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ABSTRACT

Cenozoic planktonic foraminiferal biostratigraphy at DSDP-IPOD Leg 80 sites documents the existence of region-
wide stratigraphic gaps in the Paleocene and middle Miocene. Episodes of carbonate dissolution also occurred during
the Paleocene at several sites, particularly at Site 549, where destruction of foraminiferal tests may obscure evidence of
an unconformity. The middle Miocene hiatus is apparent at each site where Neogene sediments were continuously
cored. Upper Miocene sediments at Site 550 (the only abyssal site) are characterized by moderate to extensive dissolu-
tion of planktonic foraminifers, but they contain abundant specimens of Bolboforma that mark this stratigraphic inter-
val (von Daniels and Spiegler, 1974; Roegl, 1976; Murray, 1979; Müller et al., this vol.). Although foraminiferal evi-
dence is not conclusive, nannofossils indicate a widespread Oligocene unconformity (Müller, this vol.). Several oceano-
graphic factors, not just simple sea-level change, probably interacted to produce these regional unconformities.

There are also dramatic differences in the Cenozoic sedimentary record among Leg 80 sites, indicating that each has
had a distinct geologic history. The thickness of the Cenozoic section varies from 100 m at Site 551 to 471 m at Site 548.
The thickness of individual chronostratigraphic units also varies, as do the number and stratigraphic position of uncon-
formities other than those mentioned. Differences in the stratigraphic record from site to site across the continental
slope result from (1) location in separate half-graben structures, (2) varying location across the developing margin, and
(3) difference in position relative to the seaward edge of the enclosing half-graben. Except for turbidites, deposition at
Site 550 (abyssal) was largely independent of developments on the continental slope; but it was affected by oceano-
graphic events widespread in the North Atlantic.

INTRODUCTION

On Deep Sea Drilling Project Leg 80 (Brest, France
to Southampton, United Kingdom), four sites were drilled
along a roughly east-west transect across the Goban
Spur and onto the adjacent Porcupine Abyssal Plain.
The basement in this area is broken by a series of listric
normal faults into tilted blocks and intervening half-
grabens (Fig. 1). Thick syn-rift and post-rift sediment
sequences fill the half-grabens, then thin or gradually
pinch out over tilted blocks that bound their seaward
edges. Although Mesozoic sediments are more dramati-
cally affected, Cenozoic units thin and also occasionally
disappear toward the seaward margins of the half-gra-
bens.

Sites 548, 549, and 551 lie at or near the seaward edg-
es of three different half-grabens located progressively
farther westward on the Goban Spur. Site 550 lies on the
Porcupine Abyssal Plain about 10 km to the southwest
of the Goban Spur. Most or all of the Cenozoic section
was continuously cored at Sites 548, 549, and 550. Be-
cause the upper portion of Hole 551 was washed to 100
meters sub-bottom, only three spot-cores were taken with-
in Cenozoic sediments.

Planktonic foraminifers are generally abundant and
well preserved throughout the Cenozoic sediments re-
covered at these sites. Notable exceptions to this preser-
vational pattern occur in the middle through upper Mio-

1 Graciansky, P. C. de, Poag, C. W., et al., Init. Repts. DSDP, 80: Washington (U.S.
Govt. Printing Office).

2 Address: Dept. of Geology, East Carolina University, Greenville, NC 27834; (Waters,
present address) Texaco, U.S.A., New Orleans, LA 70160.

cene and the middle through upper Eocene at Site 550.
Much of the upper Paleocene sedimentary section at Sites
549 and 550 is also barren or contains only rare and poor-
ly preserved specimens. The Miocene sediments contain
abundant Bolboforma; the Eocene and Paleocene sedi-
ments contain abundant siliceous remains (radiolarians,
spicules). Benthic foraminifers are usually present but
generally rare throughout the Cenozoic section; ostra-
codes occur sporadically and are always rare.

The purpose of this chapter is to present the plank-
tonic foraminiferal biostratigraphy of Cenozoic sediments
at Leg 80 sites. Shipboard analyses were based almost
exclusively upon core-catcher samples. For the purposes
of this study, additional samples were taken from each
section of every core. Depending upon the nature of the
stratigraphic section and the need for biostratigraphic
detail, the number of samples examined varied from one
per core to one per section. The interpretations present-
ed here are based largely upon the more detailed sam-
pling within the sediment cores (approximately 350 sam-
ples from the three sites where the Cenozoic was contin-
uously cored). Data from core-catcher samples are used
only where they provide significant additional detail.

All samples were prepared by soaking in a dilute solu-
tion of Calgon and then washing on a #230 U.S. Stan-
dard Sieve (63-µm openings). The dried residue trapped
on the sieve was placed in a 0.1 M solution of sodium
pyrophosphate and gently agitated for 20 to 30 min. This
process greatly aided species identification by effectively
removing persistent clay-sized particles from sutures and
apertures without causing any noticeable abrasion of
surface features.
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Figure 1. Locations and generalized geologic settings of Leg 80 drill sites across the Goban Spur. Bathymetry on inset in meters.

Abundance estimates and stratigraphic occurrences of
planktonic foraminiferal species are charted on Figures 2
through 6. Estimates of relative abundance, expressed
as a proportion of the total planktonic foraminiferal as-
semblage, are based on specimen counts (approximately
150 per sample) using a tray provided with a grid. Results
were tabulated in four categories:

1. Rare, less than 3%
2. Few, 3 to 15%
3. Common, 15 to 30%
4. Abundant, more than 30%

The total abundance of planktonic foraminifers (all spe-
cies combined) relative to other constituents, both biotic
and inorganic, was estimated in a similar way (Figs. 2-6).
The abundance of other selected constituents and an as-
sessment of preservation for planktonic foraminifers have
also been charted on these figures. Abbreviated sample
designations follow standard DSDP convention.

Planktonic foraminiferal assemblages have been in-
terpreted in terms of the zonal schemes of Blow (1969)
and Berggren and Van Couvering (1974) to expedite com-
parisons with previous biostratigraphic studies from
other geographic areas. This chapter mentions only those
species that are either numerically predominant through
long time intervals or stratigraphically restricted enough
to be useful even when rare. Quaternary and Neogene
species have not been illustrated, because all have been
figured in many previous reports. Poore (1979) is a par-

ticularly useful reference because (1) it is a thorough
treatment of high-latitude species from the North At-
lantic, and (2) we have made direct comparisons with
his hypotype material deposited at the U.S. National
Museum, thus ensuring taxonomic uniformity with spe-
cies that he has illustrated. Species that we used to inter-
pret the Paleogene section are illustrated in Plates 1
through 11. Representatives of these species from the
North Atlantic have not been so extensively figured in
previous reports. Also, there is less agreement about the
proper generic and species names that should be applied
to many of these forms. For example, Truncorotaloides
collactea (Finlay) of this report has been placed in the
genera Globorotalia and Acarinina by other authors
(Bolli, 1957; Stainforth et al., 1975; Krasheninnikov,
1979). It has also been identified as several different spe-
cies: G. spinuloinßata (Bandy) by Bolli (1957); A. ro-
tundimarginata Subbotina by Krasheninnikov (1979).
We follow Berggren (1977) in both generic and specific
assignments, but species such as T. collactea require il-
lustration to convey taxonomic concepts quickly and ef-
ficiently to a broad spectrum of scientists.

Leg 80 sites lie at nearly 50°N latitude, whereas the
species used to define planktonic foraminiferal zones are
largely tropical-subtropical forms. Consequently, most
zonal boundaries presented in this chapter are approxi-
mated by using secondary indicator species. Any bound-
ary based on primary indicator species is termed "de-
fined" in this text, as opposed to "approximated."
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Figure 2. Occurrence of planktonic foraminifers and other selected constituents in samples from Hole 548.

STRATIGRAPHY OF CENOZOIC SEDIMENTS AT
THE SITES

Site 548

Site 548, located in 1256 m of water, lies near the
crest of a tilted Hercynian basement block that forms
the boundary between sediment-filled half-grabens (Fig.

1). Two holes penetrated 556.5 m of sediment, 471 m of
which is Cenozoic (Fig. 7).

Hole 548

We used a variable-length hydraulic piston coring sys-
tem, and 93% of a 211-m sequence of nannofossil and
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Figure 3. Occurrence of planktonic foraminifers and other selected constituents in samples from Hole 548A.
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Samples
(interval in cm)

1-2,8-11
1-4,30-33
2-1,30-33
2-4,30-33
3-1,0-3
3-2,125-128
4-1,60-63
4-2,60-63
4-3,60-63
4-4,60-63
4-5,60-63
5-1,30-33
5-3,30-33
5-6,30-33
6-1,30-33
6-2,30-33
6-4,30-33
6-5,30-33
6-6,30-33
7-1,30-33
7-3,30-33
7-5,30-33
7-6,30-33
8-1,50-53
8-3,50-53
8-5,50-53
9-2,60-63
9-3,60-63
9-4,60-63
9-5,60-63
10-2,40-43
10-5,40-43
10-6,40-43
11-3,30-33
11-5,30-33
11-6,30-33
12-1,30-33
13-1,30-33
14-1,30-33
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17-1,30-33
17-2,30-33
18-1,30-33
19-1,30-33
21-1,30-33
22-1,5-7
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25-1,30-33
27-1,40-43
28-1,30-33
29CC
31CC
32-1,50-53
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Figure 4. Occurrence of planktonic foraminifers and other selected constituents in samples from Hole 549A.
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Sample
(interval in cm)

2-1,27-30
2-5,32-36

3-1,124-128
4-1,70-72
4-3,70-72
4-6,70-72
5-1,71-73
5-3,48-50
5-4,48-50
5-5,48-50
5-6,48-50
6-3,63-66
6-6,63-66
7-1,32-35
7-2,32-35
7-4,62-65
7-5,60-62
8-1,75-78
8-4,75-78
9-3,37-39
9-4,18-21
10-1,67-69
10-2,86-89
10-6,79-83
11-1,56-59
11-6,49-52
12-1,49-52
12-4,47-50
13-1,52-55
13-3,56-59

13-4,56-59
13-5,56-59
13-6,56-59
14-1,53-56
14-6,50-53
15-1,53-56
15-6,56-59
16-2,52-56
16-3,52-56
16-4,57-60
16-5,57-60
16-6,12-15
17-3,55-58
17-4,63-66
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Figure 5. Occurrence of planktonic foraminifers and other selected constituents in samples from Hole 549.

marly nannofossil oozes was recovered. The oldest sedi-
ments cored are early Pliocene.

The Pliocene section is approximately 108 m thick,
extending from Sample 548-35-1, 90-93 cm upward
through Sample 548-15-3, 76-79 cm (Fig. 2). Except in
six widely separated samples, planktonic foraminifers
are abundant and very well preserved. Benthic foramini-

fers are rare to few but consistently present; ostracodes
are rare and occur sporadically; and spicules occur only
in the lower portion of the Pliocene section.

The boundary between Zones N18 and N19, approxi-
mated by the first-appearance datum (FAD) of Globo-
rotαliα puncticulata and the last-appearance datum (LAD)
of Globorotalia juanai, lies between Samples 548-33-3,
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Figure 5. (Continued).

90-93 cm and 548-33-2, 90-93 cm. The lower portion of
Zone N19 is characterized by the co-occurrence of Glo-
borotαliα puncticulαtα and G. mαrgαritαe. The upper
portion of this zone is differentiated on the basis of the
FAD of Globorotalia inflata and the corresponding
LAD of G. puncticulata. Species that commonly and

consistently occur throughout the Pliocene include Glo-
bigerina bulloides, Globigerinita glutinata, Globorota-
lia scitula, Neogloboquadrina atlantica, and N. acos-
taensis.

Planktonic foraminiferal assemblages indicate a subtle
climatic change through the Pliocene. The species com-
position of lower Pliocene assemblages suggests warm
temperate conditions. Warmer-water indicator species in-
clude the keeled Globorotalia margaritae and G. juanai,
plus rare but consistently present specimens of Globi-
gerinoides. The relative abundance of Globigerina bul-
loides, a reliable indicator of cool-water masses (Be,
1959; Cifelli and Smith, 1970), is generally less than in
the upper Pliocene. Upper Pliocene assemblages suggest
cooler waters because warm-water indicators are absent,
and Globigerina bulloides and Globorotalia inflata are
more abundant. A decrease in the number of species up-
ward through the Pliocene section is consistent with this
interpretation.

The Pliocene/Pleistocene boundary, if defined by the
Globorotalia tosaensis-G. truncatulinoides transition, ap-
pears to lie between Samples 548-14-1, 33-36 cm and
548-13-6, 51-54 cm. This does not coincide, however, with
the nannofossil base-of-Pleistocene, which correlates more
closely with paleomagnetic evidence. Both of the species
just mentioned are rare at this latitude, and they occur
only sporadically throughout their respective stratigraphic
ranges. Thus, the true FAD of G. truncatulinoides may
not have been observed, and the boundary may lie lower
in the stratigraphic section. An alternative approach in
high-latitude regions is to base the boundary on the LAD
of Neogloboquadrina atlantica (Berggren, 1972). Use of
this datum in Hole 548 brings the planktonic foraminif-
eral base-of-Pleistocene into agreement with both nan-
nofossil and paleomagnetic evidence. The LAD of N.
atlantica occurs in Sample 548-15-3, 76-79 cm.

The Pleistocene section, which is 102 m thick (Sec-
tions 548-15-2 through 548-1-1), is characterized by al-
ternation of distinctly different assemblages that reflect
major climatic fluctuations. Interglacial faunas have a
greater number of planktonic species, are typified by the
rarity of benthic foraminifers, and usually have an abun-
dance of specimens of Globigerina bulloides and Glo-
borotalia inflata. Warmer-water forms such as Hasti-
gerina siphonifera and Orbulina spp. are present in mod-
est numbers. Predominant species of the intervening
glacial faunas are Neogloboquadrina pachyderma and
N. "du-pac", an intergradational form between N. du-
tertrei and N. pachyderma (Poore, 1979, p. 472). Gla-
cial faunas have fewer planktonic species and a higher
percentage of benthic foraminiferal specimens. Cool-
temperate species like Globigerina bulloides and Globo-
rotalia inflata persist but are less abundant; warmer-
water species disappear. Some samples from glacial in-
tervals (548-4-3, 90-93 cm; 548-5-3, 60-63 cm) contain
sublittoral benthic species belonging to genera such as
Quinqueloculina, Elphidium, and Buccella. Their pres-
ence indicates faunal mixing caused by downslope trans-
port.

The faunal changes in the Pleistocene section corre-
late with variations in sediment type. Cold-water assem-
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Figure 6. Occurrence of planktonic foraminifers and other selected constituents in samples from Hole 550.
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Figure 6. (Continued).

449



Figure 7. Chronostratigraphy and stratigraphic thickness of Cenozoic sediments at Leg 80 drill
sites.
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blages are associated with an influx of detrital sediments,
mostly quartz with trace amounts of glauconite and mi-
ca. More temperate-water assemblages are associated
with sediments that lack the detrital components.

Preservation is good, and planktonic foraminifers are
abundant throughout Hole 548. Moderate amounts of
breakage and dissolution are, at least in part, associated
with the influx of cold water-masses during the Pleisto-
cene. Similar preservational episodes represented in two
Pliocene samples are more difficult to explain. General-
ized paleoclimate interpretations are dependable, how-
ever, because preservational modification of assemblages
has been minimal. Except for several glacial assemblages,
neither is there any evidence of significant downslope
faunal mixing.

Hole 548A
The standard DSDP rotary coring assembly was used

for Hole 548A. Although the core recovery rate was not
as high as in Hole 548, there are no major gaps in sam-
ple coverage within the Cenozoic section. This hole pen-
etrated 256 m of nannofossil oozes, foraminiferal-nan-
nofossil chalks, and marly nannofossil chalks ranging
from lower Paleocene to upper Miocene (Fig. 3).

The oldest Cenozoic sediments recovered are middle
Danian (Zone Pld). The faunal assemblage indicative of
this zone occurs only in Sample 548A-28-7, 28-30 cm;
and it includes Subbotina inconstans, S. pseudobul-
loides, S. triloculinoides, S, trinidadensis, and Eoglobi-
gerina daubjergensis. Predominant species of this low-
diversity fauna belong to the genus Subbotina. Sedi-
ments of Zone Pld are separated from underlying
Cretaceous sediments by an unconformity in which the
lower Danian (Zones Pla-Plc) is missing. A hiatus
spanning the upper Danian and most of the Thanetian
occurs immediately above Sample 548A-28-7, 28-30 cm.
A single sample (548A-28-5, 62-65 cm) is assigned to
Zone P5 (upper Thanetian) because, in addition to sev-
eral species of Morozovella and Acarinina that first oc-
cur in the upper Paleocene, it also contains significant
numbers of Acarinina mckannai, the LAD of which is
in the upper Paleocene. The lower portion of Zone P6
has a similar fauna, except that A. mckannai is not
present. The Paleocene/Eocene boundary lies between
Samples 548A-28-4, 42-45 cm and 548A-28-3, 70-74 cm.
It is approximated by the FAD of Morozovella formosa
gracilis and the first common and consistent occurrence
of Acarinina broedermanni. Planktonic foraminifers are
abundant and well preserved throughout this thin Paleo-
cene section. Benthic foraminifers and ostracodes are
rare but consistently present.

Only a portion of the lower Eocene (Zones P6 and
P7) is present, but it is 55 m thick. The fauna consists of
a diverse assemblage of Acarinina spp., most impor-
tantly A. broedermanni, A. nitida, A. pseudotopilensis,
A. soldadoensis angulosa, and A. soldadoensis solda-
doensis. The P6/P7 zonal boundary is tentatively placed
between Samples 548A-25-3, 82-86 cm and 548A-25-2,
82-86 cm, on the basis of the proximity of (1) the LAD
of Planorotalites chapmani and (2) the FAD of Morozo-
vella aragonensis. Morozovella formosa gracilis, M. len-

siformis, and M. subbotinae characterize the lower Eo-
cene section. The most abundant species throughout
this interval is Globigerina linaperta, with several spe-
cies of Acarinina ranking as secondary in importance.
Planktonic assemblages at several horizons exhibit ex-
tensive breakage and moderate dissolution, but else-
where specimens are abundant and preservation is mod-
erate to good. Between Samples 548A-22-6, 87-89 cm
and 548A-22-5, 87-89 cm a hiatus spans the upper part
of the lower Eocene (Zones P8 and P9).

The middle Eocene section is complete but somewhat
compressed (about 46 m thick). The species composi-
tion of middle Eocene planktonic assemblages is dra-
matically different from that of lower Eocene assem-
blages. Common and characteristic middle Eocene spe-
cies include Acarinina bullbrooki, A. pentacamerata,
Morozovella spinulosa, Globigerinatheka barri, Globi-
gerina frontosa, and Truncorotaloides collactea. The
basal middle Eocene sample (548A-22-5, 87-89 cm) con-
tains Morozovella caucasica, which disappears at the
P9/P10 zonal boundary (Stainforth et al., 1975). How-
ever, because this sample also contains several species
that are reliable middle Eocene indicators, it has been
interpreted as Zone P10. The P10/P11 boundary is dif-
ficult to recognize at all the Leg 80 sites. In Hole 548A it
is approximated by the stratigraphic proximity of the
FAD for Globigerinatheka subconglobata and for Glo-
bigerina eocaena. The P11/P12 zonal boundary is ap-
proximated by the LAD of Acarinina broedermanni and
the corresponding FAD of Globigerinatheka barri and
of G. index. The base of Zone PI3, which is recognized
only in Sample 548A-19-1, 38-40 cm, is approximated
by the LADs of Acarinina primitiva and Pseudohasti-
gerina wilcoxensis', its top is approximated by the LAD
of A. bullbrooki and the FADs of Globigerina corpu•
lenta and G. tripartita. The FAD of Catapsydrax dis-
similis and that of C. unicavus correspond to the base
and top of Zone P13, respectively. The upper boundary
of Zone P14 (the middle/upper Eocene contact) is de-
fined by the abrupt disappearance of primary indicator
species of Truncorotaloides. The predominant species
of the middle Eocene, listed in order of decreasing rela-
tive abundance, are Globigerina linaperta, Acarinina bull-
brooki, Globigerina eocaena, and Globigerina frontosa.
Except for Sample 548A-21-2, 72-74 cm, where there is
moderate breakage, planktonic foraminifers are abun-
dant and well preserved through the middle Eocene.

The upper Eocene section is complete but highly com-
pressed, extending from Sample 548A-18-1, 67-69 cm
through Sample 548A-17-1, 66-69 cm (a thickness of
about 10 m). Upper Eocene assemblages are readily rec-
ognized by the presence of the Globorotalia cerroazu-
lensis group and by the association of Globorotalia in-
crebescens, G. opima nana, and Globigerina angipo-
roides. The P15/P16 zonal boundary is approximated
by the FAD of Globorotaliapostcretacea, and the PI6/
P17 boundary by the FAD of Globorotalia cerroazulen-
sis cocoaensis. Three of the five subspecies of Globoro-
talia cerroazulensis recognized by Toumarkine and Bolli
(1970) have been identified in Hole 548A. Predominant
species in the upper Eocene section of this hole include
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Globigerina eocaena, Catapsydrax unicavus, and Globi-
gerinatheka index. The Eocene/Oligocene boundary lies
between Samples 548A-17-1, 66-69 cm and 548A-16-5,
39-41 cm. Its location is defined by the LADs of Globo-
rotalia cerroazulensis cerroazulensis and G. cerroazulen-
sis cocoaensis, both primary indicators. Except for the
single sample assigned to Zone PI6, upper Eocene as-
semblages are well preserved.

The compressed Oligocene section extends only from
Sample 548A-16-5, 39-41 cm through Sample 548A-15-5,
58-60 cm. Zone P18/P19 is tentatively separated from
P20 by the presence of Pseudohastigerina micra and
Globigerina eocaena in samples from P18/P19. Globi-
gerina ampliapertura, G. angiporoides, and Globorotalia
increbescens all disappear at or near the top of Zone
P20. Zones P21-N4 extend from Sample 548A-16-2,
39-41 cm upward through Sample 548A-15-3, 58-60 cm.
These zones cannot be reliably separated on the basis of
planktonic foraminifers; thus, the location of the Oligo-
cene/Miocene boundary is somewhat tentative. It has
been approximated by the FAD of Globoquadrina de-
hiscens. The most reliable biostratigraphic datum within
this interval is the LAD of Chiloguembelina cubensis,
which lies within Zone P21. Although physical evidence
(Poag et al., this vol.) and nannofossils (Müller, this
vol.) indicate the presence of a major middle Oligocene
unconformity, planktonic foraminiferal evidence regard-
ing this hiatus is equivocal. Catapsydrax unicavus, C.
dissimilis, and Globorotaloides suteri are common
throughout the entire Oligocene section. Oligocene
planktonic assemblages are rich, but there is generally a
moderate amount of breakage and some recrystalliza-
tion.

The lower Miocene sequence is about 28 m thick.
The approximate location of the N4/N5 zonal bound-
ary is bracketed by the FAD of Globoquadrina altispira
globosa and the LAD of Globigerinoides primordius.
Zone N5 extends upward through Sample 548A-14-5,
90-92 cm, where the FADs of Globorotalia fohsi peri-
pheroronda and Globigerinoides subquadratus approx-
imate its upper limit. The N6/N7 zonal boundary is
defined by the LADs of Catapsydrax dissimilis and C.
unicavus. The approximate top of Zone N7 lies immedi-
ately below the FAD of Praeorbulina glomerosa. Among
the most abundant species in lower Miocene sediments
are Globigerina euapertura, Globigerinoides trilobus, Glo-
bigerinita glutinata, Globorotalia siakensis, and species
of Catapsydrax. Planktonic foraminifers are abundant
and fairly well preserved in most samples.

Middle Miocene sediments occur from Sample 548A-
12-6, 66-68 cm upward through Sample 548A-11-4,
9-11 cm, a thickness of approximately 13 m. The slow
sediment accumulation rates that produced such a com-
pressed section make it difficult to differentiate reliably
some of the planktonic foraminiferal zones. Species
such as Praeorbulina glomerosa, Orbulina spp., and
Globorotalia fohsi fohsi, which can be used to recognize
zonal boundaries, are rare. The most abundant and
commonly occurring species through this interval in-
clude Globigerina woodi, Globigerinoides trilobus, Glo-
bigerinita gluitinata, Globorotalia fohsi peripheroronda,

and G. siakensis. The middle Miocene planktonic as-
semblages contain abundant and generally well preserved
specimens.

Whereas Sample 548A-11-4, 9-11 cm contains a lower
middle Miocene assemblage, Sample 548A-11-3, 130-132
cm contains an upper Miocene (Zone N16) fauna. Such
numerically important species as Globigerina bulloides,
G. decoraperta, and Neogloboquadrina acostaensis first
occur immediately above the unconformity. The upper
Miocene section is a sequence of turbidite deposits
about 95 m thick. Planktonic foraminifers are generally
abundant and well preserved, but species diversity is
moderate, and relatively few reliable index species are
present. Globigerina bulloides and Neogloboquadrina
acostaensis are the predominant species throughout this
interval. Species of secondary abundance include Globi-
gerinita glutinata, Globorotalia continuosa, Globigeri-
na decoraperta, and Neogloboquadrina atlantica. The
N16/N17 zonal boundary, approximated by the LAD of
Globorotalia lenguaensis, occurs between Samples
548A-6-3, 114-117 cm and 548A-6-2, 47-51 cm. Imme-
diately below this boundary, in Sample 548A-7-1, 133-
137 cm, there is an abrupt change in the coiling direc-
tion of Neogloboquadrina acostaensis. Most specimens
below this point coil sinistrally, and those above coil
dextrally. Because N. acostaensis is so abundant, this
change in coiling direction serves as an excellent strati-
graphic marker. Sediments of Zone N17 are the young-
est recovered from Hole 548A. The N16-N17 interval is
the only portion of this hole with a significant siliceous
faunal component. Spicules range from rare to few and
occur in every sample. Radiolarians occur sporadically
and are always rare.

Site 549

Site 549 is located in 2515 m of water near the land-
ward edge of the Pendragon Escarpment (Fig. 1). Be-
cause this site is situated farther from the margin of its
enclosing half-graben, there is a much thicker sedimen-
tary sequence than at Site 548. However, the Cenozoic
section at Site 549 is only 383 m thick, as compared with
471 m at Site 548 (Fig. 7).

Hole 549A

Hole 549A penetrated to a sub-bottom depth of 198.5
m. Use of the variable-length hydraulic piston corer re-
sulted in a core recovery rate of 74%. Below 27 m of
light brown-red calcareous muds and light gray marly
foraminiferal nannofossil oozes, the sediments in the re-
mainder of this hole are light green-gray to bluish white
nannofossil chalks.

The oldest sediments cored lie within the middle Eo-
cene, which extends from the bottom of the hole up-
ward through Sample 549A-39-1, 70-73 cm (Fig. 4).
These sediments contain a planktonic foraminiferal as-
semblage indicative of Zone P14. It is within this inter-
val that Globorotalia cerroazulensis cerroazulensis first
occurs. Truncorotaloides collactea and T. rohri occur
here, disappearing at or near the top of this zone. Pre-
dominant species are Globigerina eocaena, G. linaperta,
Globorotalia cerroazulensispomeroli, Catapsydrax spp.,
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and Globigerinatheka index. Middle Eocene planktonic
foraminifers are abundant and well preserved, benthic
foraminifers and ostracodes are rare, and radiolarians
and spicules range from rare to few.

A thick upper Eocene section (about 67 m) is present
from Sample 549A-38-1, 41-43 cm through Sample
549A-17-2, 30-33 cm. The upper/middle Eocene (P14/
PI5) boundary coincides with the LAD of the genus
Truncorotaloides and the FAD of Globigerina angipo-
roides. Approximated by the FAD of Globorotalia post-
cretacea and the subjacent LADs of Globigerinatheka
barri and G. subconglobata, the P15/P16 zonal bound-
ary is placed between Samples 549A-34-1, 49-52 cm and
549A-35,CC. Zone P16 extends upward through Sample
549A-28-1, 30-33 cm, its boundary with Zone P17 ap-
proximated by the FAD of Globorotalia cerroazulensis
cocoaensis, followed closely by the superjacent FAD
of Globigerina ampliapertura. The Eocene/Oligocene
boundary is placed between Samples 549A-17-2, 30-33
cm and 549A-17-1, 30-33 cm. Although this placement
does not agree with nannofossil evidence (see Snyder et
al., this vol.), there are several lines of evidence that
strongly support it. Hantkenina alabamensis last occurs
in the several samples immediately below, and H. longis-
pina is present in Sample 549A-18-1, 30-33 cm. Because
the species of this Eocene genus are so extremely fragile,
it is unlikely that their presence in these samples results
from reworking. Also, the subspecies of Globorotalia
cerroazulensis, interpreted as members of an evolution-
ary lineage by Toumarkine and Bolli (1970), terminate
at Sample 549A-17-2, 30-33 cm. The stratigraphic dis-
tributions of subspecies recognized in Hole 549A agree
well with the described evolutionary pattern. G. cer-
roazulensis pomeroli ranges from the bottom of the hole
up to Sample 549A-29,CC. G. cerroazulensis cerroazu-
lensis first occurs in Sample 549A-40-1, 60-63 cm and
last occurs in Sample 549A-21-1, 30-33 cm. The FAD
of G. cerroazulensis cocoaensis occurs in Sample 549A-
28-1, 30-33 cm; the LAD coincides with that of G. cer-
roazulensis cerroazulensis. G. cerroazulensis cunialensis,
the most advanced member of the lineage, occurs only
at the very top of the Eocene section. Its presence docu-
ments deposition during the very latest Eocene and, be-
cause the overlying section laid down in the early Oligo-
cene appears to be complete, suggests continuous de-
position across the Eocene/Oligocene boundary. Plank-
tonic foraminifers throughout the upper Eocene section
are abundant and moderately well preserved. Benthic
foraminifers, ostracodes, and radiolarians are generally
present but rare, whereas spicules occur somewhat more
frequently in most samples. In the lower portion of
Zone PI6, however, benthic foraminifers and radiolari-
ans are few, ostracodes are absent, and spicules become
common. This increase in siliceous faunal elements rela-
tive to calcareous components is not reflected by any in-
crease in dissolution/recrystallization.

The Oligocene section in Hole 549A is also thick (72
m), but, based on physical evidence (Poag et al., this
vol.) and nannofossils (Müller, this vol.), a major mid-
dle Oligocene hiatus exists at 97 m sub-bottom. Zone
P18/P19 encompasses Samples 549A-17-1, 30-33 cm

through 549A-11-6, 30-33 cm. The contact with Zone
P20 is defined by the LAD of Pseudohastigerina barba-
doensis. Globigerina angiporoides, interpreted by Stain-
forth et al. (1975) to range only into earliest Zone P20,
appears to range higher in this section. Even though
some of these higher occurrences could be due to re-
working, the stratigraphic utility of its LAD is question-
able. The P20/P21 zonal boundary lies immediately be-
low Sample 549A-10-2, 40-43 cm, within the stratigraph-
ic overlap of Globorotalia increbescens and G. opima
opima, and just below the FAD of Globigerina anguli-
suturalis. The LAD of Globigerina ampliapertura is
thought nearly to coincide with this zonal boundary
(Stainforth et al., 1975), but, like G. angiporoides, this
species ranges significantly higher in Hole 549A. The
P21/P22 zonal boundary (between Samples 549A-8-1,
50-53 cm and 549A-8-3, 50-53 cm) coincides with the
LAD of Globorotalia postcretacea and lies just above
the LAD of the primary marker, G. opima opima. Zones
P21a and P21b are separated on the basis of the LAD of
Chiloguembelina cubensis. The boundary between Zones
P22 and N4 lies immediately above Sample 549A-7-5,
30-33 cm. It is approximated by the LAD of Globigeri-
na officinalis, which is followed by the overlying LAD
of Globorotalia opima nana. Zone N4 contains a typical
upper Oligocene assemblage, which is replaced abruptly
by a dramatically different fauna in Sample 549A-6-4,
30-33 cm. Among the more abundant species within the
Oligocene section are Globigerina ampliapertura, G.
euapertura, Globorotalia opima nana, G. postcretacea,
Catapsydrax dissimilis, C. unicavus, and Chiloguembe-
lina cubensis, none of which crosses the overlying un-
conformity. The rare occurrence of several of these forms
in the sample immediately above the unconformity is a
result of reworking. Planktonic foraminifers are abun-
dant and well preserved throughout the Oligocene. Ben-
thic foraminifers, ostracodes, radiolarians, and spicules
are present but rare in most samples.

Samples 549A-6-4, 30-33 cm and 549A-6-2, 30-33 cm
contain an assemblage assignable to the Zone N7/N8
interval. The hiatus between this interval and the under-
lying Oligocene sediments spans most of the lower Mio-
cene (upper part of N4-N6). Diagnostic species in this
well-preserved lower Miocene assemblage include Prae-
orbulina glomerosa, Globigerinatella insueta, Globigeri-
noides sicanus, and Globorotalia fohsi peripheroronda.
The siliceous faunal elements present lower in the sec-
tion are absent in this interval. Rare specimens of Bolbo-
forma in Sample 549A-6-2, 30-33 cm are probably con-
taminants from above. The entire lower Miocene sec-
tion, which is overlain by yet another unconformity, is
only several meters thick.

An upper Miocene (Zones N16-N17) sequence lies
above sediments of the Zone N7/N8 interval. The base
of Zone N16 is marked by the first occurrences of many
species (including Globigerina bulloides, G. decoraper-
ta, Globorotalia lenguaensis, and Neogloboquadrina
acostaensis), most of which are common and conspicu-
ous members of upper Miocene faunas. The N16/N17
zonal boundary is approximated by the last common oc-
currence of Globorotalia lenguaensis. Sphaeroidinellop-
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sis paenedehiscens first occurs shortly thereafter, and
Globorotalia cibaoensis is consistently present only in
Zone N17. Either portions of the upper Miocene are
missing, or this interval is significantly more com-
pressed than the same interval at Site 548. The N16/N17
zonal boundary lies between Samples 549A-5-1, 30-33 cm
and 549A-4-5, 60-63 cm. Thus, Zone N17 is unusually
thin, suggesting that a portion of it may be missing. The
stratigraphic ranges of those species present in the up-
permost sample of this Miocene section do not conclu-
sively document any missing section, however. A few
specimens of Bolboforma occur in Sample 549A-4-2,
60-63 cm, but this group is unimportant through the re-
mainder of this interval. Other calcareous and siliceous
faunal elements are generally present but rare.

Upsection from Sample 549A-4-1, 60-63 cm is a
27-m interval of Pleistocene sediments. It is separated
from the underlying upper Miocene by an unconformity
spanning the entire Pliocene. Assemblages from this ab-
breviated section, which includes portions of Zones N21
and N22, are not typically glacial or interglacial in as-
pect. Numerical predominance is almost equally shared
among Globigerina bulloides, Globorotalia inflata,
Neogloboquadrina pachyderma, and N. "du-pac." The
excellent preservation and general lack of detrital quartz
in these samples suggest closer affinities with the inter-
glacial intervals recognized at Site 548. The Pleistocene
section at Site 549 represents a condensed, possibly in-
complete sequence of glacial and interglacial deposits.
The apparent FAD of Globorotalia truncatulinoides and
its zone of co-occurrence with G. tosaensis are in the
lower part of the section. For reasons outlined in the
discussion of Site 548, however, this datum is not inter-
preted as the base of the Pleistocene. Because Neoglo-
boquadrina atlantica does not appear in sediments above
the underlying unconformity, no Pliocene sediments
have been recognized, and the precise location of the
basal Pleistocene cannot be determined.

Hole 549
The standard rotary drilling system used in Hole 549

resulted in only a 46% core recovery rate. The poorest
recovery was in portions of the Mesozoic section, how-
ever, and there are no large gaps in the coverage for Ce-
nozoic sediments. Major lithologic units in the Cenozo-
ic section include various colors of nannofossils chalks
and marly nannofossil chalks which are Paleocene to
middle Eocene.

The oldest Cenozoic sediments in Hole 549 are lower
Paleocene (Zone P2) nannofossil chalks which uncon-
formably overlie the Cretaceous (Fig. 5). Zone P2 is rep-
resented by a thin layer of sediment noted only in Sam-
ple 549-21-4, 5-8 cm. This zonal assignment is based on
the concurrent-range zone of Morozovella uncinata, Sub-
botina triloculinoides, S. inconstans, S., pseudobulloides,
and Planorotalites compressa.

Upper Paleocene sediments extend from Sample 549-
21-3, 12-15 cm through Sample 549-16-2, 52-56 cm, a
thickness of nearly 50 m. Zones P2 and P3 are provi-
sionally differentiated because Subbotina inconstans is
restricted to P2, whereas S. velascoensis does not ap-

pear until P3. The P3/P4 zonal boundary coincides
with the FADs of Morozovella aequa and Planorotalites
pseudomenardii; the latter is a primary indicator of
Zone P4. The remainder of the upper Paleocene section
is more difficult to subdivide. Zones P4 and P5 cannot
be reliably differentiated. The basal boundary of Zone
P6 is approximated by the FADs of Morozovella margin-
odentata, M. subbotinae, and M. wilcoxensis. Slightly
higher in the section, the FAD of Morozovella formosa
gracilis approximates the Paleocene/Eocene boundary.
Planktonic foraminifers are uncommon and rather poor-
ly preserved throughout much of the Paleocene. In the
middle and upper portions of the Zone P4/P5 interval
are zones barren of calcareous microfossils. Radiolari-
ans become abundant in these horizons. Benthic fora-
minifers range from few to common in the lowermost
and uppermost portions of the Paleocene.

Conformably overlying Paleocene sediments is a lower
Eocene section extending upward through Sample 549-
10-1, 67-69 cm, a thickness of nearly 65 m. The P6/P7
zonal boundary has been approximated on the basis of
the LAD of Planorotalites chapmani and the corre-
sponding FAD of Acarinina soldadoensis angulosa. The
LADs of Morozovella formosa gracilis and M. lensifor-
mis serve as the main evidence for approximating the
P7/P8 zonal boundary. The LAD of M. marginodenta-
ta occurs slightly below this boundary. The P8/P9
boundary is defined by the FADs of Globigerina fronto-
sa and Morozovella caucasica. The LAD of Morozovel-
la subbotinae and that of Acarinina pseudotopilensis
occur in the middle of Zone P8. The top of Zone P9
(the lower/middle Eocene boundary) is approximated
by the LADs of Acarinina soldadoensis soldadoensis
and A. soldadoensis angulosa. Acarinina bullbrooki first
occurs at the base of Zone P10. Among the most abun-
dant and commonly occurring species in the lower Eo-
cene section are Chiloguembelina wilcoxensis, Globiger-
ina linaperta, Pseudohastigerina wilcoxensis, Acarinina
broedermanni, and Morozovella marginodentata. Plank-
tonic foraminifers are abundant and well preserved
throughout, benthic foraminifers and ostracodes rare
but consistently present, and siliceous faunal elements
significantly absent.

Middle Eocene sediments occur upward from Sample
549-9-4, 18-21 cm to the top of Hole 549 (72 m). Zones
P10 and Pll cannot be reliably differentiated, despite
the abundance and good preservation that characterize
planktonic assemblages in this interval. The last com-
mon occurrence of Acarinina broedermanni and the
nearly simultaneous FADs of Globigerinatheka barri
and G. index approximate the base of Zone P12. The
boundary between Zones P12 and P13 is approximated
by the LAD of Acarinina pentacamerata and the FAD
of Hantkenina alabamensis. Catapsydrax dissimilis and
C. unicavus occur just below and above this boundary,
respectively. The LAD of Acarinina bullbrooki and the
FAD of Chiloguembelina cubensis approximate the
P13/P14 zonal boundary. Predominant species of the
middle Eocene are Globigerina eocaena, G. frontosa, G.
linaperta, Globigerinatheka index, Truncorotaloides col-
lactea, and Acarinina bullbrooki. Unlike the Zone P10/
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Pll interval, the remainder of the middle Eocene sec-
tion is characterized by moderate to extensive breakage
and moderate dissolution. Planktonic foraminifers are
common, benthic foraminifers and ostracodes rare. In
contrast to the lower Eocene, middle Eocene samples
generally contain radiolarians, and spicules occur rarely
and sporadically.

Site 550
Site 550 is on the Porcupine Abyssal Plain in a water

depth of 4420 m (Fig. 1). Two holes penetrated 685 m of
sediment lying above a basement complex composed of
basalts interbedded with limestones. Approximately 469
m of this sedimentary section is Cenozoic (Fig. 7). Con-
tinuous coring was initiated at a depth of 100 m sub-
bottom.

Hole 550
Standard rotary coring procedures resulted in recov-

ery of 59% of the cored section. Recovery was much
better than this average throughout most of the Cenozo-
ic, where sediment types include nannofossil oozes and
chalk, marly nannofossil chalk, and mudstone.

The oldest sediments recovered from Hole 550 are
lower Paleocene (Zone Pld). Along with several longer-
ranging species, samples assignable to this zone contain
Subbotina inconstans, S. trinidadensis, and Eoglobigerina
daubjergensis. The lower Paleocene section, about 14 m
thick in Hole 550, appears to overlie Cretaceous sedi-
ments unconformably; but lowermost Paleocene strata
have been recognized at this site (see Hole 55OB).

Upper Paleocene sediments are present from Sample
550-38-3, 54-56 cm upward through Sample 550-33-2,
59-61 cm, a thickness of 49 m. Species useful in distin-
guishing these sediments from those of the underlying
Zone Pld include Planorotalites chapmani, Morozovel-
la conicotruncata, M. pusilla, and M. simulatilis. There
is no faunal evidence for the presence of Zone P2, so a
hiatus is inferred between the upper and the lower Pa-
leocene. The 15-m interval spanning Samples 550-34-5,
62-65 cm through 550-36-2, 62-65 cm is completely de-
void of planktonic foraminifers. Below lie sediments of
Zone P3, and above, those of P5. The occurrences of
Acarinina soldadoensis soldadoensis and A. pseudoto-
pilensis indicate Zone P5. The P5/P6 zonal boundary is
approximated by the LAD of Acarinina mckannai and
the FAD of Morozovella marginodentata. A short dis-
tance above, between Samples 550-33-2, 59-61 cm and
550-33-1, 59-61 cm, lies the Paleocene/Eocene bound-
ary, which is approximated by the FADs of Acarinina
broedermanni and Morozovella formosa gracilis. Long-
er-ranging, abundant species within the Paleocene are
Chiloguembelina midwayensis, Morozovella aequa, Pla-
norotalites chapmani, and Subbotina velascoensis.
Planktonic foraminifers are common but rather poorly
preserved below the barren zone, and abundant and well
preserved above it. Benthic foraminifers are rare but con-
sistently present, except within the barren zone, where
radiolarians constitute the entire microfauna.

Lower Eocene sediments occur upward from Sample
550-33-1, 59-61 cm, through Sample 550-27-1, 42-45 cm.

Several samples in the lower portion of an overlying
"barren zone" are tentatively included in the lower Eo-
cene. These samples contain extremely rare, poorly pre-
served planktonic foraminifers, which are Eocene but
which do not unequivocally indicate lower Eocene. The
undoubted lower Eocene section, about 55 m thick,
spans Zones P6 through P8. The P6/P7 zonal boundary
lies between Samples 550-30-1, 49-53 cm and 550-29-6,
51-54 cm. It is approximated by the LADs of Planoro-
talites chapmani and Subbotina velascoensis, and by the
FAD of Acarinina soldadoensis angulosa. The LAD of
Morozovella aequa and the FAD of M. lensiformis oc-
cur immediately below this boundary. Zone P7 extends
upward through Sample 550-27-5, 42-45 cm. Several
species known to disappear at or near the P7/P8 bound-
ary (Stainforth et al., 1975) are still present in this sam-
ple. These include Acarinina nitida, Morozovella for-
mosa gracilis, M. lensiformis, and M. marginodentata.
The first common occurrence of Acarinina pentaca-
merata (indicative of Zone P8) is in Sample 550-27-3,
42-45 cm, but Sample 550-27-4, 42-45 cm is barren of
planktonic foraminifers. The P7/P8 boundary is, there-
fore, impossible to place precisely. Sediments assignable
to Zone P8 are present through Sample 550-27-1, 42-45
cm. Numerically predominant species of the lower Eo-
cene section include Globigerina linaperta, Chiloguem-
belina wilcoxensis, Acarinina primitiva, A. pseudotopi-
lensis, A. soldadoensis soldadoensis, Morozovella mar-
ginodentata, Planorotalites chapmani, and Subbotina
velascoensis. The preservation and abundance of plank-
tonic foraminifers are highly variable through the lower
Eocene (Fig. 6). Benthic foraminifers occur consistently
but rarely, and ostracodes are present only in Zone P7.

Immediately above the lower Eocene lies a 17-m in-
terval largely devoid of planktonic foraminifers. A few
specimens in its lower portion are Eocene indicators,
but a zonal assignment is impossible. The remainder of
the interval, although it contains a fairly diverse benthic
foraminiferal fauna, lacks planktonic species. Nanno-
fossil evidence suggests the presence of a compressed
Oligocene section (Müller, this vol.), but planktonic fo-
raminiferal evidence can neither support nor contradict
this interpretation. A compressed section, one or more
unconformities, or a combination of both, may be
present.

Lower Miocene sediments have been identified in
Samples 550-24-2, 22-24 cm through 550-21-3, 110-113
cm. The N6/N7 zonal assignment for this interval is
based on the concurrent-range zone of Catapsydrax un-
icavus and Globorotalia fohsi peripheroronda, with the
LAD of the former occurring in the middle portion of
this section. The lower Miocene is characterized by poor
preservation and a scarcity of planktonic specimens.
Middle Miocene sediments (Zone N8/N9) lie conform-
ably above. The boundary between the N6/N7 and N8/
N9 intervals is approximated by the first occurrence of
Praeorbulina glomerosa, a datum which is followed se-
quentially by the FADs of Orbulina suturalis and O.
universa in the next two samples upsection. Planktonic
assemblages throughout the N8/N9 interval are sparse
and poorly preserved, owing primarily to the effects of
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solution. Microfossil assemblages are composed largely
of Bolboforma. Auffret and Pastouret (1979) noted a
similar pattern in the middle Miocene of the Armorican
margin, where calcispheres become abundant.

Upper Miocene sediments unconformably overlie those
of the middle Miocene, extending upward from Sample
550-18-3, 34-38 cm through Sample 550-10-1, 41-43 cm
(a thickness of 79 m). The interval from Sample 550-
17-1, 35-39 cm through Sample 550-18-3, 34-38 cm has
been interpreted as Zone N15. It may represent either the
lowermost upper Miocene or the uppermost middle Mio-
cene. Because nannofossil evidence suggests that no mid-
dle Miocene is present (Müller, this vol.), we have inter-
preted this interval as upper Miocene (Fig. 6). However,
specimens of middle Miocene indicator species Globoro-
talia praemenardii and G. siakensis are present in Sample
550-18-1, 34-38 cm. In either case, the hiatus between
middle and upper (or uppermost middle) Miocene strata
spans Zones N10 through N14. The N15/N16 zonal
boundary is defined by the FADs of several species that
are numerically abundant through the remainder of the
upper Miocene (Globigerina bulloides, Neogloboquad-
rina acostaensis). Zones N16 and N17 cannot be reliably
differentiated in Hole 550, largely because dissolution
and breakage have reduced the number of planktonic
specimens present, and those remaining are difficult to
identify. Several thin horizons within the N16/N17 inter-
val (Samples 550-12-1, 29-32 cm; 550-15-1, 44-48 cm;
550-16-3, 47-51 cm; 550-16-4, 47-51 cm), and within
Zone N15 (Samples 550-17-3, 35-39 cm; 550-18-1, 34-38
cm; 550-18-3, 34-38 cm) contain abundant specimens of
Bolboforma. Such horizons are characterized by sparse,
poorly preserved planktonic foraminiferal assemblages.
Murray (1979) reported Bolboforma from Zone N17
(possibly ranging from N16 to N18) at DSDP Sites 403,
404, and 406. It appears that the abundant occurrence of
Bolboforma is a reliable stratigraphic indicator for mid-
dle and upper Miocene sediments in deep-sea deposits of
the Biscay-Goban Spur region. Bolboforma cannot, how-
ever, be so used in shallower-water localities (Sites 548
and 549), because specimens are generally absent and
rare when present.

Pliocene sediments containing well-preserved, mod-
erately diverse assemblages extend upward from Sample
550-9-6, 90-95 cm through Sample 550-5-1, 44-48 cm.
The Miocene/Pliocene boundary is approximated by
the LAD of Globorotalia continuosa and the FAD of G.
margaritae. The faunas suggest that mostly lower to
middle Pliocene sediments are present (Zones N18-mid-
N19). Globorotalia puncticulata, which ranges only
through the middle Pliocene, is present in the upper-
most sample of the Pliocene. The N18/N19 zonal bound-
ary is tentatively placed at the FADs of Globorotalia
crassaformis and G. puncticulata. Other species that
typify Pliocene sediments include Globigerina apertura,
Globorotalia praehirsuta, Globigerinoides extremus,
Neogloboquadrina atlantica, and Sphaeroidinellopsis
paenedehiscens. Except for Sample 550-8-1, 84-89 cm,
where the sand-sized fraction is composed mostly of
framboids of pyrite, Pliocene assemblages are rich and

well preserved. Benthic foraminifers and ostracodes are
rare but consistently present throughout.

From Core 550-4 through Core 550-2, a thickness of
approximately 22 m, planktonic foraminiferal faunas are
again dominated by Miocene species. Faunal associations
in Core 550-2 contain species indicative of Pliocene and
younger sediments (e.g., Globorotalia crassaformis, G.
puncticulata, and G. ronda), along with species that do
not range beyond the end of the Miocene {Globorotalia
continuosa, G. siakensis, Globoquadrina dehiscens). Sam-
ples from Cores 550-3 and 550-4 contain a more purely
Miocene fauna. Specimens of Bolboforma range from
few to common within these two cores. Assemblages
throughout all three cores are poorly to moderately pre-
served owing to breakage and dissolution/recrystalli-
zation. This entire sedimentary sequence represents
slumped material that has been introduced into the
younger Pliocene section. Only its lower boundary has
been observed, since the interval immediately above was
washed rather than cored (Fig. 7). Therefore, the up-
per contact has been represented by a dashed line in
Figure 6.

The next interval from which samples are available
(Core 550-1) is the mudline core. Assemblages from Sam-
ples 550-1-1, 48-51 cm and 550-1-4, 42-46 cm contain
an abundance of Globigerina bulloides and Globorota-
lia inflata; a few specimens of warmer-water species,
such as Globigerinoides ruber and Orbulina universa, are
present. Such faunas typify interglacial periods, and
closely resemble the assemblage present in surface sedi-
ments, indicating deposition in similar environmental
settings. Sample 550-1-2, 64-68 cm is more typical of
assemblages from glacial intervals. Neogloboquadrina
pachyderma and N. "du-pac" dominate the assem-
blage, and warm-water species are absent. In contrast to
interglacial assemblages, planktonic foraminifers are
sparse and poorly preserved. This sample also contains
an abundance of detrital quartz, thus strengthening the
interpretation of deposition during a glacial episode.
Core 550-1 penetrated only 5.5 m below the sediment
surface, but even in this limited interval significant fau-
nal fluctuations occur.

Hole 550B

Hole 55OB was drilled at a position 50 feet to the east
of Hole 550. Continuous coring was initiated at 456 m
sub-bottom, well above the sub-bottom depth of the Cre-
taceous/Paleocene boundary in Hole 550. This bound-
ary was encountered at 469 m sub-bottom in both holes.

Lowermost Paleocene sediments, not recognized in
Hole 550, are present in Hole 55OB. The poor core re-
covery in the lower part of Hole 550 is probably respon-
sible for this discrepancy.

Biostratigraphic interpretation of Cenozoic sediments
in Hole 55OB was hindered by the abundance of Creta-
ceous forms that are also present; in several samples
they are among the most common and conspicuous fau-
nal elements. Hsü et al. (1982, p. 255) discuss the possi-
bility that Cretaceous taxa in the lowermost Tertiary
may include the last representatives of species heading
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for extinction, or the reworked individuals of truly Cre-
taceous species. We have adopted the latter viewpoint in
dealing with Cretaceous taxa within the Paleocene as-
semblages from Hole 55OB.

Sample 550B-l,CC appears to lie at or near the PI /
P2 zonal boundary. Both Eoglobigerina daubjergensis,
which becomes extinct at this boundary, and Morozovella
uncinata, which first occurs there, are present. Chilo-
guembelina midwayensis is the numerically predominant
species. Samples from Sections 1 through 3 of Core
550B-2 all contain Eoglobigerina eugubina, indicating
Zone PI a. Thus, the Cretaceous/Paleocene boundary at
Site 550 has been interpreted as conformable (Fig. 7).
Cretaceous planktonic foraminifers are common in the
lower two sections of Core 550B-2. Benthic foraminifers
and ostracodes are rare throughout the Paleocene.

Site 551
Site 551 is located in 3887 m of water near the sea-

ward edge of a "bench" at the base of the Pendragon
Escarpment (Fig. 1). Cenozoic sediments cored at this
site include marly ooze, calcareous mud, nannofossil
ooze, and calcareous mudstone. Only three spot-cores
were taken in Cenozoic sediments at this site.

Hole 551
Sample 551-1-1, 4-6 cm contains an assemblage of

Holocene planktonic foraminifers which is moderately
well preserved (minor recrystallization). The most abun-
dant species are Globigerina bulloides, Globorotalia in-
flata, and G. truncatulinoides; those of secondary abun-
dance include Neogloboquadrina pachyderma, Orbuli-
na universa, Hastigerina siphonifera, Globorotalia scit-
ula, and G. hirsuta. Except for the increased relative
abundance of Neogloboquadrina pachyderma and a
corresponding decrease in Globorotalia truncatulinoi-
des, the Pleistocene assemblage from Sample 551-1,CC
is similar to that from surface sediments. The minor
faunal differences suggest that the sediments of Sample
551-1,CC, although deposited in slightly cooler waters
than those of the Holocene, accumulated during an in-
terglacial period with climatic conditions similar to
those of today. Similarity in the generic compositions of
benthic foraminiferal assemblages from these samples
indicates similar depths of deposition.

Sample 551-H1,CC, taken at 52.6 m sub-bottom, has
an abundant, moderately well preserved planktonic as-
semblage indicating the lower middle Eocene (Zone P10).
Globigerina linaperta and G. eocaena, both long-rang-
ing Eocene forms, are the predominant species. Less
abundant but more stratigraphically restricted forms in-
clude Acarininapseudotopilensis, A. pentacamerata, A.
bullbrooki, Truncorotaloides collactea, and Planorotali-
tes renzi.

Lower Eocene sediments, similar in general lithology
and color to those of Sample 551-H1,CC, occur in Core
551-H2 (94.5-104 m sub-bottom). Sample 551-H2-5,
33-35 cm comes from the base of this lithic unit at a
depth of 100.8 m sub-bottom. Again, Globigerina lina-
perta is the most abundant species; taxa of lesser abun-

dance include Acarinina broedermanni, A. soldadoensis
soldadoensis, A. primitiva, Morozovella aequa, M. wil-
coxensis, M. subbotinae, and M. marginodentata. On
the basis of the concurrent-range zone of these species,
the assemblage is assigned to Zone P6 (lower Eocene).
The rarity of benthic foraminifers in sediments from
both washed cores suggests deposition in lower bathyal
depths.

Sample 551-H2-5, 36-38 cm was taken from a thin
(about 2 cm), darker unit immediately below the previ-
ously described sample. This unit lies within the upper
Paleocene, but the poor preservation of the fauna hin-
ders precise zonal assignment. The sample contains the
lower contact with white Cretaceous chalks, and many
of the best-preserved specimens are Cretaceous species.
Forms indigenous to the Paleocene unit include Pseudo-
hastigerina wilcoxensis and Chiloguembelina midway-
ensis, both of which are common, and rare specimens of
Subbotina triloculinoides, S. pseudobulloides, and Acarin-
ina aff. A. primitiva. There is faunal mixing involving
not only the Cretaceous but also portions of the lower
and upper Paleocene. Species from the lower strati-
graphic levels may be reworked; those from higher in the
section could be contaminants. Benthic foraminifers are
common, largely because planktonic specimens have
been preferentially destroyed by dissolution. This Paleo-
cene zone is too thin to show at the scale of Figure 7.

SUMMARY AND COMPARISON OF
STRATIGRAPHIC SECTIONS, LEG 80 SITES
Comparison of Sites 548, 549, and 550 reveals both

important similarities and prominent differences. Lack
of continuous coring severely limits observations con-
cerning Site 551, but a few general trends can be recog-
nized. A brief series-by-series survey of all sites will fa-
cilitate more comprehensive statements to be made later
(Fig. 7).

Paleocene sediments at Site 548 encompass only two
planktonic foraminiferal zones, PI being overlain un-
conformably by P5. Preservation is good through both
zones. Site 549 has a more complete Paleocene section,
which includes Zones P2, P3, and P4/P5. Moderate dis-
solution characterizes the lower two zones; extensive dis-
solution, the P4/P5 interval. Zones P4 and P5 cannot
be differentiated, and this interval contains horizons bar-
ren of planktonic foraminifers. Although an uncon-
formity cannot be documented, a mid-Paleocene event
of some sort is suggested. Both an unconformity and a
barren zone are present at Site 550. Zone Pld is uncon-
formably overlain by P3, which is, in turn, separated
from P5 by a barren zone. A very thin unit, tentatively
assigned to the upper Paleocene, lies below the Eocene
sediments at Site 551. Although zonal and series bound-
aries are difficult to interpret, a post-Cretaceous uncon-
formity involving much of the Paleocene is present.

The Eocene section at Site 548 contains a large-scale
unconformity separating the lower from the middle part
of this series. The hiatus spans Zones P8 and P9. Pres-
ervation below the unconformity is generally good, but
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moderate dissolution is evident in several zones. The con-
tinuous middle and upper Eocene section contains abun-
dant, well-preserved planktonic foraminifers. The Eocene
section at Site 549 is thick, continuous, and characterized
by well-preserved faunas, except through Zones P12 and
PI3, where there is moderate breakage and dissolution.
Only the lower Eocene (Zones P6-P8) has been identified
at Site 550. Preservation gradually deteriorates upsection
until complete dissolution creates a barren zone, the lower
portion of which contains Eocene forms too poorly pre-
served and too scarce to permit assignment to any spe-
cific zone. The Eocene at Site 551, like that at Site 549, is
thick, accounting for at least one half of the Cenozoic
section.

Site 548 has an apparently complete, although greatly
compressed, Oligocene section. Nannofossil Zone NP23
is extremely compressed (Müller, this vol.), suggesting a
major unconformity within it. In contrast, all identifiable
planktonic foraminiferal zones appear to be rather uni-
formly compressed. The Oligocene section at Site 549 is
thick, but physical evidence clearly indicates an uncon-
formity. Nannofossil Zone NP23 is again unusually thin,
but there is no conclusive foraminiferal evidence for an
unconformity. No Oligocene planktonic foraminiferal
assemblages are present at Site 550. Nannofossil evi-
dence suggests, however, that an extremely compressed
Oligocene section containing several unconformities lies
within a zone barren of planktonic foraminifers. There
is no way for us to evaluate the nannofossil-based inter-
pretation.

The thick Miocene sequence at Site 548 contains an
unconformity in which planktonic foraminiferal Zone
N12 is overlain by Zone N16. This hiatus spans the up-
per half of the middle Miocene. The remainder of the
Miocene is complete, and contains abundant, well-pre-
served assemblages. The thin Miocene section at Site 549
contains two unconformities, one spanning the middle
Miocene and the other much of the lower Miocene.
Those few Miocene foraminiferal zones present contain
rich and well-preserved faunas. Most of the middle Mio-
cene is also missing at Site 550, where Zone 15 lies im-
mediately above the N8/N9 interval. Moderate breakage
and moderate to extensive dissolution characterize Mio-
cene assemblages from this site.

The Pliocene-Pleistocene section at Site 548 is very
thick, and contains no unconformities that can be iden-
tified on the basis of planktonic foraminifers. Pliocene
assemblages are well preserved, whereas those of the
Pleistocene indicate climatic fluctuations, with warmer-
water assemblages well preserved and glacial faunas
poorly to moderately well preserved. At Site 549 the Pli-
ocene is missing. A thin Pleistocene section with recog-
nizable evidence of several climatic shifts unconform-
ably overlies Miocene sediments. Only the mudline core
is available from Quaternary sections at Sites 550 and
551. Several subtle climatic variations are recorded, but
the thickness of Pleistocene and subjacent sediments
cannot be determined, because the next cores downsec-
tion come from a much greater depth below the sea-
floor.

The most striking similarities among Leg 80 sites are
the several stratigraphic gaps which, although they have
hiatuses of varying duration, occur at approximately the
same biostratigraphic level across the region. A middle
Paleocene and a late middle to early late Miocene gap
are well documented. Although nannofossil evidence sug-
gests a gap in the middle Oligocene, planktonic forami-
niferal evidence is lacking or inconclusive. Any hiatus
that may exist is obscured, either by location within a
foraminiferal zone or by complete dissolution of plank-
tonic tests. Foraminiferal analyses do not preclude the
presence of an unconformity, but neither do they dem-
onstrate its existence. Each of these gaps corresponds in
general to worldwide unconformities that have been re-
lated to global cycles of sea-level change during Cenozo-
ic time (Vail et al., 1977, 1979). Because Leg 80 sites
cross the modern continental slope and extend to abys-
sal depths, simple sea-level fluctuations could hardly have
produced simultaneous breaks at each of them. The
contrast in preservation between slope and abyssal sites
suggests that differences in water depth have been sig-
nificant at least since the early Neogene. Changes in
bottom-water circulation and fluctuations in the car-
bonate compensation depth, perhaps associated with
the tectonic movements of seafloor spreading, may have
produced some of these gaps.

Perhaps more striking than the similarities among Leg
80 sites are the differences, both in the number and
stratigraphic positions of unconformities and in the
thicknesses of individual chronostratigraphic subdivi-
sions (Fig. 7). The lower Eocene unconformity at Site
548 contrasts with the complete Eocene section at Site
549. At Site 550 only the lower Eocene is present,
whereas the middle and upper Eocene sections at Sites
548 and 549 are continuous and complete. The lower
Miocene unconformity at Site 549 contrasts with the
complete section at Site 548. The barren zone below the
N6/N7 interval at Site 550 may or may not include low-
ermost Miocene sediments. Site 548 has a thick and
continuous Pliocene section, but Site 549 lacks any sedi-
ments belonging to this series. Despite their geographic
proximity to one another, the sites have obviously had
distinct geologic histories. Each slope-site lies within a
different half-graben located at a different position along
the margin. Differences in depositional depth are partly
responsible for variations in the stratigraphic record. The
major reason for such differences, however, is that each
site lies at a different position within its respective half-
graben. As evidenced by the seismic records, dramatic
stratigraphic changes can occur across short lateral dis-
tances in the marginal portions of these structures.

TAXONOMIC NOTES

The subjective nature of determining generic limits is
a problem usually solved by defining genera on the basis
of one or a few morphological features. The resulting
classification systems are simple and readily applied, but
are often somewhat artificial. Fleischer (1974) argues
that classification systems should be based upon recon-
structed phylogeny rather than upon strict and inflexible
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morphological characters. There are uncertainties, how-
ever, in the reconstruction of many lineages, particularly
among Paleogene species.

Contemporary workers have approached the generic
classification of Paleogene species in two basic ways.
One is to lump the vast majority of species into one or
the other of two genera, Globigerina and Globorotalia
(Stainforth et al., 1975). Because so many species be-
longing to diverse lineages are assigned to these two gen-
era, some workers argue that they have become mean-
ingless (Fleisher, 1974). The other basic approach is to
subdivide Paleogene species into a number of genera de-
fined (although not adequately, according to Stainforth
et al., 1975) by a complex of morphological characters.
We choose to follow this latter scheme, which was out-
lined by McGowran (1968) and modified and expanded
by subsequent authors (Fleisher, 1974; Berggren, 1977).

The following is a brief description of generic con-
cepts as they have been applied to Paleogene species in
this chapter.

1. Acarinina is characterized by a pseudospinose wall,
the lack of a distinct peripheral carina, and a test form
that is usually broadly planoconvex or conicotruncate.

2. Eoglobigerina is used here to denote diminutive
globigeriniform species that have somewhat variable wall
structure and apertural characteristics. Although rather
vaguely defined, this generic category does serve to dis-
tinguish primitive Paleocene forms from the Neogene
genus Globigerina.

3. Morozovella has a pseudospinose surface texture
and, more important, a peripheral carina formed by
thickened pseudospines. The development of the carina
is somewhat variable from species to species.

4. Planorotalites, with a smooth test surface, perfo-
rate wall, and later chambers that tend to be compressed,
is easily distinguished from other Paleogene genera. The
periphery ranges from imperforate to strongly keeled.

5. Subbotina is characterized by a non-hispid, reticu-
late surface ornamentation. Chambers are usually round-
ed and somewhat inflated.

6. Truncorotaloides has wall structure similar to that
of Acarinina and Morozovella. It is non-carinate, and
has typical acarininid test morphology, except that sec-
ondary dorsal sutural apertures are a persistent feature.

During this study, the process of identifying Cenozo-
ic species was based on the examination of type speci-
mens at the U.S. National Museum, holotype illustra-
tions in the Catalogue of Foraminiferal and illustrations
and descriptions in modern comprehensive works on
planktonic foraminifers. Because the original reference
for each species was not consulted, and because original
citations to the species identified during this study are
readily available in many recent publications, the re-
mainder of the taxonomic section is reduced to an al-
phabetical listing of genera and their respective species.

ACARININA

A. broedermanni (Cushman and Bermudez)
A. bullbrooki (Bolli)
A. mckannai (White)
A. nitida (Martin)

A. pentacamerata (Subbotina)
A. primitiva (Finlay)
A. pseudotopilensis Subbotina
A. soldadoensis angulosa (Bolli)
A. soldadoensis soldadoensis (Brönnimann)

CATAPSYDRAX

C. dissimilis (Cushman and Bermudez)
C. stainforthi Bolli, Loeblich, and Tappan
C. unicavus Bolli, Loeblich, and Tappan

CHILOGUEMBELINA

C. cubensis (Palmer)
C. midwayensis (Cushman)
C. wilcoxensis (Cushman and Ponton)

EOGLOBIGERINA

E. daubjergensis (Brönnimann)

E. eugubina (Luterbacher and Premoli Silva)

GLOBIGERINA

G. ampliapertura Bolli
G. angiporoides Hornibrook
G. angulisuturalis Bolli
G. apertura Cushman
G. binaiensis Koch
G. bulloides d'Orbigny
G. ciperoensis Bolli
G. corpulenta Subbotina
G. decoraperta Takayanagi and Saito
G. digitata Brady
G. eocaena Gümbel
G. euapertura Jenkins
G. falconensis Blow
G. frontosa Subbotina
G. gortanii (Borsetti)
G. higginsi (Bolli)
G. linaperta Finlay
G. nepenthes Todd
G. officinalis Subbotina
G. ouachitaensis Howe and Wallace
G. sellii (Borsetti)
G. tripartita Koch
G. venezuelana Hedberg"
G. woodi Jenkins

GLOBIGERINATELLA

G. insueta Cushman and Stainforth

GLOBIGERINATHEKA

G. barri Brönnimann
G. index (Finlay)
G. subconglobata (Shutskaya)GLOBIGERINITA

G. glutinata (Egger)
G. uvula (Ehrenberg)

GLOBIGERINOIDES

G. altiaperturus Bolli
G. bulloideus Crescenti
G. extremus Bolli and Bermudez
G. obliquus Bolli
G. primordius Blow and Banner
G. quadrilobatus (d'Orbigny)
G. ruber (d'Orbigny)
G. sicanus de Stefani
G. subquadratus Brönnimann
G. trilobus (Reuss)

GLOBOQUADRINA

G. altispira altispira (Cushman and Jarvis)
G. altispira globosa Bolli
G. dehiscens (Chapman, Parr, and Collins)
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GLOBOROTALIA

G. acrostoma Wezel
G. cerroazulensis cerroazulensis (Cole)
G. cerroazulensis cocoaensis Cushman
G. cerroazulensis cunialensis Toumarkine and Bolli
G. cerroazulensis pomeroli Toumarkine and Bolli
G. cibaoensis Bermudez
G. conoidea Walters
G. conomiozea Kennett
G. continuosa Blow
G. crassaformis (Galloway and Wissler)
G. fohsifohsi Cushman and Ellisor
G. fohsi peripheroronda Blow and Banner
G. hirsuta (d'Orbigny)
G. increbescens (Bandy)
G. inflata (d'Orbigny)
G. juanai Bermudez and Bolli
G. cf. kugleri Bolli
G. lenguaensis Bolli
G. margaritae Bolli and Bermudez
G. menardii (Parker, Jones, and Brady)
G. merotumida Blow and Banner
G. miozea Finlay
G. cf. munda Jenkins
G. obesa Bolli
G. opima nana Bolli
G. opima opima Bolli
G. plesiotumida Blow and Banner
G. postcretacea (Myatliuk)
G. praehirsuta Blow
G. praemenardii Cushman and Stainforth
G. puncticulata (Deshayes)
G. ronda Blow
G. scitula (Brady)
G. siakensis LeRoy
G. tosaensis Takayanagi and Saito
G. truncatulinoides (d'Orbigny)
G. ventriosa Ogniben

GLOBOROTALOIDES
G. hexagona (Natland)
G. suteri Bolli

HANTKENINA

H. alabamensis Cushman
H. aragonensis Nuttall
H. liebusi Shokhina
H. longispina Cushman

HASTIGERINA

H. siphonifera (d'Orbigny)

MOROZOVELLA

M. acuta (Toulmin)
M. aequa (Cushman and Renz)
M. angulata (White)
M. aragonensis (Nuttall)
M. caucasica (Glaessner)
M. conicotruncata (Subbotina)
M. formosa gracilis (Bolli)
M. kolchidica (Morozova)
M. lensiformis (Subbotina)
M. marginodentata (Subbotina)
M. pusilla (Bolli)
M. quetra (Bolli)
M. simulatilis (Schwager)
M. spinulosa (Cushman)
M. subbotinae (Morozova)
M. uncinata (Bolli)
M. wilcoxensis (Cushman and Ponton)

NEOGLOBOQUADRINA

N. acostaensis (Blow)
N. atlantica (Berggren)

N. "du-pac" informal designation by Poore, 1979
N. dutertrei (d'Orbigny)
N. humerosa (Takayanagi and Saito)
N. pachyderma (Ehrenberg)

ORBULINA

O. suturalis Brönnimann
O. universa d'Orbigny

PLANOROTALITES

P. chapmani (Parr)
P. compressa (Plummer)
P. pseudomenardii (Bolli)
P. renzi (Bolli)

PRAEORBULINA

P. glomerosa (Blow)

PSEUDOHASTIGERINA

P. barbadoensis Blow
P. micra (Cole)
P. wilcoxensis (Cushman and Ponton)

SPHAEROIDINELLOPSIS

S. paenedehiscens Blow
S. seminulina (Schwager)
S. subdehiscens (Blow)

SUBBOTINA

S. inconstans (Subbotina)
S. pseudobulloides (Plummer)
S. triloculinoides (Plummer)
S. trinidadensis (Bolli)
S. velascoensis (Cushman)

TRUNCOROTALOIDES

T. collactea (Finlay)
T. rohri Brönniman and Bermudez
T. topilensis (Cushman)

TURBOROTALITA

T. quinqueloba (Natland)

ZEAUVIGERINA

Z. sp.
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Plate 1. (Scale bars = 100 µm.) 1-3. Globigerina ampliapertura Bolli, (1) Sample 549A-9-5, 60-63 cm, umbilical view, (2) Sample 549A-10-5, 40-
43 cm, edge view, (3) Sample 549A-9-5, 60-63 cm, spiral view. 4-5. Globigerina angiporoides Hornibrook, Sample 549A-14-1, 30-33 cm, (4)
umbilical view, (5) spiral view. 6-8. Globigerina eocaena Gümbell (emended Hagn and Lindenberg), Sample 548A-17-1, 66-69 cm, (6) umbilical
view, (7) edge view, (8) spiral view. 9-10. Globigerina corpulenta Subbotina, Sample 548A-17-3, 66-69 cm, (9) umbilical view, (10) spiral view.
11-13. Globigerina frontosa Subbotina, Sample 548A-20-3, 53-55 cm, (11) umbilical view, (12) edge view, (13) spiral view. 14-15. Globigerina
higginsi (Bolli), Sample 548A-20-3, 53-55 cm, (14) umbilical view, (15) spiral view. 16-18. Globigerina gortanii (Borsetti), Sample 549A-8-3,
50-53 cm, (16) umbilical view, (17) edge view, (18) spiral view. 19-20. Globigerina officinalis Subbotina, (19) Sample 549A-29.CC, umbilical
view, (20) Sample 549A-17-1, 30-33 cm, spiral view.

462



CENOZOIC PLANKTONIC FORAMINIFERAL BIOSTRATIGRAPHY

Plate 2. (Scale bars = 100 µm.) 1-3. Globigerina linaperta Finlay, (1) Sample 548A-22-6, 87-89 cm, umbilical view, (2-3) Sample 549-12-1, 49-52
cm (2, edge view; 3, spiral view). 4-5. Globigerina ouachitaensis Howe and Wallace, (4) Sample 549A-17-1, 30-33 cm, umbilical view, (5) Sam-
ple 549A-19-1, 30-33 cm, spiral view. 6-7. Globigerina tripartita Koch, (6) Sample 549A-8-3, 50-53 cm, umbilical view, (7) Sample 549A-9-3,
60-63 cm, spiral view. 8-9. Globigerina venezuelana Hedberg, Sample 548A-15-5, 58-60 cm, (8) umbilical view, (9) spiral view. 10-11. Glo-
borotaloides suteri Bolli, (10) Sample 549A-7-6, 30-33 cm, umbilical view, (11) Sample 548A-17-1, 66-69 cm, spiral view. 12-14. Globigerina
increbescens (Bandy), (12) Sample 549A-10-5, 60-63 cm, umbilical view, (13-14) Sample 549A-10-6, 40-43 cm (13, edge view; 14, spiral view).
15-16. Globorotalia opima nana Bolli, Sample 548A-16-2, 39-41 cm, (15) umbilical view, (16) spiral view. 17-18. Globorotalia opima opima
Bolli, Sample 549A-9-2, 60-63 cm, (17) umbilical view, (18) spiral view.
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Plate 3. (Scale bars = 100 µm.) 1-2. Globorotalia cerroazulensis cunialensis Toumarkine and Bolli, Sample 549A-18-1, 30-33 cm, (1) umbilical
view, (2) edge view. 3-5. Globorotalia cerroazulensis cocoaensis Cushman, (3) Sample 549A-28-1, 30-33 cm, umbilical view, (4) Sample 549A-
24-1, 30-33 cm, edge view, (5) Sample 549A-25-1, 30-33 cm, spiral view. 6-8. Globorotalia cerroazulensis cerroazulensis (Cole), (6,8) Sample
549A-32-1, 50-53 cm (6, umbilical view, 8, spiral view), (7) Sample 549A-24-1, 30-33 cm, edge view. 9-11. Globorotalia cerroazulensispomeroli
Toumarkine and Bolli, (9-10) Sample 549-2-1, 27-30 cm, (9, umbilical view; 10, edge view), (11) Sample 549-4-1, 7-10 cm, spiral view. 12-14.
Globorotalia postcretacea (Myatliuk), Sample 549A-11-6, 30-33 cm, (12) umbilical view, (13) edge view, (14) spiral view. 15-16. Catapsydrax
dissimilis (Cushman and Bermudez), Sample 549A-9-4, 60-63 cm, (15) umbilical view, (16) spiral view. 17-18. Catapsydrax unicavus Bolli,
Loeblich, and Tappan, Sample 549A-9-2, 60-63 cm, (17) umbilical view, (18) spiral view.
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Plate 4. (Scale bars = 100 µm.) 1-2. Chiloguembelina cubensis (Palmer), Sample 548A-17-1, 66-69 cm, (1) side view, (2) edge view. 3-4. Chilo-
guembelina wilcoxensis (Cushman and Ponton), Sample 548-28-3, 62-63 cm, (3) side view, (4) edge view. 5-6. Chiloguembelina midwayensis
(Cushman), (5) Sample 550-41-2, 114-116 cm, side view, (6) Sample 550-38-2, 54-56 cm, edge view. 7. Zeauvigerina sp., Sample 549-13-3, 56-
59 cm, side view. 8-9. Pseudohastigerma barbadoensis Blow, Sample 549A-11-6, 30-33 cm, (8) side view, (9) edge view. 10-11. Pseudohasti-
gerina micra (Cole), (10) Sample 548A-17-2, 66-69 cm, side view, (11) Sample 548A-18-3, 58-60 cm, edge view. 12-13. Pseudohastigerma wil-
coxensis (Cushman and Ponton), Sample 548A-23-1, 62-66 cm, (12) side view, (13) edge view. 14. Hantkenina longispina Cushman, Sample
549-6-6, 63-66 cm, side view. 15. Hantkenina liebusi Shokhina, Sample 548A-20-1, 85-87 cm, side view. 16. Hantkenina aragonensis Nuttall,
Sample 548A-20-3, 53-55 cm, side view. 17. Hantkenina alabamensis Cushman, Sample 549-5-3, 48-50 cm, side view.
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Plate 5. (Scale bars = 100 µtn.) 1-2. Globigerinatheka barri Brönnimann, Sample 549A-36.CC, (1) slightly oblique view, (2) spiral view. 3-4.
Globigerinatheka index (Finlay), (3) Sample 548A-17-2, 66-69 cm, umbilical view, (4) Sample 548A-18-1, 67-69 cm, spiral view. 5-6 Globi-
gerinatheka subconglobata (Shutskaya), (5) Sample 549-5-4, 48-50 cm, umbilical view, (6) Sample 548A-18-3, 58-60 cm, spiral view. 7-9. Trun-
corotaloides collactea (Finlay), Sample 548A-18-2, 65-68 cm, (7) umbilical view, (8) edge view, (9) spiral view. 10-12. Truncorotaloides rohri
Brönnimann and Bermudez, (10-11) Sample 548A-18-2, 65-68 cm, (10, umbilical view; 11, edge view), (12) Sample 548A-20-3, 53-55 cm, spiral
view. 13-15. Truncorotaloides topilensis (Cushman), (13) Sample 548A-18-3, 58-60 cm, umbilical view, (14-15) Sample 548A-18-2, 65-68 cm,
(14, edge view; 15, spiral view).
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Plate 6. (Scale bars = 100 µm.) 1-3. Acarinina broedermanni (Cushman and Bermudez), Sample 549-8-1, 75-78 cm, (1) umbilical view, (2) edge
view, (3) spiral view. 4-6. Acarinina mckannai (White), (4,6) Sample 549-16-4, 57-60 cm, (4, umbilical view; 6, edge view), (5) Sample 548A-28-
5, 62-65 cm, spiral view. 7-9. Acarinina bullbrooki (Bolli), Sample 549-5-5, 48-50 cm, (7) umbilical view, (8) edge view, (9) spiral view. 10-
11. Acarinina nitida (Martin), Sample 549-13-1, 52-55 cm, (10) umbilical view, (11) edge view. 12-14. Acarinina pentacamerata (Subbotina),
Sample 548A-20-1, 85-87 cm, (12) umbilical view, (13) edge view, (14) spiral view. 15-16. Acarinina primitiva (Finlay), (15) Sample 548A-23-1,
62-66 cm, umbilical view, (16) Sample 548A-25-5, 52-56 cm, spiral view. 17-19. Acarininapseudotopilensis Subbotina, Sample 549-13-1, 52-55
cm, (17) umbilical view, (18) edge view, (19) spiral view.
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Plate 7. (Scale bars = 100 µm.) 1-2. Acarinina soldadoensis angulosa (Bolli), (1) Sample 548A-24-6, 17-21 cm, umbilical view, (2) Sample 548A-
24-3, 14-18 cm, spiral view. 3-4. Acarinina soldadoensis soldadoensis (Brönnimann), (3) Sample 548A-24-6, 17-21 cm, umbilical view, (4) Sam-
ple 548A-23-1, 62-66 cm, spiral view. 5-7. Morozovella aequa (Cushman and Renz), Sample 549-16-5, 57-60 cm, (5) umbilical view, (6) edge
view, (7) spiral view. 8-10. Morozovella angulata (White), Sample 548A-28-4, 42-45 cm, (8) umbilical view, (9) edge view, (10) spiral view.
11-13. Morozovella aragonensis (Nuttall), (11-12) Sample 548A-22-5, 87-89 cm, (11, umbilical view; 12, edge view), (13) Sample 548A-23-1, 62-
66 cm, spiral view.

468



CENOZOIC PLANKTONIC FORAMINIFERAL BIOSTRATIGRAPHY

Plate 8. (Scale bars = 100 µm.) 1-3. Morozovella caucasica (Glaessner), (1) Sample 549-10-6, 79-83 cm, umbilical view, (2-3) Sample 548A-22-5,
87-89 cm (2, edge view; 3, spiral view). 4-6. Morozovella conicotruncata (Subbotina), (4-5) Sample 549-16-4, 57-60 cm (4, umbilical view; 5,
edge view), (6) Sample 549-16-5, 57-60, spiral view. 7-9. Morozovella formosa gracilis (Bolli), (7,9) Sample 549-12-4, 47-50 cm (7, umbilical
view; 9, spiral view), (8) Sample 549-13-1, 52-55 cm, edge view. 10-12. Morozovella kolchidica (Morozova), Sample 549-20-3, 65-67 cm, (10)
umbilical view, (11) edge view, (12) spiral view. 13-14. Morozovella marginodentata (Subbotina), Sample 549-13-1, 52-55 cm, (13) umbilical
view, (14) spiral view. 15-17. Morozovella pusilla pusilla (Bolli), (15) Sample 549-20-5, 18-20 cm, umbilical view, (16) Sample 549-21-2, 9-12
cm, edge view, (17) Sample 549-16-5, 57-60 cm, spiral view.
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Plate 9. (Scale bars = 100 µm.) 1-3. Morozovella lensiformis (Subbotina), (1,3) Sample 548A-27-1, 60-62 cm (1, umbilical view; 3, spiral view),
(2) Sample 548A-28-3, 70-74 cm, edge view. 4-6. Morozovella quetra (Bolli), Sample 550-33-3, 59-61 cm, (4) umbilical view, (5) edge view, (6)
spiral view. 7-9 Morozovella simulatilis (Schwager), Sample 549-16-4, 57-60 cm, (7) umbilical view, (8) edge view, (9) spiral view. 10-12. Mo-
rozovella subbotinae (Morozova), Sample 548A-28-3, 70-74 cm, (10) umbilical view, (11) edge view, (12) spiral view. 13-15. Morozovella spinu-
losa (Cushman), (13,15) Sample 548A-22-5, 87-89 cm (13, umbilical view; 15, spiral view), (14) Sample 548A-19-1, 38-40 cm, edge view.
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Plate 10. (Scale bars = 100 µm.) 1-2. Morozovella uncinata (Bolli), (1) Sample 550-37-5, 59-61 cm, umbilical view, (2) Sample 550-38-3, 54-56
cm, spiral view. 3-5. Morozovella wilcoxensis (Cushman and Ponton), (3-4) Sample 549-16-3, 52-56 cm (3, umbilical view; 4, edge view), (5)
Sample 548A-28-4, 42-45 cm, spiral view. 6-8. Planorotalites renzi (Bolli), Sample 549A-42-1, 18-20 cm, (6) umbilical view, (7) edge view, (8)
spiral view. 9-11. Planorotalites chapmani (Parr), Sample 548A-28-3, 70-74 cm, (9) umbilical view, (10) edge view, (11) spiral view. 12-14.
Planorotalites compressa (Plummer), (12,14) Sample 550-37-1, 59-61 cm (12, umbilical view; 14, spiral view), (13) Sample 550-38-3, 54-56 cm,
edge view. 15-17. Planorotalites pseudomenardii (Bolli), Sample 549-20-3, 65-67 cm, (15) umbilical view, (16) edge view, (17) spiral view.
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Plate 11. (Scale bars = 100 µm.) 1-3. Subbotina inconstans (Subbotina), Sample 548A-28-7, 28-30 cm, (1) umbilical view, (2) edge view, (3) spi-
ral view. 4-6. Subbotina pseudobulloides (Plummer), Sample 550-37-5, 59-61 cm, (4) umbilical view, (5) edge view, (6) spiral view. 7-9. Sub-
botina triloculinoides (Plummer), (7) Sample 550-37-1, 59-61 cm, umbilical view, (8-9) Sample 550-38-2, 54-56 cm (8, edge view; 9, spiral
view). 10-12. Subbotina trinidadensis (Bolli), Sample 548A-28-7, 28-30 cm, (10) umbilical view, (11) edge view, (12) spiral view. 13-15. Sub-
botina velascoensis (Cushman), Sample 548A-28-5, 62-65 cm, (13) umbilical view, (14) edge view, (15) spiral view. 16-18. Eoglobigerina daub-
jergensis (Brönnimann), Sample 550-40-1, 5-8 cm, (16) lateral view, (17) umbilical view, (18) spiral view. 19-21. Eoglobigerina eugubina (Luter-
bacher and Premoli Silva), Sample 550B-2-3, 31-33 cm, (19) umbilical view, (20) edge view, (21) spiral view.
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