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ABSTRACT

During Leg 92 of the Deep Sea Drilling Project, sediments containing calcareous nannofossils of latest Oligocene to
Holocene age were recovered from 14 holes at six sites (597 to 602) along the East Pacific Rise. The combined sections
yield a virtually complete record for the region, with a compressed upper Miocene to Pleistocene interval.

The nannofossil content of 14 U.S.N.S. Eltanin piston cores from the study area were also examined in order to sup-
plement data generated during Leg 92.

Two taxonomically new combinations are presented: Sphenolithus umbellus and Pontosphaera segmenta.
Assemblages of calcareous nannofossils juxtaposed in reversed stratigraphic order within the upper Miocene provide

strong evidence for downslope transport of sediments along the East Pacific Rise during the Messinian. Narrow bands
of dark metalliferous sediment of coccolith Zone CN8b alternate with normal light-colored, in situ, pelagic sequences
of Zone CN9b. This may indicate more vigorous bottom current activity between 5.40 and 6.70 Ma.

INTRODUCTION

Leg 92 of the Deep Sea Drilling Project was the fourth
cruise of the Glomar Challenger to operate in the South
Pacific within the vicinity of the East Pacific Rise. As a
hydrogeology leg, its primary objective was to investi-
gate the hydrothermal activity present and to determine
the nature and history of basalt-seawater interactions at
the East Pacific Rise and on its flanks. The transect of
Leg 92 holes along 19°S made possible the investigation
of hydrothermal activity, while avoiding the excessive di-
lution of the hydrothermal sedimentary components by
biogenic and terrigenous materials. The distribution, ac-
cumulation rates, and relationship to volcanic activity
of these metalliferous sediments generated along the ridge
crest are discussed in detail by Lyle et al. (this volume),
Klinkhammer and Hudson (in press), Kennett et al. (1977),
and Rea and Scheidegger (1979). Of particular interest
was the rate at which hydrothermal components were in-
corporated in the sediment and whether any periodicity
in that rate could be detected. Any such periodicity might
be indicative of ridge volcanism, which, in turn, might
be related to spreading rates. A secondary goal pertinent
to this study was to recover sedimentary sections that
could be used to interpret the biostratigraphic history
within the area.

In all, 19 holes were drilled at six sites (Sites 597 to
602; Fig. 1). Of these, 14 holes yielded sediment that
was examined for calcareous nannofossils in order to pro-
vide age control and information on the deposition his-
tory of the sediment sequences. These six sites, the first
sites to be hydraulically piston cored along the East Pa-
cific Rise, form a west-to-east transect along which sedi-
ments become increasingly thinner and younger toward
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the rise crest (Fig. 2). A total of only 247 m of sediment
was recovered because of the thinness of the sedimenta-
ry cover. This thin blanket of sediment overlying base-
ment is an expression of the area's low biological pro-
ductivity within the South Pacific subtropical gyre (Oka-
da and Honjo, 1973; Honjo and Okada, 1974).

The combined sediments from Leg 92 contain a rela-
tively complete upper Oligocene through Holocene sec-
tion. The oldest sediment was recovered at Site 597 and
is latest Oligocene in age. Sediments at this site have a
depositional history similar to other DSDP sites within
the area (Fig. 1). Sites 74 and 75 from Leg 8 (Tracy, Sut-
ton, et al., 1971), which lie north of Site 597, were drilled
south of the equator as part of a north-south profile
across the equatorial zone of high biological productivi-
ty. Site 319 from Leg 34 (Yeats, Hart, et al., 1976), was
drilled in the Bauer Deep between the Galapagos Rise
and the East Pacific Rise. These four sites all contain an
early or middle Miocene to Pliocene interval with little
or no carbonate.

Site 598 contains the most complete Neogene section
cored to date along the East Pacific Rise south of the
equator. Sediments are predominantly Miocene in age,
with the Pliocene and Pleistocene interval restricted to
the top 4.5 m of the hole. Sedimentation rates at Site
598 (see site chapter) are much lower than those at Site
80 (Hays, Cook et al., 1972), which was the only core
from Leg 9 to be drilled south of the equator (Fig. 1);
however, the latter was discontinuously cored. Both sites
represent approximately the same interval of time.

One of the more interesting sediment sequences, which
was recovered at Site 599, contained alternating light and
dark bands of upper Miocene metalliferous pelagic sedi-
ments. Shipboard examination of the coccolith assem-
blages suggested that the darker material could have been
reworked or displaced from shallower depths along the
ridge. Particular attention is given to the examination
and interpretation of this problematic sequence. A some-

255



s. KNÜTTEL

10°

20'

30°S

Δ 8 0

o ö &
G ^/>

DSDP Leg 8
DSDP Leg 9
DSDP Leg 34
DSDP Leg 92
Eltanin Cruise 21
Eltanin Cruise 24
Eltanin Cruise 25

\

E24-16O

OE24-10
£24-^30 OE24-14 β

E24-9O F24-11 E21-1

1 50°W 1 30° 110°

Figure 1. Location map for DSDP Leg 92 sites, other selected DSDP sites, and U.S.N.S. Eltanin cores.
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what similarly reworked and/or redeposited sequence is
present in the Pliocene of Site 600.

Fourteen piston cores from the U.S.N.S Eltanin pro-
gram were chosen to supplement the biostratigraphic data
generated on this cruise. These cores are located south
of the Leg 92 sites between 30° and 41 °S latitude (Fig.
1) and represent an area that has not been previously
drilled by the Glomar Challenger.

The Pacific carbonate compensation depth (CCD) his-
tory determined from Leg 92 drill sites, constructed in
part from the calcareous nannofossil data, is presented
by Rea and Leinen (this volume) and summarized in Fig-
ure 3. This curve is consistent with patterns of a CCD
minimum in the Miocene, however, with depths approx-
imately equal to those of other non-equatorial Pacific
DSDP drill sites (van Andel et al., 1975; Broecker and
Broecker, 1974).

The latitudes, longitudes, and water depths of the holes
discussed in this chapter are as shown below:

Hole

597
597A
598
599
600C
601
602

Latitude
(S)

18°48.38'
18°48.38'
19°00.283'
19°27.09'
18°55.70'
18°55.22'
18°54.41'

Longitude
(W)

129°46.23'
129°46.23'
124°40.61'
119°52.88'
116°50.45'
116°52.H'
116°54.68'

Water depth
(m)

4166.5
4162.6
3699.0
3654.0
3398.0
3433.0
3535.0

The calcareous nannofossil species considered in this
chapter are listed in Appendix A, and a systematic pale-

ontology section including the new combinations is given
in Appendix B.

METHODS

All samples used in this study were prepared by use of a simple set-
tling technique similar to that of Hay (1977). This settling technique
helped to eliminate the larger particles, RSO's (red brown to yellow
brown semi-opaque oxides; Yeats, Hart, et al., 1976) and foramini-
fers. It also removed some of the clays present, which reduced floccu-
lation on the slide and made it possible to disperse the nannofossils
more evenly.

The basic technique is as follows:
1. Approximately 0.5 g of sediment was placed in a 100-ml beak-

er, and 40 ml of a 3-5% Calgon [(NaPO3)6] solution were added.
2. After the sediment was disaggregated, the solution was agitated

and allowed to settle for 30 s.
3. The supernatant was then decanted into another 100-ml beaker

and allowed to stand for 45 min.
4. After settling, the supernatant was decanted by use of a pipette

and discarded.
5. The residual sediment was then resuspended with approximately

10 ml of water and smear slides were made.
Each slide was made with Canada balsam as a mounting medium

and was examined with a light microscope. Approximately five tra-
verses across the slide were made at 1200 × magnification. Pleistocene
materials were examined at 1562 × magnification, and the abundances
were adjusted accordingly.

Estimates of abundance for individual species of nannofossils are
as follows:

V = very abundant; 100+ specimens per field of view
A = abundant; 11 to 100 specimens per field of view
C = common; 1 to 10 specimens per field of view
F = few; 1 specimen per 2 to 10 fields of view
R = rare; 1 specimen per 50 fields of view
P = present; 1 specimen 50 or more fields of view
B = barren; essentially no nannofossil present.
The abundance of calcareous nannofossils is also estimated by us-

ing this scale. Lower-case letters are not used to indicate reworked
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taxa, because in some cases (see Site 599) the amount of reworked ma-
terial is uncertain and different conclusions can be drawn from the da-
ta presented.

Preservation of calcareous nannofossils in each sample is recorded
as follows:

G = good: specimens show little effects of overgrowth and/or dis-
solution.

M = moderate: specimens show some effects of overgrowth and/
or dissolution; identification of taxa is sometimes impaired.

P = poor: specimens show effects of advanced overgrowth and/or
dissolution; most taxa are questionably identified.

In addition to these symbols, a( + ) o r ( - ) i s added to indicated pre-
dominant overgrowth (+) or dissolution ( - ) . The lack of either sym-
bol indicates that the effects of overgrowth and dissolution are ap-
proximately equal.

The preservation categories used here correspond to the Bukry (1973a)
preservation scale as follows: good = (1), moderate = (2 and 3), poor
= (3.5 and 4) barren = (5).

At least one sample was examined from each section of core. Addi-
tional samples were taken where the stratigraphic section was com-
pressed or where sedimentary contacts were present. In some cases,
subsamples from the interstitial water samples were provided by the
onboard water chemists after pore-water extraction. These samples were
taken from the bottom of the 10- or 15-cm interval. The complete in-
terval is used to denote these samples.

All sample depths referred to within this report are sub-bottom
depths.

CALCAREOUS NANNOFOSSIL
BIOSTRATIGRAPHY AND ZONATION

The zonation scheme used for Cenozoic age determi-
nations in this report is the low-latitude zonation of Buk-
ry (1973b, 1975) and Okada and Bukry (1980). The ab-
solute ages and epoch and stage boundaries are from
Haq (1984), which Haq correlates with the Bukry scheme
as shown in Figures 4A and 4B. One Haq boundary has
been modified by correlating the Pliocene/Pleistocene
boundary with the extinction of Calcidiscus macintyrei
(Backman et al , 1983). The Oligocene/Miocene bound-
ary has also been placed within the CNla and b Sub-
zones (Bukry, 1973b, 1975; Okada and Bukry, 1980) in-
stead of between the CP19 and CN1 Zones (Haq, 1984;
Haq and Takayama, 1984). In one instance, Haq and
Takayama (1984) correlate the last occurrence of Dictyo-
coccites bisectus with the Oligocene/Miocene boundary.
This datum would delineate the boundary between the
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Figure 3. Pacific calcite compensation depth history after van Andel et
al. (1975), with the addition of data generated during Leg 92 (Rea
and Leinen, this volume). Late and middle Miocene section of the
curve is figured from proximity to the CCD within Site 598.

CN1 {Triquetrorhabdulus carinatus) Zone and the CP19
{Sphenolithus ciperoensis) Zone. The last occurrence of
S. ciperoensis is used here, however, as the primary da-
tum for delineation of the boundary between the CP19/
CN1 Zones. At Site 597, the last occurrence of D. bisec-
tus is found higher (in the section) than the last occur-
rence of S. ciperoensis, and the CP19/CN1 boundary,
therefore, could not be correlated with the Oligocene/
Miocene boundary. The last occurrence of D. bisectus is
used to mark the Oligocene/Miocene boundary (Edwards,
1973). Thus, that boundary falls within the CNla/b
Subzones.

Site 597

Site 597, located approximately 2100 km east of Ta-
hiti, is the westernmost site cored during Leg 92 and the
farthest of the six sites from the East Pacific Rise. Of
the four holes cored at this site, only Holes 597 and
597A, which were cored continuously by hydraulic pis-
ton corer, were examined in detail for their nannofossil
content. Sediments from these holes range in age from
latest Oligocene to early or middle Miocene, with a thin
Holocene interval at the top (Tables 1 and 2). These sed-
iments are similar in age to those found at Site 75 (Buk-
ry, 1971b), which lies to the northwest of Site 597; Site
75 has a slightly older basement sediment age.

Nannofossil preservation is moderate throughout most
of the cored interval, except for the upper approximately
10 m, where preservation is poor. Nannofossils are ab-
sent between 0.3 m and 1.4 m. The assemblage shows

signs of strong dissolution down to approximately 10 m.
Most placoliths are present only as isolated rims. The ef-
fects of dissolution decrease downhole, where overgrowth
predominates (approximately 23.8 m down to basement).

The upper 0.2 m to 0.3 m of both holes contains cal-
careous nannofossils from the uppermost Quaternary
Emiliania huxleyi Zone (CN15). Specimens of E. hux-
leyi are rare and poorly preserved. Gephyrocapsa ocean-
ica and Calcidiscus leptoporus are the most common
forms observed. The remainder of the assemblage is com-
prised primarily of Ceratolithus cristatus, Rhabdosphae-
ra clavigera, and Coccolithus pelagicus. Various older
species of nannoliths, such as Discoaster deflandrei, Cy-
clicargolithus floridanus, and Sphenolithus moriformis,
are reworked into the interval. Below this interval, from
approximately 0.3 m to 1.4 m, is a layer of zeolitic clay
that is essentially barren of calcareous nannofossils. The
ages of the bounding nannofossil-rich sediments indi-
cate that this unit represents a period of time from the
early or middle Miocene to the Holocene.

The early or middle Miocene Sphenolithus heteromor-
phus Zone and Helicosphaera ampliaperta Zone (CN4
and 3) are represented in Hole 597 between Samples 597-
1-2, 17-18 cm and 597-1-3, 56-57 cm (1.7 and 3.6 m)
and in Hole 597A between Samples 597A-1-2, 32-33 cm
and 597A-1-3, 11-12 cm (1.8 and 3.1 m). Specimens of
S. heteromorphus are common within the interval; how-
ever, dissolution has decreased the height of most indi-
viduals to between 4 and 6 µm. The boundary between
the two zones, which approximates the early/middle Mi-
ocene boundary, was not delineated because the section
was very compressed. The absence of H. ampliaperta
and the unclear termination of the D. deflandrei acme
also made separation difficult. The alternate marker spe-
cies, Calcidiscus macintyrei, which is present only as dis-
tal shields (37 or more elements), was found to have its
first occurrence within the S. belemnos Zone (Samples
597-2-6, 56-57 cm and 597A-2-5, 145-146 cm). How-
ever, the presence of more common long-rayed discoas-
ters within the upper samples (597-1-1, 140-141 cm and
597A-1-1, 142-143 cm) makes it impossible to rule out
an earliest middle Miocene age.

Sediments between Sections 597-1,CC and 597-2,CC
(4.6 and 14.2 m) in Hole 597 and Samples 597A-1-3, 56-
57 cm and 597A-2-5, 145-146 cm (3.6 and 12.1 m) in
Hole 597A are placed within the S. belemnos Zone (CN2).
S. belemnos occurs sporadically throughout the zone and
is rare or absent in most samples. Specimens are most
common in Section 597-2,CC but are still only few in
abundance. D. druggii, which occurs discontinuously at
Site 597, has its second abundance peak (uphole) within
this zone (Section 597-1,CC through Sample 597-2-3,
56-57 cm and Samples 597A-1-3, 56-57 cm through 597A-
2-2, 100-101 cm). The discontinuous nature of D. drug-
gii has been similarly reported in other DSDP sites (Buk-
ry, 1975; 1976). The majority of the remaining assem-
blage is comprised of D. deflandrei, Cyclicargolithus
floridanus, and S. moriformis.

The earliest abundance peak of D. druggii occurs be-
tween Samples 597-3-1, 56-57 cm and 597-3-4, 56-57 cm
(14.8 and 19.3 m) in Hole 597 and Samples 597A-2-6,
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145-146 cm and 597A-3-3, 56-57 cm (13.6 and 17.8 m)
in Hole 597A. These sediments are placed within the
upper D. druggii Subzone of the Triquetrorhabdulus ca-
rinatus Zone (CNlc). S. belemnos is absent, and T. cari-
natus, which is only rarely noted in the above zone, be-
comes more common downhole. Coccolithus miopela-
gicus and Cyclicargolithus abisectus also become more
numerous within the interval.

The lower two subzones of the T. carinatus Zone (CNla
and b) were not delineated at this site because of the un-
clear termination of the C. abisectus acme. Sediments
between Samples 597-3-4, 139-140 cm and 597-4-3, 56-
57 cm (20.1 and 27.4 m) in Hole 597 and between Sam-
ples 597A-3-3, 148-149 cm and 597A-4-3, 56-57 cm (18.7
and 27.4 m) in Hole 597A are assigned to these sub-
zones. Several changes in the nannofossil assemblage oc-
cur within the interval, many of which are observed with-
in the population of the genus Sphenolithus. Specimens
of S. moriformis become increasingly numerous in sam-
ples below 25 m. Larger forms of the species, >5 µm,
begin to outnumber smaller varieties. S. dissimilis and
5. conicus are more consistently observed within this in-
terval. However, the abundance of these two species plot-
ted on the range chart may not be indicative of their true
abundance, because questionable forms are assigned to
S. moriformis. Because of the many intermediate forms
observed, it is possible that S. dissimilis and S. conicus
represent preservationally altered forms of S. morifor-
mis. Restricted occurrences of S. capricornutus and S.
delphix are noted between Samples 597-3-6, 56-57 cm
and 597-4-1, 56-57 cm (22.3 and 24.4 m) in Hole 597
and between Samples 597A-3-4, 56-57 cm and 597A-
3-5, 56-57 cm (19.3 and 20.8 m) in Hole 597A.

The combined last appearance of Dictyococcites bi-
sectus, Clausicoccus fenestratus, and S. umbrellus oc-
curs in Section 597-3,CC (23.8 m) and Sample 597A-3-5,
56-57 cm (20.8 m). The extinction of these three species
is used to approximate the Miocene/Oligocene bound-
ary, which Bukry (1973b, 1975) and Okada and Bukry
(1980) place within the range of the Discoaster deflan-
drei Subzone and Cyclicargolithus floridanus Subzone
(CNla and b). Haq (1984), however, places the Miocene/
Oligocene boundary at the end of the S. ciperoensis Zone
as defined on the last Dictyococcites bisectus. The last
appearance of S. ciperoensis, rather than D. bisectus, is
used to define the termination of the CP19 Zone in this
study.

Calcareous nannofossils found in the lower half of the
sediment column, from Samples 597-4-3, 149-150 cm
and 597A-4-3, 149-150 cm (28.3 m) to basement in both
holes, are placed within the uppermost Oligocene S. ci-
peroensis Zone, D. bisectus Subzone (CP19b). Basal sed-
iments from Hole 597C (597C-1,CC) also indicate a simi-
lar age. Specimens of S. ciperoensis are few to common
in most samples, and S. distentus was not observed. Pla-
coliths are dominated by Cyclicargolithus floridanus and
C. abisectus, the latter becoming more numerous than
the former with increasing age. Discoasters also become
increasingly overgrown, and their numbers decrease in
abundance with age. Most forms are presumed to be D.
deflandrei. The presence of the holococcolith Zygrhab-

lithus bijugatus, observed throughout the zone, proba-
bly indicates deposition well above the calcite compen-
sation depth (Edwards and Perch-Nielsen, 1974; Wise
and Wind, 1976).

Site 598

Site 598 is approximately 550 km east of Site 597 and
slightly southeast of the Austral Fracture Zone (Fig. 1).
Sediments recovered from this site range in age from ear-
ly or middle Miocene to Holocene and represent the most
complete Neogene section cored along the East Pacific
Rise south of the equator. The sediments are predomi-
nantly Miocene in age, with the Pliocene through Holo-
cene section being restricted to the top 4.5 m of Core
598-1 (Table 3). The highly compressed nature of this in-
terval made the separation of subzones and some zones
difficult. The presence of hiatuses could not be ascer-
tained.

Samples 598-1-1, 5-6 cm and 598-1-1, 56-57 cm con-
tain Quaternary nannofossils within Zones CN14 and
CN15. The presence of Emiliania huxleyi in Sample 598-
1-1, 5-6 cm (0.1 m) places it within the E. huxleyi Zone
(CN15), and its absence in Sample 598-1-1, 56-57 cm
(0.6 m), along with the presence of Gephyrocapsa oce-
anica and Pseudoemiliania lacunosa, places Sample 598-
1-1, 56-57 cm within the G. oceanica Zone (CN14). These
zones are also characterized by the presence of Calcidis-
cus leptoporus, Rhabdosphaera clavigera, Ceratolithus
cristatus, and Coccolithuspelagicus. Preservation is good,
and fossils are abundant.

Discoasters have their last occurrence in Sample 598-
1-1, 140-150 cm (1.5 m), and sediments through Sample
598-1-2, 56-57 cm (2.1 m) are placed in the late Pliocene
Discoaster brouweri Zone (CN12). D. brouweri and D.
pentaradiatus axe common to abundant in these sam-
ples, with D. surculus being more numerous in the lower
sample. Specimens of D. αsymmetricus and D. tαmαlis
are only observed in Sample 598-1-2, 56-57 cm, which
may indicate the lower D. tαmαlis Subzone (CN12a). The
presence of Reticulofenestrα pseudoumbilicα, which is
rare within the lower sample, however, makes it impos-
sible to rule out a late early Pliocene age (CN11), if it is
assumed that there is no reworking. Preservation is good
throughout the interval, with the effects of dissolution
increasing downhole. Fine structure, such as the rims of
Pseudoemiliania lacunosa, are etched and of poorer pres-
ervation.

An early Pliocene age of sediments between Samples
598-1-2, 142-143 cm and 598-1-3, 140-150 cm (2.9 and
4.5 m) is indicated by the presence of Amaurolithus spp.
in the absence of D. quinqueramus, which defines the
A. tricorniculatus Zone (CN10). The first occurrence of
Ceratolithus rugosus in Sample 598-1-2, 142-143 cm
(CNlOc) and the last occurrence of Triquetrorhabdulus
rugosus in Sample 598-1-3, 140-150 cm, rarely observed
in 598-1-3, 56-57 cm (CNlOa) further help subdivide the
zone. Members of the genus Amaurolithus found in all
samples from this interval include A. tricorniculatus, A.
primus, and A. delicatus, all of which are few to rare in
abundance. A. amplificus is observed only in the lower
sample (598-1-3, 140-150 cm). Specimens of R. pseudo-
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Figure 4. Correlations between magnetostratigraphy, chronostratigraphic stages, and nannofossil zones after Martini (1971),
Bukry (1973b), and Okada and Bukry (1980). From Haq (1984). A. Pleistocene to early Miocene. B. Early Miocene to
Maestrichtian.

umbilicα are common, and Sphenolithus αbies and S.
neoαbies decrease in number from few to rare with in-
creasing age. Nannofossil preservation is moderate and
shows increasing effects of dissolution with age. Rare
specimens of D. moorei are noted within this zone, and
because of the lack of other Miocene species, it is as-
sumed not to be reworked.

Sediment between Sample 598-1-4, 56-57 cm and Sec-
tion 598-1,CC (5.1 and 6.2 m) is placed within the upper
Miocene D. quinqueramus Zone, A. primus Subzone
(CN9b). Characteristic species present within the zone
include A. primus, A. delicatus, A. amplificus, D. quin-
queramus, D. surculus, D. brouweri, and D. variabilis.
Preservation among placoliths begins to show signs of
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Figure 4 (continued)
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Table 1. Distribution of calcareous nannofossils in Hole 597.

Lithologic
unit Age

Holocene

late/middle(?)
Miocene to
Holocene

middle<?)
Mio.

early
Miocene

late
Oligocene

Zone or subzone

Emiliania huxleyi Zone (CN15)

7

Sphenolithus heteromorphus and
Helicosphaera ampliaperta

Zones (CN4 + 3)

Sphenolithus belemnos Zone (CN2)

Triquetrorhabdulus
carinatus

Zone

Sphenolithus
ciperoensis

Zone

Discoaster
druggii
Subzone
(CNlc)

Cyclicargolithus
abisectus and

Discoaster
deflandrei
Subzone

(CNla + b)

Dictyococcites
bisectus
Subzone
(CP19b)

Sub-bottom
depth
(m)

0.1

0.6
1.3
1.4

1.7
2.1
3.6

4.6
5.2
6.7
8.2
9.7

11.2
12.7
14.2

14.8
16.3
17.8
19.3

20.1
20.8
22.3
23.8
24.4
25.9
27.4

28.3
28.9
30.4
31.9
33.4
43.6
45.1
46.6
48.1
49.6
51.1
52.6
52.7
54.7

Core-Section
(interval in cm)

1-1, 5-6

1-1, 56-57
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b M = moderate, P = poor; + = predominant overgrowth, - = predominant dissolution.

advanced dissolution within this zone. Specimens of R.
pseudoumbilica decrease in number with age and are more
poorly preserved; Calcidiscus macintyrei and C. leptop-
orus are observed primarily as isolated rims. The genus
Sphenolithus is virtually absent.

Sediments from the upper half of Core 598-2, between
Samples 598-2-1, 56-57 cm and 598-2-3, 56-57 cm (6.8
and 9.8 m), are contained within the lower subzone of
the D. quinqueramus Zone and the upper subzone of
the D. neohamatus Zone (CN9a and 8b). Delineation of
the zones (CN9 and CN8) was not attempted because of
the disturbed nature of the sediment within Section 598-
2-2 and Section 598-2-3 and the paucity of the index
species, D. berggrenii and D. surculus. The top of the
interval is defined by the first occurrence of A. primus,
the bottom by the last occurrence of Catinaster calycu-
lus. The last occurrence of C. calyculus was used to ap-
proximate the CN8a/8b boundary because of the ab-
sence of D. neorectus, which defines the base of the CN8b

Subzone. Specimens of D. neohamatus and Minylitha
convallis, which are more characteristic of the CN8b Sub-
zone, are present in all samples within the interval, and
the possibility of a minor hiatus cannot be ruled out.

The upper/middle Miocene boundary in Hole 598 is
placed within the lower half of Core 598-2 between Sam-
ples 598-2-4, 140-150 cm and 598-2-5, 56-57 cm (12.2
and 12.8 m). The rare guide species D. hamatus has its
last occurrence within Sample 598-2-5, 56-57 cm. Sam-
ples 598-2-4, 56-57 cm and 598-2-4, 140-150 cm (from
12.2 m up to 11.3 m), therefore, are placed within the
lower subzone of the D. neohamatus Zone (CN8a), and
samples below Sample 598-2-5, 56-57 cm (12.8 m) down
to Section 598-2,CC (15.8 m) are placed within the D.
hamatus Zone (CN7). The genus Catinaster is abundant
in most samples (598-2,CC through 598-2-4, 140-150 cm),
and C. calyculus, which has its last occurrence in Sam-
ple 598-2-4, 56-57 cm outnumbers C. coalitus within
the CN8a Subzone. The nannofossils observed within
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Table 1 (continued).
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these two zones show the effects of strong dissolution;
almost all placoliths are dissolved, with only a few iso-
lated shields remaining. Resistant species of Discoaster
and Catinaster, which are less affected, dominate the as-
semblage.

The middle Miocene C. coalitus Zone (CN6) is only
noted for Sample 598-3-1, 56-57 cm (16.4 m). The zone
is identified by sparse C. coalitus in the absence of D.
hamatus. The rare occurrence of D. exilis and Cocco-
lithus miopelagicus also characterizes the zone. The con-
densed nature of the interval, along with a change in
preservation, indicates deposition in proximity to the car-
bonate compensation depth and/or the presence of a
minor hiatus.

Nannofossil preservation changes noticeably between
Samples 598-3-1, 56-57 cm and 598-3-3, 56-57 cm (16.4
and 19.4 m). Placoliths increase slightly in number, and
discoasters become more poorly preserved. Below 19.4 m
discoasters are poorly preserved, and most long-armed,
six-rayed forms are assumed to be D. variabilis.

Sediments between Samples 598-3-2, 56-57 cm and
598-4-3, 56-57 cm (17.3 and 29.0 m) are placed within
the D. exilis Zone (CN5). The discoaster population con-
sists mainly of D. variabilis (abundant), D. exilis, D.
moorei, and D. deflandrei (rare). The last occurrence of
Cyclicargolithus floridanus is noted within the zone in
Sample 598-3-3, 56-57 cm, and it is abundant below that
point; its last occurrence approximates the CN5a/b sub-
zonal boundary. Specimens of Calcidiscus macintyrei,
C. leptoporus, and Reticulofenestra pseudoumbilica,
along with Cyclicargolithus floridanus, all of which make
up the placolith population, begin to predominate over
the discoasters within the lower half of the zone (below
approximately 27 m) and increase in numbers within old-
er samples.

The last occurrence of S. heteromorphus in Sample
598-4-4, 56-57 cm (30.5 m) places sediments at this depth
to basement (44.8 m) within the S. heteromorphus Zone
and Helicosphaera ampliaperta Zone (CN4 and 3). The
two zones were not delineated because of the absence of
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Table 2. Distribution of calcareous nannofossüs in Holes 597A and 597C.

Lithologic
unit

Sub-bottom
depth
(m)

Sample
(interval in cm) u u o ü o

II I I
I 3

Emiliania huxleyi Zone (CN15) 597A-1-1, 9-10

late/middle(?)
Miocene to
Holocene

0.3
1.3
1.4

1-1, 29-30
1-1, 126-127
1-1, 142-143 P R

middle<?)
Mio. , '

Spheπolithus heleromorphus and
Helicosphaem ampliaperla

Zones (CN4 + 3)

1.8
2.3
2.8
3.1

Sphenolilhus belemnos Zone (CN2)

early
Miocene

3.6
4.3
4.6
5.7
7.1
8.6

11.5

12.1

•2, 32-33
•2, 80-81
2, 132-133
3, 11-12

F P
F P
F R
F F

P R
P R

P F
C F
c c
F C

P R
P F
P F
P R

-3, 56-57
-3, 133-134

l.CC

2-1, 110-111
2-2, 100-101
2-3, 100-101
2-5, 90-91
2-5, 145-146

F F
F F
F F
F F
F F R
C R F R
F R F R

R F F F R

R R
P R
R R
F R
P R
C F
P F
P F

Triquetrorhabdulus
carinatus

Zone

late
Oligocene Sphenolilhus

ciperoensis
Zone

Discoasler
druggii

Subzone
(CNlc)

13.6
14.8
16.3
17.8

2-6, 145-146
3-1, 56-57
3-2, 56-57
3-3, 56-57

R F R F R
R F R F R
F F R F F
F F R C F

C R
C R

R
R

R F
P F
P F
F F

Cyclicargolithus
abisectus and

Discoaster
deßandrei
Subzone

(CNla + b)

18.7
19.3
20.1
20.8
21.6
24.4
27.4

3-3, 148-149
3-4, 56-57
3-4, 140-141
3-5, 56-57
3-5, 140-141
4-1, 60-61
4-3, 56-57

F
F

P F
F F
F F
C F
C F

R F F
R F F
F F F
F C F
F C F
F C R
F C R

C F
C F
F F
F F
F C
F A
F C

A R
A R
A R
A F R
A F R
A R R
A R R

P
R P
P
R P
P P

P R P
R P

R P P
P R R

R F
R R R
P R F

R P
R R
C P F F
F R C

F
R

P P F

P R R F

F R
F R
C P

Dictyococcites
bisectus
Subzone
(CP19b)

28.3
28.9
33.4
34.3
35.8
43.0
46.5

4-3, 149-150
4-4, 56-57
4,CC
5-1, 90-91
5-2, 90-91
5,CC

597C-1.CC

F F
F F
F F
F F
F F
F F
F F

F C F
R C F
R C F
R C R
R C R
R C P
R C P

F C
F C
F A
F A
F A
F A
F A

A R R
A P R
A P R
C R R

P R
P P
F R

R R
R P
P P
R R
R P

P
P P

P R R
R R P
P P
R R
R R P
P R R
R R R

F F
C F
C R
C R
C R
C R
C R

R
R P

A R P
C R R
C R R
C P R
C R

C P
C P R
C P F
F R F
F P R
F P R
F R F

Note: Abundance and preservation as defined in Table 1.
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H. ampliaperta and the gradual reduction of specimens
of D. deßandrei (as opposed to the termination of its
acme). The moderate increase in numbers of D. deflan-
drei from 38.6 to 41.6m could, however, be interpreted
as the CN4/3 boundary. This corresponds to foramini-
fer data (Romine, this volume), which place Sections 598-
5,CC and 598-6,CC within the early Miocene. The tran-
sition from a predominantly fine-rayed discoaster popu-
lation to a thick-rayed population also corresponds to
an increase in secondary calcite overgrowth that is present
at the bottom of the hole.

Site 599

Site 599 is approximately 500 km east of Site 598 and
approximately 3100 km east of Tahiti (Fig. 1). Sediments
recovered range in age from late Miocene to Pleistocene
(Table 4) and are located in a broad region of low relief,
with abyssal hills ranging from 200 to 300 m in height.
The site was drilled within a small basin where sediment
cover was thickest. For the most part, these sediments
are probably thin carbonate turbidites (Leinen, Rea, et
al., this volume), which appear as alternating zones or
bands of light (mostly yellowish brown to dark yellow-
ish brown) and dark (mostly dark reddish brown) color.
The zones are from 10 to 100 cm thick, and the bands
are from 2 to 5 cm thick. The banding is present in Cores
599-2 through 599-4 from 9.5 to 36.7 m and in Core
599B-2 between 32.2 and 40.8 m. Nannofossil data indi-
cate a late Miocene age for most of the banded sedi-
ments and a significant amount of reworking within the
dark-colored layers.

The upper 9.5 m of sediment show less evidence of
reworking. The genus Amaurolithus is present in Sam-
ple 599-1-3, 56-57 cm but absent in most sediment ex-
amined in and above Sample 599-1-2, 56-57 cm. Sedi-
ments above Sample 599-1-2, 56-57 cm (2.1 m) are dat-
ed as late early Pliocene (Zone CN11) to Pleistocene.
Preservation of nannofossils within the upper 2.1 m of
sediment is generally good; however, some slight signs
of etching are present. Different preservational states with-
in the various nannofossils may be caused by the pres-
ence of reworked forms. Placoliths show signs of increas-
ing dissolution downhole; discoasters show slight over-
growth with increasing depth.

Samples above 599-1-1, 56-57 cm are questionably
placed within the Pleistocene Gephyrocapsa oceanica
Zone (CN14). Specimens of G. oceanica are present
along with other smaller varieties of the genus; however,
they are few in number. Various older nannofossils are
reworked into the interval. A sedimentary clast at 599-1-1,
7-9 cm contains, for the most part, early Pliocene nan-
nofossils.

Samples 599-1-1, 140-150 cm and 599-1-2, 56-57 cm
may represent an interval anywhere from the lower Cre-
nalithus doronicoides Zone (CN13) through the Reticu-
lofenestra pseudoumbilica Zone (CN11). Criteria used
for this age determination are the presence of Pseudo-
emiliania lacunosa in the absence of the genera Amau-
rolithus and Gephyrocapsa. The first occurrence of P.
lacunosa closely corresponds with the last occurrence of
Amaurolithus spp. at this site as well as at Sites 598,

600, and 601. Common to abundant specimens of Dis-
coaster brouweri, D. pentaradiatus, D. tamalis, and D.
surculus are present within these samples, with additional
species that include Ceratolithus cristatus, C. rugosus,
D. variabilis, R. pseudoumbilica, Sphenolithus abies, and
S. neoabies. R. pseudoumbilica is recorded in both sam-
ples as well as in the overlying Sample 599-1-1, 56-57 cm;
its presence above Sample 599-1-2, 56-57 cm is assumed
to be due to reworking.

Sediments from Sample 599-1-3, 56-57 cm (3.6 m) to
approximately 12 m are placed within the lower Pliocene
A. tricorniculatus Zone (CN10). Placement of the lower
boundary of this zone is somewhat tentative because of
the effects of reworking. Specimens from the genus Amau-
rolithus are fairly common within the lower half of Core
599-1 (down to 7.9 m). Triquetrorhabdulus rugosus is
present throughout the interval. The very rare occurrence
of T. rugosus in Sample 599-1-3, 56-57 cm and the pres-
ence of Ceratolithus sp. cf. C. acutus may indicate a
condensed upper CN10 Zone or a missing section be-
tween Samples 599-1-3, 56-57 cm and 599-1-2, 56-57 cm.

Nannofossil preservation is moderate throughout most
of the cored interval below 3.6 m, and many of the finer
nannolith structures are obscured. Positive identification
of D. quinqueramus and D. berggrenii is hampered by
the lack of a clearly visible stellate knob in most forms
observed. Identification of D. neohamatus is also ques-
tionable, because most individuals lack a consistent, well
defined twist of the ray tips and are therefore difficult to
distinguish from other fine, six-rayed discoasters, espe-
cially D. braarudii. Poorly preserved forms of D. surcu-
lus and A. primus are, however, easy to identify. The
first occurrence of these two species is somewhat ques-
tionable below 9.5 m because of the reworking present,
and exact zonal assignment is difficult.

The first occurrence of A. primus is found in Sample
599-4-3, 56-57 cm, which places sediment between Sam-
ples 599-2-3, 137-138 cm (12.3 m) and 599-4-3, 56-57
cm (30.7 m) within the uppermost Miocene A. primus
Subzone (CN9b). The upper boundary of this subzone,
which is defined by the last occurrence of D. quinquera-
mus, is placed at 12.3 m because Sample 599-2-2, 137-
138 cm is the last consistent occurrence of D. quinque-
ramus within a light-colored sediment. The occurrence
of D. quinqueramus above that point is assumed to be
the result of reworking. Individuals of A. primus below
25 m are primarily heavily overgrown by secondary cal-
cite. These forms are similar to those illustrated by Buk-
ry and Percival (1971, pi. 1, figs. 12 and 13) and by
Gartner and Bukry (1975, figs. 7g, i).

Of particular interest is the out-of-order occurrence
of several nannofossil species within the A. primus Sub-
zone. These occurrences are especially frequent in Sec-
tion 599-3-3 (Samples 599-3-3, 18-19 cm and 599-3-3,
21-22 cm). Sample 599-3-3, 21-22 cm was taken from a
light-colored layer and was found to contain specimens
of A. primus and D. surculus. This light-colored layer
was found directly below a dark-colored layer; the con-
tact between the two was sharp. The dark-colored layer
did not contain the two nannofossils mentioned above;
however, D. neohamatus and Minylitha convallis, which

265



s. KNÜTTEL

Table 3. Distribution of calcareous nannofossils in Hole 598.

Lithologic
unit

I

II

Age

Holocene

Pleistocene

Pliocene

Miocene

late

early

middle

early(?) *

Zone or subzone

CN15

CN14

Discoaster brouv/eri
Zone (CN12)

CN11(?)

Amaurolithus tricorniculatus
Zone (CN10)

Amaurolithus primus Subzone
(CN9b)

Discoaster berggrenii and
Discoaster neorectus Subzones

(CN9a + 8b)

Discoaster bellus Subzone
(CN8a)

Discoaster hamatus
Zone (CN7)

Catinaster coalitus Zone (CN6)

Discoaster exilis Zone (CN5)

Sphenolithus heteromorphus
and Helicosphaera ampliaperta

Zones (CN4 + 3)

Sub-bottom
depth
(m)

0.1

0.6

1.5
1.6

2.1

2.9
3.6
4.5

5.1
6.2

6.8
8.3
9.2
9.8

11.3
12.2

12.8
14.3
15.8

16.4

17.3
17.9
19.4
20.9
22.4
23.9
26.0
27.5
29.0

30.5
32.0
33.3
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43 1
48.8

Core-Section
(interval in cm)
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Note: Abundance and preservation as defined in Table 1; G = good.

represent an older nannofossil assemblage, were present.
This inverted stratigraphic relationship, indicating tur-
bidite activity, is discussed further later in this report
(see Evidence for Downslope Transport of Sediment on
the East Pacific Rise, Site 599).

Sediments between Samples 599-4-3, 92-93 cm (31.0
m) and 599-4-5, 127-128 cm (34.4 m) are placed within
the D. berggrenii Subzone (CN9a). The absence of A.
primus and the presence of both D. surculus and D.
berggrenii define the zone. Positive identification of D.
berggrenii was difficult, because most forms are moder-
ately overgrown. D. surculus is rare in most samples ex-
amined from this interval. The absence of A. primus be-
low 31.0 m within Hole 599, however, is somewhat ques-
tionable. Although no specimens of A. primus are found
below Sample 599-4-3, 56-57 cm (30.7 m), they do oc-

cur, although they are rare, within Sample 599B-2-3, 56-
57 cm (35.8 m). The latter sample occurs within a light-
colored layer and is the only sample examined from Hole
599B that contains A. primus. Specimens of D. surculus
are also common in that sample. If it is assumed that
Sample 599B-2-3, 56-57 cm occurs stratigraphically be-
low Sample 599-4-3, 56-57 cm, as is indicated by its sub-
bottom depth (35.8 m versus 30.7 m), then all sediments
above Section 599-4,CC must be contained within the
A. primus Subzone. This situation would be similar to
that observed in sediments from Section 599-3-3. The
common occurrence of D. surculus, however, suggests
that the Sample 599B-2-3, 56-57 cm correlates with sed-
iment higher in Hole 599. This rationale is supported by
the less heavily calcified A. primus in this horizon. The
possibility of downhole contamination must be consid-
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Table 3 (continued).
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ered, because specimens of A. delicatus are observed and
very rare individuals of C. cristatus are present. The fine
fraction of Section 599B-3,CC which is a core of "drill-
ing breccia," is also found to contain a mixed assem-
blage of Pleistocene to late Miocene nannofossils.

The oldest sediments recovered at Site 599 (from Sam-
ples 599-4-6, 56-57 cm [35.2 m] and 599B-2-4, 56-57 cm
[37.3 m] down to basement) are assigned to the upper
subzone of the D. neohamatus Zone, D. neorectus Sub-
zone (CN8b). The absence of Discoaster surculus in the
presence of D. neohamatus and M. convallis is used to
define the zone. Preservation is moderate to poor, with
most discoasters showing moderate overgrowth.

Sites 600 to 602

Sites 600 through 602 are approximately 310 km east
of Site 599 and are the sites nearest to the East Pacific

Rise of the six cored on Leg 92 (Fig. 1). Because of the
close proximity of these sites and their similar lithology,
they are discussed together. From the 10 holes cored at
these three sites, eight recovered sediment, but only two,
Holes 600C and 601, contain enough sediment for ade-
quate biostratigraphic interpretation (Table 5).

Holes 600 and 600B yielded respectively 5.4 m and
1.9 m of late Pliocene to Pleistocene sediment. All sam-
ples examined from these cores contain abundant dis-
coasters characteristic of the lower Discoaster brouweri
Zone (CN12); however, rare specimens of Gephyrocapsa
spp. are observed.

The 5.8 m of sediment recovered from Hole 60IB are
dated as early Pliocene. These sediments contain nan-
nofossils similar to those found in the bottom of Hole
601 and are discussed along with Hole 601.

Two of the three holes cored at Site 602 were exam-
ined for their nannofossil content. The 6.2 m of washed
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Table 4. Distribution of calcareous nannofossils in Hole 599.

Lithologic
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early
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Reticulofenestra pseudoumbilka Zone (CN11)

Amaurolithus
tricorniculatus
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•>
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quinqueramus
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•
Amaurolithus

primus
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(CN9B)

Discoaster
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Sub-bottom
depth
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Note: Abundance and preservation as defined in Table 3. Colors as defined in Figure 5.

sediment recovered from Hole 602 were not examined in
any detail. Holes 602A and 602B yielded 2.28 m and
4.24 m of Pleistocene sediment, respectively. Inadver-
tently, Hole 602B was probably repeatedly cored. Rock
chips at four different depths suggest that repeated sec-

tions were cored because of the ship's motion after the
hydraulic piston corer jammed during recovery opera-
tions. Nannofossils in dark-colored sediment above these
horizons show similar amounts of early Pliocene nan-
nofossils. Light-colored sediment, which contains fewer
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Table 4 (continued).
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Pliocene species and numerous Pleistocene nannofossils,
is found above the dark-colored sediment and the layers
of rock chips.

Sediment from Holes 600C and 601 is dated as ear-
ly Pliocene to Pleistocene. The Pliocene/Pleistocene
boundary is placed at the extinction of Calcidiscus mac-
intyrei (Backman et al., 1983), which occurs between

Samples 600C-1-2, 56-57 cm and 600C-1-3, 56-57 cm
(2.1 and 3.6 m) in Hole 600C. The Pleistocene in Hole
601 is not recognizable by nannofossils, inasmuch as
abundant discoasters are present in all samples exam-
ined and Gephyrocapsa spp. were not observed; this
would indicate a late Pliocene age, Discoaster brouweri
Zone (CN12). Foraminiferal data, however, indicate an
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Table 5. Distribution of calcareous nanno fossils in Holes 600C and 601.

Lithologic
unit

1

11

I

II
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Pleistocene

Pliocene

Pliocene

late

\
\

\
\

early

late

early

Zone or subzone

G. oceanica
Zone (CN14)

Crenalithus
doronicaides
Zone (CN13)

D. brouweri Zone (CN12)

7

R. pseudoumbilica
Zone (CN11)

Ceratolithus
rugosus
Subzone
(CNlOc)

Discoaster
brouweri

Zone (CN12)

Reticulofenestra
pseudoumbilica

Zone (CN 11)

Ceratolithus
rugosus
Subzone
(CNlOc)

Sub-bottom
depth
(m)

0.1
0.6

2.1
3.6
4.3

4.4

4.7
5.1
5.3

5.4
6.0

6.6
8.8
9.4

10.2
11.7
19.0

0.6
2.1
3.6
5.1
6.6
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9.8
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CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY

early Pleistocene age (Romine, this volume) for sedi-
ment in and above Sample 601-1-2, 140-150 cm; Globo-
rotalia truncatulinoides is present.

Sediments in and above Sample 600C-1-1, 56-57 cm
(0.6 m) in Hole 600C are placed within the Gephyrocap-
sa oceanica Zone (CN14). Specimens of G. oceanica are
abundant, and Emiliania huxleyi is absent.

Samples 600C-1-2, 56-57 cm through 600C-1-3, 134-
135 cm are contained within the Crenalithus doronicoi-
des Zone (CN13). Only rare, reworked discoasters are
present, and G. oceanica is absent. Calcidiscus macinty-
rei has its last appearance in this zone.

The late Pliocene D. brouweri Zone (CN12) is poorly
represented within Holes 600C and 601, and this zonal
assignment is somewhat questionable. Only one sample
in Hole 600C (600C-1-3, 144-145 cm) seems to clearly
indicate its presence. Discoasters have their last occur-
rence in this sample and show a clear reduction in num-
bers between this sample and the overlying one. Com-
mon well preserved D. brouweri and D. pentaradiatus
are observed in Sample 600C-1-3, 144-145 cm. The pau-
city of reworked early Pliocene forms suggests deposi-
tion without significant reworking in the upper D. brou-
weri Zone (CN12c or d). Sediments from Sample 600C-
1-4, 24-25 cm (4.7 m) to 5.32 m in Hole 600C, where a
sharp sedimentary contact is seen, and the upper 6.6 m
of Hole 601 are of indefinite age. The interval in Hole
600C (4.7 m to 5.3 m) contains Amaurolithus spp., which
are probably reworked, and suggests that sediment above
a lithologic contact at the base of this interval (600C-
1-4, 82 cm) has been redeposited. A sharp contact is not
visible in Hole 601. The gradual change in sediment col-
or, however, from light brown to dark brown, and a cor-
responding change in nannofossil content can be corre-
lated with Hole 600C. The light brown sediment above
Sample 601-1-5, 56-57 cm (6.6 m) in Hole 601 is placed
within the D. brouweri Zone (CN12). Discoasters are
slightly overgrown within the lower 3 m (3.6 to 6.6 m),
and rare Reticulofenestra pseudoumbilica in Samples 601-
1-4, 56-57 cm and 601-1-5, 56-57 cm are presumed re-
worked. A change in nannofossil preservation from good
to moderate occurs in Hole 600C at approximately 4.6 m
and in Hole 601 at approximately 2.8 m.

The R. pseudoumbilica Zone (CN11) is recognized in
Hole 600C below the sediment contact at 5.32 m to Sam-
ple 600C-1-4, 145-150 cm (6.0 m) and in Hole 601 be-
tween Sample 601-1-6, 56-57 cm and Section 601-1,CC
(8.1 and 9.8 m). Both R. pseudoumbilica and Spheno-
lithus spp. are present, and Amaurolithus tricornicula-
tus is absent. The first occurrence of Pseudoemiliania
lacunosa is also noted at the bottom of the zone.

Sediments from and below Samples 600C-1-5, 56-
57 cm and 601-2-1, 56-57 cm and all those from Hole
60IB are contained within the A. tricorniculatus Zone,
Ceratolithus rugosus Subzone (CNlOc). The overlapping
ranges of Amaurolithus spp. and C. rugosus are used to
define the subzone. The last occurrence of A. tricorni-
culatus is noted slightly lower than A. primus and A.
delicatus in Hole 601. The last occurrences of A. primus
and A. delicatus are used to mark the CN10/CN11
boundary, because the extinction of these two species

closely correlates with the first occurrence of P. lacuno-
sa, as at Sites 598 and 599. The modest increase in num-
bers of D. asymmetricus between the last occurrence of
A. tricorniculatus and the last occurrence of A. delica-
tus and A. primus suggests a correlation with the A. de-
licatus Subzone (CNlOd) of Bukry (1981).

Nannofossil preservation is moderate throughout most
of the early Pliocene section at these sites. Discoasters
are overgrown and placoliths are etched. Only Section
601-3,CC shows better preservation. Although some over-
growth is evident on most forms, preservation is better
than in the samples above; however, it is not as good as
that from the tops of the holes.

Eltanin Cores

Nannofossils were examined from several U.S.N.S.
Eltanin cores south and southeast of the Leg 92 transect
(Fig. 1) in order to give a more comprehensive sample of
biostratigraphic data along the East Pacific Rise. These
cores also provided supplementary data to parts of the
column that were condensed and/or missing in the Leg
92 sites.

Fourteen piston cores from three cruises of the
U.S.N.S. Eltanin (Cruises 21, 24, and 25; Table 6) were
examined for calcareous nannofossils (Tables 7 to 9). Of
these, seven cores (E21-1, -2, -3, -5, -11, -12, and E24-
16) contain nannofossil assemblages similar to those at
the Leg 92 sites; two cores (E24-9 and -10) contain nan-
nofossils that are older; and one core (E25-2) contains
early Pliocene or late Miocene nannofossils that are prob-
ably a cooler water assemblage. The remaining four cores
(E24-11, -13, -14, and E25-1) are essentially barren of
calcareous nannofossils, with only rare Miocene forms
present within the bioturbated intervals.

Cores E24-9 (below 442 cm; above which sediments
are barren of nannofossils) and E24-10 contain a poorly
preserved assemblage that is tentatively dated as middle
Eocene {Reticulofenestra umbilica Zone, CP14). Speci-
mens of Chiasmolithus altus, C. expanus, Coccolithus
eopelagicus, C. formosus, Discoaster sp. cf. D. deflan-
drei, and Reticulofenestra umbilica form the majority
of the assemblage. The apparent absence of D. barbadi-

Table 6. U.S.N.S. Eltanin piston core station location data for
cores used in this study.

Core Latitude (S) Longitude (W)
Water

depth (m)
Core

length (cm)

E21-1
E21-2
E21-3
E21-5
E21-11
E21-12
E24-9
E24-10
E24-11
E24-13
E24-14
E24-16
E25-1
E25-2

33°O3'
32°59'
34057-
36°41'
39°58'
40°21'
40°35'
37°58'
4θ°or
39°37'
39°32'
35°13'
36°38'
39°56'

83°59'
87°57.5'
91°57.5'
93°38'
112°09'
119°35'
135°16'
134°59'
132°35'
130°ll'
127°26'
124°59'
83°15'
85°55'

3630
3658
3621
3136
2798
4151
4837
4874
4874
4759
4466
3932
4007
3877

350
445
508
480
609
155

a

624
361
481
979
1304
1169
1087
535

a Listed as 142 cm in Goodell (1968).
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Table 7. Calcareous nannofossil zones, abundances, and preservation from U.S.N.S. Eltanin cores (other
than E21-2 and E24-16) within the study area. Lithologic descriptions of these cores can be found in
Goodell (1968).

E21-5a

Sample
nterval
(em)

10-11

57-58
159-160

219-220

279-280

Abun-
dance

A

F
A

A

A

Preser-
vation

G-

p -
M -

M -

M -

Zone

CN14/15

CN14

CN14

CN13

Comments

M - CN12(?)

Gephyrocapsa spp. — A
The presence of Emitiania huxleyi was not confirmed
No age-diagnostic forms were observed
Pseudoemiliania lacunosa — F
Gephyrocapsa spp. — C
Calcidiscus macintyrei — F
Calcidiscus macintyrei — C
Reworked discoasters — R
Pseudoemiliania lacunosa — R
Ceralolithus cristatus — R
Discoaster intercalaris — F
Reticulofenestra pseudoumbilica was not observed
Reworked Discoaster deßandrei and Cyclicargolithus fioridanus are present

10-11

90-91

250-251

310-311

390-391

A

B

C

A

A

M -

-

M -

M -

M -

CN14/15

7

CN5

CN5

CN4

Gephyrocapsa spp. — C
The presence of Emiliania huxleyi was not confirmed
Reworked Miocene forms are common

Discoaster exilis — F
Cyclicargolithus floridanus — C
Cyclicargolithus floridanus — A
Sphenolithus heteromorphus — C
Discoaster variabilis — A
Sphenolithus heteromorphus — F
Discoaster variabilis — A

7-8
37-38

124-125

187-188

301-302
436-437

A
A

V

V

V
A

M -
M -

M -

M -

M -
M -

CN15
CN15

CN13/14

CN13

CN12
CN12

CN12(?)

Geitzenauer (1972, p. 52) reports the presence of Emiliania huxleyi in these intervals

Pseudoemiliania lacunosa — C
Calcidiscus macintyrei — P
Calcidiscus macintyrei — C
Discoaster spp. — P
Discoaster brouweri —F
Discoaster pentaradiatus — F
Discoaster surculus — F (436-437 only)
Pseudoemiliania lacunosa — F
Ceratolithus cristatus — F
Reticulofenestra pseudoumbilica was not observed
Amaurolithus primus — P
Discoaster deflandrei — R

3-4
153-154
272-273
604-605

A
V
V
V

M -
M -

M-
M -

CN14/15
CN14/15
CN14/15
CN14/15

Gephyrocapsa spp. — V
Calcidiscus leptoporus — C
Coccolithus pelagicus — F
Ceratolithus cristatus — R
Pseudoemiliania lacunosa was not observed
The presence of Emiliania huxleyi was not confirmed

Reticulofenestra spp. (small) — A
Gephyrocapsa spp. — C
Calcidiscus leptoporus — A
Ceratolithus cristatus — F
Poorly preserved Reticulofenestra pseudoumbilica (reworked) are present
Pseudoemilinia lacunosa was not observed

50-51
430-431

447-448
576-577

B
B

A
A

—
-

P -
p -

CP14
CP14

Barren of nannofossils

Chiasmolithus sp. (rims) — A
Coccolithus formosus — C
Reticulofenestra umbilica — F

2-3
100-101
202-203

A
A
A

p -
P -
p -

CP14
CP14
CP14

Chiasmolithus expanus — F
Chiasmolithus altus — F
Reticulofenestra umbilica — C
Coccolithus formosus — F
Coccolithus eopelagicus — F
Discoaster deflandreiC!) — F

E24-11

E24-13

E24-14

8-9
321-322

43-44

1074-75
1281-82

B
B

B

B
B

: !

7

! 1

Rare early Miocene forms are found within the bioturbated intervals

Similar to E24-11

Similar to E24-11

5-6 B
40-41 B

460-461 B
Barren of nannofossils

40-41 V
102-103 V
198-199 V

Ceratolithus cristatus — R
Calcidiscus macintyrei — R
Calcidiscus leptoporus — A

t Calcidiscus macintyrei — C
Coccolithus pelagicus — A
Reticulofenestra pseudoumbilica - C
Sphenolithus abies and S. neoabies — F
Triquetrorhabdulus rugosusQ) — R

Note: Abundance and preservation as defined in Table 3.
a Detailed data on the abundances of various other nannofossils species are found in Geitzenauer (1972).
" Preservation is slightly better in this core than in Core E24-9.
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ensis and D. saipanensis would seem to indicate an ear-
ly Oligocene age {Helicosphaera reticulata Zone, CP16a
and b). Foraminifer data, however, support a middle Eo-
cene age (Toker, pers. comm., 1984). Specimens of Glo-
bigerinatheka kugleri and G. index are present.

Four of the cores studied from Cruise E21 (E21-1,
-5, -11, and -12) contain Pleistocene material. Two of
these (E21-1 and -5) also contain upper Pliocene sedi-
ment. Cores E21-11 and E21-12, 609 and 155 cm long
(listed as 142 cm in Goodell, 1968), respectively, are all
placed within the Gephyrocapsa oceanica Zone (CN14).
The presence of Emiliania huxleyi was not confirmed,
however, because no scanning electron microscope was
available at the time.

Specimens of G. oceanica are also present in Core
E21-1 down to 220 cm, below which (Sample E21-1, 279-
280 cm) Calcidiscus macintyrei is common. The Plio-
cene/Pleistocene boundary, therefore, is placed between
220 and 279 cm in Core E21-1. Only rare reworked dis-
coasters are present within Sample E21-1, 279-280 cm,
and the sample is placed within the Crenalithus doroni-
coides Zone (CN13). D. brouweri, D. pentaradiatus, D.
surculus, and rare D. deflandrei are present within Sam-
ple E21-1, 339-340 cm; Ceratolithus cristatus and Pseu-
doemiliania lacunosa are also present. These species are
characteristic of the D. brouweri Zone (CN12) except
for D. deflandrei, which is reworked.

Core 21-5 was previously studied by Kennett and Geit-
zenauer (1969) and Geitzenauer (1972), who give detailed
information on the micro fossil assemblages. Geitzenau-
er (1972), however, only briefly mentioned the presence
of Calcidiscus macintyrei. Specimens of C. macintyrei
are few to common within Sample E21-5, 187-188 cm,
but they are essentially absent in Sample E21-5, 124-
125 cm. This extinction is used to approximate the Plio-
cene/Pleistocene boundary. The broken nature of disco-
asters in sediment between 180 cm and down to approxi-
mately 300 cm suggests that they may be reworked. The
decrease in the numbers of discoasters above approxi-
mately 300 cm (see Geitzenauer, 1972, p. 53) is consid-
ered sufficient evidence for placing the discoaster ex-
tinction at this level. Discoasters below a sediment con-
tact at 336 cm are slightly more overgrown than those
above. This, along with the rare occurrence of reworked
species, which include Amaurolithus primus and D. de-
flandrei, suggests a situation similar to that found in
DSDP Hole 600C, where sediment from the upper D.
brouweri Zone overlies a reworked interval.

Lower and middle Miocene sediment within Cores
E21-2 (Table 8), E21-3, and E24-16 (Table 9) represents
Zones CN2 through CN5. The Sphenolithus belemnos
Zone (CN2) is determined for Cores E21-2 and E24-16
from 384 to 445 cm and 136 to 420 cm, respectively. S.
belemnos is rare to few in abundance within this inter-
val. Specimens of Cyclicargolithus floridanus and D.
deflandrei are the most dominant forms; Calcidiscus mac-
intyrei and D. druggii are also present. The H. amplia-
perta Zone and S. heteromorphus Zone (CN3 and 4) are
represented in all three of these cores: from 254 to 336
cm in E21-2; from 390 to 508 cm in E21-3; and from 18
to 96 cm in E24-16. Specimens of S. heteromorphus are

few to common in all samples. These two zones could
only be delineated in Core E21-2, where the termination
of the D. deflandrei acme was clearly visible. D. deflan-
drei is abundant in Sample E21-2, 335-336 cm, and D.
variabilis is the most dominant discoaster in and above
Sample E21-2, 293-294 cm. Because of the observations
in Core E21-2, the interval in E21-3 from 390 to 508 cm
is placed within the CN4 Zone (Zλ variabilis is abun-
dant). The interval in E24-16 from 18 to 96 cm also prob-
ably represents Zone CN3; however, the compressed na-
ture of the section makes it difficult to determine. The
D. exilis Zone (CN5) is only present in E21-3 between
250 and 311 cm. Specimens of D. exilis are present, and
S. heteromorphus is absent. D. variabilis and Cyclicar-
golithus floridanus are the most dominant forms present.
All three cores (E21-2, -3, and E24-16) have a thin layer
of Pleistocene sediment at their tops. The intervals in
Cores E21-2 and E21-3, below the Pleistocene layers down
to approximately 2.3 m, are essentially barren of nanno-
fossils.

The remaining core, E25-2, is distinctly different from
the other cores studied. The nannofossil assemblage in
and below 40 cm is dominated by placoliths, particular-
ly Calcidiscus leptoporus, C. macintyrei, Coccolithus pe-
lagicus, and R. pseudoumbilica. Discoasters make up
only a small percentage of the assemblage, and they are
poorly preserved. Specimens of S. abies, S. neoabies,
and Triquetrorhabdulus rugosus are also observed. The
presence of T. rugosus indicates a minimum age of early
Pliocene (Zone CNlOa) and a maximum age limit of
middle Miocene (CN4). The location of this core below
the present subtropical convergence (Deacon, 1963; Gar-
ner, 1954) and the high Coccolithus/Discoaster ratio
(Bukry, 1981; Mclntyre et al., 1970) suggest a cooler
water nannofossil assemblage.

EVIDENCE FOR DOWNSLOPE TRANSPORT OF
SEDIMENT ON THE EAST PACIFIC RISE,

SITE 599

Shipboard investigation of nannofossils from Site 599
presented an interesting problem for biostratigraphic zo-
nation. Samples routinely taken from the 56-57 cm in-
terval were found almost entirely within dark-colored sed-
iments. Upon examination, samples between 10.0 and
25.5 m were originally thought to occur below the CN9b/
9a boundary because of the apparent absence of Amau-
rolithus primus and the presence of Discoaster neoha-
matus and Minylitha convallis. These two species were
not found above the first occurrence of A. primus at
Site 598. Specimens of A. primus are, however, found in
Sample 599-3-3, 21-22 cm. This sample was taken from
a light brown layer that forms a sharp contact with the
overlying dark brown layer. D. neohamatus and Miny-
litha convallis are not found within Sample 599-3-3, 21-
22 cm; however, they are present within the overlying
dark-colored layer (Sample 599-3-3, 18-19 cm). The oc-
currences of D. neohamatus and M. convallis are nor-
mally restricted to the CN8 Zone and CN9a Subzone,
which suggests that their presence within the dark-col-
ored sediment above may be due to post-depositional re-
working and/or transport.
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Table 8. Distribution of calcareous nannofossils in Core E21-2. A lithologic description of this core can be found in Goodell (1968).
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Note: Abundance and preservation as defined in Table 1.

Table 9. Distribution of calcareous nannofossils in Core E24-16. Core is flow-in between 420 cm and 1169 cm. A lithologic description of this
core can be found in Goodell (1968).

Lithologic
unit

I

HA

IIB

Age

Pliocene/Pleistocene

early
Miocene

Zone

?

CN4 + 3

Sphenolithus
belemnos

Zone (CN2)

Sample
(interval in cm)

6-7

18-19
95-96

136-137
164-165
195-196
226-227
299-300
416-417

lu
n

d
an

ce

<

A

A
V

V
V

V

V
V

V

es
er

va
ti

o
n

Cu

M

M
M

M
M
M
M
M
M

1

il
ci

d
is

cu
s 

I

Q

F

F
F

F
F
F
F
F
F

m
a

ci
n

ty
re

F

F
R

R
R
R
R
R

cr
is

ta
tu

s
ra

to
li

th
u

s

ü

F

σe
la

gi
cu

s

"o

ü

c
c
c
A
C
A
C
C
A

cu
s

m
io

pe
la

g

ü

F

F
F
F
F
F
F

s 
ni

te
sc

en
s

~>
ro

no
cy

cl
u

ü

F

F
F

F
F
F
F
R
F

nu
s

hu
s 

fl
o
ri

d
a

"o

•§

A

A
A

A
A
A
A
A
A

1
P

sc
oa

st
er

 b

Q

R

de
fla

nd
re

q

c
c
A

A
A
A
A
A
A

dr
ug

gi
i

R

R

va
ri

ab
il

is

R

F

1
I

R

R

1

u
m

b
i

jt
ra

 p
se

u
d
o

|
1
o<

C

C
F

F
F
C
F
F
F

a

er
a 

cl
av

ig
ei

m
bd

os
ph

a

as

C

oa
bi

es
S
. n

e
ab

ie
s a

n
d

3

JÇ

"δ

-ε:co1

C

c
F

R
b

el
em

n
os

CO

R
R
R

s

h
et

er
om

o

<o

F

F
F

m
or

if
or

m

CO

F

F
F

F
F
C
C
C
C

ra
 p

u
lc

h
ra

ra
co

sp
ha

e

R

δ

!

iq
u

et
ro

rh
a

ft

R
R

Note: Abundance and preservation as defined in Table 1.

Additional samples from Cores 599-2 through -4 were
taken from the various alternating light-colored and dark-
colored sediments to determine any correlations between
the presence of D. neohamatus and M. convallis within
the dark-colored layers and the presence of D. surculus
and/or A. primus within the light-colored sediments.

The correlation of these four species with the light-
colored and dark-colored sediments is best seen within
Sections 599-2-3 and -4, Section 599-3-3, and Section
599B-2-3. It is less obvious in Section 599-2-2 and in
Sections 599-3-1 and -4 (Fig. 5). It is most obvious where
the sediment color change is greatest. From this, it is
concluded that the presence of A. primus and D. surcu-
lus within the light-colored layers is from normal pelagic

deposition, whereas the presence of D. neohamatus and
M. convallis within the dark-colored layers is reworked.
This would indicate that the dark-colored bands of sedi-
ment were originally deposited approximately 1 to 2 m.y.
before the underlying light-colored sediments and post-
depositionally transported to their present position. This
scenario would also imply that the anomalously high
concentration of metalliferous sediments in the darker
layers (Fig. 6) is not entirely due to increased volcanic
activity caused by a faster spreading rate, but that they
may have been further concentrated after deposition.

A grain size analysis from sediment in Sections 599-
3-1, -3, and -4 also indicates a higher energy environ-
ment, as shown by coarser particles within the dark-col-
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599-3-1 599-3-3 599-3-4

Yellowish brown (10YR 5/4); brown (7.5YR 5/4)

Dark yellowish brown (10YR 4/4); brown (7.5YR 4/4)

Dark reddish brown (5YR 3/3): dark brown (7.5YR 3/2)

Reworked nannofossils T
= Abundant

= Common

= Few

= Rare

= Present

Figure 5. Correlations of sediment color, grain size (Rea and Janecek, this volume), and selected nannofossils present in various samples from Hole
599. Grain size data were plotted to correspond with the same alternating light- or dark-colored band.

ored sediments (Rea and Janecek, this volume). This
higher energy environment was apparently strong enough
to mask the effects of normal pelagic deposition.

CONCLUSIONS
A relatively complete upper Oligocene through Holo-

cene section was recovered from six sites during DSDP
Leg 92. Sedimentation rates determined from the nan-
nofossil data are low (site chapters, this volume). In some
cases the very low rates may indicate minor hiatuses with-
in the middle and upper Miocene. A late Pliocene hiatus
may also be present. Most sediments are carbonate rich,
with only a small interval of noncalcareous material pres-
ent at Site 597 (0.3 to 1.4 m). This site is the only Leg 92
site that records an extended history of deposition below
the carbonate compensation depth. Similar occurrences
of noncarbonate sediment are found within Eltanin Cores
E21-2 and E21-3 (approximately 0.3 to 2.0 m). Nanno-
fossils present in sediments from Site 598 (11.3 to 19.4 m)
show stages of advanced dissolution that indicates prox-
imity to the CCD. These observations, along with the
studies of percent carbonate (Leinen, this volume), show

that the Pacific CCD history determined from Leg 92
drill sites is consistent with patterns of a minimum CCD
depth in the middle to late Miocene; however, the depths
indicated are approximately 500 m shallower (Rea and
Leinen, this volume; Fig. 3) than those of other non-
equatorial Pacific DSDP drill sites (van Andel et al.,
1975; Broecker and Broecker, 1974).

Juxtaposed coccolith assemblages correlated with tex-
tural characteristics of the sediments provide strong evi-
dence for downslope processes active on the East Pacific
Rise during the late Miocene (review: Evidence for Down-
slope Transport of Sediment on the East Pacific Rise,
Site 599). The timing of these mass movements corre-
lates closely with the Messinian sea level drop and inten-
sified bottom current activity, which have been widely
recorded in many ocean basins (Adams et al., 1977; Cie-
sielski and Wise, 1977). Displaced shallow-water fossils
of a similar origin are also recorded in many other tropi-
cal and subtropical Pacific DSDP sites (Cook et al.,
1976; Rea and Thiede, 1981; Thiede et al., 1981). An al-
ternate explanation for the mechanism triggering down-
slope movement of these sediments would be tectonic
instability associated with possible increased seismic ac-
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Age (m.y.)

Figure 6. Hydrothermal accumulation rates observed at Leg 92 drill sites. Plot is based on shipboard data only and is observed hy-
drothermal mass accumulation rate versus sediment age above basement at each site minus the present rate of accumulation.

tivity along the East Pacific Rise (Rea and Janecek, this
volume).

Specimens of Discoaster druggii are noted within two
separate abundance peaks at Site 597. The earlier abun-
dance peak is used to define the base of the D. druggii
Subzone (CNlc). The later peak is present within the
Sphenolithus belemnos Zone (CN2). The last occurrence
of D. druggii is noted directly below the first occurrence
of S. heteromorphus. Large forms of D. druggii, within
both peaks at Site 597 and those from the U.S.N.S.
Eltanin cores, were found to be similar to the large forms
referred to as Discoaster sp. aff. D. druggii (Jiang and
Gartner, 1984) in Sites 528 and Site 529, Leg 74, from
the South Atlantic. The first occurrence of Calcidiscus
macintyrei was found to be below its normal range (Buk-
ry, 1975) and occurs with D. druggii within the S. be-
lemnos Zone (CN2) in all of the studied sites.

Another first occurrence that was found to be very
useful, especially with the reworking present at Sites 599
to 601, was that of Pseudoemiliania lacunosa. This first
occurrence was closely tied to the extinction of the ge-
nus Amaurolithus. It, therefore, was used as a second-
ary marker species for the boundary between the A. tri-
corniculatus Zone (CN10) and the Reticulofenestra pseu-
doumbilica Zone (CN11).
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APPENDIX A
Calcareous Nannofossils Considered in this Report

The calcareous nannofossil species considered in this chapter are
listed here and arranged alphabetically by their specific epithets. Bibli-
ographic references for those taxa not listed within the reference sec-
tion are presented by Loeblich and Tappan (1966, 1968, 1969, 1970a,
1970b, 1971, 1973) or by van Heck (1979a, 1979b, 1980a, 1980b,
1981a, 1981b, 1982a, 1982b, 1983a, 1983b, 1984).
Sphenolithus abies Deflandre, 1953
Cyclicargolithus abisectus (Müller) Wise, 1973
Ceratolithus acutus Gartner & Bukry, 1974
Discoaster adamanteus Bramlette & Wilcoxon, 1967
Chiasmolithus altus Bukry & Percival, 1971
Amaurolithus amplificus (Bukry & Percival) Gartner & Bukry, 1975
Scyphosphaera apsteinii Lohmann, 1902
Discoaster asymmetricus Gartner, 1969
Sphenolithus belemnos Bramlette & Wilcoxon, 1967
Discoaster bellus Bukry & Percival, 1971
Discoaster berggrenii Bukry, 1971
Zygrhablithus bijugatus (Deflandre) Deflandre, 1959
Dictyococcites bisectus (Hay, Mohler & Wade) Bukry & Percival, 1971
Amaurolithus bizzarus (Bukry) Gartner & Bukry, 1975
Discoaster braarudii Bukry, 1971
Discoaster brouweri Tan, 1927

Cat master calyculus Martini & Bramlette, 1963
Scyphosphaera campanula Deflandre, 1942
Sphenolithus capricornutus Bukry & Percival, 1971
Triquetrorhabdulus carinatus Martini, 1965
Helicosphaera carteri (Wallich) Kamptner, 1954
Discoaster challengeri Bramlette & Riedel, 1954
Sphenolithus ciperoensis Bramlette & Wilcoxon, 1967
Rhabdosphaera clavigera Murray & Blackman, 1898
Cat master coalitus Martini & Bramlette, 1963
Sphenolithus conicus Bukry, 1971
Minylitha convallis Bukry, 1973
Ceratolithus cristatus Kamptner, 1950
Discoaster decorus (Bukry) Bukry, 1973
Discoaster deflandrei Bramlette & Wilcoxon, 1967
Amaurolithus delicatus Gartner & Bukry, 1975
Sphenolithus delphix Bukry, 1973
Sphenolithus dissimilis Bukry & Percival, 1971
Discoaster druggii Bramlette & Wilcoxon, 1967
Coccolithus eopelagicus Bramlette & Riedel, 1954
Discoaster exilis Martini & Bramlette, 1963
Chiasmolithus expansus (Bramlette & Sullivan) Gartner, 1970
Clausicoccus fenestratus (Deflandre & Fert) Prins, 1979
Cyclicargolithus floridanus (Roth & Hay) Bukry, 1971
Coccolithus formosus (Kamptner) Wise, 1973
Scapholithus fossilis Deflandre, 1954
Coccolithus fuscus Backman, 1980
Gephyrocapsa sp. (small)
Scyphosphaera globulata Bukry & Percival, 1971
Discoaster hamatus Martini & Bramlette, 1963
Sphenolithus heteromorphus Deflandre, 1953
Emiliania huxleyi (Lohmann) Hay & Mohler, in Hay et al., 1976
Discoaster intercalaris Bukry, 1971
Helicosphaera intermedia Martini, 1965
Scyphosphaera intermedia Deflandre, 1942
Calcidiscus leptoporus (Murray & Blackman) Loeblich & Tappan, 1978
Calcidiscus macintyrei (Bukry & Bramlette) Loeblich & Tappan, 1978
Triquetrorhabdulus milowii Bukry, 1971
Coccolithus miopelagicus Bukry, 1971
Umbilicosphaera mirabilis Lohmann, 1902
Discoaster moorei Bukry, 1971
Sphenolithus moriformis (Brönnimann & Stradner) Bramlette & Wil-

coxon, 1967
Sphenolithus neoabies Bukry & Bramlette, 1969
Discoaster neohamatus Bukry & Bramlette, 1969
Coronocyclus nitescens (Kamptner) Bramlette & Wilcoxon, 1967
Gephyrocapsa oceanica Kamptner, 1943
Pyrocyclus orangensis (Bukry) Backman, 1980
Coccolithus pelagicus (Wallich) Schiller, 1930
Discoaster pentaradiatus Tan, 1927
Hayaster perplexus (Bramlette & Riedel) Bukry, 1973
Pontosphaera sp.
Discoaster prepentaradiatus Bukry & Percival, 1971
Amaurolithus primus (Bukry & Percival) Gartner & Bukry, 1975
Rhabdosphaera procera Martini, 1969
Reticulofenestra pseudoumbilica (Gartner) Gartner, 1969
Scyphosphaera pulcherrima Deflandre, 1942
Syracosphaera pulchra Lohmann, 1902
Discoaster quinqueramus Gartner, 1969
Reticulofenestra spp. (small)
Note: This name is also used to denote species formerly ascribed to

Crenalithus doronicoides; see Backman (1980).
Ceratolithus rugosus Bukry & Bramlette, 1968
Triquetrorhabdulus rugosus Bramlette & Wilcoxon, 1967
Pontosphaera segmenta (Bukry) Knüttel nov. comb.
Helicosphaera sellii (Bukry & Bramlette) Jafar & Martini, 1975
Discoaster surculus Martini & Bramlette, 1963
Discoaster tamalis Kamptner, 1967
Thoracosphaera sp.
Amaurolithus tricorniculatus (Gartner) Gartner & Bukry, 1975
Discoaster tridenus (Kamptner) Bukry, 1981
Reticulofenestra umbilica (Levin) Martini & Ritzkowski, 1968
Sphenolithus umbrellus (Bukry) Aubrey & Knüttel, nov. comb.
Discoaster variabilis Martini & Bramlette, 1963
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APPENDIX B
Systematic Paleontology

Genus CALCIDISCUS Kamptner, 1950

Calcidiscus macintyrei (Bukry and Bramlette) Loeblich and
Tappan, 1978

(Plate 1, Figs. 9, 10)
(Plate 2, Fig. 1; Plate 3, Fig. 2)

(?) Cyclococcolithus tropicus Kamptner, 1955, p. 32 (invalid, ICBN
article 34 nom. altern., fide Loeblich and Tappan, 1966).

(?) Coccolithus tropicus Kamptner, 1955, pp. 98-99, fig. 79 (invalid,
ICBN article 34, nom. altern., fide Loeblich and Tappan, 1966).

(?) Calcidiscus tropicus Kamptner, 1956, p. 9 (validated by reference
to description and figure previously published under invalid name,
fide Loeblich and Tappan, 1966).

Calcidiscus medusoides Kamptner, 1954. Martini and Bramlette, 1963,
p. 849, pi. 102, figs. 1, 2.

Coccolithus leptoporus (Murray and Blackman) var. A, Mclntyre, Be,
and Preikstas, 1967, pp. 9-10, pi. 4, figs. C, D.

Cyclococcolithus leptoporus (Murray and Blackman) Gartner, 1967,
p. 1, ρl. 1 figs. 1, 2, 4a-4c; pi. 2, figs. 1, 4a-4d.

Cyclococcolithus macintyrei Bukry and Bramlette, 1969, pp. 132-133,
pi. 1, figs. 1-3.

Calcidiscus macintyrei (Bukry and Bramlette) Loeblich and Tappan,
1978.

(?) Cyclococcolithus tropicus (Kamptner) Gartner et al., 1983, p. 46.
Remarks. Lower Miocene specimens of Calcidiscus macintyrei are

poorly preserved and are most often observed within the examined
material as isolated distal shields. These shields are somewhat smaller
(9 µm) and have fewer elements (approximately 37; Plate 1, Figs. 9 and
10; Plate 3, Fig. 2) than the type specimen (Bukry and Bramlette,
1969; Mclntyre et al., 1967), which has approximately 40 elements and
is 11 µm across the distal shield. These forms, which at Site 597 are re-
ferred to as C. macintyrei s. ampl., are within the size range given in
the type description (8 to 12 µm) and are therefore considered to be
within the taxonomic variation of C. macintyrei.

Occurrence. Calcidiscus macintyrei s. ampl. is found below the
last occurrence of Sphenolithus belemnos in sediments from Site 597
and Core E24-16. It is also observed in Sample 528-4-2 (80-82 cm)
from the South Atlantic (Plate 2, Fig. 1), but was most likely recorded
as Calcidiscus leptoporus (Jiang and Gartner, 1984). The first occur-
rence of Calcidiscus macintyrei s. ampl. below the second abundance
peak of Discoaster druggii may be indicative of the upper Sphenolith-
us belemnos Zone within moderate latitudes when the guide species S.
belemnos is rare or poorly preserved. The occurrence of C. macintyrei
is similarly reported within the range of Discoaster druggii in the equa-
torial Pacific in Core K78016 (Haq and Takayama, 1984).

Note. The name Cyclococcolithus tropicus Kamptner as used by
Gartner et al. (1983) is not adopted in this report because the illustra-
tion by Kamptner (1955, p. 99) is somewhat interpretive and its optical
properties under crossed-polarized light are not discussed. The rim
proportions and attitudes of C. macintyrei (Gartner, 1967, pi. 2) also
appear to be different (D. Bukry, pers. comm., 1984). The type mate-
rial should be re-examined before this name is accepted. The new com-
bination proposed by Gartner et al. (1983) would be redundant if the
original name proposed by Kamptner (1955, p. 32), Cyclococcolithus
tropicus, is considered valid. However, Kamptner's illustration (his
figs. 79a and b) was incorrectly(?) referred to as Coccolithus tropicus.
Therefore, Loeblich and Tappan (1966, pp. 100 and 113) found both
of these combinations to be invalid and refer to Kamptner (1956, p. 9)
for a valid recombination. The genus Cyclococcolithus has also been
rejected by Loeblich and Tappan (1978). If it is found that the specific
name macintyrei is a junior synonym of tropicus, the generic name
Calcidiscus should be applied to this form [i.e., Calcidiscus tropicus
(Kamptner) Kamptner, 1956].

Genus DISCOASTER Tan

Discoaster druggii Bramlette and Wilcoxon, 1967
(Plate 1, Figs. 5-8)

(Plate 2, Figs. 1, 2, 5)
(Plate 3, Fig. 1)

Discoaster sp. (ciperoensis gp.) Martini, 1965, p. 405, pi. 37, figs. 10,
11 (pi. 33, figs. 5, 6).

Discoaster druggii Bramlette and Wilcoxon, 1967, p. 110, pi. 8, figs.
2-8.
Remarks. Large forms of Discoaster druggii, up to 32 µm, are pres-

ent in material examined from Site 597 and Core E24-16. The rays of
these forms vary in shape from blunt and tapering to long and narrow
with almost parallel sides. In some specimens, the free length of the
arms is equal to or greater than the central area of the astrolith. Forms
of this type were not discussed by Bramlette and Wilcoxon (1967; the
closest form illustrated is in pi. 8, fig. 2). Upon examination of the
type material, forms were found with parallel sides, rays having free
arm lengths up to 12 µm, and central areas measuring up to 8 µm (to-
tal diameter = 32 µm). Jiang and Gartner (1984) also referred to large
discoasters having straight and slightly tapered rays and recorded them
as Discoaster sp. aff. D. druggii. Because the Leg 74 and Leg 92 lower
Miocene materials are similar in preservation and assemblage, along
with the material from Core E24-16 which is somewhat better pre-
served, I suggest that the forms documented (however not illustrated)
by Jiang and Gartner (1984) are variants of D. druggii. The large size
of the more robust forms is attributed to heavy secondary overgrowth.

Occurrence. Discoaster druggii (including the very large forms) oc-
curs stratigraphically in two narrow abundance peaks at Site 597 that
are separated by an interval in which this species does not occur. The
stratigraphic distribution of this species is similar to that reported on
other DSDP Legs (Bukry, 1975; 1976). The first abundance peak of
D. druggii lies below the first appearance of Sphenolithus belemnos,
and the second peak occurs within the S. belemnos Zone. The highest
stratigraphic occurrence of D. druggii is found directly below the first
appearance of S. heteromorphus, in Core E24-16.

Genus PONTOSPHAERA Lohmann, 1902

Pontosphaera segmenta (Bukry and Percival) Knüttel, nov. comb.
(Plate 7, Figs. 8-10)

Discolithina segmenta Bukry and Percival, 1971, pp. 130-1, pi. 4,
figs. 4-6.
Remarks. The genus Discolithina is considered in this report to be

a synonym of Pontosphaera. This is in agreement with Burns (1973),
Romein (1979), and Backman (1980).

Occurrence. Pontosphaera segmenta occurs in lower Miocene and
upper Oligocene sediment from Site 597. It is rare in most of the sam-
ples in which it is present, and it constitutes less than 1% of the total
assemblage.

Genus SPHENOLITHUS Deflandre, 1952

Sphenolithus umbrellus (Bukry) Aubry and Knüttel, nov. comb.

Catinasterl umbrellus Bukry, 1971a, p. 50, pi. 3, figs. 10-13.
Remarks. Because of the basket-like shape of its nannoliths, this

species was provisionally assigned to the genus Catinaster. This assign-
ment is unsatisfactory, because the representatives of the late Miocene
genus Catinaster belong to the Ortholithae group, whereas C.I um-
brellus exhibits the optical characteristics of the Heliolithae group. Its
8 to 12 rib-like elements act as separate crystals of calcite. Rather, C.I
umbrellus shows a very close resemblance to the basal cycle of a sphe-
nolith (see Plate 5). Sphenoliths consist of two parts: (1) a basal cycle
or column, and (2) a cone, which may include several more or less well
developed cycles consisting of one or more lateral cycles and a centro-
dorsal spine (Romein, 1979). No well defined apical structure is appar-
ent in specimens of C ? umbrellus that were examined by means of the
scanning electron microscope (Plate 5, Figs. 1, 2, 8), but with the light
microscope several specimens were observed to have a rudimentary ap-
ical structure (see Plate 5, Fig. 10). Thus, we interpret C.I umbrellus
as a sphenolith, characterized by a well developed basal cycle and a
small, fragile cone, which in most cases is not preserved. We believe
the genus Sphenolithus best accommodates the form presently referred
to as Catinaster? umbrellus. Until such time as the species is found to
have a verifiable apical structure, we propose that it be renamed Sphe-
nolithus umbrellus (Bukry).

Occurrence. Sphenolithus umbrellus, rare to few in abundance, oc-
curred in upper Oligocene and lowermost Miocene sediments recov-
ered from Site 597 and from DSDP Sites 558 and 563 in the North At-
lantic Ocean. Its last occurrence is close to that of S. capricornutus, S.
delphix, Dictyococcites bisectus, and Clausicoccus fenestratus.
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Plate 1. Early or middle Miocene nannofossils. 1, 2. Sphenolithus heteromorphus, Sample 597-1-2, 56-57 cm, 2900 × . 3, 4. Sphenolithus be-
lemnos, Section 597-2.CC, 2900×. 5-8. Discoaster druggii; (5, 6) Sample 597-2-2, 56-57 cm, 3835 × and 3640×; (7, 8) Sample E24-16,
136-137 cm, 2900 × . 9, 10. Calcidiscus macintyrei s. ampl., Sample 597A-1-2, 132-133 cm, 2900 × .
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Plate 2. Early or middle Miocene nannofossils. 1. Discoaster druggii and Calcidiscus macintyrei, Sample 528-4-2, 80-82 cm, 2900 × . 2, 5. Dis-
coaster druggii, Sample 529-9-5, 30-31 cm, 2900 × . 3, 4. Sphenolithus belemnos, Section 597-2.CC, 2900 × .
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Plate 3. Late Oligocene and early Miocene nannofossils. 1. Discoaster druggii, Sample 597-3-4, 56-57 cm, 2900× . 2. Calcidiscus macintyrei s.
ampl., Sample 597-1-3, 56-57 cm, 6400X . 3, 4, 7, 8. Sphenolithus capricornutus, Sample 597A-3-5, 56-57 cm, (3) 8300× , (4) 10,500× , (7, 8)
2900 × . 5, 6. Coronocyclus nitescens, Sample 597-3-4, 56-57 cm, 2900 × .
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Plate 4. Late Oligocene and early Miocene nannofossils. 1-5, 8. Sphenolithus delphix, Sample 597A-3-5, 56-57 cm, (1) 3484 × , (2) 5778 ×, (3-5,
8) 2900 ×. 6, 7, 9, 10. Sphenolithus moriformis, Sample 597-3-4, 56-57 cm, 2900 ×, (6, 7) large form, (9, 10) small form.
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Plate 5. Late Oligocene nannofossils. 1, 2, 5-10. Sphenolithus umbrellus, (1, ‰ 8) Sample 597-4-2, 56-57 cm, (1, 8, 700×; 2, 9100× ; 8, 7800×),
(5-7, 9, 10) Sample 597-4-6, 56-57 cm, 2900× . 3, 4. Dictyococcites bisectus, Section 597-3.CC, 2900× .
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Plate 6. Late Oligocene naπnofossils. 1, 3, 4. Coccolithus sp. (distal shield), (1) Section 597-3.CC, 13,750×, (3) Sample 597A-5-1, 90-91 cm,
2900 × , (4) Sample 597-4-6, 56-57 cm, 2900 × . 2, 5-7. Clausicoccus fenestratus, (2) Sample 597-6-5, 56-57 cm, 10,989 × , (5-7) Sample 597-4-6,
56-57 cm, 2900× . 8-11. Coccolithus sp. cf. C. fuscus, (8) Section 597-3.CC, 13,750×, (9) Sample 597-6-5, 56-57 cm, 15,750 × , (10) Sample
597A-5-1, 90-91 cm, 2900× , (11) Sample 597A-4-3, 56-57 cm, 5150× .
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Plate 7. Late Oligocene nannofossils. 1, 2. Sphenolithus ciperoensis, Sample 597-4-6, 56-57 cm, 2900 × . 3, 4. Zygrhablithus bijugatus, Sam-
ple 597-4-6, 56-57 cm, 2900 × . 5-7. Helicosphaera intermedia, Sample 597-4-6, 56-57 cm, 2900 × . 8-10. Pontosphaera segmenta, Sample
597-4-6, 56-57 cm, 2900 × . 11, 12. Dictyococcites bisectus, Sample 597-4-6, 56-57 cm, 2900 × . 13-16. Reticulofenestra sp., Section 597-3.CC,
2900 × .
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Plate 8. Middle and late Miocene nannofossils. 1, 2. Discoaster hamatus, Sample 598-2-6, 56-57 cm, 2900 × . 3, 4. Catinaster calyculus, Sam-
ple 598-2-6, 56-57 cm, 2900 × . 5, 6. Catinaster sp. cf. C. calyculus, Sample 598-2-6, 56-57 cm, 2900 × . 7. Minylitha convallis, Sample
598-2-4, 56-57 cm, 9275 × . 8-9. Discoaster neohamatus, Sample 598-2-4, 56-57 cm, (8) 5310×, (9) 4880 × .
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Plate 9. Late Miocene to Pleistocene nannofossils. 1, 3. Discoaster intercalaris, (1) Sample 599-3-3, 56-57 cm, 7500×, (3) Sample 598-1-2, 142-143
cm, 2900 × . 2. Discoaster quinqueramus, Sample 599-3-3, 56-57 cm, 6000 × . 4. Discoaster moorei, Sample 598-1-2, 142-143 cm, 2900 x .
5. Amaurolithus sp. cf. A. tricorniculatus, Sample 598-1-2, 142-143 cm, 2900× . 6. Amaurolithus tricorniculatus, Sample 598-1-2, 142-143 cm,
2900 × . 7-9. Rhabdosphaera clavigera, Sample 598-1-1, 5-6 cm, (7) 7750 × , (8, 9) 2900 x .

288



CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY

9 11 12
Plate 10. Pliocene and Pleistocene nannofossils. 1, 3, 4. Pontosphaera sp. 2, Section 6O1-3.CC, (1) 11,250× , (3, 4) 2900× . 2, 5, 6, 10. Ponto-

sphaera sp. 1, Section 601-3.CC; (2) 7500× , (5, 6, 10) 2900× . 7-9. Rhabdosphaera procera, Section 601-3.CC, (7) 7000×, (8, 9) 2900× .
11, 12. Umbilicosphaera mirabilis, Sample 598-1-1, 5-6 cm, 2900 X.
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Plate 11. Pleistocene nannofossils. 1-5. Syracosphaera pulchra, Sample 598-1-1, 5-6 cm, (1) 15,275 ×, (2) 17,225 ×, (3-5) 2900×. 6, 7, 9.
Scapholithus fossilis, Sample 598-1-1, 5-6 cm, (6, 7) 2900 × , (9) 12,500 × . 8. Hayaster perplexus, Sample 598-1-1, 5-6 cm, 7595 × .
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