E-ISSN 1634-0744

A larger benthic foraminiferal zonation
for the Cenozoic of the Americas

Simon F. MITCHELL %2
Edward ROBINSON -3
Ercan Ozcan
Mark M. J1ANG ¢
Natalie ROBINSON * %

Abstract: The Cenozoic of the Americas does not have a zonation based on Larger Benthic Foramini-
fera (LBF) unlike the Tethys where there is a shallow-water benthic zonation. Although there were fau-
nal exchanges, the different evolutionary patterns between the Americas and the Tethys require sepa-
rate zonations. We have calibrated LBF, stratigraphic distributions and events in the Americas using
calcareous nannoflora (Paleocene-Eocene), planktic foraminifers (Oligocene-Miocene) and published
strontium (Sr) isotope values. We define 29 zones spanning the Paleocene to Recent based on chang-
ing LBF assemblages and evolving lineages, with some zonal boundaries related to global or local pa-
laeoenvironmental events. This will allow correlation across carbonate platforms in the tropical Ameri-
cas at a higher resolution than previously possible.
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Résumé : Zonation du Cénozoique des Amériques a l'aide des foraminiféres benthiques de
grande taille.- Contrairement au domaine téthysien ol, pour la zone néritique au cours du Cénozoi-
que, les biostratigraphes disposent déja d'une zonation basée sur les foraminiféres benthiques de
grande taille (FBGT), il n'en existait pas encore pour les Amériques. Bien qu'il y ait eu des échanges
entre les Amériques et la Téthys, les différents schémas évolutifs nécessitent des zonations distinctes.
Nous avons calibré les distributions stratigraphiques des FBGT avec des événements dans les Améri-
ques en utilisant le nannoplancton calcaire (Paléocéne-Eocene) et les foraminiféres planctoniques (Oli-
gocéne-Miocéne), ainsi que les valeurs publiées des isotopes du strontium (Sr). Nous définissons ainsi
29 zones s'étendant du Paléocéne a I'époque actuelle, basées sur les lignées évolutives et les assem-
blages changeants des FBGT, avec quelques limites de biozones liées a des événements paléoenviron-
nementaux globaux ou locaux. Ceci devrait permettre des corrélations de meilleure résolution qu'aupa-
ravant entre les plates-formes carbonatées des Amériques tropicales.
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1. Introduction

The Paleogene to early Neogene of Tethys and
the western Pacific can be zoned in detail using
assemblages of larger benthic foraminifers (LBF)
(AbAMS, 1970; CaHuzAC & POIGNANT, 1997; SERRA-
KIEL et al., 1998; Less & Ozcan, 2012; PAPAZZONI
et al., 2017, 2023). Although some zonations (of-
ten for part of the Paleogene) have been pro-
posed for the Americas (e.g., RoOBINSON, 1977,
2004; BUTTERLIN, 1981; RoBINSON & JIANG, 1995;
ROBINSON & MITCHELL, 1999; MITCHELL et al., 2022;
SIERRA et al., 2023; MELLO e SousA et al., 2023),
there is no high-resolution scheme for the Ceno-
zoic. LBF show significant palaeogeographical dif-
ferences between the Americas and the Tethys,
and the scheme for the Tethys cannot be used in
the Americas. To address this, we have collected
free specimens of LBF and investigated them
using orientated equatorial and axial sections
supplemented by data from the literature (CT
scans are also extremely valuable: cf. SIERRA et
al., 2023). This allows the identification of critical
features that allows us to develop a high-resolu-
tion zonation (Fig. 1) that cannot be achieved us-
ing random sections in rock. The zonation is cali-
brated against the chronostratigraphy using the
NP zonation based on calcareous nannofossils
(MARTINI, 1971; VANDENBERGHE et al., 2012; SPEIJER
et al., 2020) for the Paleocene-Eocene and the P
and N zonation based on planktic foraminifers for
the Oligocene and Miocene (KING et al., 2020).
We have revised the classification of many of the
forms from the Eocene of Jamaica (MITCHELL et al.,
2022) and use this revised taxonomy and other
works to erect a series of zones (based on first
and last appearances of taxa) for the Paleocene
to the Recent.

American shelf-edge taxa have been chosen
for the zonation because they are widely distrib-
uted, show less biogeographical restrictions in
their distribution than platform interior taxa, and
have high rates of evolution. The principal groups
include Tremastegina-Helicostegina, the lepidocy-
clinids, the nummulitids, and the miogypsinids.
Helicostegina, the lepidocyclinids, and the mio-
gypsinids all show a continuous endemic evolu-
tionary development in the Americas, whereas
the nummulitids show repeated episodes of mi-
gration into the region. The present scheme is
largely based on the FAD or LAD of a single or
two species. As further studies are completed, ad-
ditional taxa will be added and this will lead to the
recognition of assemblages rather than relying on
single species or lineages. However, since the Eo-
cene zonation is being applied to successions
elsewhere (e.g., TORRES-SILVA & HOHENEGGER,
2024, for Cuba), we feel that publishing of the

complete scheme at this time is useful. Refine-
ments to the scheme can therefore be added as
new information becomes available.

Our biostratigraphy has largely been based on
sections in Jamaica, where most zones within the
scheme are present (either in shallow-water lime-
stones associated with carbonate platforms, or re-
worked into deep-water limestones flanking plat-
forms (cf. MITCHELL et al., 2022). The Gulf Coast
of the United States (Florida and Alabama) con-
tain good developments and some of the Paleo-
cene to Early Miocene zones, whereas Antigua,
Puerto Rico, and the Petite Antilles contain inter-
vals associated with the early Oligocene, late Oli-
gocene to Early Miocene, and Pliocene, respec-
tively.

The latest Cretaceous and Cenozoic saw major
perturbations in marine environments driven by
extra-terrestrial impacts (K-Pg boundary), clima-
tic optima and MiLANKoOVITCH-driven temperature/
sea-level fluctuations. Shallow-water LBF living on
tropical carbonate platforms were significantly af-
fected by some of these events, and some of the
American zonal boundaries correspond to such
environmental perturbations. The zonation scheme
includes immigration events, evolving lineages,
and extinction events (Fig. 1).

The K-Pg extinction wiped out many American
Cretaceous LBF and it was only in the mid Paleo-
cene that new LBF appeared. These include the
orthophragmines (which are not used in the cur-
rent zonation) and Ranikothalia. The extinction of
Ranikothalia at the Paleocene-Eocene boundary
(Larger Benthic Foraminiferal Event 1: LBFE1) in
the Americas is broadly coincident with the Paleo-
cene-Eocene Thermal Maximum (PETM) suggest-
ing environmental control.

In the mid Ypresian, a radiation involving Heli-
costegina began (LBFE2), but many of the species
are difficult to distinguish in random sections and,
other than for the easily recognizable Helicoste-
gina wellsi, they are not used in the zonation.
Helicostegina (excluding the unrelated Helicolepi-
dina) disappears at the top of American Benthic
Zone (ABZ) 9 (LBFES).

P Figure 1: ABZ for the Cenozoic of the Americas with
ranges of selected larger benthic foraminifers calibrated
against calcareous nannoplakton and planktic for amini-
fers, foraminiferal events (LBFE), oxygen and carbon
isotope stratigraphies (SPELIER et al., 2020), and global
paleoenvironmental events. Standard Benthic Zones
(SBZ) for the Tethys are shown for comparison. EOT-1,
Eocene-Oligocene terminal event; PrOM, Priabonian
thermal maximum; PETM, Paleocene-Eocene thermal
maximum.
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Nummulitids (Nephronummulites macgillavryi)
reappear in the latest Ypresian, but disappear at
the boundary with the Lutetian. This short influx
of Nephronummulites macgillavryi (LBFE4) with
the microspheric form about eight times the size
of the megalospheric form, suggests an affinity
with Tethys forms (late Ypresian to Bartonian:
e.g., BouDAGHER-FADEL & Price, 2014), which also
show similar size differences. However, the em-
bryo of megalospheric Nephronummulites macgil-
lavryi has a large, broadly circular protoconch and
a narrow crescent-shaped deteroconch (MITCHELL
et al., 2022), which contrasts with the sub-equal
first two chambers in the embryos of the Tethys
forms (BouDAGHER-FADEL & PRrICE, 2014), and they
may not be closely related.

A major migration event marks the base of
ABZ6 in the mid Lutetian (LBFE3), which sees ap-
pearances of many taxa including small nummuli-
tids (variously attributed to Nummulites and
Operculinoides), Pseudolepidina, Linderina, and
the first lepidocyclinids (Eulinderina and Planorbi-
toinella; MITCHELL et al., 2022). The lepidocyclinids
show a major radiation throughout the rest of the
Eocene that is used to establish a high-resolution
zonation. The evolution from Eulinderina through
Eolepidina and Polylepidina to Lepidocyclina (Fig.
2.7-11) shows a reduction in the length of the pri-
mary spire from 7-9 chambers in Eulinderina to
an embryo of two chambers in Lepidocyclina, and
the development of lateral chambers from Eolepi-
dina onwards (ADAMS, 1987; MITCHELL et al., 2022).
Populations of specimens show consistent num-
bers of chambers in the primary spire and calcu-
lated means are used for the zonation. The subse-
quent evolution of the lepidocyclinids shows the de-
velopment of adauxilary chambers from the deu-
teroconch and eventually the protoconch, and an
increase in the size of the deuteroconch which pro-
gressively enwraps the protoconch (Fig. 2.15-16).

Two LBF extinction events characterize the lat-
er Eocene. The top of ABZ14 (LBFEG6) sees the ex-
tinction of Pliolepidina (Fig. 2.13) and the plat-
form-interior Yaberinella, and corresponds with
the Priabonian oxygen maximum (PrOM). The top
of ABZ16 (LBFE7) sees the loss of many typical
Eocene taxa, including Heterostegina ocalana, Fa-
bularia verseyi, Coskinolina cf. douvillei, Pellati-
spirella matleyi, Pseudochrysalidina, Pseudophrag-
mina, Asterocyclina, Helicolepidina, and Butterlini-
ana cubensis (RoBINSON, 2004) The top of ABZ16
is associated with an oxygen stable isotope excur-
sion marking the onset of glaciation in the Antarc-
tic and changes in ocean circulation patterns (Eo-
cene-Oligocene Transition 1/EOT 1 and Oxygen
isotope event 1/0i 1 (SPenER et al., 2020). We as-
cribe the occurrence of typical Eocene taxa in tur-
bidites in the early Oligocene of Cuba (MoLINA et
al., 2015) as probably due to reworking.

During the Oligocene important new taxa ap-
pear including Eulepidina undosa (Fig. 3.2-3) and
its allies, Heterostegina antillea (Fig. 3.6-7), and
the evolutionary development of the miogypsinids
(Fig. 3.4-5, 8-9). The miogypsinids show a pro-
gressive evolution from a simple spired (Neoro-
talia) ancestor with the progressive development
of a fan of equatorial chamberlets, lateral cham-
berlets, and the reduction in the length of the
primary spire. Some work utilizing random sec-
tions (BouDAGHER-FADEL & PRrice, 2010) has sug-
gested a complex evolution, but the interpretation
of random sections is not straight forward. We
presently use CoLE's (1957) simplified classifica-
tion of the miogypsinids, but future work on as-
semblages of free specimens, tied to the chrono-
stratigraphy, rather than in random thin sections
of rock is needed for subsequent refinement of
the zonation.

In the Miocene there is a progressive loss of
LBF diversity, with sequential extinctions of Hete-
rostegina antillea, Miogypsina, Eulepidina, and Le-
pidocyclina. This presumably relates to long-term
climatic change linked to the development of nu-
trient upwelling in the Caribbean region (EDINGER
& Risk, 1994) and finally a loss of carbonate pro-
ductivity (the Caribbean carbonate crash) (RoTH
et al., 2000). Subsequently, in the Late Miocene,
the platform margins of the Americas had rela-
tively low-diversity LBF assemblages dominated
by Amphistegina and soritids, although Nummuli-
tes and Paraspiroclypeus chawneri (ABZ26 and
ABZ27) occur in the early Pliocene (ANDREIEFF,
1983). The final extinction of Nummulites might
be due to the closure of the Panama Seaway at a-
round 2.7 Ma (Fig. 1; e.g., LunT et al., 2008;
OGRETMEN et al., 2020). Heterostegina depressus
appears in the late Holocene as an immigrant
from Tethys and can be taken as a biostratigraph-
ic proxy close to the base of the Anthropocene
(ABZ29).

The new zonation (Fig. 1) will allow a correla-
tion of successions across the tropical Americas
with the international chronostratigraphy and al-
low a better understanding of the development of
carbonate platforms during the Cenozoic.

2. Description of zones

ABZ1. From the LAD of Cretaceous LBFs to the
FAD of Ranikothalia spp. The end Cretaceous
mass extinction wiped out the LBF assemblages of
the Americas which were characterized by species
including Orbitoides, Omphalocyclus, and Chub-
bina (e.g., GUNTER et al., 2002; MITCHELL, 2005).
ABZ1 represents a low diversity zone before the
appearance of new LBF lineages in the Paleogene.
ABZ1 is calibrated with zones NP1 to NP4. The
zone is well-developed in the Nonsuch Limestone
in Jamaica (RoBINSON & WRIGHT, 1993) and Costa
Rica (BAUMGARTNER-MORA & BAUMGARTNER, 2017).
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catenula (CusHMAN & JARviS), EO.WL2062-33, Nonsuch Formation, Nonsuch; 3 (A), Helicostegina wellsi (COLE & BER-
MUDEZ), EO.WL2044-75, Chapelton Formation, Lilyfield; 4 (E) - 5 (A), Nephronummulites macgillavryi (RUTTEN),
UWIGM.WL3315-05/03, Palmetto Grove Formation, Hampstead; 6 (E), Operculinoides sp., UWIGM.WL3353-07,
Preston Hill Formation, Jeffrey Town; 7 (E), Eolepidina antillea (CusHMAN), EO.WL2046-25, Preston Hill Formation,
Lilyfield; 8 (E), Eo. subplana BARKER & GRIMSDALE, EO.WL2044-36), Chapelton Formation, Lilyfield; 9 (E), Eo. gardne-
rae CoLe, UWIGM.Content.3327ft-6, Yellow Limestone, Content Well (depth 3327ft = 1014 m); 10 (E), Polylepidina
chiapasensis VAUGHAN, UWIGM.WL2837-08, Preston Hill Formation, Salt Spring; 11 (E) Lepidocyclina ariana COLE &
PonTON, UWIGM.WL3571-2, Yellow Limestone, Grants Pen; 12 (E) Lepidocyclina ocalana CusHMAN, UWIGM.WL2635-
9, Ipswich Formation, Ipswich; 13 (E) Pliolepidina tobleri DouviLLE, NHM.PM.P.52831, Nicaragua; 14 (E), Heteroste-
gina ocalana CusHMAN, ER176, White Limestone (chalk), Dressikie. E - equatorial section, A - axial section. Scale bars
- 500 pm. NHM, Natural History Museum London. OZ, Geological Engineering Department of Istanbul Technical Uni-
versity, Turkey; UWIGM, UWI Geology Museum, Kingston, Jamaica.

ABZ2. From the FAD to the LAD of Ranikotha-
lia spp. The zone contains Ranikothalia spp. (Fig.
2.1-2) in association with orthophragmines (Oz-

good representatives of zones ABZ3 to ABZ16
have been given by MITCHELL et al. (2022).

ABZ4. From the FAD of Helicostegina wellsi to

CAN et al., 2019, 2022) and can be calibrated with
NP5 to NP7 in Jamaica (JIANG & ROBINSON, 1987).
Based on Sr-isotopes Ranikothalia catenula
ranges through the Seladian and Thanetian, but
could potentially range into the early Ypresian
based on the associated error bars (BAUMGARTNER-
MoRA & BAUMGARTNER, 2017). We provisionally
place the top of ABZ2 at the top of the Thanetian
(top of NP9), pending further work. The zone
marks the probable first migration of nummulitids
into the American province during the Cenozic.
Subdivision of the zone may be possible based on
orthophragmines (Ozcan et al., 2019), but further
work is needed.

ABZ3. From the LAD of Ranikothalia catenula
to the FAD of Helicostegina wellsi. The zone lacks
diverse LBF other than for Tremastegina, ortho-
phragmines, and dictyoconids. We calibrate ABZ3
with NP10 to NP12. Localities in the Americas with

the FAD of Nephronummulites macgillavryi. The
zone sees the appearance of Helicostegina (=Eo-
conuloides) in abundance and represents an in-
crease in diversity of LBF. Helicostegina wellsi
(Fig. 2.3) is distinctive, but relatively long rang-
ing. The zone can be calibrated with lower NP14a
(MITCHELL et al., 2022). LBF faunas from NP13 are
at present unknown.

ABZ5. From the FAD to the LAD of Nephro-
nummulites macgillavryi (Fig. 2.4-5). The zone
can be calibrated with upper NP14a (MITCHELL et
al., 2022). The zone marks the second migration
of nummulitids into the American province. The
top of the zone corresponds with, or is just below,
the Ypresian-Lutetian boundary.

ABZ6. From the LAD of Nephronummulites mac-
gillavryi to the FAD of Operculinoides spp./Num-
mulites spp. The zone is a relatively low-diversity
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Figure 3: Cenozoic foraminifera from the Americas (Jamaica): 1 (E) Eulepidina chaperi (LEMOINE & R. DOUVILLE),
UWIGM.WL4996-06, Browns Town Formation, Browns Town (ABZ17); 2 (E, UWIGM.WL4475B-3) - 3 (A, UWIGM.
WL4475B-10), Eulepidina undosa CusHMAN, Chalk, Ramble, Westmoreland (ABZ18); 4-5 (UWIGM.R118), Miogypsi-
noides bermudezi DROOGER, chalk, Sherwood Content (ABZ20); 6 (UWIGM.WL4498B-2) - 7 (UWIGM.WL4498B-1),
Heterostegina antillea CusHMAN, chalk, Montego Bay (ABZ23); 8 (E, UWIGM.WL5008.20) - 9 (A, UWIGM.WL5008.
21), Miogypsina tani DROOGER, Montpelier Formation, Hope Bay, Portland (ABZ22); 10 (UWIGM.WL5008.2) - 11
(UWIGM.WL5008.5), Spiroclypeus bullbrooki (VAUGHAN & CoOLE), Montpelier Formation, Hope Bay, Portland (ABZ22).

Scale bar = 500 ym.

interval during which nummulitids are absent. The
zone can be calibrated with NP14b (MITCHELL et al.,
2022).

ABZ7. From the FAD of Operculinoides
spp./Nummulites spp. to the FAD of Eolepidina
antillea. The base of the zone is marked by the
appearance of numerous taxa including Operculi-
noides spp. (Fig. 2.6), Nummulites ex gr. striato-
reticulatus, Pseudolepidina trimera, Eulinderina
guayabalensis, Linderina floridensis, and others,
which represents a major migration event (the
third migration of nummulitids into the American
province). The zone is calibrated with NP15b
(MITCHELL et al., 2022). NP15a is represented by a
hiatus in Jamaica. Elsewhere, more primitive taxa
of some lineages (without independent calibra-
tion) are associated with Operculinoides spp. and
we tentatively place the base of the zone within
NP15a (MrITcHELL et al., 2022).

ABZ8. From the FAD of Eolepidina antillea to
the FAD of Eolepidina subplana. The zone calibrates
with upper NP15b to NP15c. ABZ7 to ABZ12 show
the progressive evolution of primitive members of
the lepidocyclinid lineage and show the appear-
ance of lateral chamberlets and the gradual re-
duction of coiled equatorial chambers to a Lepido-
cyclina-type embryo (MITCHELL et al., 2022).

ABZ9. From the FAD of Eolepidina subplana to
the FAD of Eolepidina gardnerae. The zone is cali-
brated with lower NP16 (MITCHELL et al., 2022).

ABZ10. From the FAD of Eolepidina gardnerae
to the FAD of Polylepidina chiapasensis. The zone
is calibrated with lower mid NP16 (MITCHELL et al.,
2022).

ABZ11. From the FAD of Polylepidina chiapa-
sensis to the FAD of Lepidocyclina ariana. The
zone can be calibrated with upper mid NP16
(MITCHELL et al., 2022).

ABZ12. From the FAD of Lepidocyclina ariana
to the FAD of Lepidocyclina ocalana. The zone is
calibrated with upper NP16 to possibly lower NP17
(MITCHELL et al., 2022).

ABZ13. From the FAD of Lepidocyclina ocalana
to the FAD of Pliolepidina tobleri. The assemblage
is characterised by the appearance of species of
Lepidocyclina with adauxillary chambers. We cali-
brate ABZ13 primarily with lower-mid NP17
(MITCHELL et al., 2022).

ABZ14. From the FAD to the LAD of Pliolepidi-
na tobleri. The zone is characterized by the dis-
tinctive species Pliolepidina tobleri. We calibrate
ABZ14 with upper NP17 (MITCHELL et al., 2022).

ABZ15. From the LAD of Pliolepidina tobleri to
the FAD of Heterostegina ocalana. We calibrate
ABZ15 with NP18 and lower NP19/20 (sensu MAR-
TINI, 1971).

ABZ16. From the FAD to the LAD of Helicoste-
gina ocalana. The zone corresponds to the migra-
tion of Helicostegina ocalana into the Americas.
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We assign ABZ16 to NP19/20 through lower NP21
(MrTCHELL et al., 2022).

ABZ17. From the LAD of Heterostegina ocala-
na to the FAD of Eulepidina undosa. 1t is charac-
terized by a relatively low diversity assemblage of
LBFs including Eulepidina chaperi (Fig. 3.1), Lepi-
docyclina yurnagunensis, and Orbitoina sp. in the
Walderston and lower Browns Town limestones of
Jamaica and Lepidocyclina mantelli and Nummu-
lites dia in the Marianna Limestone of the Gulf
Coast (VAUGHAN, 1927; CoLE & PonTON, 1930). We
calibrate ABZ17 with mid NP21 to NP22.

ABZ18. From the FAD of Eulepidina undosa to
the FAD of Heterostegina antillea. The LBF are
characterized by Eulepidina undosa (Fig. 3.2-3),
Eu. favosa, Nephrolepidina spp., Lepidocyclina su-
pera, and Nummulites spp. Sr ratios determined
from screened calcite in Kuphus tubes from
ABZ18 indicate ages ranging from 28.5 to 31.5
Ma (late Rupelian). In Alabama Eulepidina undosa
appears in lower P19/lower O2 (GRAVEL & HANNA,
1937; MILLER et al., 2008) and we place the base
of ABZ18 at this level. The zone is widely distrib-
uted in the Americas from northern Florida and
Jamaica.

ABZ19. From the FAD of Heterostegina antil-
lea to the FAD of Miogypsinoides bermudezi. This
zone contains a LBF assemblage consisting of He-
terostegina antillea (Fig. 3.6-7), Eulepidina undo-
sa, Eu. favosa, Eu. gigas, Nephrolepidina spp.,
Nummulites spp.,, and Neorotalia mexicana. We
place the base of ABZ19 at the base of zone P21
(RoBINSON, 2004). The zone is well developed in
the upper part of the Browns Town Formation in
Jamaica (MITCHELL, 2013).

ABZ20. From the FAD of Miogypsinoides ber-
mudezi to the FAD of Miogypsina gunteri. The
base of the zone corresponds to the evolutionary
development of Miogypsinoides (Fig. 3.4-5) from
Neorotalia. Earlier work (DROOGER, 1952, 1993)
suggested an idealized evolutionary scheme for
the miogypsinids of the Americas, however they
were poorly stratigraphically constrained and sub-
sequent work has not confirmed this (BAUMGART-
NER-MORA et al., 2008). The LBF includes Hetero-
stegina, Eulepidina undosa, and Miogypsinoides.
In Antigua Miogypsinoides first appears within
zone NP25 near the base of P22 and this is con-
firmed based on Sr-isotope ratios (ROBINSON et
al., 2017). The zone is well-represented in the
Antigua Formation of Antigua (RoBINSON et al.,
2017) and in deep-water chalks in northern Ja-
maica (unpublished).

ABZ21. From the FAD of Miogyspina gunteri to
the FAD of Spiroclypeus bullbrooki. The zone is
characterized by Miogyspina (Fig. 3.9) with long
primary spires of more than one whorl (ROBINSON
et al., 2017). The LBF assemblage includes Eule-
pidina undosa, Miogyspina gunteri, and Hetero-
stegina antillea. In Puerto Rico Miogyspina gunteri
occurs in the San Sabastian Formation (SAcHS,
1959) that is calibrated with the late Oligocene

based on Sr isotopes (ORTEGA-ARIZA et al., 2015).
This is consistent with Sr-isotope and biostrati-
graphic data from Carriacou (BAUMGARTNER-MORA
et al., 2008), and we place the base of ABZ21 low
in zones P23 and NP25. The zone is represented
in Puerto Rico and Caaiacou (SAcHs, 1959; BAuM-
GARTNER-MORA et al., 2008), but has not yet been
recorded in Jamaica.

ABZ22. From the FAD to the LAD of Spiroclyp-
eus bullbrooki. The zone is characterized by Mio-
gypsina with a spire of less than one whorl in as-
sociation with Nummulites, Lepidocyclina canellei,
and small specimens of Miogyspina tani. Spi-
roclypeus bullbrooki (Fig. 3.10-11) appears sud-
denly at the base of the zone as an immigrant.
This LBF assemblage has previously been as-
signed to the late Oligocene due to the higher
placement of the Oligocene-Miocene boundary in
the Americas compared with Europe (VAUGHAN &
CoLE, 1943; AKERS & DROOGER, 1957; CoLg, 1957).
However Spiroclypeus bullbrookei and Miogyspina
tani occur in zone N4 (=M1) in eastern Jamaica
(RoBINSON, 2004) and we place the base of ABZ22
at the base of N4. The zone is well-developed in
eastern Jamaica (RoBINSON, 2004).

ABZ23. From the LAD of Spiroclypeus bull-
brooki to the LAD of Heterostegina antillea. The
last representatives of Eulepidina and Lepidocycli-
na also occur in this zone. The top of ABZ23 is
placed within N5 (RoBINSON, 2004). Zones ABZ23
to ABZ28 are developed only locally, and further
work is needed to understand their foraminiferal
assemblages.

ABZ24. From the LAD of Heterostegina antil-
lea to the LAD of Miogypsina. This marks the final
extinction of Miogypsina in the Americas. The top
of ABZ24 is placed at the top of N7 (ROBINSON,
2004).

ABZ25. From the LAD of Miogypsina to the
FAD of Paraspiroclypeus chawneri. The zone is char-
acterized by the presence of Nummulites, but can-
not at present be distinguished from ABZ27 un-
less ABZ26 is present.

ABZ26. From the FAD to the LAD of Paraspiro-
clypeus chawneri. In the Petites Antilles the range
of Paraspiroclypeus chawneri is calibrated with
zones N18 and N19 (ANDREIEFF, 1983).

ABZ27. From the LAD of Paraspiroclypeus
chawneri to the LAD of Nummulites. In the Petites
Antilles Nummulites ranges up into the middle
part of N21 (ANDREIEFF, 1983). This might be re-
lated to the final closure of the Panama Seaway
(Fig. 1; e.g., LunT et al., 2008; OGRETMEN et al.,
2020).

ABZ28. From the LAD of Nummulites to the
FAD of Heterostegina depressa. The zone is char-
acterized by the presence of Amphistegina in the
absence of Nummulites.

ABZ29. From the FAD of Heterostegina de-
pressa to the present. The zone is characterized
by the presence of Heterostegina depressa (prob-
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ably a Tethys immigrant brought in via ships) in
association with Amphistegina and is a proxy for
the Anthropocene. This foraminiferan is found in
modern beach sands in the Caribbean.

3. Future work

We are currently studying selected sections in
the Americas to provide additional information on
foraminiferal assemblages associated with each
zone. We will publish these updates separately
which will lead to a more robust understanding of
the foraminiferal succession through the Paleo-
gene and Neogene.
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