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ABSTRACT

Tropical planktonic foraminifers occur throughout the sequences at all sites of Leg 85, and the standard planktonic
foraminiferal zonation of Blow (1969) is applicable to most of the recovered sequences. However, the abundance and
state of preservation of foraminifers decline markedly in certain intervals because of the effects of dissolution. Al-
though siliceous microfossils studied on this leg indicate recovery of nearly complete records for the Pleistocene to Oli-
gocene interval, the planktonic foraminiferal biostratigraphy is interrupted by strongly dissolved sections at all sites.
Particularly, faunas assignable to Zone N7 (early Miocene) and Zone N15-16 (early late Miocene) are almost totally un-
recognizable throughout the eastern equatorial Pacific. Well-preserved and diverse planktonic foraminifers occur in the
lower middle Miocene, where the evolutionary developments of Orbulina universa d’Orbigny and Globorotalia fohsi
Cushman and Ellisor are well represented. The Orbulina first appearance datum is observed to be nearly coincident
with the last occurrence level of the diatom Annellus californicus Tempére, thus establishing an age of 15 Ma for this
datum by using the paleomagnetic calibration of the diatom datum. Moderately well-preserved late Eocene planktonic
foraminifers occur in the carbonate sediments immediately overlying the basalt basement at Sites 573 and 574. The Eo-
cene-Oligocene faunal transition, however, is masked at both sites by an intercalation of metalliferous layers containing

no planktonic foraminifers.

INTRODUCTION

With the use of a newly developed hydraulic piston
corer (HPC), Leg 85 attempted to recover from the east-
ern equatorial Pacific undisturbed Cenozoic sequences
suitable for high-resolution biostratigraphy. The region
covered by Leg 85 is in the equatorial high-productivity
zone, where steady accumulation of siliceous and car-
bonate shells of planktonic microorganisms has created
a belt of thick sediment piles on the seafloor. The crest
of this belt lies slightly north of the equator (4°N at
180°W) and trends toward the equator to the east. Four
earlier DSDP cruises (Legs 5, 8, 9, and 16) drilled into
this belt of sediment piles, and Leg 85 established five
additional drill sites (Fig. 1 and Table 1).

A large body of knowledge now exists on the plank-
tonic foraminiferal biostratigraphy of this region. Al-
though the pioneering work of the Swedish Deep Sea
Expedition was the first to thoroughly describe the sedi-
ment types of this region, it was Parker (1967) who first
established a planktonic foraminiferal zonation for the
upper Miocene to Pleistocene sediments of the tropical
Pacific region. Subsequent studies by Hays et al. (1969)
and Saito et al. (1975) integrated microfaunal succes-
sions with geomagnetic reversal sequences down to up-
per Miocene and were able to paleomagnetically calibrate
microfossil first and last appearances within a time reso-
lution of several hundred thousand years. These earlier
studies are all based on piston cores, and hence research
was limited to upper Neogene sections.

! Mayer, L., Theyer, F., et al., Init. Repts. DSDP, 85: Washington (U.S. Govt. Printing
Office).
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The first successful attempt to study older Cenozoic
sediments in this belt of thick sediment piles was made
during Leg 8. Sediments as old as middle Eocene were
recovered on this cruise by intermittent coring. Beckman
(1971) described and illustrated most of the zonal mark-
er species of planktonic foraminifers used for age deter-
mination. One nearly continuous calcareous record was
obtained during Leg 9 from Hole 77B. The foraminifer-
al biostratigraphy of Hole 77B was initially described by
Jenkins and Orr, who also illustrated many species (Jen-
kins and Orr, 1972, pls. 1 to 41). The sedimentary re-
cord at Hole 77B has since become a focus of intensive
study by many micropaleontologists; six papers on plank-
tonic foraminifers alone have been written, mostly by
Keller and co-authors (cited in Keller and Barron, 1983).

Although the foraminiferal sequence at Hole 77B pro-
vides one of the few nearly complete Neogene faunal re-
cords, its foraminiferal assemblages are severely affected
by dissolution. The effects of dissolution were such that
Jenkins and Orr (1972) developed a new zonation (dis-
tinct from the one defined by Blow [1969]), which was
largely based on solution-resistant species. Keller (1980,
1981), however, was able to apply Blow’s zones to at
least the Miocene sequence.

Dissolution of planktonic foraminifers is also a fac-
tor in most of the sequences cored during Leg 85. One
exception is the lower middle Miocene interval covering
the evolutionary development of Globorotalia fohsi and
its subspecies from their ancestor G. peripheroronda. To
aid age assignments and comparisons of the results of
Leg 85 with studies of other areas, I have applied, as
well as possible, the standard zonation of Blow (1969)
to the planktonic foraminiferal assemblages in Leg 85
samples. There are a few instances, however, where I
have used a second-order correlation to approximate the
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Figure 1, Cruise track and locations of Leg 85 drill sites in the eastern equatorial Pacific. Contours
in tenths of seconds of two-way traveltime. Previous holes drilled on Legs 5 (Sites 40-43), 8
(Sites 66-74), 9 (Sites 77-82), and 16 (Sites 159-164) are also shown, in addition to the loca-
tions of two piston cores, V24-59 (A) and RC12-66 (B), for which Hays et al. (1969) and Saito
et al. (1975), respectively, established a combined microfossil and paleomagnetic stratigraphy.

Table 1. Leg 85 site data.

Water  Sub-bottom Total sediment Oldest

depth depth Number recovered sediment
Hole Latitude Longitude (m) (m) of cores (m) cored
571 03°59.84'N 114°08.53'W 3962 0-7.11 1 7.11 Pleistocene
572 01°26.09'N  113°50.52'W 3893 0-18.7 2 9.25 Pleistocene
572A  01°26.09'N  113°50.52'W 3893 0-154 17 154.35 up. Miocene
572B  01°26.09'N  113°50.52'W 3893 154-169.4 4 19.95 up. Miocene
572C  01°26.09'N  113°50.52'W 3893 0-169.5 20 161.56 up. Miocene
572D 01°26.09'N 113°50.52'W 3893 151-489.0 34 258.87 mid. Miocene
573 00°29.91'N  133°18.57'W 4301 0-158.6 19 159.4 up. Miocene
573A 00°29.91'N  133°18.57'W 4301 14.0-57.7 6 53.5 low. Pliocene
573B  00°29.91'N  133°18.57'W 4301 138.5-529.0 43 279.7 up. Eocene
574 04712.52'N 133°19.81'W 4561 0-206.5 31 208.93 low. Miocene
574A 04°12.52'N 133°19.81'W 4561 6.0-186.2 23 180.74 low. Miocene
574B  04°12.52'N  133°19.81'W 4561 185.0-194.0 1 9.45 low. Miocene
574C  04°12.53'N  133°19.81'W 4561 194.5-532.5 37 197.35 low. Eocene
575 05°51.00'N  135°02.16'W 4536 0-98.6 11 99.35 low. Miocene
575A  05°51.00'N 135°02.16'W 4536 93.8-208.4 33 140.53 low. Miocene
575B  05°51.00'N  135°02.16'W 4536 3.3-119.0 14 118.68 low. Miocene
575C  05°51.00'N  135°02.16'W 4536 0-15.8 2 15.91 up. Miocene

standard zonal boundary. Tables 2 through 6 present the
stratigraphic distribution of planktonic foraminifers, their
state of preservation, and abundances. Since so much is
already known about the planktonic foraminifers of this
region, only a few taxonomic comments are added to
those taxa pertinent to discussion (see Appendix), and
the plate illustrations cover only selected species.

METHODS

The planktonic foraminiferal biostratigraphy presented in this pa-
per is based primarily on the onboard examination of core-catcher
samples. When a foraminiferal zone boundary occurred between two
core-catcher samples, additional samples from each core section were
examined on shore to narrow the boundary. Samples of approximately
10 cm? were washed through a 250-mesh screen (0.62-pm opening) and
dried. Unconsolidated sediments were soaked in water, and when nec-
essary, disaggregation was facilitated by the addition of small amounts
of hydrogen peroxide. Hydrogen peroxide was also routinely added to
more consolidated sediments. Much more consolidated or semi-indu-
rated sediments encountered in the lower parts of the sedimentary col-
umns were disaggregated by using a petroleum solvent, Varsol or Naph-
tha. In this technique, samples are thoroughly oven dried at about
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130°C and are soaked with the solvent while they are still hot. After
the excess fluid is drained, the solvent-soaked sediments are boiled in
water containing a small quantity of sodium metaphosphate until com-
plete disaggregation occurs. In the final washing process, the solvent
can be easily driven off from both the sample and the washing screen
by applying a jet of multisurface spray cleaner, such as Fantastik®

Quantitative analyses of species abundance shown in Tables 2
through 6 were made with the aid of the visual percentage estimation
chart of Terry and Chilingar (1955; reproduced in Scholle, 1979, p.
vii). (See the footnotes to Tables 2 and 3 for explanations of the abbre-
viations.)

I have attempted to graphically illustrate the varying degrees of fo-
raminiferal dissolution by calculating for each assemblage the 10-point
foraminifer solution code of Berger and von Rad (1972), in which a
high solution-code number indicates stronger dissolution. These plots
can be found in the site chapters and are not reproduced here.

Saito (1976) showed that systematic changes with time in the coil-
ing direction of the planktonic foraminiferal genus Pulleniatina pro-
vide useful datum levels for interregional correlation of Pliocene-Pleis-
tocene sediments. To establish additional criteria for the biostratig-
raphy, counts of Pulleniatina coiling direction were made for Holes
572C and 573 (Fig. 2). More than 100 specimens were randomly picked
whenever possible from each assemblage, and the percentages of right-
coiling and left-coiling individuals were determined.
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Table 2. Occurrence and estimated abundance of planktonic foraminifers at Site 571.
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Note: A = abundant (> 10% of assemblage); C = common (3-10%); F = few (0.5-3%); R = rare (<0.5%); T = trace (only one or two specimens in entire

assemblage).

MODIFICATION TO THE STANDARD ZONATION

The dissolution of planktonic foraminifers observed
in certain intervals of the sequences recovered on Leg 85
necessitates a second-order correlation to approximate
the standard zonal boundary proposed by Blow (1969).

I have placed the top boundary of Zone N19 at the
extinction level of Sphaeroidinellopsis seminulina (Schwa-
ger). This cortex-covered species is fairly resistant to so-
lution and provides a reliable correlation datum. The top
of Zone N19 was initially defined by Banner and Blow
(1965) as the last occurrence level of Globoguadrina al-
tispira (Cushman and Jarvis). According to the paleo-
magnetic stratigraphy of Saito et al. (1975), the extinc-
tion level of S. seminulina occurs at the top of the Mam-
moth Subchron (3.08 Ma) and that of G. altispira at the
top of the Kaena Subchron (2.92 Ma), both in the Gauss
Chron. They are indeed very close. Furthermore, I have
excluded Zone N20 from the Leg 85 sequences for sev-
eral reasons. In their initial proposal of the Neogene nu-
merical zonation, Banner and Blow (1965) defined Zone
N20 to be the interval following the extinction of G. alti-
spira and before the first appearance of G. fosaensis.
Both Parker (1967) and Hays et al. (1969), however,
showed that the ranges of these two species actually over-
lap in the tropical Indo-Pacific, which precludes the es-
tablishment of a zone based on the absence of these two
species. Blow (1969) subsequently redefined Zone N20
by introducing two new subspecies, Globorotalia acosta-
ensis pseudopima and G. tosaensis tenuitheca. The first
occurrence of the former defines the lower limit of the
zone, and the first occurrence of the latter marks the
upper limit. Blow (1970) further justified his 1969 redef-
inition in yet another discussion on the standard zona-
tion. This definition of Zone N20, however, poses two
correlation problems. One is the uncertainty of taxonom-
ically recognizing these two zonal index taxa, both of

which were erected at a subspecific level. The second is
the stratigraphic position of the zonal reference section
chosen for Zone N20. Blow (1969) designated the locali-
ty and level of Sample ER.156, within the Bowden For-
mation of Jamaica, West Indies, as the primary refer-
ence section. The prefix “ER.” stands for E. Robinson
of the University of the West Indies, who collected sam-
ples for Blow and who described the Neogene section of
Jamaica (Robinson, 1969). I have examined planktonic
foraminifers of this sample, which was kindly supplied
by Dr. Robinson, and found among others Globorotalia
crassaformis (Galloway and Wissler), G. exilis Blow, G.
miocenica Palmer, G. truncatulinoides (d’Orbigny), Neo-
globoquadrina dutertrei (d’Orbigny), and Globigerinoi-
des fistulosus (Schubert). The joint occurrence of Glo-
borotalia exilis, G. miocenica, and G. truncatulinoides
enables a correlation of Sample ER.156 with the upper-
most Matuyama Chron of the paleomagnetic stratigra-
phy at about the Olduvai Subchron. Zone N21 is, how-
ever, defined as the interval prior to the first appearance
of G. truncatulinoides, an event that occurred shortly
before Olduvai Subchron time. Thus, the Zone N20 ref-
erence section is in reality younger than Zone N21. To
circumvent this stratigraphic dilemma, I excluded Zone
N20 from the zonal scheme and placed Zone N2I to
directly overlie Zone N19 at the extinction level of S.
seminulina.

The first appearance level of Globigerinatella insueta
Cushman and Stainforth occurs in a solution-affected
interval at both Sites 574 and 575. This level defines the
N5/N6 zonal boundary. The last appearance level of
Globigerina binaiensis Koch is instead used to approxi-
mate this boundary. In carbonate-rich sequences, these
two paleontologic events are shown to occur within a
close stratigraphic interval (Srinivasan and Kennett, 1981).

Zone N4 as defined by Blow (1969) is the second ex-
ample where his original definition came to be nonwork-
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Table 3A. Occurrence and estimated abundance of planktonic foraminifers, Holes 572 and 572A.
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Note: G = good; M = moderate; P = poor. Other symbols as in Table 2. (L) = left coiling; (R} = right coiling.

able. Blow (1969) defined Zone N4 as based on concur-
rent ranges of Globigerinoides quadrilobatus primordi-
us and Globorotalia kugleri. He believed that the first
appearance of the former postdates the first appearance
of the latter, thereby enabling two divisions of the range
of G. kugleri. Zone N4 of Blow represents the younger
part of the range of G. kugleri subsequent to the first
appearance of Globigerinoides. Since then, many au-
thors (e.g., Stainforth and Lamb, 1981; Srinivasan and
Kennett, 1983; Berggren, 1984) have convincingly dem-
onstrated that G. quadrilobatus primordius actually
evolved earlier than G. kugleri. The usage of Zone N4 in
this report is a modified one, defined as the total range
zone of G. kugleri. Species of the genus Globigerinoides
are susceptible to solution, and little contribution can
be made by the Leg 85 sequences regarding the evolu-
tionary development of Globigerinoides in the Oligo-
cene-Miocene interval.

SITE SUMMARIES

Site 571

Site 571 is located near the eastern terminus of the
equatorial Pacific high-sedimentation belt (Fig. 1). The
only core (7.11 m) taken at this site consists of light, yel-
low brown, foraminifer-nannofossil ooze. Planktonic
foraminifers are generally abundant and well preserved
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throughout the cored sequence, although we noted fau-
nas affected by marked dissolution at intervals 571-1-1,
140-144 cm and 1-3, 41-43 cm. Globorotalia menardii
is the most dominant element of the planktonic forami-
niferal assemblages. Pulleniatina obliquiloculata also com-
monly occurs in most of the horizons.

In Core 571-1-2, between 119-120 and 131-132 cm,
Globoquadrina pseudofoliata becomes extinct. The ex-
tinction datum of Globorotalia tosaensis was apparently
not reached at this site because assemblages containing
this species were not recognized. The paleomagnetically
dated deep-sea sequence from the same eastern equato-
rial Pacific region (Saito et al., 1975; Thompson and Sa-
ito, 1977) places the extinction datum levels of Globo-
quadrina pseudofoliata and Globorotalia tosaensis at 0.22
and 0.60 Ma, respectively. Thus, the entire core is as-
signable to the Brunhes Chron of the paleomagnetic
stratigraphy, and the base of the core is no older than
0.6 Ma.

Site 572

This site is nearly due south of Site 571 and is also
situated near the eastern edge of the equatorial high-
productivity zone. Site 81 of Leg 9 is approximately due
east of this site.

Five holes were drilled at Site 572, yielding 170 m of a
continuously double-piston-cored sequence, and below
that, 300 m of an almost continuously rotary-drilled se-
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quence. A sediment/basalt basement contact was reached
at 479.5 m in Hole 572D.

Hole 572A was continuously piston cored to a sub-
bottom depth of 154 m. Hole 572B was washed down to
154 m, and coring began from that level to 172.1 m sub-
bottom. Hole 572C duplicated 572A, yielding a continu-
ously piston-cored sequence from the mudline to 168.5 m
sub-bottom. Hole 572D was rotary drilled to the basalt
basement after washing down to 151 m sub-bottom.

The state of preservation of planktonic foraminifers
makes it possible to divide the 170-m-thick piston-cored
sequence into two units. The upper unit, from Cores 1
through 17 in both Holes 572A and 572C, contains abun-
dant and well-preserved assemblages, whereas the lower
unit yields moderately well-preserved, but rather monot-
onous, assemblages. These monotonous assemblages con-
sist largely of such solution-resistant forms as robust
Globoguadrina, keeled Globorotalia, and cortex-covered
sphaeroidinellids. The downhole change from the up-
per, rich assemblages to the lower solution-affected as-
semblages is sharp and occurs between Cores 572C-17
and -18. Planktonic species are practically absent in Sam-
ple 572-19,CC. The upper foraminifer-rich sequence can
be correlated precisely with the paleomagnetically dated
deep-sea sequence to the west of this site in the equatori-
al Pacific (Hays et al., 1969; Saito et al., 1975). Such a
correlation places the base of the Quaternary, as marked
by the extinction of Globigerinoides obliquus, between
Samples 2,CC and 3,CC in both Holes 572A and C.

The disappearance of Sphaeroidinellopsis seminulina in
Hole 572C between Samples 6-4, 50-52 cm and 6-5,
100-102 cm is used to draw the upper limit of Zone N19.

Since systematic changes with time in the coiling di-
rection of Pulleniatina have been shown to provide use-
ful datum levels for inter-regional correlation, we plot-
ted coiling direction patterns in assemblages from Holes
572C and 573. The sharp left-to-right coiling direction
change, termed L9 by Saito (1976) and known to occur
shortly after the Cochiti Subchron of the Gilbert Re-
versed Chron (~ 3.6 Ma), occurs in the upper part of
Core 572C-7 (Fig. 2).

Although dissolution of foraminifers becomes increas-
ingly evident downsection starting from Core 10 of both
Holes 572A and 572C, the first appearance of Globoro-
talia tumida accompanied by the extinction of Globo-
quadrina dehiscens between Samples 13,CC and 14,CC
enables the placement of the Pliocene/Miocene bound-
ary at this level.

The rotary-cored sequence of Hole 572D yields mod-
erately well-preserved but impoverished middle and up-
per Miocene foraminiferal assemblages. The effect of
dissolution makes it difficult to establish time-rock divi-
sions for this hole based solely on planktonic foramini-
fers. Two intervals of marked dissolution characterize
the middle of the cored sequence (Cores 572D-2 to -8
and -11 to -18), whereas a well-preserved and diverse as-
semblage is present toward the basement in Cores 572D-
30 through -33. The basal sediment of this hole, Sample

625



T. SAITO

Table 3A. (Continued).

o
= s
= l(; @
£ s o & £ 08 3
2 g 3 2 ) E
'§' § 8 s i £ E 5 s |§ & 3 s §
s ¢ § 5|8 3 « 2|3 § s 5 38
gy & & § 8|5 % 3 §|§ § § 3 3
il8 §f §F & E|f § & § &#|§ §o§ § ¢
s|lg = s & =2 |8 & =2 =8 =2|lsz2 &£ = s =
gl 8|33 303 § §/§ § § o§ o§|¥ §§ § g
§| 8 8|8 & ¢t £ g § § § & |g g & B
smpe | £ F121% £ £ % £/8 § § § £§/8 § §8 § ¢
Age Zone | Gotervalinem) | 2 | £ |G |8 & & & ©§ |&§ © © © © |8 & © & &
Hole 572
N23 11, 2-5 Ale [T c T R R
1-,147-149 | € | G R
12,147-149 | C | M c
— 1.cC €| G F F R F
Quaternary 2,CC C G R R R T C T
Hole 5T2A
N23
1,€C A G R R F F RT
2.cC A |G F c R | R T R
Ra 3.cC AlmMm T
N21 4.cC A |G o R R C
s,.cC c|m R C R
6,CC c F R T R C
Pliocene 7.CC C M T T R C
NI9 8,CC c | ™ ¢ c T
9,cC c | m L)
10,CC C M T RiL) R T R C
Ni§ 1,cc F | M Ry R T Fily
- — 12,CC F M RiLy TiLy
13.cC F | M F R T
late 14,cC c | M R F R
Miocene | N17 15,CC c M R T
16,CC c R R T
17.€C F | M T

33,CC, contains rare specimens of Orbulina universa
in association with Globorotalia peripheroronda and G.
praemenardii and is assigned to Zone N9, the lowest mid-
dle Miocene zone. Paleontologists on Leg 9 assigned the
basal sediment of Hole 81 to the uppermost lower Mio-
cene Zone N8 (Hays et al., 1972). Their zonal assign-
ment was not based on the occurrence of the zonal marker
species Globigerinoides bisphericus, but rather on the
presence of Hastigerinella bermudezi (referred to as Clava-
torella bermudezi in the present report). Since Blow (1969)
reported that H. bermudezi ranges from the uppermost
part of Zone N8 through the lower part of Zone N10,
the basal sediment in Hole 81 could well be of Zone N8
age. However, the same Leg 9 report shows the range of
H. bermudezi in a more continuously cored sequence at

Site 77 (about 960 km due west of Site 572 in the eastern -

equatorial Pacific) to be restricted to the middle Mio-
cene in zones equivalent to N9 and N10. At Site 572, H.
bermudezi occurs in association with the Zone N9 as-
semblage. Therefore, the basal sediment at Site 81 is
here reinterpreted to be of Zone N9 age, in agreement
with our findings.

Site 573

This site represents the southernmost of a three-site
latitudinal transect along 133°W across the equatorial
high-productivity belt and was chosen to sample the max-
imum sediment accumulation along the equator. Coring
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was also intended to duplicate the well-studied section
recovered at Site 77 of Leg 9 (Fig. 1).

The upper 160 m of the sedimentary column at this
site were piston cored in Holes 573 and 573A, and the
remaining 370 m were rotary cored in Hole 573B. Hole
573A duplicates the upper 60-m section of Hole 573.
Hole 573B penetrated a baked sediment/basalt contact
at 528.0 m sub-bottom. An approximate 1.6-m-thick Eo-
cene biogenic limestone layer and 3.5-m-thick metallif-
erous claystone layer overlie the basalt.

The site yielded upper Eocene through Pleistocene
planktonic foraminifers in varying abundances. Most of
the fossil assemblages exhibit some alteration by disso-
lution, which caused such solution-resistant forms as
keeled Globorotalia, robust Globogquadrina, sphaeroidi-
nellids, and Catapsydrax to be dominant in the faunas.
However, all the species present show a good state of
preservation throughout the entire sequence. Two inter-
vals, 112 to 186 and 252.5 to 366.5 m sub-bottom, show
a marked decrease in foraminiferal abundance and cor-
respond to those intervals in which diatom and nanno-
fossil data indicate the presence of stratigraphic hiatuses.

Because of the effect of dissolution, many interesting
evolutionary lineages of planktonic foraminifers known
from the tropical latitudes are not recorded at this site.
One exception is the Globorotalia fohsi evolutionary lin-
eage, which occurs in consecutive order from Core 573B-
11 to -6. Since the Orbulina datum is not recorded, the
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Table 3B. Occurrence and estimated abundance of planktonic foraminifers, Holes 572C and 572D.
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Sample
Age Zone (interval in cm)

Globigerinella aequilateralis
Globigerinella praecalida
Globigerina decoraperta
Globigerina falconensis
Globigerina nepenthes
Globigerinoides bollii
Globigerinoides canimarensis
Globigerinoides fistulosus

inoides

inoides

Beella praedigitata
Globigerina bulloides

Globigerinella calida
Beella digitata

Abundance

Preservation

Globigerinoides ruber ruber (pink)

Globigerinoides ruber ruber (white)

Globigerinoides sacculifer
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Note: G = good; M = moderate; P = poor. Other symbols as in Table 2. Precise location of diagonal boundary could not be determined.
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Table 3B. (Continued).
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Table 4. Occurrence and estimated abundance of planktonic foraminifers at Site 573.

Sample
(interval in cm)

Globigerina angustiumbilicata

Globigerinelia aequilateralis
Globigerinella calida
Globigerinella praecalida
Globigerina angulisuturalis
Globigerina praebulloides

Beella digitata
Globigerina decoraperta

Beella praedigitata

Globigerina nepenthes
Globigerina rubescens
Globigerinoides bollii

Abundance
Preservation

Age Zone

Globigerinoides fistulosus
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quadr
Globigerinoides ruber ruber (white)

ruber cyel

)

Gl

ruber elong
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=
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Note: Symbo!sasm Tables Zand 3. Species looked i‘or and not found: Gl'oblgeﬂna binaiensis, G. b\ul'-’mdes. G. druryi, G. falconensis, G. pachyvderma, G. woodi, Globigerinoides canimaren-
sis, G. jap us, G. , G. pr dius, Praeorbulina g curva, P g glomerosa, Orbulina bilobata, Gfobtger.‘m‘m iota, G.'abegerwacefh insueta, G."o-
borotaloides aff. suteri, C' b lia ¢ i G. fohsi rob L G. margan.'.nzprmmvn, G. mmrma G. mlorumrda G. obesa, G. opima conti) G. qu ifalcata, G. ung
Globigerina ciperoensis, G. gortanii, G. tripartita, G. winkleri, G.‘obgger.‘m:a africana, Globog ina sellii, Gl inatheka barri, Globigerapsis mexicana, P: ina micra,

i Cribrohantkenina inflata subsp. be Jezi, and H. primitiva.

AT.
bEc.

Samples 573B-20-4, 110-112 cm and -20-6, 110-112 cm.
Since the Oligocene/Miocene boundary is slightly youn-
ger than the G. kugleri datum, a possible unconformity,
recognized in Core 573B-22 or -21 on the basis of nan-

middle/lower Miocene boundary is approximated at the
last appearance level of Globigerinoides sicanus between
Samples 573B-12-5, 112-114 c¢m and -12,CC. The first
appearance datum of Globorotalia kugleri is between
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Table 4. (Continued).
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are observed in Samples 573B-42-4, 123-124 cm and
140-144 cm. Species belonging to the characteristic Eo-
cene genera Globigerinatheka and Globigerapsis are al-
so present in large numbers. The joint occurrence of C.
inflata bermudezi and Globigerapsis mexicana is used to
establish a late Eocene age (Zone P16). The presence of

these varied Eocene assemblages at Site 573 is in marked
contrast to the meager fauna reported from nearby Site

A surprisingly well-preserved and somewhat diverse
upper Eocene planktonic foraminiferal assemblage oc-

nofossil and radiolarian evidence, must be dated as lat-
curs near the base of the sedimentary column just below

est Oligocene.
mens of delicate spine-bearing species such as Hantke-
nina primitiva and Cribrohantkenina inflata bermudezi

the dark brown metalliferous claystone. A few speci-
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Table 4. (Continued).

Age

Zone

Sample
(interval in cm)

Abundance

Preservation

Globigerinella aequilateralis
Globigerinella calida

Globigerinella praecalida

Beella digitata

Beella praedigitata

Globigerina angulisuturalis

Globigerina angustiumbilicata

Globigerina decoraperta

Globigerina nepenthes
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Table 4. (Continued).
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Table 4. (Continued).

farmis ronda

aform

lia ronda = ¢

Sample
(interval in cm)

Globorotalia peripheroronda
Globorotalia plesiotumida

Globorotalia praefohsi
Globorotalia pseudokugleri

Globorotalia praemenardii
Globarotalia praescitula

Preservation

Abundance

Age Zone

Globorotalia scitula

Globorotalia siakensis

r—
P
igerina bar
is forma gij

igerinella chipol

Globigerina pseudovenezuelana

Globigerina tapuriensis

Globigerina ampliapertura
Globigerina angiporoides
Globigerina yeguaensis
Globorotalia centralis
Globorotalia opima opima
Globorotalia postcretacea
Cassigerinella chipolensis
Chiloguembelina cubensis
Chiloguembelina martini

Globigerina ouachitaensis
Globigerapsis index

Globigerina linaperta
Globigerina prasaepis

Globorotalia tosaensis

Globorotalia trunc
Globigerina pera

Glob
Ci

Hole 573
N23
1-1, 50-52

1,CC
2,CC
3,CcC
4-4, 10-12

Quaternary | N22

4-6, 10-12
4,CC

5,CC

6(2), 90-93
6-2, 110-112
6-3, 62-63
6-4, 10-11

N21

M=

6-4, 29-30
6-4, 110-111
6-5, 10-11
6-5, 110-112
6,CC

7-1, 22-23
1.CcC

8,CC

9,CC

10-4, 106-107
10-5, 106-107
10,CC
11,CC

Pliocene

NI9

NI18
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4,CC
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i
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Miocene 8(3), 112-114

8(4), 112-114
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Zopr|rrm|meo oo
ozoo ooz (2w |23

77, where only one species, G. insolita, was found to be
diagnostic of a late Eocene age (Jenkins and Orr, 1972).
The abundance of Eocene foraminifers diminishes up-
ward as the metalliferous layer is approached, and no
foraminifers occur in that layer. Sample 573B-42-2, 48-
50 cm, which was taken immediately above the metallif-
erous layer, contains a rich benthic foraminiferal fauna
dominated by calcareous forms, a fauna that suggests
severe dissolution of planktonic species at this level. At
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40 cm above this sample, an Oligocene planktonic as-
semblage assignable to the upper P18 Zone is present.
These observations suggest that the Eocene/Oligocene
boundary at Site 573 is marked by a break in the fora-
miniferal sequence, in which at least the P17 and lower
P18 assemblages are not present. Also, just prior to and
immediately subsequent to the deposition of the metal-
liferous layer, some mechanism appears to have dissolved
planktonic foraminifers, calcareous nannoplankton, and
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Table 4. (Continued).

Age
middle
Miocene
carly
Oligocene
late
Eocene
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Table 5. Occurrence and estimated abundance of planktonic foraminifers at Site 574.

Age

Sample
(interval in cm)

Abundance

Preservation

Globigerinella aequilateralis
Globigerinella calida

Globigerina angustiumbilicata

Globigerinella praecalida

Globigerina binaiensis

Globigerina falconensis

Globigerina nepenthes

Globigerina praebulloides

Globi

hi

Rl

Globigerinoides bollii

Gi
GClobi
G
G

Globigerinoides quadrilobatus

ruber cycl

Globigerinoides sacculifer
Globigerinoides sicanus

g ot

e

1,

G

Globigerinoides subguadratus
Globigerinoides trilobus

Praeorbulina glomerosa circularis

Praeorbulina glomerosa curva

Praeorbulina glomerosa glomerosa
Praeorbulina transitoria
Orbulina bilobata

Orbulina suturalis

Orbulina universa

Sphaeroidinella dehiscens

Sphaeroidinella dehiscens immatura

Sphaeroidinellopsis seminulina

P i

[ TAT)
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Sph
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Hole 574

1,CC

m
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=

late
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NI0
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20,CC
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==

N9

21(3), 107-110
21,CC

22-3, 140-141
22,CC

23,cC

4,CC

early
Miocene

N8

7
?

25(1), 107-110
25-3, 107-110
25,CC

26,CC

27(1), 61-64
27(2), 61-64
27-3, 61-66
21,cC

28,CC

29,CC

30,CC

31,cC
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Note: Symbols as in Tables 2 and 3.

some or most of the benthic foraminifers. The metallif-
erous layer was thus most likely deposited during a time
when dissolution was prevalent in the area. Recent stud-
ies indicate that ocean ridge-crest hydrothermal activity
is responsible for the generation of metalliferous layers
(e.g., Edmond et al., 1982). The absence of foraminifers
and other microfossils in and around the metalliferous
layer could argue for corrosion of biogenic material by a
hydrothermal solution.
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Site 574

Site 574, about 350 km north of Site 573, is the sec-
ond site of the three-site latitudinal transect and is situ-
ated just north of the crest of the equatorial sediment
belt. Four holes were drilled at this site. The upper
206 m of sediments were piston cored in a duplicate set
in Holes 574 and 574A, and the remaining 224 m were
rotary cored in Hole 574D. Only one rotary-cored se-
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quence was recovered from Hole 574B between 185 and
194.5 m sub-bottom. Hole 574D ended in basalt at 520 m
sub-bottom.

The recovered sequence yields planktonic foraminif-
eral faunas from upper Eocene through Pleistocene. Ow-
ing to severe dissolution of planktonic foraminifers, how-
ever, this fossil group provides good stratigraphic con-
trol for only three sections of the sequence, from 110 to
190 m (Zones N8 through N12), from 230 to 440 m

(Zones N4 through N6), and from 517.5 m to the base
at 520 m (Zone P17). Other intervals contain rare as-
semblages; their zonal assignments were established on-
ly after consultation with paleontologists studying other
microfossil groups.

The sedimentary sequence recovered from the two par-
allel HPC holes yielded rich and well-preserved assem-
blages recording two important events in planktonic fo-
raminiferal evolution. One is the well-known “Globoro-
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Table 5. (Continued).

pertura

Sample
(interval in cm)

Globigerina angustiumbilicata

Globigerinella aequilateralis
Globigerinella calida
Globigerinella praecalida
Globigerina angulisuturalis
Globigerina binaiensis
Globigerina falconensis
Globigerina nepenthes
Globigerina praebulloides
iy

Abundance
Preservation

Age Zone

Globigerinoides bollii

hii

quﬂu’r
ruber cycl
Sphaeroidinella dehiscens immatura

Praeorbulina glomerosa glomerosa

Praeorbulina glomerosa circularis

Sphaeroidinellopsis seminulina

Praeorbulina glomerosa curva

Globigerinoides immaturus
-
Globigerinoides primordius
Globigerinoides sacculifer

Sphaeroidinella dehiscens
Globigerinita bradyi-uvula

Praeorbulina transitoria

Globigerinoides trilobus
Orbulina bilobata

Globigerinoides sicanus

Orbulina suturalis
Orbulina universa

Hole 574C

1,CC
? 2,CC
? 3,CC
4,CC
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7-1, 110-112
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NS5

early

Miocene 10-6, 110-112
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13,CC
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16(1), 110-112
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17(2), 110-112
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mAE S |lmm 44

N4
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P2l
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28,CC
29,CC
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31,cc
32,CC
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33.5, 58-59
2 33,€C
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Oligocene | 7
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Eocene P17 35-2, 54-55

AT | PRI FPTMEPO0[(TEZ (a2 [(0MO00 | MmEOOATAPAOQ Q0RO [(0NNTME R

ZZZ|vEZZZ2ZZWZZZZL | 902|220 |22 | T 2T T2 ZZZZZX|EvZ= o (RXEXEER
k]
2]

35,CC

talia fohsi lineage” which underwent rapid development
in the tropical region during the early middle Miocene
from the small, nonkeeled ancestor G. peripheroronda
via the medium-sized and weakly keeled G. praefohsi to
the robust, well-keeled G. fohsi robusta (Bolli, 1950; Blow
and Banner, 1966). These species are zonal markers for
Zones N9 through N12 and provide an excellent means
of establishing a precise global correlation. Another event
of significant stratigraphic importance is the evolution-
ary lineage of the genus Orbulina. The first appearance

638

of Orbulina suturalis from its immediate ancestor Prae-
orbulina occurs at the lower/middle Miocene boundary
in the European type section and coincides with the fo-
raminiferal zonal boundary between Zones N8 and N9
(Berggren and Van Couvering, 1974).

The G. fohsi evolutionary lineage is traceable in Cores
574-12 through -21. The Zone N11/N12 boundary is
recognized between Samples 17-3, 108-110 cm and 17-2,
108-110 cm; the Zone N10/N11 boundary between 19,CC
and 19-3, 50-53 cm; and the Zone N9/N10 boundary
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between 21-3, 107-110 and 21-2, 107-110 cm. The evo-
lutionary development of the genus Orbulina is record-
ed in Cores 574-26 and -22. The first appearance datum
of Orbulina lies between Samples 574-24,CC and -25-1,
107-110 cm and Samples 574A-22-6, 144-147 cm and
77-79 cm. At least three sections consisting almost ex-
clusively of reworked Oligocene planktonic foraminifer-
al faunas occur in the middle Miocene interval: an ap-
proximately 9-m-thick section from 574A-17-3, 105-108
cm to -18-7, 27-29 cm; a 6-m-thick section from 574-21-2,

138-140 c¢cm to -21,CC; and a 4-m-thick section from
574A-22-2, 19-20 cm to -22-4, 141-144 cm. A similar sec-
tion also occurs in the basal part of Core 574-22. Char-
acteristic features common to all of these sections are
that (1) the sediment consists predominantly of grains
smaller than 150 pm, and (2) the three species of Oligo-
cene planktonic foraminifers, Chiloguembelina cuben-
sis, Cassigerinella chipolensis, and Globorotalia postcre-
tacea, almost exclusively make up the sediment fraction
greater than 63 pm. Chiloguembelina cubensis somewhat
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Table 5. (Continued).

Sample
(interval in cm)

Globorotalia plesiotumida

Globorotalia praefohsi

Globorotalia pseudokugleri
Globorotalia quinifalcata
Globorotalia siakensis

Glob

Globorotalia praemenardii
Globorotalia praescitula

Abundance
Preservation

Zone

Globorotalia tumida flexuosa

Globorotalia tumida tumida

n
I SO}
bar

Cribrohantkenina inflata subsp. bermudezi

Hantkenina primitiva

Globorotalia opima opima
Gioborotalia postcretacea
Pseudohastigerina micra
Cassigerinella chipolensis
Chiloguembelina cubensis

Globigerina ouachitaensis

Globigerina pera
Globigerina yeguaensis
Globoguadrina sellii

Globigerina tripartita
Globigerina winkleri

Globigerina galavisi
Globigerina gortanii
Globigerina proesaepis
Globigerina tapuriensis

Globigerina ampliapertura
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resembles Streptochilus globigera (Schwager), which rang-
es from middle Miocene to Pliocene. Cassigerinella chi-
polensis also ranges up to middle Miocene. Thus, an ar-
gument could be made that these layers are simply anom-
alously fine-grained middle Miocene sediments. How-
ever, C. chipolensis, one of the most easily recognizable
species, appears to have become extinct earlier in this
part of the Pacific, in early Miocene. Jenkins and Orr
(1972, p. 1084), in their study of nearby Site 77 of Leg

9, also described a shortened stratigraphic range of C.
chipolensis. One plausible explanation for the origin of
such homogeneous reworked layers is that an active bot-
tom current winnowed fine carbonate fractions out of
some seafloor Oligocene exposures and transported these
fine-grained carbonates to the present site as a floccula-
tion load.

The Globorotalia kugleri total range zone, here de-
fined as Zone N4, is unusually thick at this site, span-
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Age

Zone

Sample
(interval in cm)

Abundance

Preservation

Globorotalia peripheroronda
Globorotalia plesiolumida
Globorotalia praefohsi

Globorotalia praemenardii

Globorotalia praescitula

Globorotalia pseudokugleri
Globorotalia quinifalcata
Globorotalia siakensis

lia tumida fii

Globorotalia tumida tumida

4

3z

Cribrohantkenina inflata subsp. bermudezi

Pseudohastigerina naguewichiensis

Globigerina ampliapertura
Pseudohastigerina micra
Hantkenina primitiva
Cassigerinella chipolensis
Chiloguembelina cubensis

Globigerina angiporoides
Globigerina aff. corpulenta
Globigerina ouachitaensis
Globigerina praesaepis
Globorotalia opima opima
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,\.
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ning eight cores from 574C-17 through -10. Keller (1981a,
b) documented similarly expanded sections all over the
equatorial Pacific based on her study of Sites 55, 71, 77,
and 292. Despite this expanded section of Zone N4, the
evolutionary radiation of the genus Globigerinoides can-
not be analyzed in detail, because specimens of this ge-
nus are almost absent at this site, possibly as the result
of dissolution. The first appearance of the genus Globi-
gerinoides had long been thought to mark the Oligo-
cene/Miocene boundary (Berggren, 1972), but it is now

considered to have evolved during the late Oligocene.
This genus underwent rapid radiation during the early
Miocene (Lamb and Stainforth, 1976; Keller, 1980; Sri-
nivasan and Kennett, 1983).

The position of the Oligocene/Miocene boundary in
planktonic microfossil sequences has long been debated
(see Stainforth and Lamb, 1981; Keller, 1980; Steining-
er, 1981; Srinivasan and Kennett, 1983). If we accept the
Oligocene/Miocene boundary as marked by the initial
appearance of Globorotalia kugleri, it would occur be-
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Table 6. Occurrence and estimated abundance of planktonic foraminifers at Site 575.

Age

Zone

Sample
{interval in cm)

Abundance

Preservation

Globigerinella aequilateralis
Globigerineila calida
Globigerinella praecalida
Globigerina angulisuturalis

Beella digitata

Glabigerina angustiumbilicata
Globigerina binaiensis
Globigerina druryi
Globigerina falconensis
Globigerina nepenthes

Globigering praebulloides

Globigerina rubescens

Globigerinoides altiaperiura

Globigerinoides conglobatus

Globigerinoides diminutus

Globigerinoides immaturus
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Table 6. (Continued).
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Table 6. (Continued),

Age Zone

Sample
(interval in cm)

Abundance

Preservation

Globoguadrina venezuelana
Clavatorella bermudezi
PBulleniatina obliguiloculata
Neogloboguadring eggeri

Pulleniatina finalis

Catapsydrax dissimilis

Catapsydrax stainforthi

Catapsydrax unicavus

Globorotalia acosiaensis

dii
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Table 6. (Continued).
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Figure 2. Biostratigraphic correlation of Holes 572C and 573 based on planktonic foraminiferal datum levels
and the preferred direction of coiling in Pulleniatina populations. Correlation of these foraminiferal
events with the paleomagnetic stratigraphy is based on Hays et al. (1969) and Saito et al. (1975). L8 and
L9 mark the prominent horizons dominated by the left-coiling population of Pulleniatina as established by
Saito (1976) in the Gilbert-Gauss (3-5 Ma) interval. Paleomagnetic stratigraphy after LaBrecque et al.

(1977). LA = last appearance.

tween Samples 574-17-4, 110-112 cm and -17,CC. How-
ever, if we accept Srinivasan and Kennett’s (1983) sug-
gestion to draw the boundary below the first appearance
level of G. dehiscens, it would lie between Samples
574C-14,CC and 574-15,CC.

Downhole encrustation of foraminifers by sediment
particles progressively increases in the Oligocene sequence;
this state of preservation makes it difficult to establish
precise zonal assignments for the Oligocene assemblag-
es. Cores 574-31 through -34 yield sparse assemblages.
Moderately well-preserved upper Eocene planktonic for-

646

aminifers occur both in Cores 35-1 and -2. These assem-
blages include rare specimens of Hantkenina primitiva
and Globorotalia cerroazulensis and are assigned to Zone
P17 in the uppermost Eocene. The species belonging to
the genera Globigerinatheka and Globigerapsis, which
characterize the Eocene fauna at Site 573, are not ob-
served at Site 574. Because sediments yielding the Zone
P17 fauna underlie a sparsely foraminiferous, metallif-
erous chalk, the Eocene/Oligocene boundary was not
identified on the basis of foraminiferal evidence. Har-
denbol and Berggren (1978) regard the extinction level



of both H. primitiva and G. cerroazulensis to be one of
the criteria that marks the Eocene/Oligocene boundary,
and this extinction level occurs between Core 34,CC and
-35-1, 126-128 cm. However, dissolution of foraminifers
in the metalliferous layer also could have produced the
disappearance of these two species.

Site 575

This northernmost site of the three-site transect is lo-
cated just south of the Clipperton Fracture Zone. Four
HPC holes were drilled at this site. Holes 575 (11 cores,
0 to 98.6 m sub-bottom), 575B (14 cores, 3.3 to 119.0 m),
and 575C (2 cores, 0 to 15.8 m) make up a triplicate set
representing the upper sedimentary column at this site.
Hole 575A, drilled with a short 3-m core barrel, recov-
ered the lower sedimentary column from 93.8 to 208.4 m
sub-bottom and produced 33 cores. Basement was not
reached at this site.

Planktonic foraminifers are abundant to common with
good to moderate preservation throughout the cored se-
quence except for the uppermost 25 m (Cores 575-1
through -3) and a short section from 102 to 108 m sub-
bottom (Cores 575A-3 and -4 and 575B-14). The forami-
niferal succession is readily zonable from middle Mio-
cene Zone N13 to early Miocene Zone N4, with the ex-
ception of the Zone N7/N8 boundary, which falls within
an interval affected by intense dissolution.

The two important foraminiferal evolutionary events
useful for global stratigraphic correlation, which were
recognized at Site 574, were also found at this site. These
are the evolutionary lineage of Globorotalia fohsi re-
corded in Cores 575-4 through -9 and that of the genus
Orbulina in Core 575-9. The Zone N12/N13 boundary,
which is nearly coincident with the extinction level of
the G. fohsi lineage, is recognizable between Samples
575-4,CC and -5-2, 94-95 cm. The Zone N11/N12 bound-
ary, as defined by the first appearance of G. fohsi sensu
lato, occurs between Samples 575-6,CC and -7-1, 128-
129 cm. The Zone N10/N11 boundary marked by the
evolutionary development of G. praefohsi lies between
Samples 575-7,CC and -8-1, 121-124 cm and the N9/
N10 boundary as defined by the first appearance of G.
peripheroacuta between Samples 575-9-1, 121-124 c¢cm
and -9-2, 21-23 cm.

The evolutionary appearance datum of the genus Or-
bulina is placed between Samples 575-9-4, 70-72 cm and
-9-5, 21-23 cm. The interval from Zones N6 through N8
appears to be greatly condensed, whereas both the over-
lying Zones N9 through N12 and the underlying Zones
N4 and NS5 are much expanded. The deepest sedimenta-
ry layer cored at this site is from Zone N4, which is
characterized by the common occurrence of G. kugleri.

One of the interesting aspects of the Zone N4 fauna
at Sites 574 and 575 is the frequent occurrence of Globi-
gerinita uvula (Ehrenberg) and G. glutinata (Egger). Akers
and Dorman (1964) included G. naparimaensis Bronni-
mann, G. incrusta Akers and Tinophodella ambitacrena
Loeblich and Tappan in the synonymy of G. glutinata. 1
consider Globigerina juvenilis Bolli also to be a junior
synonym of Globigerinita glutinata, making this species
one of the long-ranging planktonic foraminifers in the
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Neogene. In the distribution chart of Tables 4 to 7, how-
ever, the occurrences of G. glutinata are listed under these
separate species names to show the various developmen-
tal stages of umbilical bulla and infralaminal openings.
Stainforth and Lamb (1981) noted the common occur-
rence of Globigerinita incrusta (= G. glutinata of this
chapter) in the G. ciperoensis Zone (= Zone P22) and in
the lower half of the Globorotalia kugleri Zone (= Zone
N4 of the present paper). Apparently, little attention has
so far been given to the lower stratigraphic range of Glo-
bigerinita uvula. In modern oceans, this species is com-
mon in temperate and subpolar assemblages. Its small,
smooth, high trochospiral test is common to both the
modern and early Miocene forms.

Numerous discrete layers of foraminiferal sand, ex-
hibiting a distinct downward increase in grain size, oc-
cur throughout the recovered sequence. The turbidite lay-
ers present in the uppermost part of the sequence (e.g.,
Sample 575-1-4, 51-52 cm) contain a mixed assemblage
including taxa indicative of Zones N12 through NI17.
On the other hand, turbidites in the lower part of the
sequence (e.g., Sample 575A-31-3, 70-71 cm) contain a
Zone P21 assemblage. In general, reworked assemblages
in a given turbidite layer are a few to several zones older
than the respective in sifu sediments. These turbidites
were probably derived from an approximately 1000-m-
high seamount located 10 km north of the present site
(see Fig. 1 in Site 575 chapter, this volume).

THE ORBULINA DATUM

The first appearance of Orbulina suturalis Bronni-
mann has long been recognized as providing a datum
level for globally correlating the early/middle Miocene
boundary (Van Couvering and Berggren, 1977; Ryan et
al., 1974). In the planktonic foraminiferal zonation, this
event marks the base of Zone N9 (Blow, 1969; Jenkins
et al., 1981). Studies of the European stratotype fauna
by Cita and Blow (1969) place this event in the middle
part of the Langhian.

However, arguments still continue regarding the cali-
bration of the Orbulina datum with the radiometric time
scale and the geomagnetic reversal sequences. This may
be partly because only preliminary results of the studies
of geomagnetic reversal sequences of the European Ne-
ogene stratotype sections have been published (Nakaga-
wa et al., 1974). For instance, age estimates by Berggren
and Van Couvering have varied from 18 Ma (Berggren,
1969) to 16 Ma (Van Couvering, 1972; Berggren, 1972)
and 14 Ma (Van Couvering and Berggren, 1974). A later
paper (Van Couvering and Berggren, 1977), however, ad-
vocates the date of 15 Ma based on several lines of evi-
dence, the most important of which are the following:
(1) radiometric dating by Page and McDougall (1970)
using K/Ar on a volcanic sequence in New Guinea above
the Orbulina datum gives a 13- to 15-Ma range; (2) simi-
lar dating of Japanese volcanic rocks bracketing the Or-
bulina datum gives a number of consistent ages of 14
to 16 Ma; and (3) Opdyke et al. (1974) and Theyer and
Hammond (1974) come to a close agreement with an age
of 15 Ma for levels very close to the Orbulina datum in
deep-sea cores.
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Figure 3. Comparison of stratigraphic levels of the Orbulina first appearance datum with the
last appearance datum of Annellus californicus (solid triangle) at Sites 574 and 575. Pa-
leomagnetic scales after LaBrecque et al. (1977) with radiometric dates revised by Manki-
nen and Dalrymple (1979). The open triangle denotes the stratigraphic position of the
first appearance level of Orbulina spp. as indicated by Poore et al. (1983).

Our examination of planktonic foraminifers and dia-
toms (Barron, this volume) in the continuously HPC-
cored sequences of Leg 85 sheds additional light on the
age and geomagnetic calibration of the Orbulina da-
tum. We examined the evolutionary development of the
genus Orbulina from its ancestor Globigerinoides sica-
nus (de Stefani) through the few species belonging to the
genus Praeorbulina in Holes 574, 574A, and 575. The
first appearance datum of O. suturalis is identified pre-
cisely in these holes and occurs at the following levels:
between 574-24,CC and -25-1, 107-110 cm; between 574-
22-6, 77-79 cm and -32-6, 141-144 cm; and between
575-9-4, 70-72 ¢cm and -9-5, 21-23 cm.

Barron (this volume) used a secondary correlation and
tied some diatom datum levels recognized in the Leg 85
cores to the geomagnetic reversal record. In recent years,
several authors (e.g., Opdyke et al., 1974; Burckle, 1978)
have succeeded in directly integrating sequences of dia-
tom datum levels with the geomagnetic reversal records,
mainly by using piston cores. Fortunately for diatom-
ists, many cores that are suitable for paleomagnetic study
also yield good diatom assemblages.

Figure 3 compares the Orbulina datum level recog-
nized at Sites 574 and 575 with diatom datum levels of
Barron (this volume). At both sites, the Orbulina datum
falls within an interval where Barron draws the last oc-
currence horizon of Annellus californicus Tempére. In
terms of geomagnetic reversal sequences, as discussed
by Ness et al. (1980), the A. californicus extinction da-
tum lies in the middle of Anomaly 5B in the lower part
of geomagnetic Chron 15. This correlation would give
an age of 14.8 Ma for the Orbulina datum.

Burckle (1978) also discussed the position of the Or-
bulina datum relative to geomagnetic reversal records by
using the range of A. californicus in two paleomagneti-
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cally dated cores, RC13-22 and RC13-24 from the equa-
torial Pacific. In Core RC13-24, A. californicus first ap-
pears in geomagnetic Chron 16 and disappears in the
lower part of Chron 15 (Burckle cited in Opdyke et al.,
1974). Burckle in the same paper also examined the range
of this species in Leg 9 cores (Site 77) and established its
last appearance level in Section 77B-24-2. The forami-
niferal study by Jenkins and Orr (1972) had shown that
the first appearance level of O. universa d’Orbigny is in
the core-catcher sample of Core 23, immediately above
the core section that was shown by Burckle to record the
top of the range of A. californicus.

Thus, all the evidence available from Sites 77, 574,
and 575 points to a remarkable coincidence between the
extinction level of A. californicus and the first appear-
ance of O. suturalis and O. universa. This line of evi-
dence further indicates that the Orbulina datum must lie
within the lower part of geomagnetic Chron 15 with an
approximate age of 15 Ma.

Poore et al. (1983) recently made direct calibrations
of magnetostratigraphy and biostratigraphy for much of
the latest Cretaceous to Cenozoic sequence based on
HPC cores recovered during Leg 73. Their text-figure 4
indicates that the first appearance level of Orbulina spp.
does indeed occur in Chron 15 within the normal polari-
ty interval of Anomaly 5B.
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APPENDIX
Taxonomic Notes

Because most of the species identified in Tables 2 through 6 are
commonly recognized and have been treated fully elsewhere, only those
taxa pertinent to discussion are selected for discussion and to provide
a reference for the original description. For the Recent and Pleistocene
planktonic foraminifers, a complete taxonomic treatment can be found
in Saito et al. (1981).
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Cribrohantkenina inflata (Howe) subsp. bermudezi (Thalmann)
(Plate 1, Fig. 2)

Hantkenina (Cribrohantkenina) bermudezi Thalmann, 1942, pp. 812,

815, 819.

Remarks. Spraul (1963) reillustrated and reviewed all the known
species of the genus Cribrohantkenina. This species is distinct in that
each of its succeeding chambers is progressively inflated, with the fi-
nal chamber becoming greatly inflated and bulbose in shape. It pos-
sesses an equatorially located primary aperture with supplementary
areal apertures above.

Hantkenina primitiva Cushman and Jarvis
(Plate 1, Fig. 1)

Hantkenina alabamensis Cushman var. primitiva Cushman and Jar-

vis, 1929, p. 16, pl. 3, figs. 2, 3.

Remarks. This is an interesting species of Hantkenina whose earli-
er one or few chambers in the last whorl lack the characteristic spines
of Hantkenina. Previous records of this species are from Virginia and
Alabama of the United States, Trinidad, Morocco, Italy, Ecuador, and
Tanzania.

Cassigerinella martinezpicoi Bermudez and Seiglie

Riveroinella martinezpicoi Bermudez and Seiglie, 1967, pp. 177-178,

pl. 1, figs. 1-6.

Cassigerinella martinezpicoi (Bermudez and Seiglie) Saito and Biscay,

1977, pp. 322-324, pl. 1, figs. 1-8; pl. 2, figs. 1, 2, 4.

Remarks. This species, originally defined as a benthic foraminifer
under the genus Riveroinella, has since been reassigned to the plank-
tonic foraminiferal genus Cassigerinella. Quilty (1976) reported this
species from Hole 319 (middle Miocene, Zone N9) and Hole 321 (late
Oligocene, Zone P19) of Leg 34 under the names of Globorotalia
(Turborotalia) scitula (Brady), n. subsp. and Cassigerinella sp., respec-
tively. Hole 319 and 321 are also located in the eastern equatorial Pa-
cific but at a latitude of about 10°S,

Globigerinita glutinata (Egger)
(Plate 2, Figs. 5, 6)

Globigerina glutinata Egger, 1893, p. 371, pl. 13, figs. 19-21.
Globigerinita naparimaensis Bronnimann, 1951, p. 18, figs. 1-14.
Tinophodella ambitacrena Loeblich and Tappan, 1957, p. 114, figs.
2-3,
Globigerinita incrusta Akers, 1955, p. 655, pl. 65, figs. 2A-D.
Globigerina juvenilis Bolli, 1957, p. 110, pl. 24, figs. 5a-6.
Remarks. One of the unexpected findings in the planktonic fora-
miniferal biostratigraphy of Leg 85 sequences is the frequent occur-
rence of G. glutinata and G. uvula in the lower Miocene (Zone N4)
sections at Sites 574 and 575. These small species, with their smooth,
glassy tests develop an umbilical cover plate called bulla or, in many
instances, a full-grown supplementary chamber. The great variability
of bulla gives G. glutinata many morphologic variations even within a
single sample, ranging from G. juvenilis, which lacks a bulla, to T
ambitacrena and G. naparimaensis, both of which possess a fully in-
flated bulla with multiple infralaminal openings. G. incrusta has a
medium-built, rectangular bulla with only four openings. G. juvenilis,
as described from Miocene sediments containing G. fohsi robusta, is a
well-lobulated form and shows a thin-lipped primary aperture. Forms
representing these various morphologies are tabulated in Tables 2
through 6 under their respective species names to show the extent of
morphologic variations.

Globigerinita uvula (Ehrenberg)
(Plate 2, Figs. 1-4)

Pylodexia uvula Ehrenberg, 1861, pp. 276-277, 308.

Globigerina bradyi Wiesner, 1931, pp. 133-134.

Globigerinita uvula (Ehrenberg) Saito, Thompson, and Breger, 1981,
pp. 81-82, pl. 24, figs. 3a-d.

Remarks. This species is common in temperate and subpolar as-
semblages of Recent seas. The frequent occurrence of this species in
the equatorial assemblages of Leg 85 cores was quite unexpected. The
species is most numerous in the Zone N4 assemblages and rapidly di-
minishes in other intervals.



Clavatorella bermudezi (Bolli)
(Plate 1, Figs. 3, 4)

Hastigerinella bermudezi Bolli, 1957, p. 112, pl. 25, figs. la-c.
Clavatorella bermudezi (Bolli) Blow, 1965, pp. 367-368, figs. 1-5.

Remarks. Blow (1965) thought that Clavatorella evolved from a
globorotaliid ancestor and thus erected a new genus with H. bermude-
zi Bolli as its type species. Saito et al. (1976) showed that the genus
Clavatorella developed from Globorotaloides hexagona (Natland) in
the early Miocene by developing clavate chambers that extend in a ra-
dial direction. This species is also distinct in having coalesced umbili-
cal flaps resembling a webbed foot. This species has been reported
from equatorial DSDP sites from the Atlantic, Indian, and Pacific
oceans.

Globorotalia kugleri Bolli
(Plate 1, Figs. §, 6)

Globorotalia kugleri Bolli, 1957, p. 118, pl. 28, figs. 5, 6.

Remarks. This biochronologically important species has received
much attention and has been widely recorded from the tropics to tem-
perate areas. Keller (1981) analyzed in detail morphologic variations
and abundances of this species in the equatorial and northwestern Pa-
cific regions.

Globoguadrina eximia (Todd)
(Plate 1, Figs. 8-10)

Globigerina eximia Todd, 1957, p. 300, pl. 78, figs. 8a-c.

Remarks. Three inflated globular chambers make up the last whorl
of this species, giving rise to its rounded, triangular equatorial profile.
These three chambers in the last whorl increase very rapidly in size,
and they constitute a large portion of the test. This species has an um-
bilical tooth and is herein reassigned to the genus Globoguadrina.
Another three-chambered form is Globigerina tripartita Koch, which
ranges from the upper Eocene to possibly lower Miocene. However, G.
tripartita differs from G. eximia in having a subquadrate equatorial
profile and a narrower, semi-closed umbilicus. Also, G. eximia has a
much younger stratigraphic range, occurring in sediments as young as
the middle Miocene Zone N13. Since it was first described from the is-
land of Saipan, this species has received only limited acceptance.

Globigerina binaiensis Koch

Globigerina? aspera Koch, 1926, p. 746, figs. 22a-c.
Globigerina binaiensis Koch, 1935, p. 558.
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Remarks. This species is a unique and very distinct planktonic for-
aminifer characterized by its remarkably flattened apertural face. Its
last chamber is extraordinarily large compared with all the earlier cham-
bers combined. The presence of a weak but distinct umbilical tooth
suggests its taxonomic affinity with the genus Globoquadrina.

Globigerina pseudovenezuelana Blow and Banner
(Plate 2, Figs. 7-9)

Globigerina yeguaensis Weinzierl and Applin subsp. pseudovenezuela-
na Blow and Banner, 1962, pp. 100-101, pl. 11, figs. J-L, N, O.
Stainforth et al. (1975) considered G. pseudovenezuelana to be one

of the species representing a closely knit plexus of integrating species

from the form known as G. eocaena Guembel (= G. yeguaensis Wein-
zierl and Applin) to the three-chambered G. fripartita Koch. They
placed G. pseudovenezuelana in synonymy with G. venezuelana Hed-
berg. G. pseudovenezuelana is here distinguished in having more round-
ed chambers and more deeply depressed sutures than those of G. vene-
zuelana. This species characterizes upper Eocene and Oligocene se-
quences of Leg 85.

Globigerinoides sicanus (de Stefani)

Globigerinoides conglobatus (Brady), Cushman and Stainforth, 1945,

p. 68, pl. 13, fig. 6.

Globigerinoides sicana de Stefani, 1952, p. 9.

De Stefani (1952) erected G. sicanus with the designation as its
type species of the specimen identified and figured by Cushman and
Stainforth (1945) as G. conglobatus (Brady). The name G. sicanus re-
mained in relative obscurity until Blow (1969) described it as having a
taxonomic priority over the then widely used species G. bisphericus
Todd. Since then, there has been a mixture of usage, some preferring
G. sicanus and some favoring the old name G. bisphericus. Jenkins et
al. (1981) examined the holotype specimens of these two species and
concluded that G. sicanus should be classified under the genus Praeor-
bulina because of its possession of four slitlike apertures at the base of
the final chamber. There is a possibility that G. sicanus is a senior syn-
onym of P glomerosa (Blow), because Blow (1956) included in the
morphologic variation of his new species those forms having four slit-
like apertures. Therefore, G. sicanus as used in this report follows the
definition given by Stainforth et al. (1975) and includes those forms
previously classified as G. bisphericus Todd.
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Plate 1. Cenozoic planktonic foraminifera. 1. Hantkenina primitiva Cushman and Jarvis, side view, x 146, Sample 573B-42-4, 140-144 cm, up-
per Eocene. 2. Cribrohantkenina inflata bermudezi (Thalmann), side view, x 146, Sample 573B-42-4, 123-124 cm, upper Eocene. 3-4. Cla-
vatorella bermudezi (Bolli), spiral and umbilical side views, x 107, Sample 574A-20,CC, middle Miocene. 5-7. Globorotalia kugleri Bolli, spi-
ral side, umbilical side, and side views x 230, Sample 575A-33,CC, lower Miocene. 8-10. Globoquadrina eximia (Todd), spiral side, umbilical
side, and umbilical side views, x 107, Sample 574-28,CC, lower Miocene.
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Plate 2. Cenozoic planktonic foraminifera. 1-4. Globigerinita uvula (Ehrenberg), two side, spiral side, and umbilical (covered by a bulla) side
views, x 338, Sample 575A-33,CC, lower Miocene. 5-6. Globigerinita glutinata (Egger), x 338, Sample 575A-33,CC, lower Miocene (5, speci-
men resembling Globigerinita parkerae (Bermudez) in having a bulla-covered supplementary aperture on spiral side; 6, umbilical side view of
specimen having a bulla with four infralaminal apertures). 7-9. Globigerina pseudovenezuelana Blow and Banner, umbilical side, side, and spi-
ral side views, x 107, Sample 574C-29,CC, lower Oligocene.
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