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ABSTRACT

The recovery of calcareous-rich sediments of Paleogene age from three sites in the eastern South Atlantic Ocean
provided the opportunity to document the rich abyssal benthic foraminiferal fauna contained within them. The faunal
dominance patterns observed at these sites are generally similar to those observed elsewhere in the abyssal Atlantic.
There is no unusual faunal turnover at the Oligocene/Eocene boundary, although faunal changes are marked between

the middle and upper Eocene.

INTRODUCTION

Benthic foraminifers were examined from three DSDP
sites (522, 523, and 524) in the Cape and Angola Basins
(Fig. 1) to determine the changes that took place in the
Paleogene abyssal population through time. The abyssal
environment is one of the most uniform in the ocean;
major alterations in diversity and dominance in the deep
assemblage can be used as an index of global pale-
oceanographic changes.

Paleodepths were estimated for Sites 522 and 523 by
using the backtracking methods developed by Berger
and von Rad (1972). As a result of crustal cooling, the
seafloor sank from approximately 2200 to 3600 m below
sea level during the Paleogene at Site 522 and from 2200
to 3600 m below sea level at Site 523. Because Site 524
lies on the flanks of the Walvis Ridge, changes in paleo-
depth due to crustal cooling could not be calculated.
The Paleocene and lower Eocene sediments at this site
exhibit a ‘“Velasco” type of fauna, and the sediments
are therefore considered to be deep (probably abyssal)
water deposits.

A Paleogene section was recovered from the Cape
and Angola Basins that was complete with the exception
of the uppermost portion of the lower Eocene (NP12 to
NP14). The sediments were dated biostratigraphically
by using calcareous nannofossil and planktonic fora-
minifers.

Faunal comparisons like those made by Proto Deci-
ma and Bolli (1978) could not be made between the
Cape and Angola Basins, because coeval sections were
not available. Paleocene and lower Eocene sediments
were recovered from the Cape Basin, whereas middle
Eocene through Oligocene sections were sampled in the
Angola Basin. General comparisons can be made be-
tween the South Atlantic Paleogene abyssal fauna and
the fauna of contemporaneous land sections in the Ca-

1 Hsii, K. J., LaBrecque, J. L., et al., Init. Repts. DSDP, 73: Washington (U.S. Govt.
Printing Office).
Present address: Union Oil of California, Houston, Texas.
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Figure 1. Location map showing positions of sites, marine magnetic
anomalies, and the 2000 fm bathymetric contour.

ribbean, particularly Barbados, the Dominican Repub-
lic, Trinidad, Cuba, and Mexico.

METHODS

Benthic foraminifers were identified and counted from the > 12§
pm size fraction; a taxonomy is presented in the appendix, and range
and abundance data are shown in Figures 2 to 4. As a general rule,
species that occur in trace quantities are not cited. With a few excep-
tions, Lagena, Fissurina, Oolina, Parafissurina, and Polymorphini-
dae are also omitted because of their great diversity and cosmopolitan
distribution. These taxa collectively never comprise more than 5% of
any sample.

PRESERVATION

Preservation at Sites 522 and 523 is generally good,
although dissolution caused preservation to be poor to
moderate during brief intervals of the Paleogene. The
samples at Site 524 are less well preserved; calcareous
overgrowths occasionally obscure fine detail in the spec-
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Figure 2. Paleogene benthic foraminifers in Hole 522. The width of each bar is proportional to abundance, which is defined as follows: very rare—
< 1%; rare—1-2%; few—2-5%; common—>5-10%; abundant—10 to 20%; very abundant—>20%.

imens. As the plates illustrate, a light coating of calcar-
eous nannofossils and calcareous debris clings to the
etched tests of some of the foraminifers.

CHANGES IN FAUNAL ASSEMBLAGE

The Paleocene fauna is dominated by Gavelinella bec-
cariiformis, Nuttallides crassaformis-truempyi, and (to
a lesser degree) by Neoeponides hillebrandti and Spiro-
plectammina spectabilis. A bloom of Hanzawaia and
Cibicides in Zones NP3 through NP5 briefly eclipses all
other forms. Tjalsma and Lohmann (1983) described G.
beccariiformis and Tritaxia trilatera as the dominant spe-
cies of the abyssal Paleocene. The first of these is abun-
dant at Site 524, but the latter is not.

The lower Eocene sediments are characterized by a
fauna that is somewhat less diverse than that of the
Paleocene. The dominant taxon is clearly N. crassafor-
mis-truempyi; the remainder of the assemblage is com-
posed of survivors from the Paleocene, with the excep-
tion of Globocassidulina subglobosa, Aragonia semire-
ticulata, Clinapertina inflata, and Hanzawaia cushmani,
which originate at this time. Tappanina selmensis, Abys-
samina quadrata, and Anomalina sp. cf. A. praeacuta
are well represented in the assemblages. The lower Eo-
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cene assemblage at Site 524 is analogous to that de-
scribed by Tjalsma and Lohmann (1983) by virtue of the
dominant position of N. truempyi. In the Bay of Biscay,
Miller (in press) also found abundant N. truempyi in the
lower Eocene. In addition, he noted large quantities of
Abyssamina spp. and Clinapertina spp., forms that are
not particularly common at Site 524.

During the middle Eocene, N. crassaformis-truempyi
continued to dominate. This observation is consistent
with that of Tjalsma and Lohmann (1983) and Miller (in
press) for the same interval. The Leg 73 material also
contains significant numbers of G. subglobosa, Gyroid-
inoides, and Oridorsalis umbonatus, taxa that were des-
tined to assume prominant positions in the late Eocene
fauna.

A change is apparent in the character of the abyssal
assemblage during the upper Eocene. N. crassaformis-
truempyi, which dominated the Paleogene assemblages
until this time, shows a marked decline in abundance.
This event is coincident with the rise of N. umbonifer-
us. Globocassidulina subglobosa, Gyroidinoides, O. um-
bonatus, and Cibicidoides sp. cf. C. ungerianus are also
prominent in the upper Eocene assemblages. Bolivina
huneri is important but secondary to the aforesaid spe-
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Figure 2. (Continued).

cies. A brief interval coinciding with Zone NP20 wit-
nessed an additional perturbation from the patterns of
dominance previously established during the Paleogene.
Plectofrondicularia lirata increased dramatically, mak-
ing up to 70% in some samples; this event occurred
simultaneously with an increase in the abundance of
Vulvulina spinosa.

The Oligocene faunal patterns are similar to those
of the upper Eocene. Globocassidulina subglobosa, O.
umbonatus, and Cibicidoides sp. 1 continue to dominate
the assemblage. One prominant new faunal element is N.
umboniferus, which originates in the late Eocene. Gyroi-
dinoides is still well represented, but it assumes secondary
significance. These Oligocene and upper Eocene patterns
again are similar to those observed elsewhere in the
Atlantic by Tjalsma (pers. comm., 1982), Tjalsma and
Lohmann (1983), and Miller (in press).

There is no appreciable faunal turnover at the Oligo-
cene/Eocene boundary. Our data here support similar
observations made by Beckmann et al. (1981), Corliss
(1981), and Tjalsma (pers. comm., 1982). Tjalsma and
Lohmann (1983) concluded that a faunal turnover event
took place earlier, between the middle and late Eocene.
This event involved a change from a fauna dominated
by N. truempyi to one dominated by Globocassidulina

subglobosa, O. umbonatus, Gyroidinoides, and C. unger-
ianus. The data from Leg 73 show a high rate of faunal
turnover at the upper/middle Eocene boundary (Parker
et al., this vol.) in addition to the changes in assemblage
dominance noted by Tjalsma and Lohmann (1983). There
is also an extremely low species origination rate for the
Oligocene that may be in response to the development
of a psychrospheric ocean at this time (Parker et al., this
vol.).

TAXONOMY

Taxonomic references can be found in Ellis and Mes-
sina (1940).

Abyssamina incisa Schnitker and Tjalsma (Plate 1, Figs.
la-c). Intermediate forms between Abyssamina po-
agi and A. incisa (Schnitker and Tjalsma, 1980) are
here included with A. incisa. A. incisa and transition-
al forms with increasingly incised sutures and more
elongate final chambers occur most frequently in the
upper middle and upper Eocene.

Abyssamina poagi Schnitker and Tjalsma (Plate 1, Figs.
2a-¢).

Abyssamina quadrata Schnitker and Tjalsma (Plate 1,
Figs. 3a-c).
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Figure 3. Paleogene benthic foraminifers in Hole 523. Abundance is defined as for Fig. 2.

Alabamina dissonata (Cushman and Renz) (Plate 2, Figs.
5a, b) [= Pulvinulinella atlantisae Cushman var. dis-
sonata Cushman and Renz].

Anomalina sp. cf. A. praeacuta Vasilenko (Plate 2, Figs.
la—c). The Leg 73 individuals have fewer chambers
(10) than the type description indicates.

Anomalina sp. cf. A. spissiformis Cushman and Stain-
forth (Plate 1, Figs. 5a-c) [= Anomalina alazanensis
Nuttall var. spissiformis Cushman and Stainforth].
The Leg 73 specimens are smaller and have fewer
chambers (9-10) than specified by the type descrip-
tion.

Anomalina sp. 1 (Plate 2, Figs. 6a, b). This form is very
nearly planispiral; the spiral side is very nearly invo-
lute. This species occurs only in the upper Paleocene
of Site 524.

Anomalina sp. 2 (Plate 1, Figs. 4a-c). This species is
similar in form to Gyroidinoides except for the
anomalinid aperture. The form is subconical on the
umbilical side. Chamber expansion is rapid, and the
apertural face is large.

Aragonia capdevilensis (Cushman and Bermudez) (Plate
2, Figs. 4a, b) [= Bolivina capdevilensis Cushman
and Bermudez]. The specimens are somewhat thick-
ened at the apertural end.

Aragonia ouezzanensis (Rey) (Plate 2, Figs. 3a, b) [=
Bolivinoides ouezzanensis Rey].

Aragonia semireticulata (LeRoy) (Plate 2, Figs. 2a, b)
[= Bolivina semireticulata LeRoy].

Astrononion pusillum Hornibrook (Plate 3, Figs. la,
b).
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Bolivina huneri Howe (Plate 3, Fig. 2). Ornamentation
is usually absent from the last chamber; however, the
penultimate chamber may be either smooth or orna-
mented. Resig (1976) described this form from the
upper Eocene to lower Oligocene sediments of the
Nazca Plate and called it Bolivina sp.

Bolivina sp. cf. B. spiralis Cushman (Plate 3, Fig. 3).
The Leg 73 specimens lack the spines that Cushman
described on the early portion of the test. Mallory
(1959) illustrated a spineless form similar to the ones
illustrated here and also cited it as Bolivina spiralis.

Bolivinoides delicatulus Cushman [ = Bolivinoides dec-
orata (Jones) var. delicatula Cushman].

Bulimina alazanensis Cushman (Plate 3, Figs. 4a, b).

Bulimina bradburyi Martin (Plate 3, Fig. 5). The early
chambers of this form sometimes show a rough tex-
ture, although this may be a function of preserva-
tion.

Bulimina impendens Parker and Bermudez (Plate 3,
Fig. 6). Bulimina impendens appears to be gradation-
al with B. trinitatensis. The two forms are very simi-
lar and are tabulated here under the designation B.
impendens-trinitatensis. B. impendens, s.s., which is
very rare in the Leg 73 material, is less elongate and
has fewer chambers than B. trinitatensis.

Bulimina macilenta Cushman and Parker [= Bulimina
denticulata Cushman and Parker (non Protescu),
Bulimina macilenta Cushman and Parker].

Bulimina midwayensis Cushman and Parker (Plate 3,
Fig. 7) [= Bulimina arkadelphiana Cushman and
Parker var. midwayensis Cushman and Parker].
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Figure 3. (Continued).

Bulimina semicostata Nuttall (Plate 3, Fig. 8).

Bulimina thanetensis Cushman and Parker (Plate 3,
Fig. 10).

Bulimina trihedra Cushman.

Bulimina trinitatensis Cushman and Jarvis (Plate 3, Fig.
9). This species is combined with Bulimina impen-
dens for tabulation in the range charts for Sites 522
and 523. The species is more elongate and has more
chambers than B. impendens.

Buliminella beaumonti Cushman and Renz (Plate 3, Fig.
12). Because of the number of forms that are transi-
tional between Buliminella beaumonti and B. grata
(illustrated in Tjalsma and Lohmann, 1983), we find
it impossible to determine the taxon to which the Leg
73 forms belong. Consequently they are listed in the
range charts as:B. beaumonti-grata.

Buliminella grata Parker and Bermudez (Plate 3, Figs.
11a, b). This species is combined with Buliminella
beaumonti in the range charts for Sites 523 and 524.

Cassidulina havanensis Cushman and Bermudez. This
form is found only in the upper Eocene and Oligo-
cene sediments of Site 522.

Chrysalogonium longicostatum Cushman and Jarvis.

Chrysalogonium tenuicostatum Cushman and Bermudez

(Plate 3, Fig. 13).

Cibicides sp. 1 (Plate 5, Figs. 5a, b). This form is found
exclusively in the Paleocene sediments of Site 524;
abundance is maximum in Zones NP3 to NP5. The
species is similar in chamber pattern and design to Ci-
bicidoides subspiratus (Nuttall), but it has a distinctly
plano-convex form, in contrast to the unequal bicon-
vexity of C. subspiratus.

Cibicidoides bradyi (Trauth) (Plate 4, Figs. la-c) [=
Truncatulina dutemplei Brady (non d’Orbigny),
Truncatulina bradyi Trauth].

Cibicidoides grimsdalei (Nuttall) (Plate 4, Figs. 2a—c) [=
Cibicides grimsdalei Nuttall].

Cibicidoides havanensis (Cushman and Bermudez) (Plate
4, Figs. 3a-c) [ = Cibicides havanensis Cushman and
Bermudez].

Cibicidoides kullenbergi (Parker). This form is present
in the Oligocene down to the calcareous nannofossil
zone NP23; it occurs at Sites 522 and 523.

Cibicidoides sp. aff. C. madrugaensis (Cushman and
Bermudez) (Plate 4, Figs. 5a-c) [= Cibicides mad-
rugaensis Cushman and Bermudez]. The Leg 73
forms exhibit depressed but not limbate sutures on
the umbilical side and have a less angulate periphery
than indicated by the type description.

Cibicidoides sp. aff. C. ungerianus (d’Orbigny) (Plate
4, Figs. 4a-c) [ = Rotalina ungeriana d’Orbigny]. Ci-
bicidoides ungerianus resembles C. kullenbergi close-
ly and may be its ancestral form. We agree with the
observations of Tjalsma and Lohmann (1983) in that
our specimens also lack the granular center on the
spiral side as noted in the type description. This form
is particularly abundant in the upper Eocene.

Cibicidoides sp. 1 (Plate 5, Figs. 1a~c). This unnamed
species also occurs in the Bay of Biscay Paleogene (K.
Miller, pers. comm., 1982). It may be a morphologic
variant of Cibicidoides sp. cf. C. ungerianus (L.
Tjalsma, pers. comm., 1982).

Clinapertina inflata Tjalsma and Lohmann (Plate 5,
Figs. 2a-c).
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Figure 4. Paleogene benthic foraminifers in Hole 524. Abundance is defined as for Fig. 2.

Clinapertina subplanispira Tjalsma and Lohmann.
Dentalina mucronata Neugeboren (Plate 5, Fig. 6).
Dorothia oxycona (Reuss) [= Gaudryina oxycona Reuss,
1860].

Dorothia trochoides (Marsson) (Plate 6, Fig. 7) [= Gau-
dryina crassa Marsson var. trochoides, 1878].

Ellipsodimorphina subcompacta Liebus (Plate 6, Fig.
5).

Eponides sp. 1 (Plate 6, Figs. 1a-c). This species ranges
from the middle Eocene through the Oligocene and is
present at Sites 522 and 523. The degree of convexity
of the spiral side is variable.

Eorupertia bermudezi Anisgard (Plate 6, Figs. 2a-c).
The type illustration of this species is very poor, and
a positive identification cannot be made from it. The
type description is, however, consistent with the Leg
73 forms. Bermudez and Gamez (1966) illustrated a
form as Eorupertia bermudezi; the Leg 73 specimens
resemble it very closely.

Epistominella exigua, s.l. (Brady) (Plate 5, Figs. 3a-c,
4a-c) [ = Pulvinella exigua Brady]. Ancestral forms
of this species begin to appear in the middle Eocene.
Resig (1976) identified this early form as Epistomin-
ella sp. and suggested its ancestry. By the late Oligo-
cene, clearcut examples of Epistominella exigua, s.s.
occur. Both the ancestral form and E. exigua, s.s. are
combined in the range charts as E. exigua, s.l.

Gaudryina pyramidata Cushman (Plate 6, Figs. 4a, b)
[= Gaudryina laevigata Franke var. pyramidata
Cushman]. This form is restricted to the middle Eo-
cene.

Gavelinella beccariiformis (White) (Plate 6, Figs. 3a—c)
[= Rotalia beccariiformis White]. This form is re-
stricted to the Paleocene, where it is one of the domi-
nant faunal elements.

Gavelinella capitata (Guembel) [= Rotalia capitata
Guembel]. Tjalsma and Lohmann (1983) distin-
guished Gavelinella capitata from G. danica by its
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evolute coiling and greater number of chambers (9).
We separate them on the basis of the number of
chambers because evolute coiling is observed in both
forms.

Gavelinella danica (Brotzen) [= Cibicides danica Brot-
zen]. This form is distinguished from Gavelinella
capitata by having fewer chambers (7).

Gavelinella hyphalus (Fisher) (Plate 7, Figs. la-c) [=
Planulina dayi var. White, Anomalinoides hyphalus
Fisher, 1969]. This species is very similar to Gavelin-
ella velascoensis but can be distinguished by its less
convex, involute dorsal side, its greater number of
chambers, its more completely developed umbilical
plug, and its smaller test (Tjalsma and Lohmann,
1983). The Leg 73 specimens do not have a pronounced
umbilical plug or a significantly greater number of
chambers.

Gavelinella semicribrata (Beckmann) (Plate 7, Figs. 5a-
¢) [ = Anomalina pompilioides Galloway and Hemin-
way var. semicribrata Beckmann].

Gavelinella velascoensis (Cushman) (Plate 7, Figs. 2a,
b) [ = Anomalina velascoensis Cushman]. This form
is very similar to Gavelinella hyphalus but is distin-
guished by its evolute, convex dorsal side and larger
test.

Globocassidulina subglobosa (Brady) (Plate 6, Figs. 6a,
b) [ = Cassidulina subglobosa Brady]. This form first
appears in the lower Eocene and increases in abun-
dance to a maximum in the upper Eocene and Oligo-
cene.

Gyroidinoides girardanus (Reuss) (Plate 7, Figs. 4a—c)
[= Rotalina girardana Reuss]. All Gyroidinoides
with a vaulted to subconical umbilical side and curved
to oblique sutures on the spiral side are included in
this taxon. Rotalia soldanii (d’Orbigny) var. suban-
gulata Plummer, Gyroidina orbicularis d’Orbigny
var. obliquata Cushman and McMasters, and G. zea-
landica Finlay are names that have been used for var-
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Figure 4. (Continued).

iation on this basic morphology; they are included
here in the concept of Gyroidinoides girardanus.

Gyroidinoides globosus (Hagenow) [= Nonionina glo-
bosa Hagenow, Gyroidinoides globosa (Hagenow) in
Proto Decima and Bolli (1978)].

Gyroidinoides peramplus (Cushman and Stainforth)
(Plate 7, Figs. 3a-c) [= Gyroidina girardana (Reuss)
var. perampla Cushman and Stainforth].

Gyroidinoides planulatus (Cushman and Renz) (Plate 8,
Figs. la-c) [= Gyroidina planulata Cushman and
Renz]. The convexity of the spiral side is quite vari-
able. Specimens with flattened spiral sides assume the
appearance of Anomalina but lack the distinctive
anomalinid aperture.

Gyroidinoides quadratus (Cushman and Church) (Plate
8, Figs. 2a-c) [= Gyroidina quadrata Cushman and
Church].

Hanzawaia cushmani (Nuttall) (Plate 8, Figs. 3a-c)
[= Cibicides cushmani Nuttall].

Hanzawaia simplex (Brotzen) (Plate 8, Figs. Sa—) [=
Cibicides simplex Brotzen]. Brotzen’s description of
Cibicides simplex suggests some variability. The Leg
73 forms are encompassed within that variability.
The form is flat to concave on the umbilical side with
a narrow periphery. This species is found only in the
Paleocene sediments of Hole 524, It is the dominant
species in Zones NP3 to NPS5.

Hanzawaia sp. 1 (Plate 8, Figs. 4a-c). This species is
similar to Hanzawaia simplex, but it has more in-
flated chambers and a more lobate outline. It is re-
stricted to the Paleocene sediments of Hole 524 (NP3
to NPS).

Heronallenia sp. (Plate 9, Figs. 5a, b). This species oc-
curs sporadically from the middle Eocene through
the Oligocene.

Karreriella chapapotensis (Cole) (Plate 9, Fig. 1) [= Tex-
tularia chapapotensis Cole].

Karreriella subglabra (Guembel) (Plate 9, Fig. 2) [=
Gaudryina subglabra Guembel].

Neoeponides hillebrandti Fisher (Plate 9, Figs. 3a-c) [=
Eponides whitei Hillebrandt (non Brotzen), Neo-
eponides hillebrandti Fisher]. This form occurs in the
Leg 73 material with a bimodal size distribution; the
average size of one group is 375 um, that of the other
180 pm.

Neoeponides sp. cf. N. lunata (Brotzen) (Plate 9, Figs.
6a-c) [ = Eponides lunata Brotzen]. The Leg 73 spec-
imens differ from Neoeponides lunata in having a
small umbilical boss and less curved sutures on the
umbilical side. These differences were also observed
by Tjalsma and Lohmann (1983).

Nonion havanense Cushman and Bermudez (Plate 10,
Figs. 1a, b). Specimens with both rounded and sub-
acute peripheral margins are included in our concept
of Nonion havanense.

Nuttallides crassaformis (Cushman and Siegfus) (Plate
9, Figs. 7a, b) [= Asterigerina crassaformis Cush-
man and Siegfus). Nuttallides crassaformis is not eas-
ily separated from N. truempyi, although N. crassa-
Jformis has chamberlets encircling the umbilical boss
that are absent in N. truempyi. These chamberlets are
often indistinct. Both forms are combined in the
range charts for Sites 523 and 524.

Nuttallides truempyi (Nuttall) (Plate 9, Figs. 4a, b) [=
Eponides truempyi Nuttall]. This species is tabulated
with Nuttallides crassaformis in the range charts for
Sites 523 and 524, because the two forms are not easi-
ly distinguished. This taxon is a major constituent of
the middle Paleocene through middle Eocene fauna.
In the upper Eocene it declines in abundance with the
coincident increase of N. umboniferus.

Nuttallides umboniferus (Cushman) (Plate 9, Figs. 8a—c)
[= Pulvinulinella umbonifera Cushman]. This spe-
cies makes its first appearance in the upper Eocene

465



M. W. CLARK, R. C. WRIGHT

and becomes a dominant faunal element in the Oligo-
cene.

Nuttallinella florealis (White) [= Gyroidina florealis
White].

Oridorsalis umbonatus (Reuss) (Plate 10, Figs. 3a-¢) [=
Rotalina umbonata Reuss]. This species is present
throughout the Paleogene at all sites.

Orthomorphina rohri (Cushman and Stainforth) (Plate
10, Fig. 4) [= Nodogenerina rohri Cushman and
Stainforth].

Osangularia sp. This very rare species occurs in the low-
er and middle Eocene.

Plectofrondicularia lirata Bermudez (Plate 10, Figs. 5a-
c). The overall appearance of the test is influenced by
the number of chambers; the early portion is biserial,
the later portion uniserial. The species is confined to
the upper Eocene (NP20 to NP21). It reaches its max-
imum abundance in NP20, where it may comprise up
to 70% of the fauna.

Pleurostomella alternans Schwager (Plate 11, Fig. 1).

Pleurostomella sp. cf. P. bierigi Palmer and Bermudez
(Plate 11, Fig. 2). The Leg 73 forms are not as apical-
ly acute, nor do they have as many small initial cham-
bers, as in the type description.

Pleurostomella brevis Schwager (Plate 11, Fig. 3).

Pleurostomella subcylindrica (Cushman) (Plate 11, Fig.
4) [ = Nodosarella subcylindrica Cushman].

Pleurostomella sp. 1 (Plate 11, Fig. 5). This very rare
form is characterized by hollow pendulant extensions
of the chambers that drape longitudinally down over
earlier chambers. This form also occurs in the upper
middle Eocene of the Southern Ocean (S. Jones,
pers. comm., 1980).

Pleurostomella sp. 2 (Plate 11, Figs. 6a, b). The final
chamber of this species extends three-quarters the
length of the test. The form is similar to Pleurosto-
mella alazanensis Cushman but is broader and has
more inflated chambers.

Protelphidium hofkeri Haynes (Plate 10, Figs. 2a, b).

Pullenia coryelli White (Plate 12, Figs. 4a, b).

Pullenia eocenica Cushman and Siegfus.

Pullenia jarvisi Cushman (Plate 11, Figs. 11a, b).

Pullenia quinqueloba (Reuss) (Plate 12, Figs. 2a, b) [=
Nonionina quinqueloba Reuss]. Although the species
is described as having five chambers in the final
whorl, most of the Leg 73 material exhibits 5.5 cham-
bers.

Pullenia sp. 1 (Plate 12, Figs. 1a, b). This form is slight-
ly compressed, oval in peripheral outline, and has an
aperture that extends nearly the entire width of the
test. Although its aperture is reminiscent of Pullenia
eocenica, it is more compressed and has a greater
number of chambers.

Pullenia sp. 2 (Plate 11, Figs. 10a, b). The chamber
height expands very rapidly in this Pullenia.

Pyrulina curvatura Cushman and Stainforth (Plate 11,
Fig. 8). [= Pyrulina cylindroides (Roemer) var. cur-
vatura Cushman and Stainforth].

Pyrulina? sp. (Plate 11, Fig. 7). This species was illus-
trated by Beckmann (1953) as Pyrulina extensa
(Cushman). However, it does not correspond to the
type description of Polymorphina extensa Cushman.
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Quadratobuliminella sp. (Plate 12, Figs. 5a-c). This
rare form occurs only in the upper and middle Eo-
cene. Because of the quadrate outline of the final
whorl of chambers and the grooves radiating from
the aperture, it appears to be related to Quadratobul-
iminella pyramidalis (de Klasz) as illustrated by
Tjalsma and Lohmann (1983); however, it does not
have the more elongate pyramid-shaped test of Q.
pyramidalis.

Quadrimorphina profunda Schnitker and Tjalsma (Plate
12, Figs. 3a-c).

Siphogenerina? transversa Cushman (Plate 11, Fig. 9)
[= Siphogenerina raphanus (Parker and Jones) var.
transversus Cushman]. The indistinct nature of the
early chambers precludes a positive generic assign-
ment for this form.

Siphotextularia heterostoma (Fornasini) (Plate 13, Fig.
6) [= Textilaria heterostoma Fornasisi]. Tjalsma and
Lohmann (1983) refer to this form as Karreriella sp.
cf. K. cubensis Cushman and Bermudez. Forms from
the Paleogene of the Nazca Plate are identified as Si-
Dphotextularia heterostoma by Resig (1976).

Spiroloculina sp. This form is rare in the middle Eocene
through Oligocene.

Spiroplectammina spectabilis (Grzybowski) (Plate 13,
Fig. 5) [= Spiroplecta spectabilis Grzybowski].

Stetsonia sp. (Plate 12, Figs. 6a-c). The central area of
each side of this species is covered by a low clear
boss, through which earlier chambers are sometimes
visible.

Stilostomella aculeata (Cushman and Renz) (Plate 13,
Fig. 2) [= Ellipsonodosaria nuttalli Cushman and
Jarvis var. aculeata Cushman and Renz].

Stilostomella gracillima (Cushman and Jarvis) [= Ellip-
sonodosaria nuttalli Cushman and Jarvis var. gracil-
lima Cushman and Jarvis].

Stilostomella subspinosa (Cushman) (Plate 13, Fig. 3)
[= Ellipsonodosaria subspinosa Cushman].

Tappanina selmensis (Cushman) (Plate 13, Fig. 7) [=
Bolivinita selmensis Cushman]. This form is found in
the Paleocene and lower Eocene.

Trifarina sp. (Plate 13, Fig. 9). This form is present in
the Paleocene and Eocene.

Triloculina sp. This rare form occurs only in the Oligo-
cene at Sites 522 and 523.

Tritaxia havanensis (Cushman and Bermudez) (Plate
13, Figs. 4a-b) [= Clavulinoides havanensis Cush-
man and Bermudez].

Turrilina robertsi (Howe and Ellis) (Plate 13, Figs. 8a,
b) [= Bulimina robertsi Howe and Ellis].

Vulvulina spinosa Cushman (Plate 13, Fig. 1). We agree
with Tjalsma and Lohmann (1983) that Vulvulina
Jarvisi is a synonym of V. spinosa.
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Plate 1. Benthic foraminiferal species. 1. Abyssamina incisa. a. Umbilical view, Core 522-37 , 184 ym. b. Edge view, Core 523-31, 186 ym. c.
Spiral view, Core 523-28, 181 um. 2. Abyssamina poagi. a. Umbilical view, Core 52342, 246 pm. b. Edge view, Core 523-47, 253 um. c. Spiral
view, Core 523-45, 234 um. 3. Abyssamina quadrata. a. Umbilical view, Core 524-3, 190 um. b. Edge view, Core 524-3, 219 pm. c. Spiral view,
Core 524-5, 186 um. 4. Anomalina sp. 2. a. Umbilical view, Core 524-12, 224 ym. b. Edge view, Core 524-12, 208 um. c. Spiral view, Core
524-12, 251 pm. 5. Anomalina sp. cf. A. spissiformis. a. Umbilical view, Core 522-37, 373 pm. b. Edge view, Core 522-37, 373 ym. c. Spiral

view, Core 522-38, 387 um.
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Plate 2. Benthic foraminiferal species. 1. Anomalina sp. cf. A. praeacuta. a. Umbilical view, Core 524-4, 301 um. b. Edge view, Core 524-8, 312
um. c. Spiral view, Core 524-9, 251 um. 2. Aragonia semireticulata. a. Apertural view. Core 523-41, 211 ym. b. Core 523-44, 290
pum. 3. Aragonia ouezzanensis. a. Apertural view. Core 524-12, 315 um. b. Core 524-13, 368 um. 4. Aragonia capdevilensis. a. Apertural
view, Core 524-9, 251 ym. b. Core 524-6, 240 ym. 5. Alabamina dissonata. a. Umbilical view, Core 523-46, 326 um. b. Spiral view, Core
523-44, 326 pum. 6. Anomalina sp. 1. a. Umbilical view, Core 524-5, 227 ym. b. Spiral view, Core 524-8, 237 pm.
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Plate 3. Benthic foraminiferal species. 1. Astrononion pusillum. a. Core 522-34, 227 ym. b. Edge view, Core 522-34, 238 pm. 2. Bolivina
huneri. Core 522-34, 422 ym. 3. Bolivina sp. cf. B. spiralis. Core 523-28, 374 ym. 4. Bulimina alazanensis. a. Core 522-36, 200 pm. b. Core
522-38, 245 ym. 5. Bulimina bradburyi. Core 524-3, 290 yum. 6. Bulimina impendens. Core 523-35, 176 yum. 7. Bulimina midwayensis. Core
524-2, 195 ym. 8. Bulimina semicostata. Core 523-36, 368 um. 9. Bulimina trinitatensis. Core 523-46, 387 pm. 10. Bulimina thanetensis.
Core 524-5, 288 um. 11. Buliminella grata. a. Apertural view, Core 523-30, 178 ym. b. Core 522-22, 208 pm. 12. Buliminella beaumonti.
Core 523-14, 192 ym. 13. Chrysalogonium tenuicostatum. Core 522-34, 1056 pm.
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Plate 4. Benthic foraminiferal species. 1. Cibicidoides bradyi. a. Umbilical view, Core 522-34, 277 pm. b. Edge view, Core 522-33, 245 uym. c.
Spiral view, Core 522-33, 210 ym. 2. Cibicidoides grimsdalei. a. Umbilical view, Core 522-21, 765 ym. b. Edge view, Core 523-43, 240 ym. c.
Spiral view, Core 523-42, 261 ym. 3. Cibicidoides havanensis. a. Umbilical view, Core 522-38, 509 um. b. Edge view, Core 522-38, 349 ym. c.
Spiral view, Core 523-35, 446 um. 4. Cibicidoides sp. aff. C. ungerianus. a. Umbilical view, Core 522-37, 298 um. b. Edge view, Core 522-37,
278 pm. c. Spiral view, Core 522-37, 320 um. 5. Cibicidoides sp. aff. C. madrugaensis. a. Umbilical view, Core 524-8, 584 pym. b. Edge view,
Core 524-5, 624 um. c. Spiral view, Core 524-8, 584 um.
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Plate 5. Benthic foraminiferal species.

1. Cibicidoides sp. 1. a. Umbilical view, Core 522-36, 285 um. b. Edge view, Core 522-36, 291 pm.
c. Spiral view, Core 522-37, 280 um. 2. Clinapertina inflata. a. Umbilical view, Core 524-2, 235 um. b. Edge view, Core 524-2, 205 um. c. Spiral
view, Core 524-2, 240 um. 3. Epistominella exigua, s.1. a. Umbilical view, Core 522-31, 179 pm. b. Edge view, Core 522-31, 171 uym. c. Spiral
view, Core 522-31, 184 um. 4. Epistominella exigua, s.s. a. Umbilical view, Core 522-31, 224 pm. b. Edge view, Core 522-31, 218 ym. c. Spiral

view, Core 522-31, 214 um. 5. Cibicides sp. 1. a. Umbilical view, Core 524-12, 253 ym. b. Edge view, Core 524-12, 253 um. 6. Dentalina mu-
cronata. Core 522-34, 578 ym.
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Plate 6. Benthic foraminiferal species. 1. Eponides sp. 1. a. Umbilical view, Core 522-34, 181 um. b. Edge view, Core 522-34, 163 um. c. Spiral
view, Core 522-34, 192 um. 2. Eorupertia bermudezi. a. Umbilical view, Core 524-6, 168 um. b. Core 524-6, 144 ym. c. Spiral view, Core 524-6,
184 um. 3. Gavelinella beccariiformis. a. Umbilical view, Core 524-9, 499 um. b. Edge view, Core 524-10, 410 pm. c. Spiral view, Core 524-10,
432 ym. 4. Gaudryina pyramidata. a. Core 523-36, 832 um. b. Apertural view, Core 523-36, 440 ym. 5. Ellipsodimorphina subcompacta.

Core 523-44, 710 um. 6. Globocassidulina subglobosa. a. Core 522-31, 322 um. b. Core 522-31, 261 um. 7. Dorothia trochoides. Core 524-5,

424 pym.
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Plate 7. Benthic foraminiferal species. 1. Gavelinella hyphalus. a. Spiral view, Core 524-11, 258 um. b. Edge view, Core 524-11, 259 ym. c. Um-
bilical view, Core 524-6, 266 um. 2. Gavelinella velascoensis. a. Edge view, Core 524-5, 374 ym. b. Umbilical view, Core 524-9, 304 ym. 3.
Gyroidinoides peramplus. a. Umbilical view, Core 522-31, 376 um. b. Edge view, Core 522-29, 336 um. c. Spiral view, Core 522-29, 326 um. 4.
Gyroidinoides girardanus. a. Umbilical view, Core 523-38, 288 um. b. Edge view, Core 523-38, 246 um. c. Spiral view, Core 523-37, 242 yum. 5.
Gavelinella semicribrata. a. Spiral view, Core 522-17, 238 ym. b. Edge view, Core 522-17, 333 ym. c. Umbilical view, Core 522-36, 318 um.
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Plate 8. 1. Gyroidinoides planulatus. a. Umbilical view, Core 523-28, 274 ym. b. Edge view, Core 523-28, 286 um. c. Spiral view, Core 522-38,
342 ym. 2. Gyroidinoides quadratus. a. Umbilical view, Core 524-4, 237 um. b. Edge view, Core 524-4, 240 um. c. Spiral view, Core 524-10,
192 ym. 3. Hanzawaia cushmani. a. Umbilical view, Core 523-48, 280 um. b. Edge view, Core 522-37, 797 um. c. Spiral view, Core 523-42, 414
pm. 4. Hanzawaia sp. 1, a. Umbilical view, Core 524-13, 488 um. b. Edge view, Core 524-13, 440 um. c. Spiral view, Core 524-13, 392 um. 5.
Hanzawaia simplex. a. Umbilical view, Core 524-12, 408 um. b. Edge view, Core 524-12, 325 um. c. Spiral view, Core 524-12, 240 ym.
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Plate 9. Benthic foraminiferal species.

1. Karreriella chapapotensis. Core 522-36, 563 um. 2. Karreriella subglabra. Core 523-14, 624 ym. 3.
Neoeponides hillebrandti. a. Umbilical view, Core 524-4, 160 um. b. Edge view, Core 524-4, 181 ym. c. Spiral view, Core 524-4, 200 um. 4.
Nuttallides truempyi. a. Umbilical view, Core 6-1, 320 yum. b. Edge view, Core 6-1, 330 um. 5. Heronallenia sp. a. Umbilical view, Core 522-19,
253 ym. b. Spiral view, Core 522-27, 219 um. 6. Neoeponides sp. cf. N. lunata. a. Umbilical view, Core 524-4, 181 um. b. Edge view, Core
524-4, 176 pm. c. Spiral view, Core 524-5, 178 um. 7. Nuttallides crassaformis. a. Umbilical view, Core 523-36, 347 um. b. Edge view, Core

523-34,352 ym. 8. Nuttallides umboniferus. a. Umbilical view, Core 522-31, 224 um. b. Edge view, Core 522-31, 246 um. c. Spiral view, Core
522-29, 254 ym.




PALEOGENE ABYSSAL FORAMINIFERS

Plate 10. Benthic foraminiferal species. 1. Nonion havanense. a. Core 522-37, 293 um. b. Edge view, Core 522-37, 306 um. 2. Protelphidium
hofkeri. a. Core 524-12, 224 ym. b. Edge view, Core 524-12, 227 ym. 3. Oridorsalis umbonatus. a. Umbilical view, Core 522-29, 358 um. b.
Edge view, Core 522-29, 282 pm. c. Spiral view, Core 522-29, 240 um. 4. Orthomorphina rohri. Core 522-31,432 ym. 5. Plectrofrondicularia
lirata. a. Apertural view, Core 522-37, 344 ym. b. Core 522-37, 360 um. c. Core 522-37, 2224 um.
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Plate 11. Benthic foraminiferal species.

1. Pleurostomella alternans. Core 522-34, 749 ym. 2. Pleurostomella sp. cf. P. bierigi. Core 523-31,
336 pum. 3. Pleurostomella brevis. Core 522-34, 387 ym. 4. Pleurostomella subcylindrica. Core 522-33, 770 ym. 5. Pleurostomella sp. 1.
Core 522-27, 378 ym. 6. Pleurostomella sp. 2. a. Core 522-31, 278 ym. b. Core 522-31, 301 pum. 7. Pyrulina? sp. Core 523-47, 533 ym. 8.
Pyrulina curvatura. Core 522-32, 674 ym. 9. Siphogenerina transversa. Core 522-32, 301 ym. 10. Pullenia sp. 2. a. Core 522-38, 272 ym.
b. Edge view, Core 522-38, 274 ym. 11. Pullenia jarvisi. a. Core 524-9, 248 ym. b. Edge view, Core 524-9, 256 um.
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Plate 12. Benthic foraminiferal species. 1. Pullenia sp. 1. a. Core 522-38, 272 um. b. Edge view, Core 522-22, 230 ym. 2. Pullenia quinqueloba.
a. Core 524-34, 293 ym. b. Edge view, Core 522-34, 234 yum. 3. Quadrimorphina profunda. a. Umbilical view, Core 523-28, 270 pm. b. Edge
view, Core 524-2, 195 um. c. Spiral view, Core 523-30, 206 um. 4. Pullenia coryelli. a. Core 524-6, 344 um. b. Edge view, Core 524-6, 198 um.
5. Quadratobuliminella sp. a. Core 522-36, 162 um. b. Apertural view, Core 522-36, 149 um. c. Core 522-36, 165 um. 6. Stetsonia sp. a. Spiral
view, Core 522-31, 194 ym. b. Edge view, Core 522-32, 211 um. c. Spiral view, Core 522-31, 190 ym.
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Plate 13. Benthic foraminiferal species. 1. Vulvulina spinosa. Core 522-31, 384 um. 2. Stilostomella aculeata. Core 523-37, 928 ym. 3. Stilo-
stomella subspinosa. Core 523-31, 1011 um. 4. Tritaxia havanensis. a. Core 524-5, 656 ym. b. Apertural view, Core 524-5, 432 ym. 5. Spiro-
plectammina spectabilis. Core 522-11, 440 ym. 6. Siphotextularia heterostoma. Core 522-34, 227 ym. 7. Tappanina selmensis. Core 524-3,
272 pm. 8. Turrilina robertsi. a. Core 522-34, 192 ym. b, Core 522-34, 162 ym. 9. Trifarina sp. Core 524-13, 240 ym.




