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ABSTRACT

Planktonic foraminifers from DSDP Site 586 on Leg 89 and Sites 587-594 on Leg 90, cored by the Glomar Chal-
lenger from the equator to subantarctic waters of the southwest Pacific, are recorded. Five zonal schemes were used be-
cause of latitudinal changes in faunal assemblages and these are discussed; intersite correlation was established by se-
lected datum species, Major epoch boundaries were normally marked by the following species: Pliocene/Pleistocene,
the appearance of Globorotalia truncatulinoides; Miocene/Pliocene, appearance of G. fumida in the north and the ex-
tinction of G. conomiozea in the south; Oligocene/Miocene, the appearance of Globoquadrina dehiscens at 586, 588,
and 593; Eocene/Oligocene, at the extinction of Globigerinatheka index.

The appearances and extinctions of most datum species were regarded as isochronous but a few were demonstrably
diachronous at their paleogeographic limits, such as the appearances of G. truncatulinoides at Site 594 and G. inflata at

587.

The presence of Jenkinsina samwelli in the late Oligocene at Site 593 is further support for the hypothesis that the
Circum-Antarctic Current began about 30 Ma ago. At the same time, a major unconformity was formed and is wide-
spread in the Tasman Sea area; sedimentation did not resume at Site 592 until the early Miocene.

Selected taxonomic problems are discussed and 39 species illustrated.

INTRODUCTION

During December 1982 and January 1983, Deep Sea
Drilling Project Leg 90 recovered more than 3700 m of
sediment cores from eight sites in a traverse by the Glo-
mar Challenger from the tropics to the sub-Antarctic
(Fig. 1, Table 1). Leg 90 sites were located in all the ma-
jor surface-water masses between the tropics and the
sub-Antarctic in order to compare and be able to corre-
late Cenozoic faunas across a wide range of latitudes
from the equator to latitude 45°S. The cores were recov-
ered from uncomplicated calcareous oozes and chalks
of late Eocene-Pleistocene age, in relatively shallow wa-

Table 1. Locations and water depths
of Leg 90 sites.

Water

Latitude Longitude  depth

Site () (E) (m)
587  21°11.87' 161°19.99' 1101
588  26°06.70' 161°13.60" 1533
589  30°42.72'  163°38.39' 1391
590  31°10.02' 163°21.51' 1299
591 31°35.06"  164°26.92' 2131
592 36°28.40' 165°26.53" 1098
593 40°30.47'  167°40.47' 1068
594  45°31.41'  174°56.88' 1204

! Kennett, J. P., von der Borch, C. C., et al., /nit. Repts. DSDP, 90: Washington (U.S.
Govt, Printing Office).

2 Addresses: (Jenkins) Department of Earth Sciences, Open University, Walton Hall,
Milton Keynes, MK7 6AA, Buckingt ire, United King (Srini ) Banaras Hindu
University, Varanasi, 221005, India.

ter. Core recovery was 85% and the quality of the cored
sequences was good; the cores were obtained by using
the hydraulic piston corer (HPC) and extended core bar-
rel (XCB).

PROCEDURES

On board ship core-catcher sediment samples were washed, dried,
and sieved to fine, medium, and coarse fractions; the planktonic fora-
minifers were then examined. Subsequently, in order to determine the
position of zonal boundaries, intermediate samples in the cores were
examined. The species identified from Sites 586 to 594 were recorded
in stratigraphic tables.

Previous relevant work on the southwest Pacific includes that of
Jenkins (1971, 1975), Kennett (1973), Srinivasan and Kennett (1981a,
b), and Kennett and Srinivasan (1983).

ZONAL SCHEMES

Zonal schemes are empirical and their identification
is dependent on the paleogeographic limitations of zon-
al markers in the Cenozoic. Consequently, five main zonal
schemes were employed. The tropical zonal scheme was
used for Hole 586B (N22-N17a), drilled by leg 89; the
warm subtropical zonal scheme was used at Sites 587,
588, 589, and 590; the cool subtropical scheme at Sites
591 and 592; the temperate scheme at Site 593 and the
subantarctic scheme at Site 594. Figure 2 shows four
zonal schemes and the intersite datums used for correla-
tion from the warm subtropical to subantarctic sites; the
zonal markers and zonal schemes for the tropical to sub-
antarctic sites are shown in Tables 2-6. The latitudinal
distribution of zonal markers and major boundary mark-
ers is shown later in Figure 3 and Table 7, the biostrati-
graphic details of Jenkinsina samwelli and Chiloguem-
belina cubensis at sites around Antarctica in Figure 4,
and some unconformities in the Tasman Sea in Figure 5.
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Figure 1. Location of Leg 90 sites (Site 586 is shown by solid circle but was drilled on Leg 89).

The zonal schemes are based on the stratigraphic dis-
tribution of species at Sites 586-594; the essential data
are shown in Tables 8-16, later.

Tropical

The zonal scheme (Table 2) is similar to that of Srini-
vasan and Kennett (1981a, b) for Site 586 (N22-N17A).
The top of Zone N19, however, could not be recognized
in terms of Banner and Blow’s zonal scheme. We have,
therefore, included both Zones N19 and N20 within a
zonal unit N19-N20 (Banner and Blow, 1965).
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Warm Subtropical

The zonal scheme (Table 3) is similar to that of Ken-
nett (1973) and Srinivasan and Kennett (1981a, b) for
Site 208, but the following zones were not recognized:
Globorotalia conomiozea Zone, Globigerina nepenthes
Zone, and Globorotalia peripheroacuta Zone.

The G. plesiotumida Zone and the G. margaritae Zone
have been used instead of both the G. conomiozea Zone
and the Globigerina nepenthes Zone because of the late
appearance of Globorotalia conomiozea. An added com-
plication was that at Site 588, G. conomiozea had a squar-
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Figure 2. Four planktonic foraminiferal zonal schemes used for Leg 90 drilled sites with datums used for intersite correla-

tion.

er outline in peripheral view when compared with typi-
cal forms (see taxonomic notes).

The G. fohsi s.l. Zone was used because it was diffi-
cult consistently to identify keeled Globorotalia fohsi in
the upper part of the G. fohsi s.l. Zone at Site 588. The
G. fohsi s.l. Zone is equivalent to the upper part of the
Orbulina suturalis Zone of Kennett (1973) and to both

the G. fohsi s.l. Zone and the G. peripheroacuta Zone
of Srinivasan and Kennett (1981a, b).
Cool Subtropical

The main difference between the cool and warm sub-
tropical zonal schemes is the recognition of the late Mi-
ocene zones that are noted in Table 4.
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Table 2. Tropical zonal scheme with zonal markers.

Tropical zonal
Epochs scheme Zonal markers
Pleistocene N22 Globorotalia truncatulinoides 1.A.

N21 Globorotalia tosaensis 1.A.

Pliocene N19-N20 Sphaeroidinella dehiscens 1.A.
NI18 Globorotalia tumida 1.A.
NI17b it it

Miocene 1. - Pulleniatina primalis 1.A.
a

Note: In Tables 2-6, 1.A. = initial appearance, Ext. = Extinction.

Table 3. Warm subtropical zonal scheme with zonal markers.

Epochs Warm subtropical zonal scheme Zonal markers
Glob " T
Plei - Globorotalia tosaensis Ext.
G. tr linoides/G. i
G. truncatulinoides 1.A.
G. tosaensis
G. s 1LA.
Globorotalia inflata
: s < G. inflata 1.A.
Pliocene Globorotalia crassaformis

G. aformis 1LA.

Globorotalia puncticulata
G. puncticulata 1.A.

Glob lia margaritae
G. margaritae 1.A.
Globorotalia plesiotumida
L — G. pi ida 1.A.
G. mayeri Ext.
Globorotalia mayeri
Glob lia peripheroacuta Ext.
m. | Globorotalia fohsi (s.1.)
. — G. peripheroacuta 1.A.
Miocene Orbuling suturalis o s LA
Praeorbulina glomerosa curva
Pg curva LA,
Globorotalia miozea
L C. dissimilis Ext.
Catapsydrax dissimilis
Globorotalia kugleri Ext.
Globoguadring dehiscens
b s o G. deh LA.
oIgerinoi FImMoraius
i A G. primordius 1.A.
G. kugleri
Oligocene 1. G. kugleri 1A,
Globigerina angulisuturalis et it

Chiloguembelina cubensis

Table 4. Late Miocene cool subtropical zonal scheme with zonal mark-
ers.

Epoch Zones Zonal markers

G TOTHE e Globorotalia conomiozea Ext.
Miocene 1, | G comomiozea G. ¢ jozea 1.A.

Globigerina nepenthes Neorlob 4 i Ext,

The cool subtropical zonal scheme is a modification
of that used by Kennett (1973) and by Srinivasan and
Kennett (1981a, b).

Temperate

Compared with the cool subtropical zonal scheme of
Sites 591 and 592 the temperate scheme at 593 has been
modified to account for the absence or paucity of some
warmer-water zonal markers. Thus the Globorotalia to-
saensis Zone and the G. fruncatulinoides/G. tosaensis
Zone are not recognized because of the low numbers of
Globorotalia tosaensis; similarly because of the low num-
bers of Neogloboguadrina continuosa, the upper bound-
ary of the Neogloboquadrina continuosa Zone was re-

798

Table 5. Temperate zonal scheme with zonal markers.

Epochs Temperate zonal scheme Zonal markers
Plei Glob it
eistocene 6 Buncaii B AL
I. Globorotalia inflata
Pliocene G. inflata LA,

e. | Globorotalia puncticulata

G, puncticulata LA
G ¢ i LA,
Globoguadrina dehiscens Ext.

Globorotalia conomiozea
L Globorotalia miotumida

Naryolnb "

Globorotalia mayeri Ext.
G. mayeri

Glob liat periph 55 BRE:
.| G i 1
" e G. peripheroacuta 1.A.
Mi Orbuiina suturalis
iocene ura Fy o
Praeorbuling glomerosa curva
P gl curva LA.
Globorotalia miozea
G. miozea LA.
e. | Globigerinoides trilobus
: < G. trilobus LA
Globigerina connecta
it < G. ¢ LA.
Globigering woodi
- G. woodi LA.
Globoguadrina dehiscens .
G. dehiscens 1A
] Globigerinag euaperiura o . o
Oligocene G - i Globigerina angip Ext.
e . angiporoides
- Globigering brevis Ext.
G. brevis -
— e G. brevis LA,
Evcene L Globigering linaperia Glob i " i

G. aculeata

Table 6. Subantarctic zonal scheme with zonal markers.

Epochs Subantarctic zonal scheme Zonal markers
Plei: Globorotalia truncatulinoides .
G LA.
Gl P
ki G. inflata LA.
Pliocene Glob i
Gl Ext
—— ericomi
G. sph lozea G Ext
1| GrcoRomity G. conomiozea LA.
Globorotalia miotumida
Glob fia mayeri Exi.
G,
_— mayeri - lis periph 46 Exi.
hocen G. peripheroronda
m. pe < G ia comica Ext.
. conica ;
- G. conica LA,
Proearbuling glomerosa a?
i o Lt Glob miozea: change from random
e. | G. miozea to sinistral coiling

defined on the extinction of Globoquadrina dehiscens.
The zones and zonal markers are shown in Table 5. This
zonal scheme is similar to that developed onshore in south-
east Australia and New Zealand (Jenkins, 1960, 1966b,
1967) and on DSDP Leg 29 (Jenkins, 1975).

Subantarctic

Site 594 is located in subantarctic waters and the cool-
er waters in the Miocene to Pleistocene have affected the
distribution of some of the taxa. Thus the initial ap-
pearance of Globorotalia truncatulinoides is within the
late Pleistocene and the Orbulina suturalis Zone and the
Globigerinoides trilobus Zone could not be identified be-
cause of the absence of zonal markers. The zonal scheme
used for Site 594 (Table 6) is a modification of that used
onshore in New Zealand (Jenkins, 1966a, 1967) and that
developed on DSDP Leg 29 (Jenkins, 1975).

Zonal Markers

The intersite zonal markers used for correlation are
shown in Figure 3. From a comparison with other mi-
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Figure 3. Latitudinal distribution of zonal markers; for most species either the initial appearance (I.A.) or ex-
tinction (Ext.) is used but for a few species the presence within their zone is noted; the diachronous nature

of two species is shown by an inclined line.

cropaleontological data it can be seen that some are di-
achronous. For example, the initial appearances of the
following species at the sites noted are later than at oth-
er sites: Globorotalia truncatulinoides at Site 594, G. in-
flata at Site 587, G. conomiozea at Site 588, and possi-
bly G. tumida at Site 587. Unfortunately, the degree of
diachrony of these and other taxa is not well docu-
mented because good paleomagnetic stratigraphy was not
obtained.

MAJOR BOUNDARIES

The planktonic foraminiferal species used to identify
the major boundaries from the late Eocene through to
the Pleistocene are shown in Table 7.
Pliocene/Pleistocene Boundary

At Sites 586-592 the first evolutionary appearance of
Globorotalia truncatulinoides was used with some con-
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Table 7. Major boundary and zonal markers used on Leg 90.

Epoch Boundary marker Site
Pleistocene
Globorotalia truncatulinoides 1.A. 586-592
I
. ——<— Globorotalia inflata 1.A. 588-593
Pliocene
Globorotalia tumida 1.A. 586, 587
s Globorotalia conomiozea Ext. 588, 590-594
L.
Neogloboguadrina acostaensis 1.A. | 586
Globorotalia mayeri Ext. 588-594
Miocene -
——<—— Orbulina suturalis 1A, 586, 588-594
€.
1% Globoquadrina dehiscens 1.A. 586, 588, 593
. —le— Globigerina angiporoides Ext. 592, 593
Oligocene
e
Globigerinatheka index Ext. 592, 593
Eocene 1L

fidence because its immediate ancestor G. fosaensis was
present at these sites. Because of the low numbers of G.
tosaensis at Site 593 and total absence of this species at
594, the first appearance of G. truncatulinoides could not
be used to mark the Pliocene/Pleistocene boundary.

Miocene/Pliocene Boundary

At the tropical Sites 586 and 587 the first appearance
of Globorotalia tumida was used, but further south, be-
cause this species became rare and then was not present,
the extinction of G. conomiozea was used instead. This
latter extinction is probably diachronous between sites.

Oligocene/Miocene Boundary

The first appearance of Globoguadrina dehiscens was
used at Sites 586, 588, and 593. Srinivasan and Kennett
(1983) have suggested that the first appearance of G. de-
hiscens can be used to mark the boundary in the south-
west Pacific; this follows the work of Jenkins (1966b,
1971) in New Zealand. Srinivasan and Kennett (1983)
have also suggested that the first appearance of G. de-
hiscens is isochronous in the North Atlantic and Pacific
but Jenkins (1973, 1981) has argued that its first ap-
pearance is diachronous when plotted from the high-
mid latitudes to low-latitude areas. It had been hoped
that this problem could be resolved on the Leg 90 north-
south traverse by comparing the taxonomic appearances
at the various sites with the paleomagnetic record; un-
fortunately the intensities of magnetization were too low
to produce a good paleomagnetic record.

Eocene/Oligocene Boundary

The extinction datum used for Globigerinatheka in-
dex follows the original work of Finlay (1939), Horni-
brook (1958), and Jenkins (1963, 1966a) in New Zea-
land. It is probable that the extinction of this species is
not too diachronous within the latitudinal belt 55°-35°S,
but the extension of this event into the low latitudes will
probably prove to be diachronous.
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The species used to position the intraepoch bounda-
ries are also shown in Table 7.

INITIATION OF THE CIRCUM-ANTARCTIC
CURRENT

From the faunal evidence of planktonic foraminifers,
the Circum-Antarctic Current began about 30 Ma ago
(Jenkins, 1974, 1978a, b, ¢). An aid in dating this event
was the documentation of Jenkinsina samwelli, and fur-
ther evidence of its distribution has come from Site 593.

J. samwelli lived in the Austral Gulf between Antarc-
tica and Australia from the earliest Oligocene to late Oli-
gocene, according to the evidence from South Australia
(Lindsay, 1969) (Fig. 4, [1]). At this time Antarctica was
joined to Australia at the Tasman Rise and the only out-
let of the Austral Gulf was toward the Indian Ocean. In
the earlier part of the late Oligocene (Globigerina eua-
pertura Zone), J. samwelli migrated eastward into the
southwest Pacific with the parting of Australia and Ant-
arctica; it migrated at least as far as the Campbell Pla-
teau (Site 276), into marine incursions onto the South
Island of New Zealand, and through Drake Passage to
Site 360. As a result of Leg 90 the northern limit of J.
samwelli can now be extended to latitude 40°30.47'S,
because it was found at Site 593. In these areas J. sam-
welli lived for only a very brief interval (Fig. 4, [2]-[7]).

The ranges and extinctions of Chiloguembelina cu-
bensis and J. samwelli are shown in Figure 4. The esti-
mated age of 30 Ma for the beginning of the Circum-
Antarctic Current and opening of Drake Passage is based
on Berggren’s (1972) date for the extinction of C. cu-
bensis, 28.8-31.2 + 1.5 Ma, because it approximates
the extinction of J. samwelli, which happened soon af-
ter the current began.

UNCONFORMITIES

The oldest rocks below the unconformity at Site 592
are in the upper Globigerina angiporoides Zone of the
Oligocene and the overlying rocks are in the lower Mio-
cene Globigerinoides trilobus Zone. The probable cause
of this and similarly aged unconformities in the Tasman
Sea was the initiation of the Circum-Antarctic Current
about 30 Ma ago. Some of the Tasman Sea unconformi-
ties are shown in Figure 5 and the ones formed by the
bottom water of the Circum-Antarctic Current include
those at Sites 209, 588, 207, and 592. The dating of the
rocks above and below the unconformities at Sites 210
and 206 needs to be checked.

TAXONOMIC NOTES

In the recent publication by Kennett and Srinivasan (1983), most
of the Neogene planktonic foraminiferal species of the southwestern
Pacific have been illustrated by a Scanning Electron Microscope (SEM).
Previously, mainly hand-drawn illustrations were available (Jenkins,
1966a, 1967, 1971). In this report most of the Paleogene species have
been illustrated, plus a few from the Neogene which are of special in-
terest (Plates 1-5), and the identified species from each of the Sites
586-3594 are recorded in Tables 8-16. Specimens illustrated on Plates
1-5 have been deposited at the U.S. National Museum, Smithsonian
Institute, Washington, D.C.

Catapsydrax cf. echinatus Bolli (Plate 1, Fig. 1). Bolli, 1957a, p. 165,
pl. 37, figs. 2a-5b. The illustrated specimen is not very spiny like

C. echinatus but it is referred to this species because of its small

size and the few spines which can be seen on the final chamber; the

bulla is small and smooth.
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1-2, 90-92
1-3, 90-93
1-4, 90-92
1-5, 90-52
1-6, 90-92
2-1, 50-52
2-1, 90-91
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50-52

35
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4-4, 50-52
4-6, 50-52
5-1, 50-52

-1, 90-91

Zone

N22

N21

Epoch

Table 8A. Occurrences of planktonic foram
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Table 8B. Occurrences of planktonic foraminifers in selected samples of Hole 586B, Sections 5-2 through 8-4.

Epoch

1
Note: R = reworked.

Pliocene
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Table 8C. Occurrences of planktonic foraminifers in selected samples of Hole 586B, Sections 8-5 through 15-3.
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Table 8D. Occurrences of planktonic foraminifers in selected samples of Hole 586B, Sections 15-4 through 19-3.
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Table 8E. Occurrences of planktonic foraminifers in selected samples of Hole 586B, Sections 19-4 through 25-5.
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Chiloguembelina cubensis (Palmer) (Plate I, Fig. 2). Guembelina cu-
bensis Palmer, 1934, p. 73, text-figs. 1-6. The extinction of C. cu-
bensis appears to be a good marker in the southwest Pacific about
30 Ma ago and was first used by Jenkins and Orr (1972) to subdi-
vide the Globorotalia opima Zone in the central Pacific.

Globanomalina micra (Cole) (Plate 1, Fig. 3). Nonion micrus Cole,
1927, p. 22, pl. 5, fig. 12. At site 592, G. micra became extinct be-
fore Globigerinatheka index; this site differs from Site 593 and
from New Zealand (Jenkins, 1971), where its extinction was slight-
ly later than that of G. index.

Globigerina ampliapertura Bolli (Plate 1, Fig. 4). Bolli, 1957b, p. 108,
pl. 22, figs. 4a-7b.

Globigerina angiporoides Hornibrook (Plate 1, Fig. 5). Hornibrook,
1965, p. 834, figs. 1, 2. The extinction of G. angiporoides in the
early Oligocene is thought to be a good regional marker in the
southwest Pacific; prior to its extinction there are large popula-
tions of the species.

Globigerina angulisuturalis Bolli (Plate 1, Fig. 6). Globigerina cipero-
ensis angulisuturalis Bolli, 1957b, p. 109, pl. 22, fig. 11a-c. This
distinctive species is common in the more northern Site 588 and
was found at Site 593; it is rare in New Zealand at its southernmost
limit.

Globigerina brevis Jenkins (Plate 1, Fig. 7). Jenkins, 1966a, p. 1100,
fig. 7, nos. 58-63. The distinctive feature of G. brevis is the deep-
cut sutures on the umbilical side.

Globigerina euapertura Jenkins (Plate 1, Fig. 8). Jenkins, 1960, p. 351,
pl. 1, fig. Ba-c. G. euapertura is distinguished from G. ampliaper-
tura in having a more umbilical and lower-arched aperture; G.
praesepsis Blow is a junior synonym of G. euapertura.

Globigerina labiacrassata Jenkins (Plate 1, Fig. 9). Jenkins, 1966a,
p. 1102, fig. 8, nos. 64-71. The illustrated specimen has the dis-
tinctive thick lip but the general morphology of the test resembles
that of G. euapertura, its probable ancestor.

Globigerina linaperta Finlay (Plate 1, Fig. 10). Finlay, 1939, p. 125,
pl. 23, figs. 54-57. Examination of the G. patagonica Todd and
Knicker holotype at the Smithsonian Institution has shown that it
is probably a junior synonym of G. linaperta.

Globigerina ouachitaensis Howe and Wallace (Plate 1, Fig. 11). Howe
and Wallace, 1932, p. 74, pl. 10, fig. 7a-b. This small, distinct spe-
cies with an open umbilical aperture is relatively rare in the south-
western Pacific.

Globigerinatheka index (Finlay) (Plate 1, Figs. 12, 13). Globigerinoi-
des index Finlay, 1939, p. 125, pl. 14, figs. 85-88. G. index tends
to be the dominant species in the late Eocene samples from Sites
592 and 593; its extinction is taken to mark the Eocene/Oligocene
boundary. The test of G. index is normally thick, and thin-walled
forms are hardly ever seen in deep-sea deposits; the broken speci-
men (Pl. 1, fig. 13) shows the thin-walled “Globigerina” stage.

Globigerinatheka semiinvoluta (Kiejzer) (Plate 2, Fig. 1). Globigeri-
noides semiinvolutus Keijzer, 1945, p. 206, pl. 4, fig. 58a-e. This is
a relatively short-ranging species which has also been described
and figured from the late Eocene of New Zealand (Jenkins, 1971).

Globigerinoides inusitatus Jenkins (Plate 2, Fig. 2). Jenkins, 1966a,
p. 1108, fig. 9, nos. 72-80. G. inusitatus is exceedingly rare and has
only been recorded from the Globigerina euapertura-Globoquad-
rina dehiscens zones of New Zealand (Jenkins, 1971). The illus-
trated specimen has a low arched umbilical aperture and another
which is lipped and can be seen on the left side of the specimen. G.
inusitatus is distinguished from G. primordius by its rather irregu-
lar shape and rimmed aperture on the spiral side.

Globigerinoides tyrrhenicus Borsetti and Cati (Plate 2, Fig. 3). Borset-
ti and Cati, 1974, pp. 357, 358. The southwest Pacific specimens
are fragile, and one distinctive feature, even in the broken speci-
mens, is the spiny nature of the juvenile forms. Well-preserved
specimens of G. tyrrhenicus were found at Sites 590 and 591.

Globorotalia aculeata Jenkins (Plate 2, Fig. 4). Globorotalia incon-
spicua aculeata Jenkins, 1966a, p. 1118, fig. 13, nos. 119-125.
This species has a widespread distribution in the southwest Pacific,
southern United States, and Europe; work is in progress with D.
Curry to establish its relationship to Globorotalia danvillensis
(Howe), which is probably a senior synonym.

Globorotalia conica Jenkins (Plate 2, Figs. 5-7). Jenkins, 1960, p. 358,
pl. 4, fig. 4a—c. This species was originally described from the mid-
dle Miocene of southeast Australia and subsequently recorded from

a similar level in New Zealand (Jenkins, 1971). On Leg 29 it was re-
corded at Sites 278, 279, and 281 and was used at subantarctic Site
278 as a zonal marker in the middle Miocene (Jenkins, 1975); it is
also used at the Leg 90 Site 594 as a zonal marker in the lower mid-
dle Miocene.

G. conica appears to be better developed in the cooler subant-
arctic waters and its brief incursions into Australia and New Zea-
land may represent cooler-water episodes.

There is some evidence in Sample 594A-13,CC that G. conica
may be related to and developed from G. peripheroronda; the lat-
ter species is also illustrated (Plate 4, Figs. 13, 14). There also
seems to be some morphological affinity between G. conica and G.
zealandica, with overlapping ranges at Site 281 and possibly at Site
594, although here the reworking masks the true stratigraphic rela-
tionship.

Globorotalia cf. conomiozea Kennett (Plate 2, Fig. 8). Kennett, 1966,
p. 235, text-fig. 10a-c. At the more northern Site 588 there is a
slightly different form of G. conomiozea; it has 4 chambers in the
final whorl, a lower conical umbilical side, and appears late strati-
graphically compared with the range of G. margaritae.

Scott (1982) regards G. conomiozea as a variant of G. conoidea
(= G. miotumida); at the more southern sites of Leg 90 it was pos-
sible to distinguish the two taxa and consequently use G. conomio-
zea as a zonal marker.

Globorotalia explicationis Jenkins (Plate 2, Figs. 9-11). Globorotalia
miotumida explicationis Jenkins, 1967, p. 1073, fig. 4, no. 14-19.
Globorotalia petaliformis Boltovskoy, 1974, p. 707, pl. 14, figs.
1-16.

G. explicationis was recorded as well developed at Site 284
(Jenkins, 1975) and is similarly well developed at Site 593 in the G.
miotumida-lower G. conomiozea zones. A similar uncoiling in the
final whorl is present in the late Pleistocene-Recent G. cavernula
Bé, which has also been recorded from Site 284 (Hornibrook,
1982); Hornibrook (1982) did not record G. explicationis from Site
284. Boltovskoy (1974) recorded G. explicationis as G. petaliformis
from the Indian Ocean middle-late Miocene.

Globorotalia gemma Jenkins (Plate 2, Figs. 12-14). Jenkins, 1966a,
p. 1115, fig. 11, no. 971. This small species can be easily confused
with G. insolita: the latter’s aperture has a much higher arch (P1. 3,
Figs. 3-4) and much smoother wall than G. gemma.

Globorotalia cf. ichinosekiensis Takayanagi and Oda (Plate 3, Figs. 1,
2). Takayanagi et al., 1976, pp. 344, 376. Specimens of G. cf. ichi-
nosekiensis were found at Sites 586, 587, 588, 591, 592, 593, and
594; in order to confirm the identification of the species it will be
necessary to obtain specimens from Japan; the southwestern Pacif-
ic specimens possibly belong to a new species.

Globorotalia insolita Jenkins (Plate 3, Figs 3, 4). Jenkins, 1966a, p.
1120, fig. 13, nos. 113-118. The main diagnostic features of G. in-
solita are its small size, smooth test wall, square chambers on the
spiral side, and very high arched aperture.

G. insolita was first described from the late Eocene of New
Zealand and was next recorded at the same level at Site 77 in the
equatorial Pacific (Jenkins and Orr, 1972). McDougall (1980) has
recently recorded G. insolita from Rock Creek Section, Washing-
ton, United States, and it is present at Site 592, where there is an
important stratigraphic overlap between it and G. gemma in the
uppermost Eocene.

Globorotalia mayeri Cushman and Ellisor (Plate 3, Figs 5, 6 and
9-11). Cushman and Ellisor, 1939, p. 11, pl. 2, figs. 4a-c. It has
been long established that a species identified as G. mayeri evolved
from G. peripheroronda in the middle Miocene of the southwest
Pacific (Jenkins, 1960, 1966b, 1971, 1975). Specimens of G. per-
ipheroronda and G. mayeri have been illustrated from Site 592. Al-
so illustrated is G. challengeri Srinivasan and Kennett, which is a
possible intermediate species linking G. peripheroronda to G. may-
eri.

Forms showing a range of morphologies between G. mayeri
and G. challengeri are shown (Plate 3, Figs. 9-11). It is possible
that G. challengeri is a junior synonym of G. rikuchuensis Takaya-
nagi and Oda; it is hoped that specimens of the latter species can
be obtained from Japan to confirm this.

Hoskins (1984) has published evidence that G. peripheroronda
is not related to the species identified as G. mayeri in the middle
Miocene of New Zealand.
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Table 9. Occurrences of planktonic foraminifers in selected samples of Hole 587.
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Table 10A. Occurrences of planktonic foraminifers in selected samples of Hole 588.

2
s g i £
e | 5 ‘“’
= = 4
S22 3 8 = o g §
|8 & E s g g = g 5 5
: % & 3 2 g 8 £ 2, _g 5 g & E g <18 3 ]
R Rl IR FEE P E NN B E RS S LU R I
H R R B A AR L IR R R s iR R R IR
coesecion (EIFESE2SIORIRGIESTCRARAE IR G ISR EERELEE
Epoch Zone Gotervalinem) | 5 |6 U 0 U G| U U U WU 0 Y U Udldygddd|gad (SRR~ ] COoO0UIU U UUUIUY YO
G. truncatu- 1,cC 19 x| x x x x x x x
linoides 2,CC 19 X |x X x x x
31, 4041 24 % x X % x x x x X
32, 4041 0 % X |x x |x x X X X x x X x x
Pl | G. 3.3, 90-91 15 X |x X X x x x x
linoides jcc 15 x x x x X
G, tosaensis 4-2, 90-91 17 x x x x % x x x
4-4, 90-91 12 x % x x x x
4-5, 40-41 18 x| x x x x x X% x
4.6, 40-41 30 x X |x x x| x x X X x x x L I x
4,CC 30 x X |x x X (= x x X X X x X % x
G. rosaensis 5-3, 90-91 15 x x x x x %
5.CC 2 x| x x x X x x x x x
61, 40-41 32 X|x x X x X x X X X X x X
L 6-2, 40-41 1] x[x =x x x x x x X x x x
6-3, 40-41 30 X |x x x X % x x x x x x
6,CC 30 x|z = x X x x x x x x
Pliocene G iinflat 7-2, 94-95 29 x|x x x X x X x LI x x
7-3, 40-41 EE] x|x x x XX X X X x x % x
74, 40-4| 25 x|x x x x x X x X X X X
7-5, 94-95 16 X |x X x x X x
7.cC 24 x|x x x [x X x X X X x x
Gf::"‘: B,CC 12 x|x % XX XX X x % X X X x
3 9-1, 40-41 32 x|x x X X S I x x x E I x
. 9-2, 40-41 25 X|x x 5 x x x % X X x x
9-3, 40-41 26 x|x x XX X X x X XX x
G p::;nm- 9-4, 90-91 19 XX x x x X
9-6, 40-41 29 x|x x % % x x x X % |x x
9,CC 25| x X |x X x X |x X X x x X x
10-2, 90-91 25| x X |x X X X |x X x x x X x
10,CC 23| x x |x X X |x XX x x x
11,cc 21 X x|x X X x x x x x x x
. 12,CC 30 x X [x X X XX % x X X X x
G. margaritae 13,CcC 23 x [x XX x x x X X
14,CC 16 X |x x X X X x X
15-3, 90-91 15 x|x x x x x x x
15,CC 16 X x X x x x x
16-3, %0-91 12 % x X x
16-4, 40-41 21 x|z x X! X X x x x X x x
16,CC 15 x XX x x x x
17,CC 17 x x x x x x x x
G. plesio- 18,CC 22 x X X X x x x X R x x
rumida 19,CC 22 X S % x x x x X x x
203,992 |2 x|X X x X x x|x x x X X x
204, 40-42 | 22 X [x x X X x x| x x x x X x
20-5, 40-42 22 X |x x X x X X|x X x X X x
I 20-6, 40-42 22 x|x x L x x|x x x x X x
20,CC 15 X X X x X
21,CC 18 x % x % % x x
22,CC 25 X X i x x O X x
N. con- 23-1, 40-4) 29 X X |x x X X X X x % X X X x x
tinuosa 23-2, 40-41 21 x|x x A ox x % x x x %
233, 40-41 19|x x x E I XX X x
23-4, 40-4] 21 X - I ] x x x X X X x
Miocene 23-5,40-41 | 25 x % |x TONE X x x x x
23,CC 18 x x X x x x x x
24-1, 40-4| 23 x X |x x x X x x x % x X x x
m G.mayeri 24-2, 40-41 21 x [x x % x x x XX x
24-3, 40-41 21 X [x x X x x x x x x X x
24-4, 40-41 23 x x[x x x X x x x x x x x x
24-5, 40-41 22 x|x x x X x x X X x X x X x
24-6, 40-41 22 iz % X X x X X X x X X X x
4.CC 26 LR X X x x x i K x XX x
25-1, 40-41 k1| x|x x X X x X x x X X X X x x
m. G. fohsi 25-2, 40-41 k1 x|x x x X x x x x X X X X x x
25-3, 40-41 k]| X |x x E x x x x X X X X x x
25-4, 40-41 k]| x|x x XX S X x x X X X x x
25.5, 40-41 1 X |x x X X x x x x X X % x X x
25-6, 40-41 3l X |x x X X X X x x X x x x X x
25,CC 27 x|x x X X X x x X x X ox X x x
Globorotalia challengeri Srinivasan and Kennett (Plate 3, Figs. 7, 8). pl. 4, figs. 9a-c. The holotype, described from the middle upper
Srinivasan and Kennett, 1981b, p. 528, pl. 1, figs. 9-18 Miocene shallow-water deposits of southeast Australia, is relatively
Specimens of G. challengeri have been illustrated from Site thin-walled and small (0.4 mm). The illustrations of the ontogeny
592, the G. mayeri Zone; see discussion under G. mayeri. of G. miotumida show its development into G. conoidea Walters,
Globorotalia miotumida Jenkins (Plate 3, Figs. 12-14). Globorotalia which is the adult thick-walled stage of development (Jenkins, 1971).
menardii (d’Orbigny) subsp. miotumida Jenkins, 1960, p. 362, Note that in the juvenile form (Fig. 12) the pustules on the umbili-
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changes in its juvenile forms, including the pustules on the umbili-
cal side and on the periphery which are a distinctive feature of G.

The chamber reduction in the final whorl in the G. miotumida-
G. pliozea lineage also occurs in other Globorotalia lineages of the

tumida precursor of G. pliozea seems to forecast some of the
pliozea (compare with Plate 3, Figs. 12, 13).

of the test (Figs. 13, 14) these are mainly lost from view, especially

at the periphery (see further discussion under G. pliozea).

Globorotalia pliozea Hornibrook (Plate 4, Figs. 1-3). Hornibrook,
1982, p. 95, fig. 7Ta-g. G. pliozea has four chambers in the final

cal side are strongly developed but with the progressive thickening
whorl whereas its ancestor G. miotumida has 4'4-5. The G. mio-
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Table 10B. Occurrences of planktonic foraminifers in selected samples of Hole 588A.
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Epoch Zone finervalinem) | B C U U DB U U U UHU S GPE|ED YUU|YUY O U Ue a@w
1-1, 40-41 18 x|(x x |x x
1-2, 40-41 18 x| x X |x x
1-3, 40-41 18 X X|x x X x|x x
1-4, 40-41 20 X x|x x X x |x x
1-6, 40-41 21 el | x X |x x
1,cC 15 x|x %
2-3, 40-41 0 X x|x x x x
2,CC 15 x|x x x
3-3, 4041 24 X X |x x x |x x
3,cC 11 x x
G. fohsi s.l. 4.3, 40-41 20 X x|x x x x
4,CC 9 x x
5.3, 40-41 4 X X |x x X x x
5,CC 14 x x
= 6-3, 40-4] 19 X X |x X X% x
: 6,CC 14 x %
7-3, 40-41 15 X x|x X X x X
7.CC 13 x
8-1, 40-4) 21 x x|x X x %
8.CC 13 x
9-3, 4041 21 x x|x x x x
9.CC 1 x x
10-1, 40-41 18 X x x|x x x X
10-2, 40-41 21 X x|x x x [x x
Miocene 10-3, 40-41 20 x x| x x [x x
0. suturalis 10-3, 90-91 10 x X
10-4, 40-41 20 x x|x x X |x x
10,CC 10 x
11-3, 40-41 17 x x X X x
11-3, 90-91 12 x x x
11,CC 16 X x x X X cf. [ x
12-3, 40-41 i5 x x X x x |x x
13-3, 40-41 17 x x % x x x|x x x
P glomerosa 13,cC 14 x x % |x
curva 14-1, 40-41 16 x x X x % x |x
14-2, 40-41 n x X x x |x
14-2, 90-91 n x X x X (x
14-3, 40-41 16 x X% x X x x x|x
14,CC 10 X x X
e : 15-3, 40-41 16 X X X |x x
Goimitared 15,CC 12 x x x x
16,CC 15 x X - | x x 2 x
17-1, 40-41 1 x x X
17-1, 90-91 8 x X x
G 17-2, 40-41 10 X x x
C. dissimilis 17,CC 9 X x x x
18-2, 40-41 9 X ox
18-2, 90-91 9 x x x x
G. dehiscens 18,CC 16|x = cf. | x X X X

mid and high latitudes; these include the G. mayeri-Neoglobo-
quadrina continuosa and G. sphericomiozea-G. puncticulata lin-
eages. Within these lineages the reduction in chamber numbers al-
so involves fewer partitioning chamber walls and therefore there is
less calcite in the test; this could have some advantage in buoyancy.
In low latitudes the opposite trend takes place in many lineages:
there is an increase of chamber numbers in the final whorl as in the
G. fohsi and G. menardii lineages.

Globorotalia munda Jenkins (Plate 4, Figs. 4-9). Jenkins, 1966a, p.

1121, fig. 14, nos. 126-133, pl. 13, nos. 152-166. Jenkins (1966a)
illustrated the evolutionary transition of G. munda to Globigerina
Juvenilis Bolli; the main morphological changes are (1) the periph-
eral aperture in Globorotalia munda changes to the umbilical aper-
ture of Globigerina juvenilis; (2) the spiral side of Globorotalia
munda is flat and changes to the conical shape of Globigerina ju-
venilis; G. juvenilis acquires an umbilical bulla and thus evolves in-
to Globigerinita glutinata (Egger). The migration of the aperture
from the periphery in Globorotalia munda to the umbilicus as in
Globigerina juvenilis is illustrated (Pl. 4, Figs. 4-9). Note that in
the evolution of Globorotalia munda to Globigerina juvenilis the
wall ornamentation is retained; this evolution takes place in the
earlier part of the Globigerina euapertura Zone.

Globorotalia nympha Jenkins (Plate 4, Figs. 10-11. Globorotalia may-

eri nympha Jenkins, 1967, p. 1072, fig. 3, nos. 7-13. There are
good transitional forms between G. mayeri, Neogloboguadrina con-

812

tinuosa, and G. nympha in 588-26,CC and in 592-24,CC. The bul-
la-like final chamber as illustrated is the feature that distinguishes
G. nympha from N. continuosa; after the extinction of G. nym-
pha, N. continuosa persists into the late Miocene, where a form
similar to G. nympha evolves; this is N. pachyderma (Jenkins,
1967b).

Globorotalia cf. opima Bolli (Plate 4, Fig. 12). Globorotalia opima

opima Bolli, 1957b, p. 117, pl. 28, fig. 1a-2. This species is rare in
New Zealand and in the southern sites of Leg 90. The holotype
was recently examined at the Smithsonian Institution, Washington;
it has 5 chambers in the final whorl and a lipped aperture. The il-
lustrated specimen is closer to the 4-chambered paratype (Bolli,
1957b, plate 28, fig. 2).

Globorotalia peripheroronda Blow and Banner (Plate 4, Figs. 13, 14).

Blow and Banner, 1966, p. 294, pl. 1, figs. 1-3. In the mid lati-
tudes of the Southern Hemisphere, G. peripheroronda is the mid-
dle Miocene ancestor of G. mayeri (Jenkins, 1960, 1966b). During
its evolution, the recurved sutures became more radial on the spiral
side and the aperture became enlarged (see Plate 3, Fig. 6). In New
Zealand, G. peripheroronda appeared for the first time in the Prae-
orbulina glomerosa curva Zone (Jenkins, 1971), which is much lat-
er than in the lower latitudes; at Site 594 its initial appearance is in
the Globorotalia conica Zone of the middle Miocene.

Globorotalia nana Bolli (Plate 5, Fig. 1). Globorotalia opima nana

Bolli, 1957b, p. 118, pl. 28, fig. 3a-c. G. nana originated in the
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middle Eocene and ranges through to the Miocene; it is the root-
stock of species that have been referred to the subgenera Paraglo-
borotalia and Jenkinsella. A number of species including G. pseu-
docontinuosa and G. semivera evolved from G. nana in the Oligo-
cene of the southwest Pacific; in warmer waters of the Oligocene it
gave rise to G. opima and G. siakensis.

Globorotalia pseudocontinuosa Jenkins (Plate 5, Figs. 2-4). Jenkins,

1967, p. 1074, fig. 4, nos. 20-25. In the Globigerina angiporoides
Zone, Globorotalia pseudocontinuosa evolved from G. nana Bolli
(Jenkins, 1967) and the change in the shape of the aperture can be
seen by comparing illustrations (Pl. 5, Figs. 1 and 3). At about the
same stratigraphic level, five-chambered forms appear in the popu-
lations, and these are G. semivera (Jenkins, 1971). Berggren et al.
(1983) stated that in the southwest Atlantic G. pseudocontinuosa is
a junior synonym of G. incognita Walters. The main morphologi-
cal differences between the two are that (1) the aperture in G. pseu-
docontinuosa is well rounded, high-arched, and extends from the
umbilicus to about halfway to the periphery, whereas in G. incog-
nita the aperture is isolated in a position halfway between the pe-
riphery and umbilicus; (2) the chambers in G. continuosa are more
inflated and globigerine; (3) there is a more rapid increase in size of
chambers of the final whorl in G. continuosa; (4) the spiral side in
G. incognita is more flattened and the chamber more globorotalid
in shape.

Globorotaloides suteri Bolli (Plate 5, fig. 5). Bolli, 1957b, p. 117, pl.

27, figs. 9a-13b.

Globorotaloides testarugosa Jenkins (Plate 5, Fig. 6). Jenkins, 1960,

p. 368, pl. 5, figs. Ba-c. This species is related to G. suteri but I:ulas
a much coarser test wall and a much shorter stratigraphic range in
the Oligocene of the southwest Pacific.

Globorotaloides turgida (Finlay) (Plate 5, Fig. 7). Globigerina linaper-

ta Finlay var. turgida Finlay, 1939a, p. 125. Globorotaloides turgi-
da Finlay, Jenkins, 1964, p. 117, pl. 7, figs. 1a-10b; PI. 8, figs. la-
13c (holotype figured). This species is restricted to the Paleocene-
Eocene and is larger than G. suteri, which probably evolved from
it in the Eocene.

Hantkenina alabamensis Cushman (Plate 5, Fig. 8). Cushman, 1925,

p. 3, pl. 1, figs. 1-6, pl. 2, fig. 5. H. alabamensis was found in the
late Eocene of Site 592; its presence probably represents a brief
tropical incursion that also occurred in New Zealand at this level

(Jenkins, 1971).

Jenkinsina samwelli (Jenkins) (Plate 5, Fig. 9). Guembelitria samwelli

Jenkins, 1978b, p. 132, pl. 1, fig. 1-9.

J. samwelli appears to be a late Eocene-late Oligocene species
of the Southern Hemisphere; outside South Australia it has only a
very short stratigraphic range in the lower part of the Globigerina
euapertura Zone. J. samwelli has a well-defined northern limit; it
is found at Site 593 but not in the North Island of New Zealand

(Jenkins, 1978b).

Streptochilus pristinum Bronnimann and Resig (Plate 5, Fig. 10). Bron-

nimann and Resig, 1971, p. 1289, pl. 51, fig. 4. S. pristinum was
only found in the late Oligocene-early Miocene of Site 593; the
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Table 10C. Occurrences of planktonic foraminifers in selected samples of Hole 588C.
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Table 11. Occurrences of planktonic foraminifers in selected samples of Hole 589.
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specimens from this site are identical with the holotype deposited
at the Smithsonian Institution, Washington

Truncorotaloides collactea (Finlay) (Plate 5, Fig. 11) Globorotalia col-
lactea Finlay, 1939, p. 327, pl. 29, figs. 164-165. T. collactea is
placed in this genus because of the occasional small apertures on
the spiral side.

NEW SPECIES

A small number of possible new Globorotalia species have been
discovered on Leg 90 and will be described elsewhere; these include
Globorotalia sp.1. from the late Miocene of site 594; G. cf. ichinoseki-
ensis of the middle-late Miocene of Sites 586 through 594; G. cf. cras-
sula of the late Miocene-early Pliocene of Site 592; and a form of G.
miotumida, recorded as G. sp.2, with a flattened spiral side, and
found at Sites 592 and 593 (it has previously been recorded by Jenkins
[1960] as G. miocenica). A possible ancestor of Globogquadrina dehis-
cens has been identified at Site 588 as G. sp.1.
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Table 12A. Occurrences of planktonic foraminifers in selected samples of Holes 590 and 590A.
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Table 12B. Occurrences of planktonic foraminifers in selected samples of Hole 590B.
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Table 12B. (Continued).
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Table 13. Occurrences of planktonic foraminifers in selected samples of Hole 591.
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inoides/
&1 2 6,CC 22 X x x Xlx x X x X X x x
- fosaensis 7.CC 20 X X X X X X X X X
B,CC 26 ; e SR ¢ x X X X X x X X x
9-3, 90-92 4 X X X
9-4, 66-68 18 X X X X X X X X X X
9-6, 66-68 24 X X ¥ X x X X X X X X X
9,CC 27 %X X X %X|[x X % |% % x x X X X X
G. tosaensis 10,CC 28 X X X X X|x x x x X X X X X
11-3, 90-92 16 X X x X X X
l 11-4, 66-68 22 X X X X X X X X X X
B 11-5, 66-68 22 X X X X X X A X X X
11-6, 66-68 19 X % x S X x
11,CC 20 X X X X , R, ; X X X
G. inflata 12,CC 20 X X X X X X X X x
13,CC 18 X X X X x X X
14-3, 90-91 18 x x X X X X X X
Pliocene 14-4, 66-68 20 X X x X X X
14-5, 66-68 19 SR X X X
14-6, 66-68 19 T x % X
G. crassa- 14,CC 22 X x X x X X x I
Sformis 15,CC 19 | x X X X X X X X
16,CC 23 X X X x X X X X ¥ X X
e. 17,CC 19 X X X X X X
18-1, 66-68 25 X X XA K X X X X X
18-2, 66-68 13 X X |x X X X
- 18-3, 90-92 15 b X |x X X X X
G p;:::mu- 18,CC 28 X X X bt x|x x x x x X x
19,CC 21 X X X X |x x X
20-1, 27-28 20 X ox X X X X X X
20-2, 27-28 15 % X X X 5 X
. 20-3, 90-92 15 X X X X X
G. :::;::o' 20-4, 27-28 16 % x| x X ¥
20-5, 27-28 17 X X X X
20-6, 27-28 18 X X X X X X X
20,CC 34 %X % % X X XIx x x X *|x - X
3 21,CC 22 X X x XX x1x X
G eononiceer 22,CC 23 X X X X X X X x X
23-3, 90-91 14 x X X x
23,CC 22 E O X X X |x X X X X X
" G. nepenthes 24,CC 23 X X X X X | x X X b X
Bbocene L 25,CC 27 X X xX|x x X X x X x
26-1, 66-68 23 X X X[|x x X X X X X
26-3, 90-92 7 X
26,CC 25 S | X X X X X X X
. 27,CC 23 %% X ox X X X X X X
N continuos 28,CC 25 X X X X X X X X X X X X
29,CC 26 x x x|x x X X X X X X X
30,CC 24 X X|x x x X X X X X X X
31 CcCc 16 X[|x x x X X b

Note: R = reworked.
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Table 13. (Continued).
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Table 14A. Occurrences of planktonic foraminifers in Hole 592, Samples 592-1,CC through 592-29,CC.

g
2
~|a b g
S18 3 S %
E ‘g ) g s g 'E £
“E £ 3 --g 9 s g g =] § 2 N
g X5 E o 2 E= ) s kS
e & B a T s 8 = 3 S(E s x5
gl sSst Eé‘gsggggé Fedifis K
=|t E ‘g" S Elg § % =3 T & f 2 = E g SIS L = -g B
AR R R R R LR R R I R AR E
cm.smon'gggﬁaa u%quigbﬁhiﬁﬁbgggaﬁe‘e
Epoch Zone (interval incm) B[S 8 6 6 S[6 6 6 G G656 G G|S S S S IS8 S XS
G. truncatulinoides | 1,CC 12 X X > | X X X
2-2, 90-91 2
G. fruncatu- 2,CC 15 X X X x X x
Pleistocene linoides/ 3,CC 14 X X X X X
G. losaensis 4-2, 90-91 3
4-4, 90-91] 8 x x x
4,CC 11 x X X X X X
5,CC 12 X X % x X X X
I G. inflata 6,CC 15 X > i - X X X
1,CC 17 X X x X X X X X %
8-3, 90-91 7 X X X
8,CC 15 X X X X X X X
: ., 9,CC 11 X X X X X
Pliocene G. crassaformis 10-1, 90-91 5 %
10-2, 90-91 8 X X
e. 10-3, 90-91 5 X
; 10,CC 23 X X |x X X X X b X
G. puncticulata 11-3, 90-91 5
11,CC 12 X X X X X
, . 12-3, 90-91 6
G. sphericomiozea 12,CC 15 X X |x % X X X %
13,CC 19 X X |x X X X X X X %
14,CC 11 X |x x X
G. conomiozea 15,CC 13 X X |x X X X |x x
16,CC 17 X X X X x X X : x x
17-3, 90-91 7 X X
17,CC 17 x X |x x % o T | X X
1 18,CC 14 X X X X X X X
: 19,CC 17 x x X X x X x
Miocene G. miotumida 20,CC 13 p ! X X X X X X
21,CC 11 x X X t G
22,CC 15 X X x X X %
23-3, 90-91 6 X X X X X
N. continuosa 23,CC 14 X X X |x X X X X X
24,CC 17 X X [x x X X X x X
il G.mayeri 25.CC 14 X X X X X X
: 26,CC 12 x X X x X X
O. suturalis 28,CC 9 X |x X X
P glomerosa curva | 29-3, 90-91 19 x X X X |x X e ! X X X
€. G. miozea 29,CC 11 XX % |x % X X X
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Table 14A. (Continued).
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18
18
15

-3, 90-91

5-3, 90-91
5.CC
6,CC

7,CC

11-3, 90-91
28,CC
29,CC
30,CC

11,CC
18-3, 90-91

12,CC
13,CC
14,CC
15,CC

1,cC

2,CC

3,CC

4,CC

16,CC
17,CC
18,CC
19,CC
20,CC
21,CC
22,CC
23,CC
24,CC
25,CC
26,CC
21.CC

Core-Section
(interval in cm)
9,cC

Zone
G. truncatuli-
noides
G. inflata
G. puncticu-
lata
G. conomiozea
G. miotumida
N. continuosa

Table 15A. Occurrences of planktonic foraminifers in selected samples of Hole 593.

Epoch

Pleistocene
Pliocene
Miocene
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Table 15B. Occurrences of planktonic foraminifers in Hole 593, Samples 593-31,CC through 593-60,CC.

alus

3
s
e ] >
HIl Y] £
g ';' g E 'g E a S §
4 . EE . 3
X = : 8 8
cls S5 [, 8% ¢ 2 s B8 85| 3
IFEE B RIEEE §-‘E§§:—E'c_aa‘§§§§_e§‘:. S 3
=t 5 T 5|8 E § 2 = § 5§ S[s g f 5 EFT L S §. 35
HEE: §.§£aa§a§=~?§ggg§ga%-sg‘agun,_gg
Core-Section § g En;" = 5 5|¢ 'E 5 = E £ 3 & 2 5|z 8 % 8 3§55 83 K ES 3
Epoch Zone Gntervalinem) [B18 S S S U|[U T S S G UGB GO0 TG|TS T U E|I0T YT
31,CC 15 y B 1 X X X X
2 32,CC 15 X X X X X x X
N. continuosa | 333 9091 |11 X ox x
33.cC 16 X X X : ] X
34,CC 15 X X X X X
35,CC 14 XX X X X
36,CC 14 X X X x X
31.cc 18 . i | x x x cf.
G. mayeri 38,CC 18 XX X X X
39-3, 90-91 12 X X X x
39,CC 20 XX X x X X X
40-3, 90-91 14 X X X X X X
Mioceiis 40,CC 19 X X X X X
0. suturalis 41,CC 8 X X X X
P glomerosa 42-4, 6-8 12 XX | X X
curva 42-4, 29-31 9 X X X %
42,CC 12 X XX x| x X%
G. miozea 43,CC 11 X X X
44, CC 13 X X X X
. 45,CC B X X X
G. fritobus | 453 9091 |10 x X x
46,CC 11 % XX X
G. connecta 47,CC 10 % XX X
48,CC 10 | x X XX X
G. woodi 49.CC 13 % X X X |x x
G. dehiscens 50-1, 90-91 7 X X
G. euapertura 50,CC 10 X X
52,CC 11 X X X b X X
53,CC 13 X X X X X X X
G. angiporoides g:‘gg 1: : 4 A ¥ X : *
Dligcene 56-3, 90-91 6 X X X
56,CC 7 X x
57-1, 90-92 5 X X X X
57-3, 90-92 6 X X cf. X
57-6, 90-92 T x X X X X
G. brevis 57,CC 11 X X X ox |x %
58-1, 90-92 10 X X X X |[x X
58-2, 90-92 10 X X X |x X
Bacehe 58-2, 127-128 | 11 X X X |x X x
58,CC 3 x X X
G. linaperta 59,CC 7 X X X
60,CC 9 X X | x X

Note: R = reworked.
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Table 15B. (Continued).
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-1, 90-91

24-2, 90-91

23,CC
24,CC
25,CC
26,CC

Zone

1,cC
2,CC
3,CcC
4-3, 90-91

4,CC

Core-Section
(interval in cm)

5,CC
6,CC
7,CC
8,CC

21-3, 90-%1

20,CC
21,CC
23,CC
24,CC
25.CC
26,CC
27.cC
28,CC
29,CC
ncc

G. dehiscens
G. euapertura
G. angiporoides

Zone

G. truncatu-

linoides

G. inflata

G. miotumida

Table 15C. Occurrences of planktonic foraminifers in Hole 593A.

D. G. JENKINS, M. S. SRINIVASAN

Epoch

L
e.

Table 16A. Occurrences of planktonic foraminifers in Hole 594, Samples 594-1,CC through 594-30,CC.

Miocene
Oligocene

Epoch

Pleistocene
TN S

Pliocene

L.

Miocene
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50-1, 90-91

46,CC
47,CC
48,CC
49,CC
50,CC
51,CcC
52-2, 90-91
52,cC
s3,cc

19,CC
20,CC
cC
CC
CcC
CC
CC
CC

2
3
4
5
6,
17,

Core-Section
(interval in cm)
594
cC
CcC
CcC
CC
CC
CC
CcC

Hole 594A
CC
CC
CC
18,CC

Zone
G. miotumida
G. mayeri
G. periphero-
ronda
G. conica
G. conica
P glomerosa
curva?
G. miozea

Table 16B. Occurrences of planktonic foraminifers in Hole 594, Samples 594-31,CC through 594-53,CC and Hole 594A, Samples 594A-12,CC
through 594A-26,CC.

Epoch
Miocene
Miocene
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Plate 1. 1. Catapsydrax cf. echinatus, umbilical view x 188; Sample 592-40,CC; G. aculeata Zone, late Eocene. 2. Chiloguembelina cubensis,
side view % 238; Sample 592-39,CC; G. linaperta Zone, late Eocene. 3. Globanomalina micra, side view x 152; Sample 592-39,CC; G. linaper-
ta Zone, late Eocene. 4. Globigerina ampliapertura, umbilical view x 97; Sample 592-33,CC; G. angiporoides Zone, early Oligocene. 5. Glo-
bigerina angiporoides, umbilical view x 94; Sample §92-36-2, 90-91 cm; G. brevis Zone, early Oligocene. 6. Globigerina angulisuturalis, um-
bilical view x 155; Sample 588C-11,CC; G. kugleri Zone, late Oligocene. 7. Globigerina brevis, umbilical view x 81; Sample 592-34,CC; G.
brevis Zone, early Oligocene. 8. Globigerina euapertura, umbilical view x 109; Sample 593-54,CC; G. angiporoides Zone, early Oligocene.
9. Globigerina labiacrassata, umbilical view x 119; Sample 593-54,CC; G. angiporoides Zone, early Oligocene. 10. Globigerina linaperta, um-
bilical view x 121; Sample 592-39,CC; G. linaperta Zone, late Eocene. 11. Globigerina ouachitaensis, umbilical view x 76; Sample 592-34,CC;
G. brevis Zone, early Oligocene. 12-13. Globigerinatheka index, Sample 592-40,CC, G. linaperta Zone, late Eocene, (12) umbilical view x 84,
(13) broken specimen showing juvenile stage x 107.
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Plate 2. 1. Globigerinatheka semiinvoluta, side view x 71; Sample 593-58-2, 90-91 cm; G. linaperta Zone, late Eocene. 2. Globigerinoides inusi-
tatus, umbilical view > 131; Sample 593A-24-1, 90-91 cm, G. euapertura Zone, late Oligocene. 3. Globigerinoides tyrrhenicus, spiral view
X 64; Sample 591-19,CC, G. conomiozea Zone, late Miocene. 4. Globorotalia aculeata, umbilical view x 145; Sample 592-41,CC, G. aculeata
Zone, late Eocene. 5-7. Globorotalia conica, three specimens; Sample 592-28,CC, O. suturalis Zone, middle Miocene, (5) spiral side x93, (6)
side view X 121, (7) umbilical view x93. 8. Globorotalia cf. conomiozea, umbilical view x 57; Sample 588B-11,CC, G. margaritae Zone, early
Pliocene. 9-11. Globorotalia explicationis, three specimens; Sample 593-30,CC, N. continuosa Zone, late Miocene, (9) spiral side x 57, (10)
side view % 57, (11) umbilical view x57. 12-14. Globorotalia gemma, three specimens; Sample 592-34,CC, G. brevis Zone, early Oligocene,
(12) spiral side x 212, (13) side view x 215, (14) umbilical view x 215.
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Plate 3. (Figs. 5-11 from Sample 592-26,CC, G. mayeri Zone, middle Miocene.) 1, 2. Globorotalia cf. ichinosekiensis, two specimens; Sample
591-25,CC, G. mayeri Zone, middle Miocene, (1) spiral view x94, (2) side view x100. 3, 4. Globorotalia insolita, two specimens; Sample
592-39,CC, G. linaperta Zone, late Eocene, (3) spiral view x 213, (4) side view % 213. 5, 6. Globorotalia mayeri, two specimens, (5) spiral side
x 114, (6) side view % 118. 7, 8. Globorotalia challengeri, two specimens, (7) spiral side x 112, (8) side view x 131. 9-11. Globorotalia maye-
ri, side views to show range of apertures, (9) x 113, (10) x 148, (11) x112. 12-14. Globorotalia miotumida, three specimens, umbilical views;
Sample 593-30,CC, N. continuosa Zone, late Miocene, (12) x 109, (13) x 81, (14) x 58.
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Plate 4. (Figs. 4-9 from Sample 591-30-3, 90-91 ¢m, G. euapertura Zone, late Oligocene.) 1-3. Globorotalia pliozea, three specimens, umbilical
views, Sample 591-19,CC, G. puncticulata Zone, early Pliocene, (1) X 80, (2) x72, (3) x79. 4, 5. Globorotalia munda, two specimens, umbili-
cal views, (4) %223, (5) x211. 6-9. Globorotalia munda-Globigerina juvenilis intermediate morphologies, (6) x 183, (7) x 164, (8) x 184, (9)
%225. 10-11. Globorotalia nympha, two specimens, Sample 592-24,CC, G. mayeri Zone, middle Miocene, (10) spiral side x200, (11) side
view x 178. 12. Globorotalia cf. opima, umbilical view x 77; Sample 593A-24-2, 90-91 cm, G. euapertura Zone, late Oligocene. 13, 14. Glo-
borotalia peripheroronda, two specimens; Sample 592-28,CC, O. suturalis Zone, middle Miocene, (13) spiral view x 100, (14) side view x113.
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Plate 5. 1. Globorotalia nana, side view x 83; Sample 592-40,CC, G. aculeata Zone, middle Eocene. 2-4. Globorotalia pseudocontinuosa, three
specimens; Sample 593-54,CC, G. angiporoides Zone, early Oligocene (2) spiral side x 106, (3) side view x 110, (4) umbilical view x109. 5.
Globorotaloides suteri, umbilical view x 80; Sample 592-33,CC, G. angiporoides Zone, early Oligocene. 6. Globorotaloides testarugosa, um-
bilical view x 161; Sample 592-33,CC, G. angiporoides Zone, early Oligocene. 7. Globorotaloides turgida, umbilical view x101; Sample
592-39,CC, G. linaperta Zone, late Eocene. 8. Hantkenina alabamensis, umbilical view x 57; Sample 592-38,CC, G. linaperta Zone, late Eo-
cene. 9. Jenkinsina samwelli, side view x319; Sample 593A-24-2, 90-91 cm, G. euapertura Zone, late Oligocene. 10. Streptochilus pristi-
num, side view x218; Sample 593A-24-2, 90-91 cm, G. euapertura Zone, late Oligocene. 11, 12. Truncorotaloides collactea, two specimens;
Sample 592-41,CC, G. aculeata Zone, late Eocene, (11) spiral view x 117, (12) umbilical view x 154,
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