573-9, about 76 m sub-bottom). They cor-
relate this hiatus with widespread deep-sea hiatus NH7
of Keller and Barron (1983) (Table 7). As mentioned ear-
lier, a more extensive hiatus at Site 575 has removed the
section representing the interval between 5.1 and 3.4 Ma
(Fig. 7, Table 7).

Above this compressed interval at Site 573, accumu-
lation rates at Site 572 remained greater than rates at
Site 573 by a ratio of about 1.7:1.0 between 4.6 and
3.6 Ma (datums D35 to R51). The uppermost parts of
Sites 573 and 572, on the other hand, show nearly equiv-
alent accumulation rates (compare also age-vs.-depth plots
of Pujos, "Nannofossils from Quaternary Deposits,"
this volume, and Baldauf, this volume). The brief hiatus
(about 2.2 to 1.8 Ma) predicted by diatoms at about 33 m
sub-bottom at Site 572 (Core 572A-4) (Barron, this vol-
ume; Baldauf, this volume) is not apparent in Figure 11,
so it is possible that between Sites 572 and 573 some di-
achrony exists between the ages of the last occurrence of
Thalassiosira convexa (D40) and the first occurrence of
Pseudoeunotia doliolus (D41).

Of the 37 latest Miocene through Quaternary datum
levels correlated between Sites 572 and 573, all but three

lie on the plotted correlation line (Fig. 11). Those three
aberrant datums include the first occurrence of the radi-
olarian Pterocanium prismatium (R48) and the last oc-
currences of the diatoms Asterolampra acutiloba (D33)
and Thalassiosira miocenica (D34). Nigrini (this volume)
notes that P. prismatium is rare at the lower end of its
range, so its first occurrence may actually be lower at
Site 573 than what has been plotted on Figure 11. It is
possible that the diatoms A. acutiloba and T. miocenica
are reworked slightly upsection at Site 573.

AGE-VS.-DEPTH PLOTS
The graphic correlation plots (Figs. 8 to 11) show which

of the Leg 85 sections are the most complete for any in-
terval of time between the latest Eocene and the Quater-
nary. In addition, diachronous occurrences of datum
levels have been noted and the sequencing of the various
microfossil datum levels has been established.

On Figure 12, age-vs.-depth graphs for the middle
Miocene through Quaternary of Site 572 and a compos-
ite section from Sites 573 and 574 have been constructed
using the published age estimates for the various datum
levels shown on Tables 2 to 6. A composite section con-
sisting of the Quaternary through upper Miocene of Site
573 and the middle Miocene of Site 574 is plotted, be-
cause the younger section at Site 574 is compressed (Fig. 5)
and the middle Miocene of Site 573 apparently contains
two hiatuses (Fig. 10). Both Site 573 and Site 574 have a
hiatus between about 10.5 and 9.8 Ma (NH 5) (Table 7).

The Site 572 plot shows high rates of sediment accu-
mulation (about 50 m/m.y.) in the middle Miocene be-
tween 15.0 and 11.0 Ma and across the Miocene/Plio-
cene boundary between 6.3 and 3.8 Ma. Lower rates
(about 16 m/m.y.) characterized most of the late Mio-
cene (11.1 to 6.3 Ma) and the late Pliocene through Qua-
ternary (3.8 to 0 Ma).

Middle Miocene accumulation rates at Site 574 were
also relatively high, averaging 26 m/m.y. between 15.5
and 11.1 Ma. Rates during the late Miocene interval from
9.8 to 6.3 Ma were about 12 m/m.y. at Site 573. As at
Site 572, accumulation rates returned to middle Miocene
values (26 m/m.y.) across the Miocene/Pliocene bound-
ary between 6.3 and 3.5 Ma. An exception is a com-
pressed interval or hiatus between 5.1 and 4.6 Ma at Site
573. Late Pliocene through Quaternary accumulation rates
at Site 573 were about 14 m/m.y., or nearly equal to ac-
cumulation rates at Site 572 (16 m/m.y.).

Of the datums plotted on Figure 12, only R30, the
first occurrence of the radiolarian Diartus petterssoni,
lies appreciably off the age-vs.-depth plot. The diachro-
ny of this datum, which corresponds to the Dorcado-
spyris alata/Diartus petterssoni boundary, has been dis-
cussed earlier.

On Figure 13, age-vs.-depth plots for the lower Mio-
cene of Site 575 and the lower Miocene to upper Eocene
of Site 574 have been constructed. As mentioned earlier,
the Paleogene section at Site 573 contains two hiatuses
and one compressed interval (possibly a hiatus), so it
was not plotted.

Between 37.0 and 35.0 Ma and between 34.6 and
30.7 Ma, accumulation rates at Site 574 were approxi-
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Figure 11. Graphic correlation of the uppermost Miocene through Quaternary sections at Sites 572 and
573. See caption to Figure 8 for further explanation.

mately 12 m/m.y. A brief interval from 35.1 to 34.6 Ma,
however, corresponding to calcareous nannofossil Sub-
zone CP16c, according to both Pujos and Gartner and
Chow (Fig. 5), apparently accumulated at very high rates
approaching 60 m/m.y. It is possible that these anom-
alously high accumulation rates are an artifact of the
time scale, but both Berggren, Kent, and Flynn (in press)
and Bukry (1975) independently estimate a duration of
only 0.5 m.y. for Subzone CP16c. Further complicating
the picture is the coincidence of relatively low percent

carbonate values (60 to 80% vs. typical Oligocene val-
ues of 90%) (site chapters) with Subzone CP16c at both
Site 573 and Site 574. No explanation can presently be
given for these high accumulation rates, but it should be
noted that Keigwin (1980), Keller (1983 a, b), and Keig-
win and Keller (1984) report that benthic foraminiferal
oxygen isotopes at Pacific Sites 77, 277, and 292 and At-
lantic Site 563 show their highest positive early Oligo-
cene values (cooling) in Subzone CP16c or its equiva-
lent.
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Figure 12. Age-vs.-depth plots for the Quaternary through middle Miocene at Site 572 and a composite section from Site 573 (Quaternary
through late Miocene) and Site 574 (middle Miocene). Microfossil datums from Tables 2 to 5, for which absolute age estimates exist, have
been used to construct the plots.
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Low accumulation rates of about 7 m/m.y. during
the late Oligocene (30.7 to 24.0 Ma) are implied for Site
574. Early Miocene accumulation rates, on the other
hand, increased to 20 to 25 m/m.y. at both Site 574 and
Site 575 (Fig. 13).

Significance of Accumulation Rates

In the central equatorial Pacific, the present-day zone
of high primary productivity extends from about 3-4°S

to about 0-1 °N, at 145° to 120°W, and from about 5°S
to about 5°N, between 120° and 105°W (Koblentz-Mish-
ke et al., 1970). Backtracking of the Leg 85 sites accord-
ing to the model of van Andel et al. (1975) (see Theyer
et al., this volume) can be used to suggest the interval of
time during which the Leg 85 sites lay beneath waters of
high biologic productivity (assuming no major change
in the position of that productivity zone with respect to
the equator). Such an exercise yields the following resi-
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dence times for the Leg 85 sites within the equatorial
Pacific high-productivity zone: Site 572, 0 to 15 Ma =
entire record; Site 573, 0 to 10 Ma; Site 574, 12 to 25
Ma; and Site 575, 16 to 35 Ma.

To a large extent, comparison of the relative sediment
accumulation rates in the graphic correlation plots (Figs. 8
to 11) and age-vs.-depth plots (Figs. 12, 13) reflects this
model, in that the highest relative accumulation rates
correspond to those intervals deposited beneath the high-
productivity zone. Consequently, Site 574 had higher ac-
cumulation rates than Site 573 during the middle Mio-
cene, whereas the opposite relationship was true during
the late Miocene (Fig. 10). Accumulation rates at east-
ern Site 572, however, were typically always higher than
rates at the western sites (Fig. 12), attesting to the high-
er primary productivity in the eastern equatorial Pacific
(Koblentz-Mishke et al., 1970).

During the late Oligocene, Site 573 lay farther south
of the equator (7 to 8°S) than Site 574 (3 to 4°S), yet ac-
cumulation rates at Site 573 were typically twice those at
Site 574 (Fig. 8). This contradiction of the model may
result from enhanced carbonate preservation at Site 573,
since upper Oligocene percent carbonate values at Site
573 are on the average slightly higher than those at Site
574 (site chapters). The water depth at Site 574 was prob-
ably slightly greater than that at Site 573 during the late
Oligocene, because the present-day water depths of Sites
574 and 573 are 4560 and 4300 m, respectively. During
the earliest Oligocene (34.6 to 36.5 Ma, below datum
N3), accumulation rates at Sites 573 and 574 were about
equal (Fig. 8), indicating that the two sites experienced
similar levels of productivity (see also Theyer et al., this
volume).

Extrapolation of Ages for Datum Levels
If the age-vs.-depth plots (Figs. 12, 13) are consid-

ered accurate, then one can use them to extrapolate ab-
solute age estimates for those datums which have not
been calibrated directly to paleomagnetic stratigraphy.
This exercise has been done in Tables 2 to 6 (right-hand
column). The age ranges given for the individual datums
reflect the constraints of their plotted values on the graphs.
In making these determinations, uniform accumulation
rates between those datums with published absolute ages
are assumed unless hiatuses are predicted on the graphic
correlation plots (Figs. 8 to 11). The extrapolated abso-
lute ages differ in some cases from published age esti-
mates (compare columns on Tables 2 to 6). These differ-
ences may reflect differences in taxonomic interpretations
between workers, differences in the accuracy of the ex-
trapolations, or true diachrony in species ranges.

SUMMARY
A major objective of DSDP Leg 85 was to recover

relatively undisturbed hydraulic piston cores within the
high-productivity zone of the central equatorial Pacific.
Earlier drilling during Legs 5, 8, 9, and 16 produced ro-
tary-drilled cores which have been of key importance in
developing biochronologies for the Oligocene through
Quaternary, and which have been a focus for low-lati-
tude Pacific paleoceanographic studies (van Andel et al.,

1975; Keller and Barron, 1983). Hydraulic piston coring
in this area would allow the development of high-resolu-
tion bio-, magneto-, seismic-, carbonate, and stable-iso-
tope stratigraphies, needed for determining the sequenc-
ing and mechanisms of paleoceanographic changes.

During Leg 85, hydraulic piston cores were recovered
at five sites which form an east-west transect from 114°W
(Sites 571, 572) to 133-135°W (Sites 573 to 575) and a
south-north transect across the high-productivity zone
from 0°N (Site 573) to 6°N (Site 575). At each of the
four main sites (572 to 575), duplicate hydraulic piston
cores were collected through the Quaternary and Plio-
cene and into successively older (deeper) levels of the
Miocene: at Site 572, to 6.2 Ma; at Site 573, to 10 Ma;
at Site 574, to 16.7 Ma; and at Site 575, to 22 Ma.

Paleomagnetic stratigraphy was obtained for the Qua-
ternary through late Pliocene at Site 573, for the Qua-
ternary to late Miocene at Site 574 , and for the Quater-
nary to late middle Miocene plus an interval within the
late early Miocene (18.2 to 16.4 Ma) at Site 575. At Site
575, for the first time, many microfossil datums were
calibrated directly to the interval from the upper part of
paleomagnetic Chron 17 to the middle part of paleo-
magnetic Chron J6.

At eastern Site 572, a complete sequence apparently
free of hiatuses was cored through the Quaternary to the
lower middle Miocene (about 15 Ma). High sediment
accumulation rates (about 50 m/m.y.) characterize the
middle Miocene (15 to 11 Ma) and uppermost Miocene
to lower Pliocene (6.3 to 3.8 Ma), and diatoms typically
are the dominant micro fossils.

At Site 573, about 10 km from Site 77, Quaternary to
upper Eocene sediment was cored in three holes. Nu-
merous short to medium-length hiatuses are present at
Site 573, including hiatuses at the Eocene/Oligocene,
Oligocene/Miocene, middle Miocene/upper Miocene, and
(possibly) at the Miocene/Pliocene boundaries (Table 7).
Most of these hiatuses have been earlier postulated to
exist at nearby Site 77, but they are confirmed at Site
573 by graphic correlation plots with the other Leg 85
sections.

A complete sequence through the Eocene/Oligocene
boundary was obtained at Site 574 (4°N), as was a thick
reference section for the middle Miocene through Oli-
gocene. An early late Miocene hiatus (11.1 to 9.8 Ma)
(Table 7) is represented at the site, and the upper Mio-
cene through Quaternary section is compressed relative
to that at Site 573 (0°N).

At Site 575 (6°N), coring was terminated in the lower
Miocene (about 22 Ma) owing to lack of ship time. Nev-
ertheless, a thick lower Miocene section free of hiatuses
was recovered at the site. Two hiatuses in the early late
Miocene (10.5 to 9.8 Ma) and early Pliocene (5.1 to
3.4 Ma) are recorded in the relatively compressed upper
section at Site 575 (Table 7).

Throughout the Leg 85 sequences, planktonic fora-
miniferal, calcareous nannofossil, radiolarian, and dia-
tom stratigraphies are typically consistent with one an-
other and with the Leg 85 biostratigraphic time scale.
Most of the few discrepancies that exist can be explained
by diachronous species ranges, reworking, or differences
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in taxonomic concepts between workers. Graphic corre-
lation plots between the sequences are especially helpful
in identifying diachronous datums, and can also be used
to check the isochrony of benthic foraminiferal datum
levels.

Age-vs.-depth plots have been constructed using da-
tums with published absolute age estimates, and ages of
other datums have been extrapolated from the plots. In
some cases the extrapolated age estimates differ from
published age estimates, but usually they agree to within
100,000 to 200,000 yrs.

The biostratigraphic studies discussed in this chapter
certainly can be refined by closer sampling intervals and
by quantitative studies (see Pujos, and Baldauf, both
this volume). Detailed carbonate and stable-isotope stud-
ies, such as those by Pisias and Prell (this volume) and
Pisias and Shackleton (this volume), allow even greater
refinement of time in the hydraulic piston cores. The
sediment sequences recovered during Leg 85 are excel-
lent for such high-resolution studies, and will undoubt-
edly provide a focal point for future paleoceanographic
studies in the central equatorial Pacific.

ADDENDUM
Since 1974 it has widely been accepted that paleomag-

netic Anomaly 5 correlates with paleomagnetic Chron 9
as recognized in the sediment (Berggren and Van Cou-
vering, 1974; Theyer and Hammond, 1974; Ryan et al.,
1974). As discussed by Theyer and Hammond (1974),
Foster and Opdyke's (1970) correlation of Anomaly 5
with Chron 11 was rejected, because biostratigraphic and
radiometric calibrations of the middle Miocene/upper
Miocene boundary were in better agreement with an
Anomaly 5-Chron 9 correlation. Berggren and Van Cou-
vering (1974) and Ryan et al. (1974) all presented argu-
ments, based on available radiometric evidence, that the
middle/upper Miocene boundary must be older than the
base of Anomaly 5 (about 10.2 to 10.4 Ma). At the
same time, Berggren and Van Couvering (1974) and Ry-
an et al. (1974) all showed that middle Miocene micro-
fossils ranged into lower paleomagnetic Chron 11 or high-
er, so it seemed impossible that Anomaly 5 could corre-
late with Chron 11.

Recently, however, W. A. Berggren (pers. comm., 1984;
and Berggren, Kent, and Van Couvering, in press) has
suggested that Anomaly 5 does indeed correlate with
Chron 11 (as it has been recognized in the sediment),
and that earlier radiometric calibrations of the middle/
upper Miocene boundary are in error. Berggren cited pa-
leomagnetic-biostratigraphic correlations at DSDP Site
519 in the South Atlantic by Poore et al. (1984) and Hsü
et al. (1984). Site 519 was drilled on crust slightly older
than Anomaly 5, and middle Miocene calcareous nan-
nofossils (Zones CN6 and CN7) were recorded within a
relatively long (10 m) normally polarized interval imme-
diately above basement. Because correlations of CN6 and
CN7 (= NN8 and NN9) calcareous nannofossils with
paleomagnetic Chron 11 have been well established (Ry-
an et al., 1974; Berggren and Van Couvering, 1978; Kel-
ler et al., 1982; Barron et al., in press), it seems appar-
ent that the normal interval containing CN6 and CN7

calcareous nannofossils at Site 519 correlates with both
Anomaly 5 and Chron 11 (Hsü et al., 1984).

The Leg 85 biostratigraphic time scale (Fig. 2) incor-
porates an Anomaly 5-Chron 9 correlation, as do the
various chapters of this volume. The purpose of this ad-
dendum is to present the alternative middle to late Mio-
cene biostratigraphic time scale based on an Anomaly
5-Chron 11 correlation (compare Berggren, Kent, and
Van Couvering, in press), so that readers favoring such a
correlation can reassign absolute ages to middle and late
Miocene intervals discussed in the Leg 85 chapters.

Figure 14 shows reassignment of paleomagnetic Chrons
7 through 14 to the polarity sequence between Anoma-
lies 3A and 5B, based on an Anomaly 5-Chron 11 cor-
relation. W. A. Berggren (pers. comm., 1984) feels that
the correlation of the chrons above Chron 7 and below
Chron 14 with the paleomagnetic time scale proposed
by Ryan et al. (1974) and LaBrecque et al. (1977) (and
adopted in the Leg 85 biostratigraphic time scale) does
not require adjustment. The adopted correlation (Fig. 14)
largely follows alternative "A" of Theyer and Hammond
(1974). It could be argued that this older numbering sys-
tem of chrons (Ryan et al., 1974; LaBrecque et al., 1977)
should be abandoned in favor of a newer system pro-
posed by Tauxe et al. (1983). Tauxe et al. (1983) label
successive chrons, from the top of one numbered anom-
aly to the top of the next oldest numbered anomaly, with
the same number as the included anomaly, and preface
those numbers with a "C." Such a numbering system is
also shown on Figure 14, and has been incorporated in
the Paleogene part of Figure 2. Earlier published paleo-
magnetic correlations of microfossil datum levels refer,
however, almost exclusively to the older system of num-
bering chrons, so much of the following discussion will
utilize that system.

Correlation of the microfossil zones and subzones with
the paleomagnetic chrons on Figure 14 differs little from
the correlation shown on Figure 2, but the new anom-
aly-chron correlation results in changes in the estimated
absolute ages of the microfossil zones and subzones
(Figs. 2, 14). This correlation has been accomplished by
reassigning absolute ages to the middle and late Mio-
cene microfossil datum levels, which have been directly
calibrated with paleomagnetic stratigraphy (Table 8) on
the basis of the Anomaly 5-Chron 11 correlation model
of Figure 14. Absolute ages of additional datum levels
(and zonal boundaries) have been extrapolated from re-
plotted age-vs.-depth curves for Sites 572 to 574 (Fig. 15)
in the manner used to extrapolate absolute ages on Ta-
bles 2 to 6. Thus, the age of the middle Miocene/upper
Miocene boundary changes from about 11.5 Ma to about
9.5 Ma when an Anomaly 5-Chron 11 correlation is
adopted (Fig. 14).

It is immediately apparent that the new age-vs.-depth
curves for Sites 572 to 574 (Fig. 15) differ considerably
from those of Figure 12, in that no kink of low sediment
accumulation rates occurs in the new plots between 11
and 6.2 Ma. As stated earlier, Sites 572 and 574 proba-
bly lay within the equatorial region of highest produc-
tivity during the entire late Miocene, and it is difficult
to explain why sediment accumulation rates would have
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Figure 14. Alternative biostratigraphic time scale for the middle and late Miocene, based on a correlation of paleomagnetic Anomaly 5 with
magnetic Chron 11. See caption to Figure 2 for further explanation.

paleo-

dropped sharply between 11 and 6.2 Ma. As the replot-
ted curves of Figure 15 show no such drop in sediment
accumulation rates between 11 and 6.2 Ma at Sites 572
and 574, but rather show relatively constant rates (about
25 to 30 m/m.y. at Site 572 and about 14 to 18 m/m.y.
at Site 574), they both add support to the Anomaly 5-
Chron 11 correlation of Figure 14.

It should also be noted that the ages and durations of
hiatuses NH3, NH4, and NH5 are changed by an Anom-
aly 5-Chron 11 correlation (Figs. 14, 15). In Leg 85 sed-
iment, hiatus NH3 ranges from 11.5 to 10.7 Ma, hiatus
NH4 ranges from 10.4 to 9.2 Ma, and hiatus NH5 rang-
es from 8.6 to 7.9 Ma (8.8 to 7.9 Ma at Site 574) (Figs.
14, 15).

Extrapolations by Weinreich and Theyer (this volume)
for Site 574 also reinforce an Anomaly 5-Chron 11 cor-

relation. As stated earlier, Weinreich and Theyer (this
volume) recognize the top of a long, normally polarized
interval at about 79 m sub-bottom in lower Core 574-9,
which they extrapolate to be the top of Anomaly 5 (about
8.9 Ma). Micro fossils within this interval (CN7 calcare-
ous nannofossils, Diαrtuspetterssoni Zone radiolarians,
and Actinocyclus moronensis Zone diatoms) suggest, how-
ever, a Chron 11 assignment (Figs. 2, 5). Correlation of
Anomaly 5 ages (10.42 to 8.92 Ma) with Chron 11 would
eliminate this apparent discrepancy.

Finally, a brief review of the literature reveals that ra-
diometric and paleomagnetic calibrations of the last oc-
currence of the radiolarian Cyrtocαpsellα jαponicα at
DSDP South Atlantic Sites 512 and 513 (50°S) (Ciesiel-
ski, 1983) also lend support for an Anomaly 5-Chron
11 correlation. Ciesielski (1983) shows that at Site 512
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Table 8. Middle and late Miocene micro fossil datum levels directly
correlated with paleomagnetic stratigraphy and estimated absolute
ages based on the correlation model of paleomagnetic Anomaly 5
with paleomagnetic Chron 11 (Fig. 14).

Eventa

D29
R44

D28
Np
D27
D26
N17
D25
R40
D23
Pa
N15
D20
R37
Nc
D19
Ps
D18
Rt

Rj
D15
R28
D14
Re
D13
D12
R22
R21

B.

Datum b

Thalassiosira miocenica
Stichocorys delmontensis

B.
B.
B.
T.
B.
T.
B.
B.
B.
T.
T.
T.
B.
T.
T.
T.

T.
B.
T.
B.

T.
T.
T.
B.
B.
B.

S. peregrina
Thalassiosira praeconvexa
Amaurolithus primus
Nitzschia miocenica
Thalassiosira burckliana
Discoaster quinqueramus
Coscinodiscus plicatus
Didymocyrtis penultima
Thalassiosira burckliana
Neogloboquadrina acostaensis
Discoaster hamatus
Actinocyclus moronensis
Cyrtocapsella japonica
Catinaster calyculus
Coscinodiscus tuberculatus
Globorotalia siakensis
Craspedodiscus coscinodiscus
Cyrtocapsella tetrapera
Cyrtocapsella japonica
Coscinodiscus lewisianus
Didymocyrtis laticonus
Cestodiscus peplum
Calocycletta costata
Annellus californicus
Cestodiscus peplum
Giraffospyris toxaria
Calocycletta costata

Paleomagnetic correlation

Uppermost Chron 6
Uppermost Chron 6

Upper Chron 6
Rev. event, Chron 6
Upper Chron 7
Middle Chron 7
Lowermost Chron 7
Lowermost Chron 7
Uppermost Chron 9
Uppermost Chron 9
Middle Chron 10
Lower rev. event, Chron 10
Lowermost Chron 10
Uppermost Chron 11
Upper Chron 11 (Anom. 5)
Lowermost Chron 11
Uppermost Chron 12?
Upper Chron 12
Lowermost Chron 12
Lower Chron 13
2nd normal above Chron 15
Uppermost Chron 15
Top rev. event, Chron 15
3rd normal, Chron 15
Lower rev. event, Chron 15
Upper normal, Chron 16
Upper normal, Chron 16
Lower Chron 16

Age
(Ma)

6 1 H
6.2d

6.3C

6.5e

6.8C

7.0c

73?7 3 d
7.9d

8 . 0 c

u

8.6β h

8.8h

8.9C

9.l8 '

9.2*
10.4k

10.68
10.7?
11.4!
12.01

12.9C

13.8d

14.1=
14.9d

15.0c

16.4
16.5
17.31

Note: All correlations made from original paleomagnetic stratigraphy with chrons labeled
as in Figure 14. Note that changes from the results of Tables 2 to 4 occur in the intervals
older than 6.4 Ma and younger than 13 Ma. Note also that the correlation by Poore et
al. (1984) of the first occurrence of the calcareous nannofossil Catinaster coalitus with
Chron 9 (adjusted to Chron 11, this report) is rejected because Percival (1984) does not
record C. coalitus at Site 519.

a Diatom (D), radiolarian (R), calcareous nannofossil (N), and planktonic foraminiferal
(P) datum levels labeled as in Tables 2 to 5. Additional datum levels not used in Tables 2
to 5 labeled with letters only.

" B. = bottom; T. = top.
Q Burckle (1978).
d Theyer et al. (1978).
e Haq et al. (1980).
' Barron, unpublished data, Core RC-12-418.
8 Ciesielski (1983).
h Ryan et al. (1974).
! Johnson and Wick (1982).
J Poore et al. (1984).
k Burckle et al. (1982).
' Paleomagnetic correlations, Hole 575A (this chapter).

the last occurrence of C. japonica is near the top of a
normally polarized interval (at about 10 to 4 m sub-bot-
tom), which is either the top of Chron 11 or the lower
normal event of Chron 10, according to the presence of
N15 planktonic foraminifers. Johnson and Wick (1982)
directly calibrate the last occurrence of C. japonica with
the top of Chron 11 in seven piston cores from the tropi-
cal Pacific. Because C. japonica is a tropical radiolari-
an, is unlikely that it ranges higher at Site 512 (50°S)
than it does it the tropical Pacific. The same argument
applies to N15 planktonic foraminifers. Consequently,
correlation of the last occurrence of C. japonica with
the upper part of Chron 11 at Site 512 is favored over
correlation with lower Chron 10.

Ciesielski (1983) notes that R. D. Dallmeyer of the
University of Georgia obtained a radiometric date of 8.7
+ 0.2 Ma on a 40Ar/39Ar analysis of a volcanic ash
from Site 513 (Sample 513A-10-7, 10-13 cm), which lies
at about the same latitude (48°S) as Site 512. This ash
lies immediately above the last occurrence of C. japoni-
ca in Section 1 of Core 513A-11 (Weaver, 1983; Ciesiel-

ski, 1983). If the last occurrence of C. japonica is isoch-
ronous between Leg 71 Sites 512 and 513, these paleo-
magnetic and radiometric calibrations suggest that the
top of Chron 11 should approximate 8.8 Ma. Because
the dated top of Anomaly 5 is approximately 8.9 Ma
(Berggren et al., in press), an Anomaly 5-Chron 11 cor-
relation is favored by these Leg 71 data.

Although there is a good argument for the Anomaly
5-Chron 11 correlation suggested by W. A. Berggren
(pers. comm., 1984; and Berggren, Kent, and Van Cou-
vering, in press), it seems premature (and impractical be-
cause of publication deadlines) to alter all the Leg 85
absolute-age estimates for the middle and late Miocene.
The alternative biostratigraphic time scale (Fig. 14), ages
for paleomagnetically calibrated middle and late Mio-
cene microfossil datum levels (Table 8), and age-vs.-depth
curves for Sites 572 to 574 (Fig. 15) presented in this ad-
dendum should serve the reader in adjusting the abso-
lute ages derived from biostratigraphic and paleomag-
netic correlations in the various Leg 85 chapters, should
the Anomaly 5-Chron 11 correlation become widely
accepted.
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Figure 15. Age-vs.-depth plots for the middle and late Miocene at
Sites 572, 573, and 574, based on a correlation of paleomagnetic
Anomaly 5 with paleomagnetic Chron 11. See Table 8 for micro fos-
sil datum levels used to construct the plots. Asterisk denotes cal-
careous nannofossil datums after Gartner and Chow (this volume).
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