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34. PLANKTONIC FORAMINIFER BIOSTRATIGRAPHY: EASTERN EQUATORIAL ATLANTIC?

Richard D. Norris?

ABSTRACT

Four sites were drilled during Ocean Drilling Program Leg 159 on the continental slope off the Cbte d’lvoire and Ghana in
the eastern equatorial Atlantic. Samples rich in planktonic foraminifers range in age from the Holocene to early Miocene,
whereas Cenozoic samples older than this contained either poorly preserved foraminifer assemblages or were completely bar-
ren. Preservation of foraminifers is best at the two shallowest sites (Site 959, 2090 m water depth, and Site 960, 2048 m water
depth) and degrades with increasing water depth. Foraminifers are almost completely absent at Site 962 at 4648 m. Even in the
shallow water sites, preservation is moderate in the Pleistocene, the earliest Pliocene, and the early to middle Miocene where
there is extensive fragmentation of the <150-um fraction and often dissolution of the interiors of large, robust specsnens. Pre
ervation is good through much of the upper Pliocene and the upper Miocene.

Planktonic foraminifer assemblages are typical of the tropical oceans, although temperate specidsesgtdbaguad-
rina pachyderma (sinistral),Globorotalia panda, andGloborotalia miozea are found sporadicall{loborotal oides hexagona is
absent from Leg 159 sites throughout upper Pliocene Zones Pl4 and PI5 and may prove to have a pattern of disappearance from
upper Pliocene Atlantic sediments similaGimborotalia tumida and species d?ulleniatina. The recovered section at Site 959
is almost biostratigraphically complete between lower Miocene Zone N7 and the Holocene, although there is probably a hiatus
in the middle Miocene that has cut out, or greatly thinned, Zone N9. The other Leg 159 sites are less complete. The middle
Miocene section is missing at both Sites 960 and 961, and Site 961 also has a hiatus across the Miocene/Pliocene boundary.

INTRODUCTION cene and Pliocene portions of the record. Such hole-to-hole integra-
tion was not possible at the other sites because only single, long APC
During Ocean Drilling Program (ODP) Leg 159, the easternmost holes were drilled (Holes 960C and 962B) or only rotary coring was
sites available in the equatorial part of the Atlantic Ocean (Fig. 1) dqne W_lth |0W recovery, as at Site 961. Accqrdlngly, the most de-
were drilled. Cores from the Céte d'lvoire margin are of particular in-ailed biostratigraphic work concentrated on Sites 959, 960, and 962.
terest because they are well placed to monitor the latitudinal position " general, one sample per section was analyzed, except at Site
of the major east-west currents in the equatorial current system. 261 where mainly core catchers were studied. The sample density al-
depth transect of sites was drilled during Leg 159, which permit®oWed datums to be constrained to within 1.5 m of core. An exception
comparison of intermediate water and deep water chemistries aMfS I the upper Miocene and Pliocene section at Site 959, where ex-
sedimentation in the eastern equatorial Atlantic (Table 1). amination of sampl_es taken for a study of Pliocene paleoceanography
The present study describes the Miocene—Holocene planktonRermitted a resolution of ~20 cm. Sediment volumes of ~f0vemre
foraminifer record at Sites 959, 960, 961, and 962. The most detaild@ken, which typically yielded large numbers of foraminifers. All
study was of material from Holes 959A, 959B, and 960C, wheré@mples were soaked in tap water and 3% Calgon overnight and
planktonic foraminifers were generally well preserved and recoveryv@shed though a 38-um screen. The residues were dried in a 50°C
of the sedimentary record was nearly complete. Sites 959 and 960 &N ] ] ) ) )
of additional interest because the sediments at Site 960 accumulated The residues in the >150-um sieve fraction were examined non-
on a topographic high, whereas those drilled at Site 959 were depcgg;an'tltatlvely using a binocular microscope. The abundance of each
ited in the adjacent Céte d’lvoire-Ghana Basin. The two sites are onfjPecies was estimated as follows: A = abundant (>30%); C = com-
6 km apart and at similar water depths (~2000 m; Fig. 1). Hence, it [§0n (15%-30%); F = few (3%15%), R = rare (1%3%), and T =
possible to compare the distribution of hiatuses between the bad#fce (only a single specimen observed). Typically, several thousand

and the topographic high in the absence of major differences in sediPecimens were observed for each sample.
ment sources or surface water oceanography. Preservation was estimated visually and, in some cases, by scan-

ning electron microscopy (SEM). Estimates of preservation include

the percentage of broken specimens as well as the degree of etching
METHODS and dissolution of large foraminifers. In this report, G = good (<20%

fragmentation, shells with delicate structures intact, no evidence of

Pelagic sediments in Holes 959A, 9598, 959C, 960C, and 96280!ution pitting), M = moderate (>20%50% fragmentation, with or
were recovered using a combination of advanced hydraulic pistoffithout fragmentation or dissolution of large specimens); P = poor
coring (APC) and extended core barrel (XCB) drilling. Detailed hole{>50% fragmentation, assemblage consisting mainly of dissolution-
to-hole core integration is possible only at Site 959 where the ma esistant species and extensive evidence of dissolution); B = barren
netic susceptibility record is sufficiently variable to provide good tie(@ll foraminifers fragmentary or destroyed). _
points between the various holes. Correlation was made among the Foraminifer identification closely follows the species concepts of
holes of Site 959 to provide well-defined datums in the upper MioKennett and Srinivasan (1983). Descriptions of all the taxa recog-

nized in Leg 159 sediments are given under the “Systematic Paleon-
tology” section in this paper. | did not attempt to subdivide the vari-

—_— ) eties of theSloborotalia mayeri-siakensis group. Recognition of spe-
Mascle, J,, Lohmann, G.P, and Moullade, M. (Eds.), 1998. Proc. ODP, <ci.

Resullts, 150: College Station, TX (Ocean Drilling Program). cies in theFoh_seIIafohs group_follows Ch_alsson a_nd Leckie (1_993),
2MS-23, Woods Hole Oceanographic Institution, Woods Hole, MA 02543-1541, in which the first representatives Ief fohsi are defined as having a
U.S.A. RNorris@cod.whoi.edu complete peripheral keel.
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Table 1. Latitude, longitude, and water depths of Leg 159 sites. Zone N6
Definition: Interval between the FAD of G. insueta and the LAD of C.
Sitenumber  Latitude Longitude Wattzrngepth dissimilis/Catapsydrax unicavus.
Estimated age: 18.8-17.3 Ma; early Miocene.
959 3°37.659N 2°344.112W 2090 Discussion: This zoneis equivalent with M3 of Berggren et al. (1995b).
960 3°34.97N 2°44.009W 2048
961 3°26.54N 3°3.513W 3292 Zone N7
962 3°15.07N  3°10.921W 4637

Definition: Interval between the LAD of C. dissimilis and the FAD of
Praeorbulina sicana.
Estimated age: 17.3-16.4 Ma, early Miocene.
Discussion: | follow Jenkins et a. (1981) in distinguishing between P. si-
. . . na and Globigerinoides bisphericus. Globigerinoides bisphericus inter-
The tropical Pliocene—Pleistocene zonal scheme of Berggren et é?ades extensively with Globigerinoides sacculifer (var. trilobus). As noted
(1995a) and tropical Miocene zonation of Kennett and Srinivasapy these authors, P. sicana is characterized by four apertures around the final
(1983) were used with some modifications that are discussed beloghamber, whereas G. bisphericus has only two or three apertures and an um-
I have not used the Miocene zonation of Berggren et al. (1995a) bkiicus not obscured by the last chamber. This zone is equivalent to Zone M4

BIOSTRATIGRAPHIC ZONATION

cause several of the datum markers used by these authors are abstRerggren et al. (1995b)
in Leg 159 material and | have found it difficult to apply the late mid-zgne Ng
dle Miocene zonation consistently in this material, as discussed be-

low. However, the Pliocene zonal scheme of Berggren et al. (1995
provides much finer stratigraphic resolution than the zonation
Kennett and Srinivasan (1983). Figure 2 shows the relationship be-

[0)

a suturalis.
Estimated age: 16.4-15.1 Ma, middle Miocene.

tl:; Definition: Interval between the FAD of P. sicana and the FAD of Orbu-

Discussion: This zone corresponds to Zone M5 of Berggren et al.

tween the planktonic foraminifer biostratigraphic zonation used hergggsp).

and the biostratigraphic datums used in this study.
Zone N4

Definition: Total range of Fohsella kugleri.

Estimated age: 23.1-21.5 Ma, early Miocene.

Discussion: Zone N4 has been subdivided by the first appearance datum
(FAD) of Globoquadrina dehiscensat the base of Subzone N4b (= M1binthe
zonation of Berggren et al., 1995b). However, Premoli Silva and Spezzaferri
(1990) have recorded the FAD of G. dehiscensin late Oligocene Zone P22 in
the Indian Ocean, which suggests considerabl e uncertainty about the biostrati-
graphic significance of this species. Subzone N4a (= M1aof Berggren et al .,
1995b) is characterized by the co-occurrence of F. kugleri and Globiger-
inoides primordius.

Zone N5

Definition: Interval between the last appearance datum (LAD) of F.
kugleri and the FAD of Globigerinatella insueta within the partial range of
Catapsydrax dissimilis.

Estimated age: 21.5-18.8 Ma; early Miocene.

Discussion: This zone is equivalent to Zone M2 of Berggren et al.
(1995b).
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Subzone N8a

Definition: Interval between the FAD of P. sicana and the FAD of Prae-
orbulina glomerosa.

Estimated age: 16.4-16.1 Ma, early middle Miocene.

Discussion: Thiszone correspondsto the base of Zone N8 of Blow (1969;
1979) and M5a of Berggren et al. (1995b).

Subzone N8b

Definition: Interval from the FAD of P. glomerosa to the FAD of Orbu-
lina suturalis.

Estimated age: 16.1-15.1 Ma, early middle Miocene.

Discussion: Zone N8b corresponds to the upper part of Zone N8 of Blow
(1969; 1979) and Zone M5b of Berggren et al. (1995b).

Zone N9

Definition: Interval between the FAD of O. suturalis and the FAD of
Fohsella peripheroacuta.

Estimated age: 15.1-14.8 Mamiddle Miocene.

Discussion: Thiszone corresponds completely with Zone M6 of Berggren
et al. (1995b).
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Berggren et al. 1995al,1995hb2
-gg Age Blow Beertgglr.en This | Datums gSghackIeton etal., 19953
#@|(Ma) Chron  Polarity | (1969) (1995b) ~ Study Chaisson and Leckie, 1993*
% Ciln - N23 | Pt2 LAD G. sacculifer fistulosus (1.74 Ma)3
|1 4 J— Ptl LAD G. miocenica (2.30 Ma)®
o _Cll’_ N22 Ptl / Pulleniatina re-appearance (2.30 Ma)®
2 _—(C:Zznr— — PL6 | PL6 LAD G. puncticulata (2.413Ma)l
L N21 PL5 | PLS LAD D. altispira (3.05 Ma) )
q_) .
OC) 3 - C2An - o= L == P LAD G. mult/cfamerata (?.09 Ma) .
o __ PL3 PL3 ~_ LAD S;_thero:_dme/lopsrs spp. (3.12 Ma)
o 1 c2ar PL2 | PL2 \ Pullentiatina disappearance (3.45 Ma)?
o 4 — \ LAD G. margaritae (3.58 Ma)®
2 C3n | — | N19 b LAD P. primalis (3.65 Ma)*
w5 o I PL1— PL1 FAD G. miocenica (3.65 Ma)!
— C3r NS a| LAD G. nepenthes (4.20 Ma)!
6 CaAn | m— —via— \ FAD G. crassaformis (4.5 Ma)!
| FAD S. dehiscens (5.2 Ma)!
7 Lo — b \ FAD G. tumida (5.59 Ma)3
e3en C3Br N17 N17 FAD G. margaritae (6.4 Ma)t
glg 1. C4n [ M13 FAD G. plesiotumida (8.3 Ma)2
Car — hd [©—— FAD G. extremus (8.3 Ma)?
caan | IR
9 Tcaar |——| N16 | a | N16
i FAD N. acostaensis (10.0 Ma)*
10 C5n . N15 [ M12 [ N15 LAD G. mayeri (10.3 Ma)*
1114 N14 | M11 | N14 FAD G. nepenthes (10.8 Ma)*
Cor N13 | M10 | N13 LAD F. fohsi (11.8 Ma)*
o[ 127 C5AN | Mo I [<—— FAD F. lenguaensis (12.3 Ma)*
§ 134 ccs:mr: m— | N12 | N12 FAD F. fohsi (13.5 Ma)*
C5ABn | N VB “”__ LAD G. birnageae (13.6 Ma)*
2 14- ceACn_| ] N1l N1l FAD F. "praefohsi” (14.0 Ma)3
8 csaon || N10 | M7 | N10 [~ LAD G. archeomenardii (14.04 Ma)3
ks) COADN | e [T ™6 NO FAD F. peripheroacuta (14.7 Ma)*
S |15 Csén
i 3
C5Br N8 M5 b N8 FAD Orbulina (14.89 Ma)
116 _ 3] lk—— FAD P. glomerosa (16.1 Ma)24
C5CN | e— N7 ol N7 FAD P. sicana (16.5 Ma)3
174 C5Cr M4 3 ™~ FAD F. bimageae (16.7 Ma)?
cson | I LAD C. dissimilis (17.3 Ma)24
184 C5Dr N6 | M3 | N6 Figure 2. Biostratigraphic zonation used in this study
. > Igure Z. blostratigrapnic zonation u: 1N this stu
§ 19+ SEEPZ - FAD G. Insueta (18.8 M) compared to other zonal schemes and the magnetopo-
con larity timescale. FAD = first appearance datum, LAD
20 - N5 M2 N5 = |last appearance datum. The ages of biostratigraphic
Cér datums used in this report are from the ODP Leg 138
214 C6An rm— FAD F. Kucleri (23.8 Ma2 Initial Reportsvolume (Mayer, Pisias, Janacek, et al.,
o9 [ coar - kugleri (23.8 Ma) 1992) for the Miocene and Berggren et al. (1995a) for
Coaan —|mmmmmm| N4 | M1 | N4 the Pliocene to Holocene.
Zone N10 However, the concept of F. “praefohsi” as represented by the paratype does

Definition: Interval between the FAD of F. peripheroacuta and the FAD
of Fohsella “praefohsi.”

Estimated age: 14.8-13.0 Ma, middle Miocene.

Discussion: Inthisstudy, | elevate the subgenus Fohsellato generic rank,
given the distinctiveness of the members of the taxon and their independent
evolution of keeled morphology from that of other keeled Neogene lineages.
The top of Zone N10 is defined by the first appearance of Fohsella “prae-

appear to represent an intermediate form between F. peripheroacutaand F.
fohsisensu stricto (Berggren et al., 1995b, p. 160) and as such hasbeen widely
applied in tropical biostratigraphy. | retain use of F. “praefohsi” sensu Ken-
nett and Srinivasan (1983) pending resolution of this taxonomic problem.

ZoneN11
Definition: Interval from the FAD of F. “praefohsi” to the FAD of F.

fohsi'—a form that shows considerable variability in the degree of axial com{ohsi.

pression and development of the peripheral keel. In my uBatgaefohsi”
includes formsthat have a smooth wall texture and astrongly acute periphery,
which may or may not have a partial keel on the early part of the last whorl,
whereas F. peripheroacutéhas a coarse wall texture throughout most of the
final whorl,and the last chamber is never keeled. The variation present in F.
“praefohsi” rendersitsfirst appearance (the definition of thetop of Zone N10
of Blow, 1969; 1979) somewhat difficult to determine. Furthermore, the tax-
onomic status of F. “praefohsi” isin doubt since Bolli and Saunders (1985,
p. 215) argue that the holotype represents an intermediate form between
Fohsella fohsi lobatand F. fohsi fohs{see discussion in systematic section).

Estimated age: 13.0-12.7 Ma.

Discussion: Berggren et al. (1995b) has suppressed Zone N11 in their
Zone M7 by disregarding F. “praefohsi” as a useful datum and by reporting
the FAD of F. “praefohsi” as the same age as that of F. fohsi(both 12.7 Ma).
The FAD Fohsella “praefohsi”clearly predates the FAD of F. fohsiat many
tropical sites(e.g., ODP Site 714 [Indian Ocean], ODP Site 806 [western trop-
ical Pacific], DSDP Site 151 [Caribbean] and at ODP Site 959 [this study],
among others). Accordingly, the ages of the FADs of both F. “praefohsi” and
F. fohsireported by Berggren et al. (1995b) are suspect and the utility of Zone
N11 is supported.
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Zone N12 Definition: Interval from the FAD of5. tumida to the LAD ofG. nepen-
Definition: Interval from the FAD of F. fohsi to the LAD of Fohsella thaEstimated age: 5.6-4.18 Ma; early Pliocene
thS'E;).b“SEZG - 12.7-12.3 Ma middle Mi Discussion: The base of this zone approximately corresponds to the FAD
stimated age: 1z.7=12.5 Mg middie MIocene. . of Globorotalia margaritae and the LAD ofGloboquadrina dehiscens. At
Dl;cussuon. The extinction of F. fohsi robusta (and other variants of F. Site 959,G. margaritae ranges ~5 m below the FAD &. tumida. Globo-
fZOhS') |'\s/|%we|dl-,r\1/lﬂlgrked e;]/erIEABDaggg;er; eﬁ all %99510) erected t?('e:d;wr?pnhof quadrina dehiscens has been observed ~8 m above the base of Zone PL1.
hones . aE alt;,)nt fb orF. r? S ? ata, avarlhant OI b o sf'trg[ " Globorotalia margaritae has its FAD coincident with that &. tumida and
has a “cockscomb” or lobate periphery. In as much as lobate fors of o Ap of G. dehiscens at Site 960. Berggren et al. (1995a) noted that
praefohsi” occur b?'OW the‘ '.:AD OF. fohsi ssp. (for Instance at ODP Hole Shaeroidinella dehiscens has its FAD slightly above that &. tumida and
8068, western tropical Pacific), the rangeFofohsi lobata may be difficult o0 b vide a means of recognizing the base of Zone PL1 in favorable con-
to establish rellably (see_ also Pears_on, 1995‘ P85 Likewise, the transi- ditions. The FAD ofS dehiscenswas found well above the FAD & tumida
tion betweerf. fohsi fohsi andF. fohsi robusta is gradual and leads to some '%n Sites 959 and 960
Lncertainty in the lower _bound Of. Zone MS_)b of Berggren etal. ‘(1995b), bu Berggren et al. (1995a, 1995b) suggested subdividing Zone PL1 using the
once it is abundanE. fohsi robusta is an easily recognized form with an um- LAD of Globorotalia cibaoensis to mark the top of Zone PL1a. The occur-
bilically convex test and nearly flat spiral surface that contrasts with a MOIE, 1 e ofG. cibacensis is rather spotty in Leg 159 sites, making it unwise to
teardrop-shaped or biconvex profile in the other varietiés fains. rely on this datum. Berggren (1977) suggested using the FAIDobbrotalia
ZoneN13 crassaformis to recognize Zone PL1c, although Berggren et al. (1995b) have
L . eliminated this species as a subzone marker owing to the difficulty in identi-
Definition: Interval between the LAD d#. fohsi robusta and the FAD of fying this zone in many subtropical sites. The FADGofcrassaformis is a
Globotruborotalia nepenthes. well-marked datum at Sites 959 and 960 but appears to be younger than at

Estimated age: 11.9-11.8 Ma; middle Miocene. other Atlantic sites by ~200 k.y. (Norris, Chap. 40, this volume).
Discussion: Zone N13 corresponds to Zone M10 of Berggren et al.

(1995b). The determination of the FAD Gf nepenthes is often difficultin ~ ZonePL2

other than well-preserved assemblages. Berggren et al. (1995b) argued that ¢ ... .

the FAD ofFohsella lenguaensis occurs close to that &. nepenthesin Car- Smrgaerf:?allg on: Interval between the LAD db. nepenthes and the LAD 0fG.
ibbean sections and can be used to identify the top of Zone M10 (= N13). P . . ;
However, Chaisson and Leckie (1993) recorded the FAB. éénguaensis Edtimated age: 4.18-3.58 Ma; early Pliocene.

significantly below the FAD of5. nepenthes in the western tropical Pacific Discussion: Globorotalia margaritae has a well-defined LAD in Leg 159
(at ODP Site 806), which is also the case at ODP Site 959 (this study). sites, wherea&. nepenthes becomes very rare near the top of its range. Both

species are found primarily in the <212-um fraction at the tops of their ranges.
ZoneN14 Globorotalia margaritae also becomes somewhat atypical near its LAD.
L Specimens of. margaritae are more inflated than typical for this species and

Definition: Interval between the FAD d&. nepenthes and the LAD of  paye 4 well-developed keel only on the last chamber just below the LAD of

Globorotalia mayeri. ) ] this taxon in Hole 959C.
Estimated age: 11.8-11.4 Ma; middle Miocene.

Discussion: Zone N14 corresponds to Zone M11 of Berggren et al.ZonePL3
(1995b). Zone N14 is represented by only ~2 m of sediment at Site 959, the

only Leg 159 site where N14 has been recognized. Definition: Interval between the LAD db. margaritae and the LAD of

Sphaeroidinellopsis seminulina.

Zone N15 Estimated age: 3.58-3.12 Ma; late Pliocene.

L ) Discussion: The LAD of Sphaeroidinellopsis spp. (includingS. seminuli-
Definition: Interval between the LAD db. mayeri and the FAD ofNeo- na, S kochi, andS paendehiscens) is a very well marked event at Leg 159
globoquadrina acostaensis. ) ) sites and provides one of the best planktonic foraminifer datums at these sites.
Estimated age: 11.4-10.9 Ma; middle—late Miocene. Sphaeroidinellopsis seminulina has been found above the top of Zone PL3 in

Discussion: Zone N15 is equivalent with Zone M12 of Berggren et al. gma)| numbers at Sites 959 and 960, which suggests some reworking has oc-
(1995b). The FAD oN. acostaensisis a well-marked datum at Site 959, the ., req. The LAD ofSphaeroidinellopsis spp. approximately coincides with
only Leg 159 site where this datum does not appear to occur at an unconfefs LAD of Globoquadrina venezuelana.

mity.

ZoneN16
N . Definition: Interval between the LAD d¥phaeroidinellopsis seminulina
Definition: Interval between the FAD &i. acostaensis and the FAD of 54 the LAD ofDentoglobigerina altispira.
Globorotalia plesiotumida. ) Estimated age: 3.12-3.09 Ma; late Pliocene.
Estimated age: 10.9-8.3 Ma; late Miocene. Discussion: The LAD ofD. altispira reportedly coincides approximately
Discussion: This zone is equivalent with Zone M13a of Berggren et al. with that of Globorotalia multicamerata (Berggren et al., 1995a), and the
(1995b). These authors suggest that the top of M13a (= N16) can be approxiaps of these species are within 1.5 m of each other at Leg 159 sites. The

mated by the FAD oGlobigerinoides extremus. Indeed,G. edtremushas @ jistinctiveness of botD. altispira andG. multicamerata makes the top of this
FAD simultaneous with that @. plesiotumida at Site 959 and only slightly ;5 easily recognizable.

younger than this at Site 960.

ZonePL4

ZonePL5
ZoneN17
N . ) Definition: Interval between the LAD ob. altispira and the LAD of
Definition: Interval from the FAD ofG. plesiotumida to the FAD ofG. Globorotalia miocenica.
tumida. ! . Estimated age: 3.09-2.30 Ma; late Pliocene.
Estimated age: 8.3-5.6 Ma, late Miocene. Discussion: In addition to the ranges of the zone markers, the top of Zone

_ Discussion: Zone N17 is typically subdivided on the FADRMlleniatina  py 5 s easily recognized by the reappearandeuibniatina in the Atlantic
primalis, which marks the base of Zone N17b. Howeteprimalisdoes not  cean. Zone PL5 also contains the LADG6borotalia puncticulata.
appear in Leg 159 sites until late in the early Pliocene, well after the FAD of

G.tumida. Berggren et al. (1995b) suggested that Zone N17 can be divided b§one PL6

the LA.D pfF. Ienguaenss(w_hlch mark_s the base_ of Zone Mllli_alhsellalenj Definition: Interval between the LAD dB. miocenica and the LAD of
guaensisis a small but easily recognized species common in the tropics anelobigerinoidesfacculifer fistulosus.

subtropics. Unfortunatelys. lenguaensis does not range as high@splesio- Estimated age: 2.30-1.77 Ma; latest Pliocene

tumida at Leg 159 sites. Discussion: Globigerinoides sacculifer fistulosus is very rare in Leg 159

sediments and does not provide an adequate datum for recognition of the top
ZonePL1 of Zone PL6. Berggren et al. (1995a) note that the FAG. tifuncatulinoides
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fallscloseto the LAD of G. sacculifer fistulosus outside the southwestern Pa- and these tend to be short. The LADGfsacculifer fistulosus has
cific. Unfortunately, G. truncatulinoidesis aso rarein al the sites examined been placed in Sample 159-959C-3H-3;-305 cm (15.11 mbsf),
here. whereas the FAD d&. truncatulinoides has been located in Sample
Zone Ptl 159-959C-3H-2, 140142 cm (14.7 mbsf), which suggests that the
Pliocene/Pleistocene boundary lies between these two samples.
Definition: Interval between the LAD of G. sacculifer fistulosusandthe  Specimens referable to &&. sacculifer fistulosus occur as high as
Holocene. ) Sample 159-959C-3H-3, #02 cm (14.9 mbsf). These foraminifers
Estimated age: 1.77-0.0 Ma; Pleistocene and Holocene. have small bumps on the final sac-like chamber and often display the
SaC(I:?JIlis::eliSSﬁ(;nljlJigciemla:rxgso?f g‘e t’:'u?]g;ﬁmeo%;h iéhfh;AFAg f);f flared final chamber morphology typical Gf sacculifer fistulosus. |
Globorotalia tosaensis are very rarein.Leg 159 sediment’s making it difficult _prOV|S|onaIIy plape the Pliocene/Pleistocene bc_)undary at 14.8 mbsf
to establish an accurate foraminifer zonation. in Hole 959C, mldv_vay between the LAD @f cf. fistulosus and the
FAD of G. truncatulinoides.

An apparently continuous record of the Pliocene was recovered at

SITE DESCRIPTIONS this site. The top of Zone PL5 is well defined by the LABhdbor o-
talia miocenica and the Atlantic reappearance datum [f
Deep Ivorian Basin (Site 959) obliquiloculata (both occur between Sample 159-959B-3H-CC and

159-959B-3H-7, 5961 cm; ~24.05 mbsf). Zone PL5 contains a well-

Site 959 (3°37.70\, 2°44.10W, 2100 m water depth) is located marked LAD forGloborotalia puncticulata and the local reappear-
on the landward edge of the C6te d’'lvoire-Ghana marginal ridgance of right-coiledNeogloboquadrina pachyderma. Common spe-
where the Romanche Fracture Zone intersects the African continemlies includeN. dutertrei, heavily encrusted specimens @f cras-

The sequence is biostratigraphically complete, or nearly so, from theaformis, Globorotalia triangula, the common occurrence & mi-
upper Oligocene to the Holocene at this site. Planktonic foraminiferecenica and, less abundantGloborotalia pertenuis, Orbulina
were studied most intensely from the Pleistocene to middle Miocendniversa, andNeogloboquadrina acostaensis.

interval of Hole 959B and from the uppermost lower Miocene section The top of Zone PL4 is well marked by the LADRéntoglobi-
of Hole 959A. On the ship, about one sample per section was studiggrina altispira in Sample 159-959B-5H-3, 581 cm (37.09 mbsf).
from these holes, in addition to core catchers that were examinéthis datum is also approximated by the LADGbbborotalia multi-
throughout all holes. The distribution of planktonic foraminifers iscamerata in Sample 159-959B-5H-4, 581 cm (38.59 mbsf). The
given in Table 2 and the depths and ages of the major datums dr&D of Sphaeroidinellopsis seminulina occurs in Sample 159-959B-
listed in Table 3. 5H-7, 5153 cm (43.01 mbsf) along with that §fhaeroidinellopsis

Preservation of planktonic foraminifers is moderate to goodkochi and Sphaeroidinellopsis paendehiscens, which all mark the
though the uppermost lower Miocene to Holocene. Dissolution halsase of Zone PL4. Species characteristic of Zone PL4 include well-
led to extensive fragmentation in the Pleistocene, the lowermogreserveds. crassaformis, G. miocenica, G. triangula, G. sacculifer,
Pliocene, and the middle Miocene. Particularly notable is the almosindG. multicamerata.
complete dissolution of the inner whorls of some heavily encrusted Samples 159-959B-5H-7, 583 cm, through6H-6, 59-61 cm
species, such &sloborotalia tumida and Neogloboquadrina duter- (43.01-51.09 mbsf), contain characteristic species of Zone PL3, in-
trei in the Pleistocene and lower Pliocene. Dissolution renders thestudingD. altispira, Sphaeroidinellopsis spp.,G. miocenica, N. acos-
species almost useless for stable isotope studies in the Pleistoceaensis, Globoquadrina venezuelana, G. tumida, G. plesiotumida, N.
even though the shells often appear to be intact from the outside. Deutertrei, and the occasional occurrence Sphaeroidinella dehis-
spite strong fragmentation, many delicate-walled foraminifers areens andP. obliquiloculata. Sphaeroidinella dehiscens develops its
preserved in all but the most strongly dissolved samples. Partial pyarge secondary aperture in the upper part of Zone PL3, and occasion-
ritization is common throughout the Holocene to upper Miocene seal specimens with a very small secondary aperture occur as low as
guence. Preservation markedly deteriorates in the middle Miocene #pne PL1.
upper Oligocene with many samples entirely barren, but barren zones The last occurrence @&loborotalia margaritae is a well-defined
alternate with intervals of moderate to good preservation down to théatum in Sample 159-959B-6H-7,-%8F cm (52.34 mbsf), and 52.22
uppermost lower Miocene. Below Core 159-959A-23X (Zone N7),mbsfin Hole 959C. The LAD db. margaritae marks the top of Zone
samples contain only very rare, dissolution-resistant species that @P&2. Species ranging in Zone PL2 include comi@otumida, D. al-
practically useless for detailed biostratigraphy. Accordingly, | havdispira, andG. sacculifer and the less common occurrence of both
not attempted a detailed description of foraminifer assemblages b&ulleniatina primalis andS. kochi. Samples throughout the zone are
low Core 159-959A-23X. generally well preserved.

The Pleistocene is recognized by the LADGIbbigerinoides The base of Zone PL2 occurs just below Sample 159-959B-7H-5,
sacculifer fistulosus at the base of Zone Ptl and the scattered pre$9-61 cm (59.09 mbsf), with the trace occurrenc&laboturboro-
ence ofGloborotalia truncatulinoides. Globorotalia tosaensis was  talita nepenthes in Sample 159-959B-7H-6, 581 cm (60.59 mbsf).
found in only one sample (159-959C-3H-3;-20.5 cm; 15.0 m be-  Globoturborotalita nepenthes becomes common in Sample 159-
low seafloor [mbsf]) so it is not possible to subdivide Zone Pt1 witt959B-7H-CC (62.09 mbsf), but is generally rare through the lower
planktonic foraminifers. Foraminifers are very abundant but are onlfPliocene. The LAD ofGloborotalia cibaoensis occurs in Sample
moderately preserved with extensive fragmentation and dissolutiob59-959B-8H-CC (71.59 mbsf), but this species has a sufficiently
of chamber interiors. All samples contain abundant glauconite. Condiscontinuous range as to make the recognition of the Subzone PL1a/
mon taxa includé&leogloboquadrina dutertrei, Globorotalia menar- PL1b boundary unreliable. In contrast, the FARBotrassaformisis
dii, G. tumida, Globorotalia scitula, Pulleniatina obliquiloculata, very well defined in Sample 159-959B-7H-CC (62.09 mbsf and
and Globigerinoides sacculifer from Sample 159-959B-2H-CC 63.42 mbsf in Hole 959C), and suggests the presence of Subzone
through 3H-7, 5557 cm (5.6-24.05 mbsf). PL1c of Berggren (1977).

Globigerinoides sacculifer fistulosus, whose LAD marks the The base of the Pliocene is marked by the first appeararige of
Pliocene/Pleistocene boundary, has been found only sporadically angmida in Sample 159-959B-10H-4, 581 cm (86.09 mbsf). The
always in very small numbers. At Site 988, sacculifer fistulosus first specimens o6. tumida are clearly transitional tGloborotalia
typically has only a single tubular extension from the last chambeplesiotumida in that they have not developed the tear-drop axial pro-
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PL2 | 7H-2
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Table 3. Distribution of planktonic foraminifersat Site 959.

Average
Age Top Base Top Base depth
Datum (Ma) (Hole, core, section, interval)  (Core, section, interval) (mbsf)  (mbsf)  (mbsf)
FAD Globorotlaia truncatulinoides 2 959C-3H-2, 140-142 cm 3H-3,10-12cm 14.7 149 14.8
LAD Globigerinoides sacculifer fistulosus 1.74  959C-3H-2, 140-142 cm 3H-3,10-12cm 14.7 14.9 14.8
Re-appearance of Pulleniatina obliquiloculata 23 959B-3H-7, 55-57 cm 3H-CC 24.05 24.05 24.05
LAD Globorotalia miocenica 23 959B-3H-7, 55-57 cm 3H-CC 24.05 24.05 24.05
LAD Dentogloboquadrina altispira 3.05 959B-5H-2, 59-61 cm 5H-3, 59-61 cm 35.59 37.09 36.34
LAD Globorotalia multicamerata 3.09 959B-5H-3, 59-61 cm 5H-4, 59-61 cm 37.09 38.59 37.84
LAD Sphaeroidinellopsis spp. 312  959B-5H-6, 59-61 cm 5H-7, 51-563 cm 41.59 43.01 423
LAD Pulleniatina primalis 3.65 959B-5H-CC 6H-1, 59-61 cm 43.01 43.59 433
LAD Pulleniatina obliquiloculata 395 959B-6H-3, 59-61 cm 6H-4, 59-61 cm 46.59 48.09 47.34
LAD Globorotalia margaritae 3,58 959B-6H-6, 59-61 cm 6H-7, 54-57 cm 51.09 52.54 51.82
LAD Globotruborotalia nepenthes 42 959B-7H-5, 59-61 cm 7H-6, 59-61 cm 59.09 60.59 59.84
FAD Globorotalia crassaformis 45 959B-7H-7, 59-61 cm 7H-CC 62.09 62.09 62.09
LAD Globorotalia cibacensis 4.6 959B-8H-7, 59-61 cm 8H-CC 71.59 71.59 71.59
FAD Globorotalia tumida 559  959B-10H-4, 59-61 cm 10H-5, 59-61 cm 86.09 87.59 86.84
FAD Sphaeroidinella dehiscens 52 959B- 9H-6, 59-61 cm 9H-7, 59-61 cm 79.59 81.09 80.34
FAD Globorotalia margaritae 6.4 959C-11H-5, 20-22 cm 11H-5, 40-42 cm 94.01 94.22 94.11
FAD Globorotalia plesiotumida 8.3 959B-15H-2, 59-61 cm 15H-3, 59-61 cm 13059 132.09 131.34
FAD Globigerinoides extremus 8.3 959B-15H-2, 59-61 cm 15H-3, 59-61 cm 13059 132.09 131.34
FAD Neogloboguadrina acostaensis 10 959B-16H-4, 59-61 cm 16H-5, 59-61 cm 143.09 14459 14384
FAD Globotruborotalia nepenthes 10.8 959B-17H-3, 59-61 cm 17H-4, 59-61 cm 151.09 15259 151.84
LAD Paragloborotalia mayeri 10.3 959B-17H-1, 59-61 cm 17H-2, 8-10cm 148.09 14951 148384
LAD Globorotalia fohsi 11.8 959B-18H-2, 59-61 cm 18H-3, 59-61 cm 159.09 160.59 159.84
FAD Globorotalia lenguaensis 12.3 959A-18H-4, 45-50 cm 18H-5, 57-62 cm 166.05 167.67 166.86
FAD Globorotalia fohsi 135 959A-19H-2, 56-60 cm 19H-3, 56-60 cm 17266 17416 17341
FAD Globorotalia “praefohsi” 14 959A-20X-1, 57-62 cm 20X-2,57-62 cm 180.67 182.17 181.42
FAD Globorotalia peripheroacuta 14.7 959A-20X-3, 57-62 cm 20X-2, 57-62 cm 180.67 182.17 181.42
FAD Praeorbulina glomerosa 16.1 959A-22X-1, 54-57 cm 22X-2, 50-58 cm 199.14 200.6 199.87
FAD Praeorbulina sicana 16.5 959A-22X-4, 57-59 cm 22X-5, 57-59 cm 203.67 205.17 204.42

Note: Boldfaced species = those defining biozones.

filetypical of G.tumida. However, they do have adistinctly tumid fi-
nal chamber that is somewhat more pointed in spiral view than the
quadrate profile of the last chamber of G. plesiotumida. Thefirst ap-
pearance of S dehiscens has also been used to approximate the Mio-
cene/Pliocene boundary, but | have found the FAD of S dehiscens
occurs 5.4 m above the FAD of G. tumida in Hole 959C despite in-
tensive searching for specimens of S. dehiscens with the minute sec-
ondary aperture typical of the first representatives of this species.
Conversely, the FAD of G. margaritae that has often been described
asfalling close to the Miocene/Pliocene Boundary occurs ~8.2 m be-
low the FAD of G. tumidain Hole 959C. It is notable that an interval
of intense dissolution and fragmentation occurs between 83.61 and
87.81 mbsf in Hole 959C, which may reflect the Messinian event
(Norris, Chap. 40, this volume). Use of the top of the dissolution in-
terval as amarker for the base of the Pliocene would suggest that the
Miocene/Pliocene boundary should be placed at 83.5 mbsf and above
the FAD of G. tumida in agreement with the time scale of Berggren
et al. (19953, 1995b).

For much of the upper Miocene section, the age constraints pro-
vided by planktonic foraminifers are less well defined than the da-
tumsinthe Pliocene. The LAD of Fohsella lenguaensis has been sug-
gested as ameans of recognizing the base of Zone M 14 (= the upper
part of N17; Berggren et al., 1995b). However, F. lenguaensis has a
relatively short range at Site 959 and has awell-marked LAD within
N16 before the FADs of Globorotalia plesiotumida and Globiger-
inoides extremus. Zone N17 also cannot be subdivided on the tradi-
tional criterion of the FAD of P. primalis because this datum occurs
within the upper part of Zone PL1 (Sample 159-959B-8H-1, 59-61
cm; 62.59 mbsf) just below the FAD of G. crassaformis. The base of
N17 iseasily recognized by the simultaneous FADs of G. plesiotumi-
da and G. extremus in Sample 159-959B-15H-2, 59-61 cm (130.59
mbsf). A single specimen of G. plesiotumida wasfound ~11 m below
this datum, but this may reflect reworking or possibly an odd variant
of Globorotalia merotumida or Globorotalia limbata. Dissolution
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and fragmentation are common in the >250-um fraction through
much of Zone N17.

The FAD ofNeogloboquadrina acostaensis is a well-defined da-
tum for the base of Zone N16 in Sample 159-959B-16H-465¢m
(143.09 mbsf). Preservation deteriorates near the base of Zone N16,
and foraminifers become less abundant than is typical higher in the
section. Nonetheless, we can recognize both N15 and N14, respec-
tively, by the LAD of Globorotalia mayeri in Sample 159-959B-
17H-1, 5961 cm (148.09 mbsf), and the FAD @f nepenthes in
Sample 159-959B-17H-3, 581 cm (149.59 mbsf)Globoturboro-
talita nepenthes is continuously present for >18 m above its FAD,
which suggests that this datum is reliable.

The LAD of Fohsella fohsi occurs in Sample 159-959B-18H-3,
59-61 cm (160.59 mbsf), and indicates the Zone N13/N12 boundary.
Preservation is very erratic throughout Zone N12 and N13 with some
samples almost completely destroyed by dissolution while others
contain pretty, glassy-walled foraminifers. The complete comple-
ment of morphotypes &. fohsi occurs at Site 959, includirkg fohs
fohsi, F. fohsi lobata, andF. fohsi robusta. The morphotypes df.
fohsi have an overlapping range wkhlenguaensis, whose FAD oc-
curs in Sample 159-959A-18H-4, 450 cm (166.05 mbsf), just be-
low the LAD ofF. “praefohsi.” The base of Zone N12 isapproximat-
ed by the FAD of F. fohsiin Sample 159-959A-19H-2, 56-60 cm
(172.66 mbsf). Unfortunately, the three samples immediately below
this are barren or very poorly preserved, rendering the exact position
of theN12/N11 zonal boundary problematic. The basesof ZonesN11
and N10 are also uncertain in Hole 959A because of poor foraminifer
preservation near these horizons. The FAD of F. peripheroacutac-
cursin Sample 159-959A-20X -3, 57-62 cm (183.67 mbsf), and that
of F. “praefohsi” occurs in Sample 159-959A-20X-1, 57-62 cm
(180.67 mbsf), which suggests a somewhat condensed, but biostrati-
graphically complete section.

Zone N9 is apparently absent at Site 959 or obscured by poor for-
aminifer preservation asthe FAD of Orbulina suturaligSample 159-



959A-20X-3, 57-62 cm; 183.67 mbsf) occurs at the samelevel asthe
FAD of F. peripheroacuta. Praeorbulina glomerosa glomerosa,
Praeorbulina glomerosa curva, and Praeorbulina sicana all occur
consistently within Zone N8 with the FAD of P. sicana, faling in
Sample 159-959A-22X-4, 57-59 c¢m (203.67 mbsf) and that of P.
glomerosa spp. (undivided) in Sample 159-959A-22X-1, 54-57 cm
(199.14 mbsf). The ancestor of Praeorbulina, Globigerinoides bi-
sphericus, occurs consistently and frequently below the FAD of P. si-
cana. Forms of G. bisphericus with three apertures around the final
chamber are common, and the species grades into a two-apertured
form like ahighly inflated Globigerinoides trilobus with moderately
high arched apertures within Core 159-959A-23X.

Preservation of Neogene planktonic foraminifers permanently de-
teriorates below Sample 159-959A-23X-3, 60—-64 cm (211.2 mbsf).
Occasional dissolution resistant species are found below this level
but their rarity makes it impossible to construct an accurate sequence
of foraminifer zones below Zone N7.

Céote d'lvoire-Ghana Marginal Ridge (Site 960)

Rotary drilling of Hole 960A severely disturbed the recovered
sections, and recovery averaged only one to three sections per core.
Hole 960B consisted only of asingle mudline APC corethat penetrat-
edto 7.1 mbsf. A combination of APC and XCB coring in Hole 960C
produced excellent recovery rates through nearly the entire cored se-
quence so that we were able to analyze one sample per section
through the upper 129.7 m (first 14 cores). The distribution of plank-
tonic foraminifersis givenin Table 4, and the depths and ages of the
major datums are listed in Table 5.

Preservation of planktonic foraminifersin Hole 960C is virtually
the same as that in nearby Site 959: foraminifers are moderately pre-
served in the Pleistocene, well preserved in most of the Pliocene, dis-
solved and fragmented in the earliest part of Zone PL 1, correspond-
ing approximately with the Messinian desiccation event, and tending
to show progressively poorer preservation below the latest Miocene.
Intervals characterized by poor preservation at Site 959, such as the
middle Miocene, are associated with hiatuses in Hole 960C. None-
theless, we can recognize all the late Miocene to Holocene foramini-
fer zones within Hole 960C.

In Pleistocene Zone Pt1, foraminifers are abundant but only mod-
erately preserved because theinteriors of robust specieslike N. duter-
trei and G. tumida are entirely dissolved. The occasional presence of
G. tosaensisindicates that the lower part of Pleistocene Zone Pt1 oc-
cursat lessthan 0.17 mbsf (Sample 159-960C-1H-1, 17-19 cm). The
base of Zone Pt1 occurs between Samples 159-960C-2H-4, 34-36
cm, and 2H-6, 35—-37 cm (11.04-14.05 mbsf), based on the LAD of
G. sacculifer fistulosus and the FAD of G. truncatulinoides. Neither
datum iswell defined because both marker species are rare and with-
out continuous records at this site.

The Pliocene is biostratigraphically complete, although some in-
tervals are relatively condensed compared with the sequence at Site
959. The presence of G. sacculifer fistulosus in the absence of G. mi-
ocenica indicates that Pliocene Zone PL6 occurs between samples
159-960C-2H-6, 35-37 cm, and 2H-7, 34-36 cm (14.05-15.54
mbsf). Globorotalia miocenica occurs in Sample 159-960C-2H-CC
(15.7 mbsf) suggesting that Zone PL6 is relatively thin (~2 m) com-
pared to the record at nearby Site 959, where the zoneis ~9 m thick.
Zone PL5 extends from Sample 159-960C-2H-CC (15.7 mbsf), to
3H-5, 34-36 cm (22.04 mbsf), with the regular occurrence of well-
preserved G. miocenica and G. pertenuis. The reappearance datum
for P. obliquilocul ata occurs at the top of Zone PL5. Thetop of Zone
PL4 is marked by the LAD of D. altispira in Sample 159-960C-3H-
6, 35-37 cm (23.55 mbsf) and extends through Sample 159-960C-

PLANKTONIC FORAMINIFER BIOSTRATIGRAPHY

4H-2, 34-36 cm (27.04 mbsf). Single specimens of Sphaeroidinel-
lopsis occur in several samples above the apparent base of Zone PL4,
making it hard to clearly identify the base of the zone. Normally all
species of Sphaeroidinellopsis have simultaneous LADs, but in Hole
960C, S kochi has its LAD one section above that of the other
Pliocene species in this genus. The discrepancy in range of
Shaeroidinellopsis species might be resolved with more detailed
sampling.The base of Zone PL3 is comparatively easy to recognize
by the well-defined LAD of G. margaritae in Sample 159-960C-5H-
4, 35-37 cm (39.55 mbsf). Likewise, the LAD of G. nepenthes is
clear in Sample 159-960C-6H-4, 34—-36 cm (49.04 mbsf), and marks
the base of Zone PL2.

Zone PL1 isdifficult to subdivide owing to the near absence of G.
cibaoensis. The base of the zone occurs within an interval of moder-
ate to poor preservation between 69.54 mbsf and 76.04 mbsf. | have
drawn the base of Zone PL 1 at the FAD of G. tumida in Sample 159-
960C-9H-1, 34-36 cm (73.04 mbsf), but it is possible that poor pres-
ervation has affected the apparent range of G. tumida. At Site 959, the
base of Zone PL 1 occurs at the base of an interval of moderate pres-
ervation, and Zone N17 immediately below this is characterized by
good preservation. Hence, if the intervals of dissolution are equiva
lent between Sites 959 and 960, the base of Zone PL1 may be found
at 76.04 mbsf with further study.

Upper Miocene Zone N17 is identified between Samples 159-
960C-9H-2, 34-36 cm, and 10H-5, 34-36 cm (74.54-88.54 mbsf),
based on the FAD of G. tumida at 73.04 mbsf and the FAD of G. ple-
siotumida at 88.54 mbsf. Preservation is generally good throughout
this zone except at the base where foraminifer assemblages are al-
most entirely destroyed by dissolution. As at Site 959, it is not possi-
ble to use F. lenguaensis to subdivide Zone N17 because of the scat-
tered occurrence of this speciesin Leg 159 sites.

Preservation is moderate to poor between Samples 159-960C-
10H-6, 34-36 cm, and 13H-7, 34-36 cm (90.04-120.04 mbsf). It is
difficult to zone the upper part of this sequence because foraminifer
assemblages are amost completely dissolved. Globoturborotalita
nepenthes hasits FAD in Sample 159-960C-10H-5, 34-36 cm (88.54
mbsf), together with the FAD of G. plesiotumida, which indicates
that this sasmpleis still within Zone N17. The next sample below this
(Sample 159-960C-10H-6, 34-36 cm; 90.04 mbsf) has the LAD of
G. mayeri, which suggests the sample belongs to Zone 13 or older.
Foraminifers are almost completely absent in this sample, making it
difficult to accept the absence of speciesas useful biostratigraphicin-
formation. Members of the Fohsella group appear in Sample 159-
960C-10H-7, 34-36 cm (91.54 mbsf), with the occurrence of F. pe-
ripheroacuta and F. peripheroronda. The co-occurrence of these
taxa suggests that at least some sediment belonging to Zone N10 oc-
cursin Hole 960C. Zone N9 is apparently present to at |east Sample
159-960C-11H-3, 34-36 cm (95.04 mbsf), where occasional speci-
mens of Orbulina suturalis have been found. The FAD of P. sicana
marks the base of Zone N8 in Sample 159-960C-11H-5, 34-36 cm
(98.04 mbsf). In turn, Zone N7 can be recognized to about Sample
159-960C-13H-2, 33-35 cm (112.53 mbsf). The LAD of C. dissimi-
lis'unicavus occurs in Sample 159-960C-13H-3, 34-36 cm (114.04
mbsf), and suggests the presence of Zone N6 or older sediments be-
low this point. It is impossible to accurately zone sediments below
120.04 mbsf using foraminifers because nearly al samples are com-
pletely barren.

Cote d'lvoire-Ghana Slope (Site 961)
Rotary drilling severely disturbed the cores throughout the recov-

ered section at Site 961, so biostratigraphic work was confined to
core catchersin all but afew cases. Core 159-961A-13R was not re-
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Table 4. Distribution of planktonic foraminifersin Hole 960C.
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Table 5. Planktonic foraminifer datumsfor Hole 960C.

Average
Age Top Base Top Base depth
Datum (Ma) (core, section, interval) (core, section, interval) (mbsf)  (mbsf)  (mbsf)
FAD Globorotlaia truncatulinoides 2 2H-4, 34-36 cm 2H-5, 34-36 cm 11.04 12.54 11.79
LAD Globigerinoides sacculifer fistulosus 1.74  2H-5, 34-36 cm 2H-6, 35-37 cm 12.54 14.05 13.3
Re-appearance of Pulleniatina obliquiloculata 23 2H-7, 34-36 cm 2H-CC 15.54 15.7 15.62
LAD Globorotalia miocenica 2.3 2H-CC 3H-1, 34-36 cm 15.7 16.04 15.87
LAD Dentogloboquadrina altispira 305 3H-5,34-36cm 3H-6, 35-37 cm 22.04 23.55 22.8
LAD Globorotalia multicamerata 309 3H-5,34-36cm 3H-6, 35-37 cm 22.04 23.55 22.8
LAD Sphaeroidinellopsis spp. 312  4H-2,34-36cm 4H-3, 34-36 cm 27.04 28.54 27.8
LAD Pulleniatina primalis 3.65 5H-2,35-37cm 5H-3, 35-37 cm 38.05 39.55 38.8
LAD Pulleniatina obliquiloculata 3.95 5H-6, 35-37 cm 6H-1, 34-36 cm 44.05 44.54 44.8
LAD Globorotalia margaritae 3.58 5H-3, 35-37 cm 5H-4, 35-37 cm 38.05 39.55 38.8
LAD Globotruborotalia nepenthes 42 6H-3, 34-36 cm 6H-4, 34-36 cm 47.54 49.04 48.29
FAD Globorotalia crassaformis 45 6H-4, 34-36 cm 6H-5, 34-36 cm 49.04 50.54 49.8
LAD Globorotalia cibacensis 4.6 6H-6, 34-36 cm 6H-7, 34-36 cm 52.04 53.54 52.8
FAD Globorotalia tumida 5.59 9H-1, 34-36 cm 9H-2, 34-36 cm 73.04 74.54 73.8
FAD Sphaeroidinella dehiscens 5.2 7H-2, 34-36 cm 7H-3, 34-36 cm 55.54 57.04 56.29
FAD Globorotalia margaritae 6.4 9H-3, 34-36 cm 9H-4, 34-36 cm 76.04 77.54 76.8
FAD Globorotalia plesiotumida 8.3 10H-5, 34-36 cm 10H-6, 34-36 cm 88.54 90.04 89.29
FAD Neogloboguadrina acostaensis 10 10H-3, 34-36 cm 10H-4, 34-36 cm 85.54 87.04 86.29
FAD Globotruborotalia nepenthes 10.8 10H-5, 34-36 cm 10H-6, 34-36 cm 88.54 90.04 89.29
LAD Globorotalia mayeri 10.3 10H-5, 34-36 cm 10H-6, 34-36 cm 88.54 90.04 89.29
FAD Globorotalia lenguaensis 12.3 10H-6, 34-36 cm 10H-7, 34-36 cm 88.54 90.04 89.29
FAD Globorotalia peripheroacuta 14.7 10H-7, 34-36 cm 11H-2, 34-36 cm 91.54 93.54 92.54
LAD Globorotalia archeomenardii 14.04  10H-6, 34-36 cm 10H-7, 34-36 cm 90.04 91.54 90.79
FAD Praeorbulina glomerosa 16.1 11H-3, 34-36 cm 11H-4, 34-36 cm 95.04 96.54 95.79
FAD Praeorbulina sicana 16.50 11H-5, 34-36 cm 11H-6, 34-36 cm 98.04 99.54 98.79
LAD Catapsydrax dissimilis/'unicavus 17.3 13H-2, 34-36 cm 13H-3, 34-36 cm 11253 11404 113.29

Note: Boldfaced species = those defining biozones.

covered at all, and most of the cores contained no more than 2 or 3
sections of sediment. The distribution of planktonic foraminifersis
givenin Table 6 and the depths and ages of the magjor datums arelist-
edinTable 7.

Preservation is highly variable throughout the recovered se-
quence. Intervals without preserved planktonic foraminifers occur in
the lower Pliocene and the Miocene, whereas remaining samples al-
ternate between moderate to good preservation. Samples are contin-
uously barren of planktonic foraminifers below Sample 159-961A-
15R-CC (138.5 mbsf).

Sample 159-961A-1R, 3-5 cm, contains a moderately preserved
assemblage including G. tumida and P. obliquiloculata without G.
sacculifer fistulosus or G. truncatulinoides. Nannoplankton from this
sample indicate a latest Pleistocene or Holocene age, but the plank-
tonic foraminifers could be diagnostic of either a Pleistocene or late
Pliocene age.

The Pliocene is very condensed and can be recognized between
Samples 159-961A-1R-CC and 4R-CC (3.4-32.3 mbsf). Samples
159-961A-1R-CC and 2R-CC (3.4-13.1 mbsf) contain a fauna sug-
gestive of Zone PL5 because G. miocenica (or G. pseudomiocenica)
occursinthe absence of D. altispira, Sphaeroidinellopsisspp., and G.
margaritae, whose LADsall mark successively older Pliocene zones.
The LADs of Sphaeroidinellopsis spp. and D. altispira coincide in
Sample 159-961A-3R-1, 34-36 cm (13.44 mbsf), and suggest the
presence of Zone PL 3. Thelower boundary of thiszone cannot be de-
fined precisely owing to severe dissolution in Sample 159-961A-3R-
3, 34-36 cm (16.44 mbsf), but the presence of G. margaritae without
G. nepenthes in Sample 159-961A-3R-CC (22.7 mbsf) suggests the
occurrence of Zone PL2 at thislevel. A barren interval at 23.59 mbsf
prevents precise determination of the base of Zone PL2. However,
Sample 159-961A-4R-CC contains G. nepenthes and G. tumida, sug-
gesting the presence of Zone PL1. Samples 159-961A-5R-1, 64-66
cm through 6R-CC (32.94-51.5 mbsf) contain a discontinuous
record of G. plesiotumida and G. extremus and are assigned to Zone
N17. Below thisinterval, N. acostaensis has a spotty record down to
Sample 159-961A-9R-CC (80.6 mbsf), suggesting the presence of
Zone N16. Samples 159-961A-10R-CC and 11R-CC cannot be
zoned using planktonic foraminifers because of severe dissolution.
However, the presence of G. praescitula in Sample 159-961A-11R-
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CC (99.9 mbsf) suggests that this sediment belongs to Zone N12 or
an older zone.

An occurrence of F. birnageae in Sample 159-961A-12R-CC
(109.6 mbsf) suggests Zone N7 or N8, but marker species such as Or-
bulina suturalis and members of the genus Praeorbulina are absent.
| provisionally assign theinterval between 99.9 mbsf and 138.5 mbsf
to Zone N7/N8, athough samples between 119.3 and 138.5 mbsf do
not contain F. birnageae or other distinctive marker species and so
might belong to an older Miocene zone. Preservation is moderate to
poor in thisinterval and makes zonal identification tentative, at best.
No planktonic foraminifers were observed in Neogene sediments be-
low Sample 159-961A-15R-CC (138.5 mbsf).

Cote d'lvoire-Ghana Trough (Site 962)

The pelagic cover at Hole 962B was drilled with APC and provid-
ed excellent recovery of the stratigraphic section. The Cenozoic sec-
tion at Site 962 is greatly condensed compared to the other Leg 159
sites and preservation of calcareous microfossils is very poor at al-
most every level. Nonetheless, samples were studied at a frequency
of one per section. The distribution of planktonic foraminifersisgiv-
en in Table 8 and the depths and ages of the mgjor datums are listed
inTable9.

Samples taken between the top of Section 159-962B-1H-1 and
Sample 159-962B-2H-CC (0.0-17.0 mbsf) contain aHoloceneto up-
per Pliocene assemblage dominated by dissolution-resistant taxa
such as Globorotalia tumida, N. pachyderma (dextral) and N. duter-
trei. Pulleniatina obliquiloculata occurs aslow as Sample 159-962B-
2H-6, 50-52 cm, and suggests that Zone Pt1 or Zone PL6 extends to
adepth of ~14 mbsf. Theinterval between Samples 159-962B-2H-7,
50-52 cm, and 2H-CC (16.6-17 mbsf) does not contain any distinc-
tive marker taxa and may range in age from Zone Pt1 to PL5. In con-
trast, Sample 159-962B-3H-1, 53-55 cm (17.53 mbsf), contains G.
miocenica and G. pertenuis but lacks specimens of the dissolution-
resistant species D. altispira, G. venezuelana, and Sphaeroidinellop-
sisspp., and can be assigned to Zone PL 5. Sphaeroidinellopsisoccurs
in Sample 159-962B-3H-2, 50-52 cm (19 mbsf), and suggests an as-
signment to Zone PL3 or an older zone. The occurrences of
Sohaeroidinellopsis, G. tumida, and S. dehiscensin samples between
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20R-CC
21R-CC

2U0Z BjIuILeloH

PL5

PL2

PL1

N17

N16

Unzoned| 19R-01,33-35 167

Note: Symbolsasin Table 2.
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Table 7. Planktonic foraminifer datums for Hole 961A.

Average
Age Top Base Top Base depth
Datum (Ma) (Core, section, interval)  (Core, section, interval) — (mbsf) (mbsf) (mbsf)
LAD Globorotalia margaritae 3,58 3R-2,34-35cm 3R-CC 14.94 22.7 18.82
LAD Globotruborotalia nepenthes 4.2 3R-CC 4R-CC 22.7 323 275
FAD Globorotalia crassaformis 45 3R-CC 4R-CC 22.7 323 275
LAD Globorotalia cibaoensis 46  4R-CC 5R-1, 64-66 cm 32.3 32.94 32.62
FAD Globorotalia tumida 559 4R-CC 5R-1, 64-66 cm 323 32.94 32.62
FAD Sphaeroidinella dehiscens 52 4R-CC 5R-1, 64-66 cm 323 32.94 32.62
FAD Globorotalia margaritae 6.4 5R-2, 64-66 cm 5R-CC 33.88 41.9 37.89
FAD Globorotalia plesiotumida 8.3 6R-CC 7R-CC 515 61.2 56.35
FAD Neogloboquadrina acostaensis 10 9R-CC 10R-CC 80.6 90.3 85.45
FAD Globotruborotalia nepenthes 10.8 9R-CC 10R-CC 80.6 90.3 85.45
FAD Globorotalia lenguaensis 12.3 9R-CC 10R-CC 80.6 90.3 85.45
Note: Speciesin boldface are biozone markers.
Table 8. Distribution of planktonic foraminifersin Hole 962B.
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1H-01, 50-52 0.5 R P R|F CF R
1H-02, 50-52 2 R P
1H-03, 50-52 35 R P |F C R|R C|F F F R R
1H-04, 5052 5 B 1 A O W
1H-05, 7880 678 | B N T O O O B
1H-CC 75 R
2H-01, 50-52 8 B
rors| i 55 | 5 | [HEEEEIEEEEEEE RSN
2H-03, 50-52 11 R P
2H-04,50-52 125 R P C
2H-05,50-52 14 R P R R R
2H-06,50-52 155 R P FR R C|F R C C R R
Ptl/PL5 | 2H-07, 50-52 16.6 R P R R
2H-CC 17 R P |R F R
PL5 3H-01,53-55 1753 | R P R R R R F F R F C F C FR
3H-02,50-52 19 R P R R R|R R F F|F
3H-03,50-52  20.5 B
3H-04,50-52 22 R P
PL3-PL1| 3H-05,50-52 235 B
3H-06,51-53 25.01 | B
3H-07,50-52  26.1 B
3H-CC 26.5 R P
4H-01, 50-52 27 B
4H-02,51-53 2851 | B
4H-03,51-53  30.01 | B
4H-04,50-52 315 B
4H-05,51-53 33.01 | B
Unzoned| 4H-06,51-53 3451 | B
4H-07, 51-53 36.01 B
4H-CC 36 R P
5H-01,40-42  36.4 B
5H-02,40-42 379 B
5H-03,40-42 394 B
5H-04,40-42  40.9 B
5H-05,40-42 424 B
5H-06, 40-42 439 B
5H-07,40-42 454 B
Note: Symbolsasin Table 2.
Table 9. Planktonic foraminifer datumsfor Hole 962B.
Average
Top Base Top Base depth
Datum (Site 962) Age(Ma) (Core, section, interval)  (Core, section, interval)  (mbsf) (mbsf) (mbsf)
Re-appearance of Pulleniatina obliquiloculata 23 2H-6, 50-52 cm 2H-7,50-52 cm 155 16.6 16.05
LAD Globorotalia miocenica 2.3 2H-CC 3H-1, 50-52 cm 17 17.53 17.27
LAD Dentogloboquadrina altispira 3.05 3H-3, 50-52 cm 3H-4, 50-52 cm 20.5 22 21.25
LAD Sphaeroidinellopsis spp. 312 3H-1, 50-52 cm 3H-2, 50-52 cm 17.53 19 8.26
FAD Globorotalia crassaformis 45 3H-4, 50-52 cm 3H-5, 50-52 cm 22 235 22,75
FAD Sphaeroidinella dehiscens 5.2 3H-CC 4H-1, 50-52 cm 26.5 27 26.75

Note: Species in boldface are biozone markers.
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Figure 3. Age/depth plot for Leg 159 sites based on distribution of datums
and their agesas givenin Tables 3, 5, 7, and 9.

Sample 159-962B-3H-2, 50-52 ¢cm, and 3H-CC (19.0-26.5 mbsf)
demonstrate that thisinterval is entirely Pliocenein age with azonal
assignment of Zone PL3 to PL1. The presence of G. crassaformisin
Sample 159-962B-3H-4, 50-52 cm (22 mbsf), suggests that overly-
ing sediments are no older than the very youngest part of Zone PL1
becausethis specieshasits FAD closeto thetop of PL1ain other Leg
159 sites. Sediments below Sample 159-962B-3H-CC (26.5 mbsf)
cannot be zoned with planktonic foraminifers because of the amost
compl ete dissolution of calcareous microfossils.

SEDIMENTATION HISTORY

Figure 3 is a plot of planktonic foraminifer datums for the four
sitesdrilled during Leg 159. All the sites show modest sedimentation
rates of lessthan 1 cm/k.y. inthe Pleistocene. Site 961 hasadistinctly
lower accumulation rate (0.5 cm/k.y.) in the Pleistocene than the
other sites. Thetop of the Pliocene appearsto betruncated at Site 961
because Zone PL6 is apparently missing and both Pt1 and PL5 are
condensed into the 3.5-m recovered interval.

Sedimentation ratesincreaseto along-termrate of 2cm/k.y. inthe
Pliocene at Sites 959 and 960, which are both at the shallow end of
the depth transect of Leg 159 sites (~2000 m water depth). The long-
term sedimentation rate is nearly constant at Site 959 but shows a se-
ries of steps at Site 960 that suggests periodsin which sedimentation
dropped to ~1 cm/k.y. in the late Pliocene and earliest Pliocene. A
sharp increase in sedimentation rate apparently occurs in the middle
Pliocene (~3.09 to 3.12 Ma) at Site 959 that may represent a slump
(Fig. 4). There areanumber of unexplained voidsin Hole 959C with-
in the interval where sedimentation rates are anomalously high. The
voids may reflect discontinuity surfaces that have been pulled apart
during coreretrieval. Both Sites 959 and 960 show an interval of dis-
solution near the Pliocene/Miocene boundary that corresponds ap-
proximately with the Messinian desiccation event. Dissolution dur-
ing the Messinian may be responsible for a dight decrease in appar-
ent sedimentation rate ~5 Ma at Site 960 and a hiatus over the same
interval at Site 961. In contrast, Site 962, at the deep end of the depth

PLANKTONIC FORAMINIFER BIOSTRATIGRAPHY

0 1 1 1 1 1 1
25 A
E Slump?
E
= 501
a
[}
a}
75 1
& Foraminifers
O Paleomagnetic Reversals
100 T T T T T T

0 1 2 3 4 5 6 7
Age (Ma)

Figure 4. Age/depth plot for the upper Miocene to Holocene interval at Site
959. The abrupt increase in apparent sediment accumulation rate at ~3 Mais
interpreted as a slump.

transect (~4600 m water depth), shows very low rates of accumula-
tion, ~0.3 cm/k.y. through the Pliocene.

Sedimentation rates of ~2 cm/k.y. continue into the upper Mio-
cene at Site 959. Site 961 aso shows little change in sedimentation
rate between the Pliocene and late Miocene other than the hiatus
across the Miocene/Pliocene boundary. However, the record at Site
960 suggests that erosion or nondeposition have affected much of the
upper Miocene. Dissolution has removed planktonic foraminifers
from the Miocene portion of the record at Site 962 rendering further
comparison with foraminifer datums at other Leg 159 sites impossi-
ble.

Thelong-term sedimentation rate at Site 959 changes from ~2 cm/
k.y. t0 0.9 cm/k.y. near the base of Zone N17 and remains at thisrate
into the lower Miocene. The change in sedimentation rate corre-
sponds to a general decline in the quality of planktonic foraminifer
preservation and carbonate content of the sediments and may reflect
the overall low rates of carbonate accumul ation observed in many re-
gionsprior to or ~8-10 Ma (Peterson et al., 1992; Pisiaset al ., 1995).
Site 960 shows an unconformity at this level that has removed sedi-
ments ranging in age from the lower part of Zone N17 (~8 Ma) to
somewhere in Zone N10 (~14 Ma). Low sedimentation punctuated
by hiatuses continued in this core back to ~16 Ma. Curioudly, the
Miocene record at Site 961 shows the onset of relatively high sedi-
mentation rates of between 1 and 2 cm/k.y. at 10 Ma, which is nearly
2 m.y. before an increase in the sedimentation rate at both Sites 959
and 960. This early rise in sedimentation rate may reflect downslope
transport from the shallower sites on the marginal ridge.

CONCLUSIONS

The holes drilled at the four sites on the Céte d’lvoire-Ghana mar-
ginal ridge show substantial similarities in their histories. All sites are
characterized by low rates of sedimentation in the Miocene. Sites
near the seaward edge of the Céte d’'lvoire-Ghana marginal ridge
(Sites 960 and 961) display major unconformities that have cut out
much of the middle and upper Miocene, whereas Site 959 in the Deep
Ivorian Basin had low but stable sedimentation rates into the late
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Miocene. Sediment accumulation picked up in thelatest Miocene and
continued into the Pliocene in accord with typically high sedimenta-
tion rates for thistime period in sites distributed around the globe. In
general, Leg 159 sites in deep water (Sites 961 and 962) have lower
rates of sedimentation than those higher on the marginal ridge. Al-
though Sites 959 and 960 are at virtually the same water depth, Site
960 shows much more variation in sedimentation rates throughout
the Pliocene, probably because of its position exposed to bottom cur-
rents on the top of the marginal ridge. For example, amajor Miocene
hiatus occurs at Site 960 and stands in contrast to low but stable sed-
imentation rates at Site 959; apparently erosion rather than an ab-
sence of sediment supply is responsible for this hiatus. All sites dis-
play a change in sedimentation rate near the Pliocene/Pleistocene
boundary. Typicaly, thereisadrop in sediment accumulation ratein
the latest Pliocene. However, Site 962 shows a modest increase over
its long-term sedimentation rate from ~0.3 cm/k.y. to ~1 cm/k.y.,
which may reflect downslope transport of sediments stripped from
shallower portions of the Cote d’'lvoire-Ghana margin.

SYSTEMATIC PALEONTOLOGY

The present taxonomy is based upon the species concepts of Kennett and
Srinivasan (1983), with some emendations by Blow (1979), Blow (1969),
Bolli and Saunders (1985), Chaisson and L eckie (1993), and Pearson (1995).
Partial referencesto the type of material are listed below for each species, and
full references can be found in standard works such as Kennett and Srinivasan
(1983).

Beella digitata (Brady)
Globigerina digitata Brady, 1879, p. 599, pl. 80, figs. 6-10.

Discussion: Kennett and Srinivasan (1983) report that this species ap-
pears in Zone Pt1. However, Beella digitata has a discontinuous range from
the coretop to near the base of Zone PL5 at Site 959 and scattered occurrences
within Zone Pt1 at Site 960. This species differs from its presumed ancestor,
Beella praedigitata by its more elongate final chambers.

Beella praedigitata (Parker)
Globigerina praedigitata Parker, 1967, p. 151, pl. 19, figs. 5-8.

Discussion: Scattered records of Beella praedigitata occur from Zone
PL5to Zone N17 at Site 959 and in Zone N17 at Site 960. This speciesisdis-
tinctive because of its high trochospire, faintly pustulose, perforated surface
texture, and tendency toward slight radial elongation of the chambers.

Candeina nitida

Candeina nitida d'Orbigny, 1839, p. 107, pl. 2, figs. 228.

Discussion: Catapsydrax unicavus ranges slightly higher tha® dissimi-
lisat Site 960 and has been used to define the top of Zone N16 there.

Clavatorella bermudez (Bolli)
Hastigerinella bermudez Bolli, 1957, p. 112, pl. 25, fig. t&.

Discussion: Clavatorella bermudezi has a fairly regular occurrence from
the top of Zone N13 to the top of Zone N12 and then again within Zones N7
and N8 at Site 959. This species is also present in Zones N7 and N8 at Site
960. In both sites, specimens are recognized largely by isolated clavate cham-
bers, but well-preserved, complete specimens are also present throughout this
species’ rangeClavatorella bermudezi appears to intergrade wi@ioborota-
loides hexagona from which it differs mainly in its more delicate construction
and more radially elongate chambers.

Dentoglobigerina altispira (Cushman and Jarvis)
Globigerina altispira Cushman and Jarvis, 1936, p. 5, pl. 1, fig.-t3a

Discussion: Dentoglobigerina altispira has been recorded at all Leg 159
sites and is moderately common at Sites 959 and 960, with a nearly continu-
ous pattern of occurrence from the top of Zone PL4 to the base of Zone N9.
Scattered occurrences have also been noted within Zone N7 and N8 at Site
959, but the species is rare. Both high and low trochospiral forms are common
and are distinguished from globoquadrinids by the somewhat compressed
chambers, serrated umbilical teeth, and tendency to form a pustulose collar
around the umbilicus.

Fohsella

Discussion: In this study, | elevate the subgeritghsella to generic rank
given their independent evolution of keeled morphology from other keeled
Neogene lineages such@mborotalia (Globoconella), Globorotalia (Hirsu-
tella), andGloborotalia (Menardella).

Fohsella birnageae (Blow)

Globorotalia birnageae Blow, 1959, p. 210, pl. 17, fig. 108a

Discussion: Fohsella birnageae is a small species with a nearly circular
profile in spiral view and coarse perforations similafFthsella peripher-
oronda. This species has been recorded in Zones N7 and N8 at Site 959 and
in Zone 7 at Site 960.

Fohsella fohsi (Cushman and Ellisor)

Globorotalia fohsi Cushman and Ellisor, 1939, p. 12, pl. 2, fig-6a

Discussion: Fohsella fohsi is here considered to include forms of the ge-
nusFohsella that possess a complete peripheral keel. Variants in the chrono-

cline such a$ohsdlla fohs robusta andFohsella fohsi lobata have not been
separated in this study, although they have been recognized in this material.

Discussion: Candeina nitida occurs episodically at Sites 959, 960, and Fohsella fohs ranges over ~12 m of section at Site 959.
961. The fist occurrence of this species appears to be at the top of N16 at Sites

959 and 961, but scattered records have been found as low as Zone N8 at Site

Fohsella lenguaensis (Bolli)

959 and presumably represent downhole contaminants. Chaisson and Leckie
(1993) have also reported the FAD@fnitida in the upper part of Zone N16  Globorotalia lenguaensis Bolli, 1957, p. 120, pl. 29, fig. 5&.

in the western equatorial Pacific.
Catapsydrax dissimilis (Cushman and Bermudez)

Globigerina dissimilis Cushman and Bermudez, p. 25, pl. 3, fig6.4

Discussion: Fohsella lenguaensis is a tiny species with an ovate outline
and a rounded periphery. The chambers have distinctly recurved sutures on
the spiral surface with a very low rate of chamber enlargement. The final
chamber often juts out from the earlier whorl and the aperture is nearly cov-
ered by a flap similar to that of other fohsellids. The assignment of this species

Discussion: Catapsydrax dissimilis is characterized by the presence of to Fohsella is not widely agreed upon; many authors have proposed a link to

several infralaminal apertures around the single bulla, wh&atapsydrax

the Globorotalia tumida lineage (Cifelli and Scott, 1986; Kennett and Srini-

unicavus has a single, large aperture on one side of the bulla. Both species arasan, 1983). | follow the observation of similarities in preservation of
rare in the upper part of Zone N6 at Site 960 and have been observed in higifighsella fohsi andFohsellalenguaensis made by Chaisson and Leckie (1993)

dissolved assemblages from the lower Miocene of Site 959.
Catapsydrax unicavus Bolli, Leoblich, and Tappan

Catapsydrax unicavus Bolli, Loeblich, and Tappan, p. 37, pl. 7, fig-@a
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and the abundance of the latter species within the range of the fohsellids in
proposing thaFohsella lenguaensis is the final species in theohsella mor-
phocline.Fohsella lenguaensis is probably descended froRohsella fohsi,

with which it shares similarities in early ontogeny, preservation, and wall tex-
ture.



Fohsella peripheroacuta (Blow and Banner)
Globorotalia peripheroacuta Blow and Banner, 1966, p. 294, pl. 1, fig. 2a—c.

Discussion: Fohsella peripheroacuta is a transitional form between

Fohsella peripheroronda and Fohsella “praefohsi.” Fohsella peripheroacuta

has the coarsely perforate wall of F. peripherorondabut the final chambers
are axially compressed and become subacute in the geologically youngest
members of this morphospecies. Varieties that develop a smooth wall and a
sharply acute periphery are referred to Fohsella “praefohsi.

Fohsella peripheroronda (Blow and Banner)

Globorotalia peripheroronda Blow and Banner, 1966, p. 294, pl. 1, fig-la

C.
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Globigerinella

Discussion: Globigerinellais characterized by a nearly smooth wall orna-
mented with small pustules that form around spine bases—a wall texture sim-
ilar to that of the genuslobigerina. Early representatives of the gen@s (
obesa, G. praesiphonifera) are trochospirally coiled with an umbilical-ex-
traumbilical aperture, which accounts for their initial assignment to the genus
Globorotalia (e.g., Bolli, 1957). The genus develops an equatorial aperture
late in the ontogeny d®lobigerinella siphonifera.

Globigerinella calida (Parker)
Globigerina calida Parker, 1962, p. 221, pl. 1 figs=B8 and 15.

Discussion: This species is very rare, having been observed occasionally
in Zone Ptl at Site 959 and from Zone Pt1 to the upper part of Zone PL5 at

Discussion: Fohsella peripheroronda is characterized by a coarsely per- Site 960Globigerinella calida is distinguished frortlobigerinella obesa by
forate wall, strongly recurved spiral sutures (which distinguish it fromhaving a more open umbilicus, an often radially elongate final chamber, and

Globorotalia mayeri) and a slitlike aperture. Specimens Bf peripheroron-
da are larger thaf. birnageae and more oblate in outlin€ohsella periph-

eroronda ranges from Zone N10 to at least Zone N7 and has been found in

poorly preserved and unzoned samples below this.
Fohsella “praefohsi”(Blow and Banner)

Globorotalia (Globorotalia) praefohdslow and Banner, 1966, p. 295, pl. 1,
figs. 3-4; pl. 2, figs. 6-7 and 10-11.

Discussion: The concept of Blow and Banner (1966), Chaisson and
Leckie (1993), and Kennett and Srinivasan (1983) is followed here, who de-
scribed F. “praefohsi” asapartly keeled, smooth-walled form transitional be-
tween F. peripheroacutand F. fohsi.However, | also include formsthat have
astrongly acute periphery and smooth wall but do not actually have animper-
forate keel. Indeed, my concept is supported by close examination of speci-
mens identified as F. “praefohsi” by Kennett and Srinivasan (1983, pl. 22,
fig. 7-9), Chaisson and Leckie (1993; pl. 3, figs. 5-7), and Vincent and Tou-
markine (1990; pl. 4, figs. 1-3), al of which illustrate specimens with

a thin lip.
Globigerinella praesiphonifera (Blow)

Hastigerina siphonifera praesiphonifera Blow, 1969, p. 408, pl. 54, figs.

Discussion: This species has been recorded consistently from Zone N17
to Zone N7 at both Sites 959 and 960. Scattered occurrences of this species in
the Pliocene are probably variantsG@ibbigerinella calida. These Pliocene
specimens lack the thin lip characteristid@bébigerinella calida and do not
have the elongate final chambers common to this spe@lebigerinella
praesiphonifera is characterized by trochospiral coiling and an umbilical—-
extraumbilical aperture (by comparison with the partially or completely equa-
torial aperture ofslobigerinella siphonifera) and loose coiling that results in
an open umbilicus.

Globigerinella obesa (Bolli)

completely perforate margins including perforations in the “keel.” My obser-Globorotalia obesa Bolli, 1957, p. 119, pl. 29, fig. 2a.

vations from many tropical sites suggest thatpraefohsi” can have an ex-
tremely acute periphery and till not have an imperforate keel on any
chambers (Norriset ., 1993; fig. 1).

Bolli and Saunders (1985) state that the holotype of F. “praefohsi” isin-
termediate between F. fohsi fohsiand F. fohsi lobatabecause it has a

Discussion: Globigerinella obesa is recorded regularly in the Pliocene
and upper Miocene at Sites 959 and 960 and sporadically at Site 959 between
Zone N16 and N12. Typical specimens have four to four and a half highly in-
flated chambers, a narrow umbilicus, and no lip.

“cockscomb” outline in spiral view. In their view, the holotype cannot be the

part of the ancestral stock of thefohsi fohsi group. While they may be cor-

rect that the holotype &. “praefohsi” is geologically too young to be ances-

tral to F. fohsi,| have also observed “cockscomb” peripheries on fohsellids

that do not have a keel and, therefore, cannot be representativeetef.

Clearly, the definition of. “praefoshi” is vague since this morphotype
displays a variety of features of both F. peripheroacutand F. fohsi.l prefer
to distinguish F. “praefohsi” from F. peripheroacuteby both the generally
more acute periphery and smoother wall texture of F. “praefohsi” compared
toitsancestor. Later representatives of F. “praefoshi” differ from F. fohsien-
tirely in having an incomplete, imperforate keel.

Globigerina
Discussion: Globigerinais characterized by a more or less smooth wall
ornamented with small pustules that form around spine bases. The wall is not
cancellate and the pores are cylindrical rather than flaring open toward the ex-
terior shell wall asin Globigerinoidesand other cancellate-walled taxa.
Globigerina bulloidegd’Orbigny

Globigerina bulloides d’Orbigny, 1826, p. 277.

Discussion: Globigerinabulloidesis a rare constituent from the late Pleis-

tocene to the early Miocene (Zones Ptl to N8). PleistoGést@gerina bul-

Globigerinella siphonifera (d’Orbigny)

Globigerina siphonifera d’Orbigny, 1839, figs. 2.3g and h.

Discussion: This species is nearly continuously present, but always rare
between the Pleistocene and the upper Miocene (Zone N17) at Site 960 and
sporadically as low as Zone N14 at Site 35i@bigerinella siphoniferais dis-
tinguished from all related species by its equatorial aperture and relatively
large size. Specimens tend to be fragmentary in the early part of the range of
this species at Site 959.

Globigerinita

Discussion: Globigerinitais a widespread taxon characterized by a small,
microperforate, nonspinose test with finely pustulose or hispid surface texture
and an umbilical aperture.

Globigerinita glutinata (Egger)
Globigerina glutinata Egger, p. 371, pl. 13, figs. £91.

Discussion: This species has been recorded in the >150-um fraction from
all Leg 159 sitesGlobigerinita glutinata has a nearly continuous occurrence

loides are much larger than those found in older sediments, but all specimeissamples from Site 959 and 960 from the Pleistocene to lower Miocene Zone
have the pustulose wall texture and large umbilical aperture typical of the sp&t6. Both bullate and nonbullate forms have been observed in nearly all sam-
cies. Early Miocene forms tend to have a somewhat quadrate aperture rerples, and forms with a single, particularly large bulla appear to intergrade with
niscent of Globigerina ciperoensis and may grade intoGlobigerina Globigerinatella insueta, but they do not have areal apertures or the overlap-
praebulloides. ping bullae typical ofs. insueta.
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Globigerinita uvula (Ehrenberg) Globigerinoides obliquus Bolli

Pylodexia uvula Ehrenberg, 1861, p. 308; Ehrenberg, 1873, pl. 2, figs. 24— Globigerinoides obliqua Bolli, 1957, p. 113, pl. 25, fig. 16a.
25.
Discussion: This species has a somewhat compressed final chamber and
Discussion: Globigerinita uvula is distinguished from Globigerinita glu- large primary apertureGlobigerinoides obliquus is recorded frequently to
tinata by its high, “ice cream cone” spire. This species has a very intermittentommonly in nearly all samples from Pliocene Zone PL3 to middle Miocene
pattern of occurrence from the Pliocene to the lower Miocene at Sites 959 addne N12 at Sites 959 and 960 and has been found occasionally at Sites 961
960. and 962.

Globigerinoides Globigerinoides ruber (d’Orbigny)
Discussion: Globigerinoides is recognized by its cancellate-spinose wall Globigerinarubra d’Orbigny, 1839, p. 82, pl. 4, figs. 124.

texture, globular chambers with an umbilical primary aperture and the pres-
ence of one or more secondary apertures. The genus may be polyphyletic with Discussion: Globigerinoides ruber is common from the Pleistocene to

separate ancestry of the lineage leadinGltabigerinoides ruber and Globi- Pliocene Zone PL3 in all Leg 159 sites. Most specimens are moderately high
gerinoides conglobatus and the lineage leading @l obigerinoides sacculifer, spired and reach moderately large size in the Pleistocene. A wide species con-
Sphareoidinella, andOrbulina. cept is used here to include both pink and white varieties and high- and low-

spired morphotypes.
Globigerinoides bisphericus Todd
Globigerinoides sacculifer (Brady)
Globigerinoides bisphericus Todd, 1954, p. 681, pl. 1, fig. 2a
Globigerina sacculifer Brady 1877, p. 164, pl. 9, figs-Z0; Brady, 1884, p.
Discussion: This species is characterized by a greatly enlarged final 604, pl. 80, figs. 1117; pl. 81, fig. 2; and pl. 82, fig. 4.
chamber that overhangs the earlier chambers in the final whorl. | include in
this species specimens that have either two and three apertures around the fi-Discussion: Globigerinoides sacculifer is one of the most common spe-
nal chamber. Forms with only two apertures typically have one aperture mudiies in Leg 159 foraminifer assemblages. This species is abundant to common
larger than the other and the final chamber is hemispherical. This speciesfiem the Pleistocene to the lower Miocene Zone N6 at Site 959. No attempt
distinguished fromGlobigerinoides trilobus by the extreme size of the final has been made to separ&mbigerinoides trilobus and Globigerinoides
chamber and the reduced umbilicusGofbisphericus. Praeorbulina sicanus quadrilobatus from Globigerinoides sacculifer, although the sac-like final
is similar toG. bisphericus, but has four apertures around the final chamber. chamber has been observed to become common only in the late Miocene to
Pleistocene portion of this species’ range.
Globigerinoides conglobatus (Brady)
Globigerinoides seigliel Bermudez and Bolli
Globigerina conglobatus Brady, 1879, p. 28b; Brady, 1884, p. 9, pl. 80, figs.
1-5. Globigerinoides seigliei Bermudez and Bolli, 1969, p. 164, pl. 8, figs-1A.

Discussion: Globigerinoides conglobatus has a discontinuous occurrence Discussion: This species is a large, high-spired form similaBkobiger-
from the Pleistocene to the upper Miocene (Zone N17) at Sites 960 and 95oides mitra, but differs in the cancellate wall texture ®f seigliei. Globi-
gerinoides seigliel has been recorded in a few samples from upper Miocene
Globigerinoides extremus Bolli and Bermudez Zones N17 and N16 at Site 959 and in Zone N17 at Site 960.

Globigerinoides obliquus extremus Bolli and Bermudez, 1965, p. 139, pl. 1, Globigerinoides subquadratus Bronnimann
figs. 10-12.
Globigerinoides subquadratus Brénnimann, 1954, p. 680, pl. 1, fig.-&a
Discussion: Globigerinoides extremus is distinguished from its ancestor
Globigerinoides obliquus by its more distinctly flattened final chamber and Discussion: This species closely resembléobigerinoides ruber and
typical medium to high trochospiral shell. At Sites 959 and 960, this speciesay be conspecific with itGlobigerinoides subquadratus has distinctive,
ranges from near the top of Zone PL5 to the base of Zone N17. high-arched apertures, two or more secondary apertures and the same lightly
pustulose wall texture characteristic of @lebigerinoides ruber lineage, but
appears to show less morphological variation than Pleistocene populations of
G. ruber and has a distinctly different stratigraphic range from this species in
Globigerina fistulosus Schubert, 1910, p. 323, text fig. 2, fig. t8a Leg 159 sitesGlobigerinoides subquadratus has been recorded from lower to
middle Miocene Zones N7 to N12 at Site 959 and Zones N8 to N6 at Site 960.

Globigerinoides sacculifer fistulosus (Schubert)

Discussion: Globigerinoides sacculifer fistulosus has trace occurrences in
samples from the Pliocene/Pleistocene boundary to within Pliocene Zone

PL4. The characteristic tubulospines on the final chamber are never well de-

veloped at Leg 159 sites and often consist only of a row of short knobs on &#|©Pigerinoides bulloideus Crescenti, 1966, p. 43, text fig. 8, ne:3& and

axially compressed final chamber or a single elongate sac-like chamber that ©xt fig. 9.

extends into a short tubulospine. Specimens without at least one well-defined
tubulospine are referred to as@f.sacculifer fistulosus. Globigerinoides sac-
culifer fistulosus has been found consistently in latest Pliocene-age sampl
that have been intensively studied from Hole 959C.

Globigerinoides bulloideus Crescenti

Discussion: Globigerinoides bulloideus closely resemble&lobigerina
elgulloids in gross morphology, but differs from this species in possessing a
lightly cancellate wall texture and a small secondary aperture. This species
has been recorded occasionally from Pliocene Zone PL4 to Miocene Zone
L . N17 at Sites 959 and 960.
Globigerinoides mitra Todd
Globigerinoides altiapertura Bolli
Globigerinoides mitra Todd, 1957, p. 302, pl. 78, figs. 3 and 6.
Globigerinoides trilobus altiapertura Bolli, 1957, p. 113, pl. 25, fig. 7&.
Discussion: Globigerinoides mitra is a large, medium to high-spired spe-
cies with high-arched secondary apertures and a delicate wall. This species Discussion: This species closely resemb{@i®bigerinoides obliquus, but
has been found intermittently from Zone N13 to Zone N7 at Site 959 and withdiffers in having a larger secondary aperture and a nearly circular primary and
in Zone N7 at Site 960. secondary aperture compared to the somewhat compressed aperfares in
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obliquus. A few specimens of Globigerinoides altiapertura have been found
in Zones N7 and N8 at Sites 959 and 960.

Globigerinoides diminutus Bolli
Globigerinoides diminutus Bolli, 1957, p. 114, pl. 25, fig. 11a-c.

Discussion: This speciesis aheavily crusted, compact taxon with minute
primary and secondary apertures and typically only three chambersin the fi-
nal whorl compared to four, less-appressed chambers in the similar species
Globigerinoides bollii. Globigerinoides diminutus has been recorded from
lower Miocene Zones N7 and N8 at Site 960.

Globigerinoides bollii Blow
Globigerinoides ballii Blow, 1959, p. 189, pl. 10, fig. 65a—c.

Discussion: Globigerinoides bollii closely resembles Globoturborotalita
woodi from which it differsin having atiny secondary aperture and a smaller
primary aperture aswell asamore compact test in many cases. The size of the
secondary aperture is larger in Globigerinoides parawoodi than in Globiger-
inoides bollii. This species has been recorded from the upper Miocene Zone
N16 to the Pleistocene at Sites 959 and 960.

Globigerinoides parawoodi Keller
Globigerinoides parawoodi Keller, 1981, p. 304, pl. 4, figs. 1-11.

Discussion: This species has been used here to describe small formssim-
ilar to Globigerinoides ballii that have a single high-arched secondary aper-
ture nearly the same size asthe primary aperture. As such, my species concept
does not compl etely match that of Keller, who envisioned ataxon with arath-
er small secondary aperture. Globigerinoides parawoodi has been found from
middle and lower Miocene Zones N9 to N7 at Sites 959 and 960.

Globoquadrina

Discussion: Globoquadrinaisprobably apolyphyletic taxon that contains
possibly unrelated or distantly related forms such as Globoquadrina venezue-
lana (characterized by a distinctive weakly cancellate but heavily calcified
test and globular chambers) and the Globoquadrina dehiscens group that has
adistinctly flattened apertural face and cancellate, nonspinose surface texture.
All speciesin this genus possess an apertural tooth and an umbilical primary
aperture.

Globoquadrina dehiscens (Chapmann, Parr, and Collins)

Globorotalia dehiscens Chapmann, Parr, and Collins, 1934, p. 569, pl. 11, fig.
36a—C.

Discussion: Globoguadrina dehiscens is identified by its low spire, flat
apertural face, single, triangular apertural tooth, and three and a half to four
chambers in the final whorl.

Globoquadrina venezuelana (Hedberg)
Globigerina venezuelana Hedberg, 1937, p. 681, pl. 92, fig. 7a—b.

Discussion: Globoquadrina venezuelana is a rare but regular component
of planktonic foraminifer assemblagesat all Leg 159 sites and ranges from its
LAD just above the Zone PL3/PL4 boundary through the lower Miocene at
Sites 959, 960, and 961. This speciesis concentrated in poorly preserved sam-
pleswhere it may dominate the foraminifer assemblages. Typica specimens
havethreelarge, globular chamberswith afourth smaller and oftenirregularly
shaped fina chamber. The spireistypically low and the initial whorls may be
difficult to make out because of secondary calcification.

Globorotalia

Discussion: In this paper, Globorotalia refers to unkeel ed descendants of
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lineage (leading to Fohsella fohsi) and the Neogloboquadrina/Pulleniatina
group that may be derived from nonspinose forms like Globorotalia mayeri.
Globorotalia (Jenkinsella) is retained for nonspinose, cancellate walled, non-
keeled forms, with dlightly curved spiral sutures during the early stages of
growth. It is possible that members of Globorotalia (Jenkinsella) may be re-
described as members of the spinose genus, Paragloborotalia, but, as yet,
convincing evidence for a spinose wall texture has not been demonstrated for
the jenkinsellids. Fohsella is split off as a discrete genus, given its clear deri-
vation from unkeeled ancestorsin the late Oligocene.

Globorotalia archeomenardii Bolli
Globorotalia archeomenardii Bolli, 1957, p. 119, pl. 28, fig. 11a—c.

Discussion: Thisspeciesisdistinguished from its descendant, Globorota-
lia praemenardii, by its small size and lack of araised peripheral keel. How-
ever, Globorotalia archeomenardii does possess an imperforate band.
Globorotalia praescitula has a distinctly more coarsely perforate test, more
umbilically inflated axial profile, and fewer chambers (~4 to 4.5) compared to
the five chambers typical of Globorotalia archeomenardii. Globorotalia ar-
cheomenardii has been recorded from Zone N8 at Site 959 and Zones N98 to
N10 at Site 960.

Globorotalia crassaformis (Galloway and Wisder)
Globigerina crassaformis Galloway and Wissler, 1927, p. 41, pl. 7, fig. 12.

Discussion: Globorotalia crassaformis is characteristic of Pleistocene to
lower Pliocene samples at all Leg 159 sites. This species has adistinctive and
well-documented FAD just below the LAD of Globoturborotalita nepenthes
(Zone PL1). This FAD appears to be younger than recorded elsewhere in the
Atlantic (Norris, Chap. 40, this volume). Most specimens are unkeeled, but
keeled morphotypes have been observed occasionally and intergrade with
Globorotalia crassula.

Globorotalia cibaoensis Bermudez
Globorotalia cibaoensis Bermudez, 1949, p. 285, pl. 22, figs. 21-23.

Discussion: Globorotalia cibacensisisasmall specieswith aweakly pus-
tulose wall texture that has a sharp but nonkeeled periphery. This speciesin-
tergrades with Globorotalia scitula from which it differs in its sharper
periphery and tendency to be somewhat umbilically inflated. Globorotalia
cibaoensis ranges from the upper part of Zone N16 to the lower half of Zone
PL1. The LAD of thistaxon isnot well defined at Leg 159 sitesmaking it dif-
ficult to subdivide Zone PL1.

Globorotalia crassula Cushman and Stewart

Globorotalia crassula Cushman and Stewart, 1930, p. 77, pl. 7, fig. 1la—c.

Discussion: Globorotalia crassulais anearly biconvex form that may be
aweakly umbilically inflated variant of Globorotalia crassaformis. This spe-
cies has been recorded only from the upper Pliocene (upper Zone PL5) to the
Pleistocene at Site 959.

Globorotalia exilis Blow

Globorotalia exilis Blow, 1969, p. 396, pl. 7, figs. 1-3, pl. 42, figs. 1, 5.

Discussion: This species is a large, thin-walled species that resembles
Globorotalia pertenuis. Globorotalia exilis differs from G. pertenuis in pos-
sessing a more open umbilicus, less lobate periphery, and typically more pro-
truding final chamber. Globorotalia exilis is a rare species that ranges from
the base of Zone PL2 to the top of Zone PL5 at Sites 959 and 960.

Globorotalia hirsuta (d’Orbigny)

Rotalina hirsuta d’Orbigny, 1839, p. 131, pl. 1, figs. 336.

Globorotalia (Jenkinsella) mayeri and their keeled derivativesin the subgen-
era, Menardella, Truncorotalia, Hirsutella, Globorotalia, and Globoconella.
Split off from this group are the keeled and unkeeled forms of the Fohsella

Discussion: Globorotalia hirsuta is a large, four-chambered, pustulose
species with a nearly biconvex profile in Leg 159 sediments. This species is
most abundant from the top of Zone PL3 to the top of Zone PL5 at both Sites
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959 and 960, but there are scattered records of a pustulose form close to Globorotalia merotumida Blow and Banner
Globorotalia hirsuta aslow asthetop of Zone PL1 at Site 960. The pustulose
specimens in the lower Pliocene are apparently lightly crusted variants of Globorotalia merotumida Blow and Banner, 1965, p. 1352, text fig. 1.
Globorotalia margaritae athough G. margaritae is normaly a five-
chambered species with a nearly smooth wall. Discussion: Globorotalia merotumida is a small, heavily crusted taxon in
Leg 159 sites, where it ranges from Zone N15 to the middle of Zone N17. This
Globorotalia inflata (d'Orbigny) species has a raised peripheral keel and a low spiral surface similar to
Globorotalia plesiotumida. The final chamber is about as broad as it is long
Globigerina inflata d’Orbigny, 1839, p. 134, pl. 12, figs=9. in G. merotumida and is distinctly longer than it is broadGn plesiotumida.
Discussion: Globorotalia inflata is present from Pliocene Zone PL4 Globorotalia miocenica Palmer

though the Pleistocene. Small specimens similar to smooth-walltdodr o-
talia puncticulata have been recorded from the top of Zone PL3 at Site 959Globorotalia menardii miocenica Palmer, 1945, p. 70, pl. 1, fig. 16a
Both three- and four-chambered individualsSoinflata have been recorded
throughout the range of this species. Juveniles are pustulog [ikecticu- Discussion: Globorotalia miocenicais a thin-walled species with a nearly
lata, but have more compact coiling. Intermediates betv@enflata andG. flat spiral surface and a circular periphery in spiral view. It is distinguished
triangula have also been observed in upper Pliocene samples from Site 95%tom Globorotalia pseudomiocenica by the flatness of the spir@loborotalia
miocenica ranges from the top of Pliocene Zone PL3 to the top of Zone PLS5.
Globorotalia juanai Bermudez and Bolli
Globorotalia miozea Findlay
Globorotalia juanai Bermudez and Bolli, 1969, p. 17172, pl. 14, figs. 6.
Globorotalia miozea Findlay, 1939, p. 326, pl. 29, figs. 153%61.
Discussion: This species ranges from the top of Zone N16 into the upper

part of Zone N17 at Site 959. Near the top of its ra@fehorotalia juanai Discussion: Specimens were observed in only a single sample from mid-
becomes difficult to separate from fat forms @loborotalia cibaoensis. dle Miocene Zone N13 at Site 959. They are heavily crusted, umbilically in-
Globorotalia juanai is distinguished fronGloborotalia cibacensis by its flated and possess a sharp, but nonkeeled periphery. The aperture is nearly
more umbilically inflated test and rounded periphery. closed.
Globorotalia limbata (Fornasini) Globorotalia multicamerata Cushman and Jarvis
Rotalia limbata Fornasini, 1902, p. 381, pl. 5, fig. 3; Lectotype. Globorotalia multicamerata Cushman and Jarvis, 1930, p. 367, pl. 34, fig.
8a-c.

Discussion: Globorotalia limbata has six or more chambers in the final
whorl compared to the typical five chambers in the last whdglolforotalia Discussion: Globorotalia multicamerata intergrades withGloborotalia
menardii. The heavy crust dBloborotalia limbata serves to distinguish this  limbata. Globorotalia multicamerata is characterized by seven or more cham-
species from thin-walle@loborotalia exilis. Globorotalia limbata ranges  bers in the final whorl, a nearly circular outline, and a deep umbilical pit.
from the Zone N14 to the middle of Zone PL1. A single record has been foun@loborotalia multicamerata ranges from the upper part of Pliocene Zone PL1
in Zone N13, which may reflect downhole contamination or an odd variant ofo the top of Zone PL4 and is most abundant near the top of its range.
Globorotalia menardii.
Globorotalia panda Jenkins
Globorotalia margaritae Bermudez and Bolli
Globorotalia panda Jenkins, 1960, p. 364, pl. 4, fig. Hea
Globorotalia margaritae Bermudez and Bolli, 1965, p. 138, pl. 1, figs91
Discussion: This typically mid to high latitude homeomorph@ioboro-
Discussion: Globorotalia margaritae has a well-defined range in Leg 159 talia margaritae has been found in a single sample within Zone N13 at Site
sites from the upper part of Zone N17 to the top of Zone PL2. Specimens a®59. Specimens do not have a well developed keel and are biconvex to spirally
nearly always five-chambered although a few six-chambered forms have beeanvex with five chambers in the final whorl. These forms could represent
observed. The axial profile varies from slightly spirally convex to weakly um-downhole contamination of noncarin&&oborotalia margaritae.
bilically convex. As noted forGloborotalia hirsuta, some small, four-
chambered forms with a pustulose wall texture have been noted near the top Globorotalia pertenuis Beard
of the range oGloborotalia margaritae.
Globorotalia pertenuis Beard, 1969, p. 552, pl. 1, figs=4; pl. 2, figs. 56.
Globorotalia mayeri Cushman and Ellisor
Discussion: This species is notable for its large, thin-walled, nearly flat
Globorotalia mayeri Cushman and Ellisor, 1939, p. 11, pl. 2, fig-ela test and its tendency to develop extensions of the aperture lip over the umbi-
licus. Specimens are not always clearly separable @Gbohorotalia exilis
Discussion: My species concept faBloborotalia mayeri includes 67 with which it largely overlaps in stratigraphic range in Leg 159 sites.
chambered forms commonly referred toGisborotalia siakensis following

Bolli and Saunders (1982Xgloborotalia mayeri ranges from middle Miocene Globorotalia plesiotumida Blow and Banner

Zone N14 to at least as low as Zone N6, below which dissolution has removed

virtually all foraminifers. Globorotalia (Globorotalia) tumida plesiotumida Blow and Banner, 1965, p.
1355, fig. 2&c.

Globorotalia menardii (Parker, Jones, and Brady)
Discussion: Globorotalia plesiotumida is distinguished from all other
Rotalia menardii Parker, Jones, and Brady, 1865, p. 20, pl. 3, fig. 81. species in the shape of its final chamber, which is longer than it is broad, and
is elongate in the direction of coiling (as opposed to the somewhat radially
Discussion: Globorotalia menardii ranges from the Pleistocene to the elongate final chamber i8. tumida). The two species are of similar size in
middle Miocene Zone N12, although the distribution of this species becomehe lower Pliocene but Pleistocene representatives mimida are distinctly

noticeably more spotty below the base of the Plioc8tahorotalia menardii larger than lower Pliocene members of this grdglpborotalia plesiotumida
is nearly absent in Zone PL5 during the peak in abundanGtobbrotalia grades intdG. tumida, making it difficult to clearly recognize the FAD &t
miocenica. tumida. However,G. plesiotumida does not become extinct at the same level
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asthe FAD of G. tumida, but persistsinto thelower part of Pliocene Zone PL2
at Sites 959 and 960.

Globorotalia praemenardii Cushman and Stainforth
Globorotalia praemenardii Cushman and Stainforth, p. 70, pl. 13, fig. 14a-c.

Discussion: Globorotalia praemenardii is present in low numbers from
ZonesN10to Zone N14 at Site 959. This speciesisdistinguished from G. me-
nardii by itsthin keel and smaller, less heavily cacified test.

Globorotalia praescitula Blow
Globorotalia praescitula Blow, 1959, p. 221, pl. 19, fig. 128a—c.

Discussion: This species is present sporadically from the base of Zone
N13to Zone N7 at Site 959. Globorotalia praescitula is avery small species
that has a more coarsely perforate wall than geologically younger, keeled
globorotaliids, and lacks a well-defined keel. The shell tends to be biconvex
or umbilically convex, and the outline is often strongly lobate.

Globorotalia pseudomiocenica Bolli and Bermudez

Globorotalia pseudomiocenica Bolli and Bermudez, 1965, p. 140, pl. 1, figs.
13-15.

Discussion: This speciesis similar to Globorotalia miocenica in most re-
spects other than its moderate el evation of the spiral surface. Small specimens
aresimilar to G. menardii, but are morelightly calcified and more umbilically
inflated. Globorotalia pseudomiocenica ranges from Pliocene Zone PL3 to
Zone PL5 at Sites 959 and 960.

Globorotalia puncticulata (Deshayes)

Globigerina puncticulata Deshayes, 1832, p. 170; Banner and Blow, 1960, p.
15, pl. 5, figs 7a—c (L ectotype).

Discussion: Globorotalia puncticulata ranges from Zone PL3 to near the
top of Zone PL5 at Sites 959 and 960. Specimens are nearly always small and
thin walled and resemble axially compressed, four-chambered specimens of
juvenile Globorotalia inflata.

Globorotalia scitula (Brady)
Pulvinulina scitula Brady, 1882, p. 27, pl. 5, fig. 5; Lectotype.

Discussion: This species ranges from the base of Zone N13 to the Pleis-
tocene. Globorotalia scitula is characteristically four chambered, with a
rounded periphery and an imperforate band. The chambers are much broader
than they arelong, asin related species such as G. cibaocensis and G. theyeri,
but the smooth wall and rounded periphery are distinctive of G. scitula.

Globorotalia theyeri Fleisher

Globorotalia theyeri Fleisher, 1974, p. 1028, pl. 12, fig. 9; pl. 13, figs. 1-5.

Discussion: Globorotalia theyeri is present from Pliocene Zone PL5 into
the Pleistocene. This species is characterized by a smooth, thin wall and a
slightly umbilically inflated, weakly carinate test with alobate outlinein spi-
ral view. Globorotalia hirsuta is more pustulose and is often spirally convex.

Globorotalia triangula Theyer
Globorotalia inflata triangula Theyer, 1973, p. 199-201, pl. 1, figs. 1-7.

Discussion: Globorotaliatriangulaisclosely related to G. inflata, but has
atriangular test in axial view and alumpy, heavy, calcite crust compared to
the smooth cortex of G. inflata. The aperture of G. triangula may be nearly
closed by secondary calcification. This species ranges from Zone PL3 to the
upper Pliocene Zone PL6.
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Globorotalia truncatulinoides (d’Orbigny)
Rotalina truncatulinoides d'Orbigny, 1839, p. 132, pl. 2, figs. 287.

Discussion: This species is very rare in Leg 159 sites, requiring much
searching to identify its first occurrence. Howev@r,truncatulinoides ap-
pears to be present in nearly all samples from the Pleistocene of Hole 959C,
where a detailed study was made to identify the FAD of this species.

Globorotalia tumida (Brady)

Pulvinulina menardii (d’Orbigny) var. tumida Brady, 1877, p. 535; Brady,

1884, pl. 103, figs., 46.

Discussion: Globorotalia tumida is present from its FAD at the base of
the Pliocene to the Pleistocene in Sites 959, 960, and 961 and is one of the few
globorotaliids to remain in samples from the highly dissolved assemblages of
Site 962. The FAD of this species is identified by the appearance of forms
with a pointed and swollen (“tumid”) final chamber compared to the oblong
chamber ofG. plesiotumida and by a shift from an umbilically inflated axial
profile to a teardrop-shaped silhouette. The change in the shape of the final
chamber appears to occur before that of the shell profile and has been used
here as the primary criterion for recognition of the FADGftumida.
Globorotalia tumida is nearly completely absent during Pliocene Zones PL5
and PL6.

Globorotal oides

Discussion: Globorotaloides is a long-ranging, possibly heterogeneous,
group that includes forms with radially elongate chambers suGh fzexag-
ona and strongly inflated species that develop an umbilical bulla late in the
life cycle (e.g.G. varabilisandG. suteri). All have a coarsely cancellate test
with well-developed interpore ridges on an apparently nonspinose wall.

Globorotal oides hexagona (Natland)
Globigerina hexagona Natland, 1938, p. 149, pl. 7, fig.da

Discussion: This species is present in most samples from Sites 959 and
960, except in Pliocene Zones PL5 and PL6 where it fol@Bwsmida in its
absence. Two varieties 6f hexagona have been recognized in Leg 159 ma-
terial: a four-chambered form with inflated chambers and a slightly elevated
spire that is common throughout the Pliocene and Pleistocene, and a variant
with five somewhat radially elongate chambers and a nearly flat spiral surface
that occurs throughout the range of this species. The five-chambered variant
of G. hexagona grades intcClavatorella bermudezi in the lower Miocene by
further radial extension of the chambers.

Globorotaloides suteri Bolli
Globorotaloides suteri Bolli, 1957, p. 117, pl. 27, fig. 94.3b.

Discussion: This species is larger and has more inflated chambers than
Globorotaloidesvarabilis and the spiral surface is not as flat. The two species
overlap in range in the lower part of Zone N7 just before the LAB. efiteri.

Globorotaloides varabilis Bolli
Globorotaloides varabilis Bolli, 1957, p. 117, pl. 27, fig. 15&0c.

Discussion: Globorotaloides varabilis is a four-chambered species with
moderately inflated chambers that increase in size more rapidly than in either
G. hexagona or G. suteri. Bullate individuals are common and the inflated
bulla almost completely covers the aperture as in speci€atapsydrax.
Globorotaloides varabilis is most common from Zone N7 to N13 at Sites 959
and 960.

Globoturborotalita Hofker
Discussion: Globoturborotalita is used here as the generic group of can-

cellate walled foraminifers that have been generally described as members
Globigerina despite the finely perforate, pustulose wall texture characteristic
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of that group. Kennett and Srinivasan (1983) referred to cancellate-walled
“Globigerina” as the subgenus Zeaglobigerinawhose type species is “Glo-
bigerina” woodi.Thetype speciesfor Globoturborotalitais G. rubescendyut
the relationship of this species to the woodi group is still unclear. Hence, it
possible that Globoturborotalitais not synonymous with Zeaglobigerina.

Globoturborotalita aperturaCushman
Globigerina aperturaCushman, 1918, p. 57, pl. 12, fig. 8a—c.

Discussion: The aperture of Globoturborotalita aperturas very large
compared to related species such as Globoturborotalita rubescenand Glo-
boturborotalita woodi. Globoturborotalita aperturiaas a lower trochospire
than Globoturborotalita decorapertand is frequently somewhat larger. The
range of G. aperturaextends nearly continuously from Zone PL5 to the top of
Zone N17 at Sites 959, 960, and 961, with scattered occurrencesin Ptl at Site
960, and in N16 at Sites 959 and 961.

Globoturborotalita decorapertél'akayanagi and Saito)

Globigerina decorapertdakayanagi and Saito, 1962, p. 85, pl. 28, fig. 10a—

C.

inatella sp. (sensu Pearson, 1995) to range above the LAR ofsueta to

near the top of Zone N12 at Site 959. Some of these forms are clearly trocho-
spiral in the early whorls but develop one or more hemispherical chambers
that partly envelop the initial whorls and lack areal apertures in the microper-
forate, pustulose wall. | have referred to these forms asfobigerinatella
insueta” and their range is indicated by “cf.” on the range charts. However,
“cf. Globigerinatella insueta” is not indicative of the true range Gfobiger-
inatella insueta sensu strictu.

Neogloboquadrina

Discussion: Neogloboquadrina is characterized by a nonspinose cancel-
late test with straight spiral sutures. Intermediates between species of this ge-
nus are uncommon in Leg 159 material other than the gradational transition
from N. humerosa to N. dutertrei.

Neogloboquadrina acostaensis (Blow)

Globorotalia acostaensis Blow, 1959, p. 208, pl. 17, fig. 106a

Discussion: This species is small, tightly coiled, and four to five cham-

bered with a large flap that completely covers the aperture. Specimens in the
upper Pliocene are commonly four chambered but are distinguishedNfrom

Discussion: This species is a regular constituent of the >150-um sievepachyderma by their very large aperture flap.
fraction in moderately preserved to well preserved material in Leg 159 sites.

It is characterized by a high trochospire, cancellate surface, and a very large

primary aperture—the latter similar to thafapertura. Globoturborotalita

Neogloboquadrina continuosa (Blow)

decoraperta ranges from Zone PL5 to Zone N12 at Site 959 and has been r&loborotalia opima Bolli subsp.continuosa Blow, 1959, p. 218, pl. 19, fig.

corded from the Pleistocene to Zone N17 at Site 960.
Globoturborotalita druyri (Akers)

Globigerina druyri Akers, 1955, p. 654, pl. 65, fig. 1.

Discussion: Globoturborotalita druyri has only been recorded within

125a-—c.

Discussion: Small, four chambered neogloboquadrinids with an arched
aperture are placed M continuosa and are recorded from Zones N12 to N7
at Sites 959 and 960.

Neogloboquadrina dutertrei (d’Orbigny)

N12 and N13 from Site 959 where it is recognized by its heavy aperture lip

and similarity to juveniles oBloboturborotalita nepenthes that have not yet
added the distinctive “thumb-shaped” final chamber of that species.

Globoturborotalita nepenthes (Todd)
Globigerina nepenthes Todd, 1957, p. 301, fig. 7.

Discussion: Globoturborotalita nepenthes is a distinctive but relatively

Globigerina dutertrei d'Orbigny, 1839, pl. 2, fig. 1; Lectotype.

Discussion: Neogloboquadrina dutertrei is generally a large, low trocho-
spiral species with an umbilical-extraumbilical aperture and a prominent lip
in Leg 159 material. Variants with an umbilical aperture and apertural teeth
are rarely encountered. However, specimens in the middle and lower Pliocene
frequently develop an extensive, irregular aperture lip or flap that covers
much of the umbilicus and are similar to specimens described from the On-

rare component of foraminifer assemblages at Sites 959 and 960 where it Hasg Java Plateau by Chaisson and Leckie (1982)globoquadrina duter-

nearly continuous occurrence in samples throughout its range. The speciedria has a distinct FAD just above the base of Pliocene Zone PL1 at Sites 959
easily recognized by the protruding final chamber and coarsely cancella@nd 960.

wall. Specimens just below the LAD of this species are rare and atypically

small.
Globoturborotalita woodi (Jenkins)

Globigerina woodi Jenkins, 1960, p. 352, pl. 2, fig.2a

Discussion: Globoturborotalita woodi is a small species with a distinc-

Neogloboquadrina humerosa (Takayanagi and Saito)

Globorotalia humerosa Takayanagi and Saito, 1962, p. 78, pl. 28, fig:=2la

Discussion: This species ranges from the upper Pliocene (Zone PL5) to
the base of Zone N16 at Site 93%eogloboquadrina humerosa is distin-

tive, high-arched aperture situated over a chamber in the four-chambered firgfished fromN. dutertrei andN. acostaensis by lacking an aperture lip. Spec-

whorl, and a thin lip, if any. This species ranges from N7 to Pt1 and is difficul
to separate frorfsloboturborotalita rubescens near the top of its range. How-

ever,G. rubescens has a more evolute coiling geometry ti@&mwoodi, which
results in a more lobate periphery in umbilical view.

Globigerinatella insueta Cushman and Stainforth

Globigerinatella insueta Cushman and Stainforth, 1945, p. 69, pl. 13, figs.

6-9.

mens assignable to eithé&l dutertrel or N. humerosa (by, for example,
aving a narrow lip or lacking a lip but having a moderately high trochospire)
are rare but regular members of foraminifer assemblages in the Pliocene.

Neogloboquadrina pachyderma (Ehrenberg)

Aristospira pachyderma Ehrenberg, 1861, pp. 276, 277, and 303. Banner and
Blow, 1960, p. 4, pl. 3, fig. 4.

Discussion: Both dextral and sinistral specimens\ofpachyderma have

Discussion: Globigerinatellainsueta is regarded as a monospecific genus been encountered. All are heavily crusted, four-chambered specimens with a

by most authors (Bolli and Saunders, 1985; Kennett and Srinivasan, 1983)early square outline and a narrow aperture. They do not appear to be merely
Pearson (1995) has shown t@bbigerinatellainsueta is preceded by a sim-  specimens oN. acostaensis from which the aperture flap has been removed
ilar form that lacks the characteristic areal apertures of the genus and is gitzecause all specimens are heavily encrusted. Dextral individuals are most
dational intoGlobigerinita glutinata. Typical examples o6lobigerinatella abundant in the Pleistocene and uppermost Pliocene (to the top of Zone PL5)
insueta are very rare in Leg 159 sites and have been found only near the Zomeéhile sinistral forms have been found only in the middle of lower Pliocene
N7/N8 boundary at Site 959. | have observed small forms simiGotmger- Zone PL1 at Sites 960 and 959.
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Orbulina bilobata (d’Orbigny) gaps exist in the ranges of other species such hexagona, G. tumida, and
G. menardii.
Globigerina bilobata d’Orbigny, 1846, p. 164, pl. 9, figs. 114.
Pulleniatina praecursor Banner and Blow
Discussion: Orbulina bilobata is a distinctive morphospecies that proba-
bly does not represent more than a variar@.afniversa. Bilobed specimens  Pulleniatina obliquiloculata (Parker and Jones) praecursor Banner and Blow,
have been encountered primarily in the lower Pliocene and upper Miocene 1967, p. 139, pl. 3, fig. 3&.
(Zones PL1 and N17).
Discussion: Pulleniatina praecursor is an intermediate betwe®nprima-
Orbulina suturalis Bronnimann lisandP. obliquiloculata. The aperture does not extend to the spiral surface
but otherwise the test is nearly as compact as tHatadliquilocul ata.
Orbulina suturalis Brénnimann, 1951, p. 135, text fig. IV, figs.-41%, 20.
Pulleniatina primalis Banner and Blow
Discussion: This species is encountered regularly in Zones N12 and 13,
but has a discontinuous range into the lower Pliocene (Zone PL1). Most speleulleniatina primalis Banner and Blow, 1967, p. 142, pl. 1, figs83pl. 3,
imens have well-developed areal apertures, but in some cases the areal aperig. 2a-c.
tures are few in number or confined to the area close to the exposed part of the
early whorl (see examples on PI. 2, Figs. 17 and 22, from Zone N12)OLike Discussion: This species is the first representative of the g@ualisnia-
bilobata, Orbulina suturalis is likely to be a variant dD. universa tinain Leg 159 material and has a short range from the top of Zone PL1 (just
below the FAD ofG. crassaformis) into Zone PL3.
Orbulina universa d'Orbigny
Sohaeroidinella andSphaeroidinellopsis
Orbulina universa d’Orbigny, 1839, p. 3, pl. 1, fig. 1.
Discussion: This group is a well-known clade that contains at least two
Discussion: Orbulina universais present in nearly every sample from the distinct branching events: one leadingSidochi and one consisting of the
Pleistocene to Zone N12 at Sites 959 and 960. This species is distinguishearvival of S. seminulina long after the appearance of its descendapgen-
from all others by its completely enveloping chamber and absence of suturdéhiscens. The LADs ofS seminulina, S. kochi andS. paendehiscens are dis-
pores. tinctive datums in Leg 159 sediments. The evolution of the group &om
diguncta is not well developed in these sites.
Praeorbulina glomerosa Blow
Sohaeroidinella dehiscens (Parker and Jones)
Praeorbulina glomerosa Blow, 1956, pp. 6465, text fig. 1, nos.-919; text
fig. 2, nos. ¥4 and 1215. Sohaeroidina bulloides d’Orbigny var. dehiscens Parker and Jones, 1865, p.
369, pl. 19, fig. 5.
Discussion: The various subspecies Bf glomerosa (e.g.,P. glomerosa
curva, andP. glomerosa glomerosa) have not been separated here. Forms of ~ Discussion: Variants ofS. paendehiscens with a minute secondary aper-
P. glomerosa have been found in both Zones N8 and N9, but are always raréure are included in this species. The secondary aperture is initially a small
hole only slightly larger than a pore. Consequentially, identification of the

Praeorbulina sicana (DeStefani) FAD of S dehiscens is time consuming and is difficult to define precisely,
particularly in sediments where dissolution has caused pitting in specimens of
Globigerinoides sicanus DeStefani, 1950, p. 9, fig. 6. S paendehiscens.
Discussion: Praeorbulina sicana ranges through most of Zone N8 at Site Sohaeroidinellopsis diguncta (Finlay)

959. This species is distinguished frashobigerinoides and Praeorbulina
glomerosa by possessing four high-arched apertures around the final chamb&phaeroidinella disjuncta Finlay, 1940, p. 467, pl. 67, figs. 22228.
(rather than two or three i@. bisphericus and more than four slit-like aper-
tures inP. glomerosa). Discussion: This species is rare in Leg 159 sites but is recorded sporadi-
cally in Zones N12 and N13 at Site 9%Phaeroidinellopsisdiguncta is dis-
Protentella prolixa Lipps tinguished frons. seminulina by its poorly developed cortex, four-chambered
final whorl, and umbilical aperture bordered by a thick lip.
Protentella prolixa Lipps, 1964, p. 124, pl. 2, fig. 8ac.
Fohaeroidinellopsis kochi (Caudri)
Discussion: Specimens of this species are very small and compressed
along the coiling axis. When preserved whole, they possess one or two veBtobigerina kochi Caudri, 1934, p. 144, text fig. 8a.
radially elongate chambers and an equatorial aperture. The wall texture is
finely perforate with a few bumps on the ends of the clavate chambers that Discussion: Sphaeroidinellopsis kochi ranges almost continuously from
may represent spine bases analogous with thddastifjerina pelagica. Pro- Zone N12 to its distinctive LAD that helps define the top of Pliocene Zone
tentella prolixa has been found only in Zones N7 and N8 at Site 960 during &L3. This species is distinguished from all other species in this group by its
search for well-preserved specimengobermudezi. Consequently, the full  radially elongate chambers. The cortex is often poorly developed over the
stratigraphic range d?. prolixa is probably not well documented here. coarsely cancellate wall.

Pulleniatina obliquiloculata (Parker and Jones) Sphaeroidinellopsis paendehiscens Blow

Pullenia sphaeroides (d'Orbigny) varobliquiloculata Parker and Jones, 1865, Sphaeroidinellopsis subdehiscens paendehiscens Blow, 1969, p. 386, pl. 30,
p. 368, pl. 19, fig. 4&b. figs. 4, 5, and 9.

Discussion: Pulleniatina obliquiloculata is distinguished from other Discussion: Sphaeroidinellopsis paendehiscens is identical with the ear-
members of this genus by its streptospiral coiling in which the last chambel®st occurring specimens 6fdehiscens, except for the presence of a second-
in the final whorl grow toward the spiral surface. This species is distributecry aperture on the spiral surface in the latter taxon. The outlir@ of
within Zone PL2 to PL3 and from the base of Zone PL6 to the top of the Pleipaendehiscens is more quadrate and elliptical thanSnseminulina, and the
tocene at Sites 959 and 960. The distinctive stratigraphic gap in the range siftures are completely buried by the cort®haeroidinellopsis paendehis-
P. obliquiloculata is the source of several important datums in Atlantic Oceancens occurs sporadically in Zone N17 and becomes extinct close to the same
biostratigraphy. Less lengthy but potentially biostratigraphically importantlevel as other members of its genus at the top of Zone PL3.
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Sphaeroidinellopsis seminulina (Schwager)
Globigerina seminulina Schwager, 1866, p. 256, fig. 112.

Discussion: This species is characterized by three globular chambers, a
heavy cortex, and asingleirregular to dit-like aperture. The final chamber can
be somewhat pointed or may be an irregular kummerform chamber on a spec-
imen with three ordinary globular chambers. Sphaeroidinellopsis seminulina
ranges from Zone N12 to the top of Zone PL3.

Tenuitella sp.
(sensu Pearson 1995, p. 53, pl. 1, figs. 23-24)

Discussion: Pearson (1995) has described a large trochospirally coiled
microperforate species from Sites 871, 872, and 873 in the early Miocene of
the northwest Pacific. These specimens have five chambersin the last whorl,
a distinctive apertural tooth or flaring lip, and a pustulose surface texture
around the umbilicus. | have observed the same speciesin Zone N8 at Pacific
Site 865 and have found smaller but otherwise similar specimensin ZonesN6
to N9 at Sites 959 and 960. These have four to five chambers in the fina
whorl, a pustulose surface texture around the umbilicus, a distinct triangular
tooth that partly covers the umbilicus, and a low trochospire. The apertureis
dlit-like. The last chamber does not show the high degree of variation in shape
observed in many specimens from Pacific sites.
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Plate 1. All scale bars are 100 um, except for Specimen 5, which is 80-Rnfohsella peripheroacuta (Sample 159-959A-20X-1, 562 cm).3-4. Form
transitional fromF. peripheroacuta to F. “praefohsi” (Sample 159-959A-21X-2, 57-59 cm). 5. Fohsella birnagea¢Sample 159-959A-21X-5, 54-56 cm). 6,

16. Globorotalia praescitulagSample 159-960C-12H-6, 34-36 cm). 7. Fohsella peripherorond§Sample 159-959A-21X-2, 57-59 cm). 8. Fohsella periph-
eroacutatransitional to Fohsella peripheroacutéSample 159-959A-20X-1, 57-62 cm). 9-10. Fohsella fohs{Sample 159-959A-18H-1, 57-60 cm). 11, 13.

Globorotalia praemenardi{Sample 159-959A-18H-1, 57-59 cm). 12. Globorotalia archeomenardiSample 159-959A-21X-2, 57-62 cm). 14-15. Fohsella
lenguaensigLAD. Sample 159-959A-15H-7, 56-58 cm). 16. Globorotalia praescitulgSample 159-960C-12H-6, 34-36 cm). 17. Globorotalia mayergroup

(Sample 159-959A-18H-2, 55-57 cm). 18. Globorotalia miozedSample 159-959A-18H-2, 55-57 cm). 19. Neogloboquadrina pachydermigpical sinistral

specimen from the early Pliocene (Sample 159-959B-8H-3, 59-61 cm). 20. Neogloboquadrina acostaengBample 159-959B-11H-7, 59-61 cm).
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Plate 2. All scale bars are 100 pir2. Globoroturborotalia apertura (1 = Sample 159-960C-3H-7, 38 cm. 2 = Sample 159-959B-5H-1,-81 cm).3.
Globoroturborotalia woodi (Sample 159-959B-8H-1, 581 cm).4. Globoroturborotalia decoraperta (Sample 159-959B-8H-1, 581 cm).5. Globigerinoides
extremus (Sample 159-959B-7H-1, 581 cm).6. Globoroturborotalia nepenthes (LAD; Sample 159-959C-8H-2, 140 cn).Globoroturborotalia parawoodi;
specimen has a small supplementary aperture on the spiral side (Sample 159-958A5885% cm).8. Globigerinoides altiapertura transitional toGlobiger-
inoides obliquus (Sample 159-960C-12H-6, 386 cm).9, 15. Globigerinoides subquadratus (9 = Sample 159-960C-12H-6, -386 cm; 15 = Sample 159-
959A-18H-2, 5557 cm).10. Globigerinoides obliquus (Sample 159-959B-10H-6, 581 cm).11. Globigerinoides sacculifer fistulosus (Sample 159-959B-5H-
3, 59-61 cm).12, 18. Globigerinoides bisphericus (12 = Sample 159-959A-22X-2, 662 cm; 18 = Sample 159-960C-12H-2,-386 cm).13. Praeorbulina
sicana showing three of the four apertures (Sample 159-960C-12H-8634m).14. Globigerinoides ruber (Sample 159-959B-5H-3, 581 cm).16. Globi-
gerinoides sacculifer cf. fistulosus (Sample 159-959B-4H-2, 581 cm).17, 22. Orbulina suturalis (17 = Sample 159-959A-18H-2, 557 cm; 22 = Sample
159-959A-18H-1, 5759 cm).19. Globigerinoides mitra (159-959A-18H-5, 5557 cm).20. Globigerinoides seigliei (Sample 159-959B-7H-1, 581 cm).21.
Praeorbulina glomerosa (Sample 159-959A-21X-2, 589 cm).
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Plate 3. All scale bars are 100 um except specimens 6 and 20, which are H@2u@loborotalia cibaocensis (Sample 159-959B-11H-7, 561 cm).3.
Globorotalia scitula (Sample 159-959B-4H-2, 581 cm).4-5. Globorotalia crassaformis (Sample 159-959B-7H-1, 581 cm).6. Globigerinita glutinata
(Sample 159-959A-18H-2, 557 cm).7, 11-13, 1920. Tenuitella sp. Note aperture teeth, pustulose wall texture and highly variable aperture height (7, 13 =
Sample 159-959A-21X-2, 57-59 cm; 11, 19 = Sample 159-960C-12H-6, 34—-36 cm; 12, 20 = Sample 159-959A-22X-3, 56-58 cm). 8. Pulleniatina obliquiloc-
ulata (Sample 159-959B-3H-5, 55-57 cm). 9. Pulleniatina primalis (Sample 159-959B-8H-1, 59-61 cm). 10, 15.Globorotalia tumida (FAD, Sample 159-
960C-3H-7, 34-36 cm). 14. Globigerinita uvula (Sample 159-959A-18H-2, 55-57 cm). 16. Globigerinatella insueta (Sample 159-959A-22X-3, 56-58 cm). 17.
Globigerinatella sp. that lacks typical areal apertures (Sample 159-959A-22X-3, 56—58 cm). 18. Candeina nitida (Sample 159-959B-11H-7, 59-61 cm).
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Plate 4. All scale bars are 100 um, except specimen 5, which is 80-RnNeogloboquadrina dutertrei with unusual umbilical projections of the aperture
lips. Compare with specimens figured from the western Pacific by Chaisson and Leckie (1993; Sample 159-959C&He5,)68 6-7. Globorotalia
margaritae (3, 6 = Sample 159-959B-10H-6,-581 cm. 7 = Sample 159-7H-2,-581 cm).4-5. Globorotalia puncticulata (Sample 159-959B-5H-1, 581
cm). 8-9. Globorotalia hirsuta (Sample 159-959B-5H-3, 581 cm).10, 14. Globorotalia miocenica (Sample 159-959B-4H-2, 581 cm).11. Globorotalia
menardii (Sample 159-959B-7H-1, 581 cm).12. Globorotalia limbata (Sample 159-959C-11H-1, 186002 cm).13, 17. Globorotalia multicamerata (Sam-
ple 159-959B-5H-7, 5%61 cm).15. Globorotalia plesiotumida (Sample 159-959B-11H-7, 561 cm).16. Globorotalia tumida, early form (FAD; Sample
159-960C-3H-7, 3537 cm).18-19. Globorotalia pertenuis (Sample 159-959B-4H-2, 581 cm).20. Globorotalia exilis (Sample 159-959B-5H-1, 581
cm).
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Plate 5. All scale bars are 100 pta2. Sphaeroidinellopsis disjuncta showing partial development of the cortex (1 = Sample 159-959A-18H-8755n; 2

ample 159-959A-18H-5, 557 cm).3. Sphaeroidinellopsis paendehiscens (Sample 159-959B-9H-5, 581 cm).4. Sphaeroidinella dehiscens with three
apertures (Sample 159-959B-3H-5,-53 cm).5. Beella digitata (Sample 159-959B-3H-5, 557 cm).6-8. Globorotal oides hexagona showing variation in
development of evolute coiling and lobateness of the periphery (6 = Sample 159-959B-16616¢59 78 = Sample 159-959A-18H-2, 557 cm).9-10.
Clavatorella bermudez (9 = Sample 159-959A-21X-2, 589 cm; 10 = Sample 159-960C-12H-2-36 cm).11-12. Globigerinella praesiphonifera (Sample
159-959A-18H-2, 5557 cm).13-14. Globigerinella siphonifera (13 = Sample 159-959B-3H-5, 557 cm; 14 = Sample 159-959B-7H-1,-%4 cm).15.
Protentella prolixa (Sample 159-959A-22X-2, 582 cm).16. Globoquadrina dehiscens (Sample 159-959B-18H-2, 557 cm).17. Globigerinella obesa
(Sample 159-959B-9H-5, 581 cm).18. (?)Globorotaloides suteri (Sample 159-960C-12H-2, 336 cm).19. Catapsydrax dissimilis (Sample 159-960C-
13H-1, 3436 cm).20. Dentogloboquadrina altispira (Sample 159-959B-10H-6, 561 cm).
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