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8. MIOCENE PLANKTONIC FORAMINIFERAL
BIOSTRATIGRAPHY OF SITES 1143 AND
1146, ODP LEG 184, SOUTH CHINA SEA’

Stephen A. Nathan? and R. Mark Leckie?

ABSTRACT

The biostratigraphy of Miocene-age sediment samples recovered
from Ocean Drilling Program Sites 1143 and 1146, South China Sea, is
presented. The preservation of the planktonic foraminifers recovered
from both sites varies widely, from poor to very good. The volume of
biogenic sediment in the >63-um size fraction also varies considerably,
with many samples being dominated by mud. In comparison to ship-
board biostratigraphy, based on core catcher analyses with a depth reso-
lution of ~10 m, we analyzed samples from the two stratigraphic
columns every 2-3 m (~45- to 93-k.y. resolution). The placement of
planktonic foraminifer zonal boundaries was made at a resolution of
~1.5 m at Site 1146 and ~3.0 m at Site 1143. The higher resolution has
resulted in significant changes in biostratigraphic zonal boundary loca-
tions compared to shipboard results.

For the time interval of 5.54-10.49 Ma, the changes in zonation re-
veal similar age-depth models at both sites, with three segments of
changing sedimentation rate through the upper Miocene, though the
differences in sedimentation rates at Site 1146 are subtler than those at
Site 1143. The boundary between lithologic Units II and III at Site 1146
corresponds to a sharp change in sedimentation rate (58 to 21 m/m.y.)
at 15.1 Ma (the first occurrence of Orbulina suturalis). At this site, the in-
terval from 16.4 to 15.1 Ma is characterized by very high mass accumu-
lation rates in the noncarbonate fraction. Above this interval the
carbonate fraction becomes increasingly important in the sediment flux
to the South China Sea. At Site 1143, sedimentation rates increase from
8 to 99 m/m.y. at 8.6 Ma. This corresponds to a dramatic increase in
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both carbonate and noncarbonate mass accumulation rates at the site,
but no change in lithology.

INTRODUCTION

Investigating the historical development of the East Asian Monsoon
was one of the primary goals of Ocean Drilling Program (ODP) Leg 184,
South China Sea. An important component to achieving this objective
is establishing an accurate biostratigraphic record of the basin. During
Leg 184, one site was drilled in the southern South China Sea (Site
1143) and five sites were drilled in the northern part (Sites 1144-1148).
This report presents the biostratigraphic analysis of 258 Miocene-age
sediment samples recovered from Sites 1143 (112 samples) and 1146
(146 samples). The purpose of this biostratigraphy is to provide a plank-
tonic foraminiferal age-depth model that improves upon what was cre-
ated during the cruise (Wang, Prell, Blum, et al., 2000). Site 1143 is
located at 9°21.72'N, 113°17.11’E (water depth = 2772 m), and Site 1146
is located at 19°27.40’N, 116°16.37’E (water depth = 2091 m) (Fig. F1).
Both sites are within the influence of, and record the effects of, the East
Asian monsoon. Site 1143 is also strongly affected by the seasonal fluc-
tuations of the Western Pacific Warm Pool (e.g., McPhaden, 1993;
Wang, 1999).

METHODS

Continuous hemipelagic sediments from Sites 1143 and 1146 were
recovered using a combination of advanced hydraulic piston coring
and extended core barrel drilling. This report focuses upon the Mio-
cene-age sediments recovered from both sites (5.32 Ma and older). Spe-
cifically, sediment samples were examined from the lowermost Pliocene
(beginning several cores above the base of planktonic foraminiferal
Zone N19/calcareous nannofossil Zone CN10) to the bottom of the
drilled holes. For Site 1143 the studied interval is from 182.91 to 512.91
meters composite depth (mcd) (Samples 184-1143A-20H-1, 115-117
cm, through 184-1143C-54X-CC, 43-48 cm). For Site 1146 the studied
interval is from 295.17 to 643.11 mcd (Samples 184-1146A-30X-5, 10-
14 cm, through 64X-CC, 35-41 cm). In general, three samples per core
(~9.6 m) were studied from both sites. Zonal boundaries and primary
datums are placed at the average depth of the two samples that con-
strained them (Tables T1, T2, T3, T4).

Sediment volumes of ~10 cm? (Site 1143) and ~20 cm? (Site 1146)
were collected; the larger volume was taken for Site 1146 when the pro-
cessing of Site 1143 samples yielded few foraminifers (on average). All
samples were soaked in a mixture of three parts water to one part hy-
drogen peroxide (initially 40% wt/vol H,0,) and Calgon (adjusting the
pH to alkaline) for several days. The mixture was then washed over a
63-um screen, and the residues were dried in an oven at 60°C. The resi-
dues from the >150-um sieve fraction were examined for the species
present (richness), relative abundance, and preservation.

Each sample was first repeatedly split with a microsplitter until a vol-
ume of sediment, equivalent to that used for a population analysis
(~2000 tests), was obtained and evenly spread onto a picking tray. This
smaller but representative sample volume allows for a more accurate vi-
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sual assessment of species relative abundances and preservation. Abun-
dances were categorized as follows:

= present (<1% to only a single test observed).
rare (1%-5%).

few (5%-10%)

abundant (10%-30%).

= dominant (>30%).

o> mm
1]

Sample preservation was qualitatively estimated by the degree of test
breakage and/or dissolution:

V = very good (<20% fragmentation, no evidence of etching).

G = good (20%-50% fragmentation and/or minor etching of suscep-
tible species).

poor (>50% fragmentation, assemblage consists of mainly disso-
lution-resistant species).

P

To determine species richness and to place zonal boundaries
accurately, foraminiferal tests were spread upon a picking tray and ex-
amined using a binocular microscope (typically, a minimum of two trays
were examined). In some cases a large fraction of the vial or its entire
contents were examined (because of low to moderate yields after wash-
ing or the scarcity of a marker species). Tests of representative species
were mounted on gummed slides. Both authors examined all samples.

The observed species and their relative abundances, as well as sample
preservation, are recorded in occurrence tables for each site (Site 1143,
Table T1; Site 1146, Table T2). The primary intent of this report is to lo-
cate and substantiate the placement of planktonic foraminiferal bio-
stratigraphic zonal boundaries within the two sites by using both
primary and secondary marker species. The resulting biostratigraphy
provides the basis for a revised age-depth model based on planktonic
foraminifers. However, the species ranges presented on the occurrence
tables herein (Tables T1, T2) should be considered provisional with the
exception of the species used to define the biostratigraphic zones.

The species concepts used to identify the planktonic foraminifers for
this report closely follow Kennett and Srinivasan (1983), Chaisson and
Leckie (1993), Chaisson and Pearson (1997), and Norris (1998) except
where stated in the “Appendix,” p. 13. The notes that follow briefly de-
scribe the species observed at both sites and/or provide commentary as
to how we differentiated these taxa from other similar species.

BIOSTRATIGRAPHIC ZONATION

We followed the planktonic foraminiferal zonal scheme of Blow
(1969) as amended by Kennett and Srinivasan (1983). In addition, we
adopted the coiling change of all species of Pulleniatina to define the
top of Zone N19 (Chaisson and Leckie, 1993). Figure F2 depicts this
zonal scheme and the primary biostratigraphic datums used for this re-
port. Where possible, we used the astrochronologically tuned plank-
tonic foraminiferal ages of Chaisson and Pearson (1997) for datums
between 4.08 and 13.42 Ma. For species not listed by these authors or
for samples older than 13.42 Ma, the untuned ages of Berggren et al.
(1995) and Curry, Shackleton, Richter, et al. (1995) were used (see Ta-
bles T3 [Site 1143], T4 [Site 1146]).

F2. Zonal scheme, zonal marker
species, and ages, p. 32.
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Zone N19

Definition: Interval between the first occurrence (FO) of Sphaeroidinella dehis-
cens s.l. (interval base) and the coiling change of Pulleniatina, sinistral to dex-
tral (interval top).

Age: 5.54-4.08 Ma; latest Miocene—early Pliocene.

Occurrence:

Site 1143: The base of this zone is at an average depth of 218.1 mcd (between
Samples 184-1143A-24X-3, 115-117 cm [216.6 mcd], and 24X-5, 115-117
cm [219.6 mcd]).

Site 1146: The base of this zone is at an average depth of 319.88 mcd (between
Samples 184-1146A-33X-1, 9-12 cm [318.36 mcd], and 33X-3, 14-17 cm
[321.41 mcd)).

Zone N18

Definition: Interval between the FO of Globorotalia tumida (interval base) and
the FO of Sphacroidinella dehiscens s.1. (interval top).

Age: 5.82-5.54 Ma; latest Miocene.

Occurrence:

Site 1143: The zone is between the average depths of 218.1 mcd (between Sam-
ples 184-1143A-24X-3, 115-117 cm [216.6 mcd], and 24X-5, 115-117 cm
[219.6 mcd]) and 228.30 mcd (between Samples 25X-CC, 26-33 cm [224.07
mcd], and 26X-1, 115-117 cm [232.52 mcd]).

Site 1146: The zone is between the average depths of 319.88 mcd (between Sam-
ples 184-1146A-33X-1, 9-12 cm [318.36 mcd], and 33X-3, 14-17 cm [321.41
mcd]) and 322.88 mcd (between Samples 33X-3, 14-17 cm [321.41 mcd],
and 33X-5, 9-12 cm [324.36 mcd]).

Subzone N17b

Definition: Interval between the FO of Pulleniatina primalis (interval base) to the
FO of Globorotalia tumida (interval top).

Age: 6.4-5.82 Ma; late Miocene.

Occurrence:

Site 1143: The zone is between the average depths of 228.30 mcd (between Sam-
ples 184-1143A-25X-CC, 26-33 cm [224.07 mcd], and 26X-1, 115-117 cm
[232.52 mcd]) and 239.79 mcd (between Samples 26X-5, 115-117 cm
[238.52 mcd], and 26X-CC, 41-48 cm [241.05 mcd]).

Site 1146: The zone is between the average depths of 322.88 mcd (between Sam-
ples 184-1146A-33X-3, 14-17 cm [321.41 mcd], and 33X-5, 9-12 cm [324.36
mcd]) and 338.04 mcd (between Samples 34X-CC, 5-9 cm [337.56 mcd], and
35X-1, 10-14 cm [338.52 mcd]).

Subzone N17a

Definition: Interval between the FO of Globorotalia plesiotumida (interval base)
to the FO of Pulleniatina primalis (interval top).

Age: 8.58-6.4 Ma; late Miocene.

Occurrence:

Site 1143: The zone is between the average depths of 239.79 mcd (between Sam-
ples 184-1143A-26X-5, 115-117 cm [238.52 mcd], and 26X-CC, 41-48 cm
[241.05 mcd]) and 454.56 mcd (between Samples 184-1143C-48X-1, 115-
117 cm [453.06 mcd], and 48X-3, 115-117 cm [456.06 mcd]).

Site 1146: The zone is between the average depths of 338.04 mcd (between sam-
ples 184-1146A-34X-CC, 5-9 cm [337.56 mcd], and 35X-1, 10-14 cm [338.52
mcd]) and 408.13 mcd (between Samples 184-1146A-41X-4, 0-2 cm [406.63
mcd], and 41X-6, 0-2 cm [409.63 mcd]).
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Zone N16

Definition: Interval between the FO of Neogloboquadrina acostaensis (interval
base) and the FO of Globorotalia plesiotumida (interval top).

Age: 9.82-8.58 Ma; late Miocene.

Occurrence:

Site 1143: The zone is between the average depths of 454.56 mcd (between Sam-
ples 184-1143C-48X-1, 115-117 cm [453.06 mcd], and 48X-3, 115-117 cm
[456.06 mcd]) and 467.26 mcd (between Samples 49X-3, 115-117 cm
[465.76 mcd], and 49X-5, 115-117 cm [468.76 mcd]).

Site 1146: The zone is between the average depths of 408.13 mcd (between Sam-
ples 184-1146A-41-4, 0-2 cm [406.63 mcd], and 41X-6, 0-2 cm [409.63
mcd]) and 433.13 mcd (between Samples 44X-3, 0-2 cm [432.38 mcd], and
44X-4, 0-2 cm [433.88 mcd]).

Zone N15

Definition: Interval between the last occurrence (LO) of Paragloborotalia mayeri
(interval base) and the FO of Neogloboquadrina acostaensis (interval top).

Age: 10.49-9.82 Ma; late Miocene.

Occurrence:

Site 1143: The zone is between the average depths of 467.26 mcd (between Sam-
ples 184-1143C-49X-3, 115-117 cm [465.76 mcd], and 49X-5, 115-117 cm
[468.76 mcd]) and 470.6 mcd (between Samples 49X-5, 115-117 cm [468.76
mcd], and 50X-1, 113-115 cm [472.44 mcd]).

Site 1146: The zone is between the average depths of 433.13 mcd (between Sam-
ples 184-1146A-44X-3, 0-2 cm [432.38 mcd], and 44X-4, 0-2 cm [433.88
mcd]) and 444.58 mcd (between Samples 45X-4, 0-2 cm [443.83 mcd], and
45X-5, 0-2 cm [445.33 mcd]).

Zone N14

Definition: Interval between the FO of Globoturborotalita nepenthes (interval
base) and the LO of Paragloborotalia mayeri (interval top).

Age: 11.19-10.49 Ma; middle-late Miocene.

Occurrence:

Site 1143: The top of this zone is at the average depth of 470.6 mcd (between
Samples 184-1143C-49X-5, 115-117 cm [468.76 mcd], and 50X-1, 113-115
cm [472.44 mcd]), whereas its base is below the drilled interval for this site
(Sample 54X-CC, 43-48 cm [512.91 mcd]).

Site 1146: Zones N14 and N13 could not be distinguished at Site 1146 because
of the stratigraphic overlap of Globoturborotalita nepenthes (FO) and Globoro-
talia fohsi s.l. (LO). Therefore, a combined Zone N13-N14 ranges between
444.58 mcd (between Samples 184-1146A-45X-4, 0-2 cm [443.83 mcd], and
45X-5, 0-2 cm [445.33 mcd]) and 470.28 mcd (between Samples 47X-6, 0-2
cm [469.53 mcd], and 47X-7, 0-2 cm [471.03 mcd]).

Zone N13

Definition: Interval between the LO of Globorotalia fohsi s.1. (interval base) and
the FO of Globoturborotalita nepenthes (interval top).

Age: 11.68-11.19 Ma; middle Miocene.

Occurrence:

Site 1143: The base of this site is in Zone N14.

Site 1146: See above comments for Zone N14.

Zone N12

Definition: Total range of Globorotalia fohsi s.1. (interval base and top).
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Age: 13.42-11.68 Ma; middle Miocene.

Occurrence:

Site 1146: The zone is between the average depths of 470.28 mcd (between Sam-
ples 184-1146A-47X-6, 0-2 cm [469.53 mcd], and 47X-7, 0-2 cm [471.03
mcd]) and 504.85 mcd (between Samples 51X-4, 0-2 cm [504.1 mcd], and
51X-5, 0-2 cm [505.6 mcd]).

Zone N11

Definition: Interval from the FO of Globorotalia praefohsi (interval base) to the
FO of Globorotalia fohsi s.1. (interval top).

Age: 14.0-13.42 Ma; middle Miocene.

Occurrence:

Site 1146: The zone is between the average depths of 504.85 mcd (between Sam-
ples 184-1146A-51X-4, 0-2 cm [504.1 mcd], and 51X-5, 0-2 cm [505.6 mcd])
and 521.43 mcd (between Samples 52X-CC, 0-2 cm [519.85 mcd], and 53X-
2, 0-2 cm [523 mcd]).

Zone N10

Definition: Interval between the FO of Globorotalia peripheroacuta (interval base)
and the FO of Globorotalia praefohsi (interval top).

Age: 14.8-14.0 Ma, middle Miocene.

Occurrence:

Site 1146: The zone is between the average depths of 521.43 mcd (between Sam-
ples 184-1146A-52X-CC, 0-2 cm [519.85 mcd], and 53X-2, 0-2 cm [523
mcd]) and 533.45 mcd (between Samples 54X-1, 0-2 cm [531.95 mcd], and
54X-3, 0-2 cm [534.95 mcd]).

Zone N9

Definition: Interval between the FO of Orbulina spp. (interval base) and the FO
of Globorotalia peripheroacuta (interval top).

Age: 15.1-14.8 Ma; middle Miocene.

Occurrence:

Site 1146: The zone is between the average depths of 533.45 mcd (between Sam-
ples 184-1146A-54X-1, 0-2 cm [531.95 mcd], and 54X-3, 0-2 cm [534.95
mcd]) and 541.38 (between Samples 54X-CC, 0-2 cm [539.81 mcd], and
55X-2, 0-2 cm [542.95 mcd]).

Zone N8

Definition: Interval between the FO of Praeorbulina sicana (interval base) and
the FO of Orbulina spp. (interval top).

Age: 16.4-15.1 Ma; middle Miocene.

Occurrence:

Site 1146: The zone is between the average depths of 541.38 mcd (between Sam-
ples 184-1146A-54X-CC, 0-2 cm [539.81 mcd], and 55X-2, 0-2 cm [542.95
mcd]) and 617.16 mcd (between Samples 62X-2, 10-14 cm [616.41 mcd],
and 62X-3, 10-14 cm [617.91 mcd]).

Zone N7

Definition: Interval between the LO of Catapsydrax dissimilis (interval base) and
the FO of Praeorbulina sicana (interval top).
Age: 17.3-16.4 Ma; early Miocene.
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Occurrence:

Site 1146: The zone is between the average depths of 617.16 mcd (between Sam-
ples 184-1146A-62X-2, 10-14 cm [616.41 mcd], and 62X-3, 10-14 cm
[617.91 mcd]) and 622.3 mcd (between Samples 62X-5, 7-11 cm [620.88
mcd], and 62X-7, 10-14 cm [623.71 mcd]).

Zone N6

Definition: Interval between the FO of Globigerinatella insueta (interval base)
and the LO of Catapsydrax dissimilis (interval top).

Age: 18.8-17.3 Ma; early Miocene.

Occurrence:

Site 1146: The zone is between the average depths of 622.3 mcd (between Sam-
ples 184-1146A-62X-5, 7-11 cm [620.88 mcd], and 62X-7, 10-14 cm [623.71
mcd]) and 636.31 mcd (between Samples 64X-2, 10-14 cm [634.81 mcd],
and 64X-4, 9-13 cm [637.8 mcd]).

Zone N5

Definition: Interval between the LO of Paragloborotalia kugleri (interval base)
and the FO of Globigerinatella insueta (interval top).

Age: 21.5-18.8 Ma; early Miocene.

Occurrence:

Site 1146: The top of the zone is at 636.31 mcd (between Samples 184-1146A-
64X-2, 10-14 cm [634.81 mcd], and 64X-4, 9-13 cm [637.8 mcd]), whereas
the base of this zone is below the drilled interval for this site (Sample 184-
1146A-64X-CC, 10-14 cm [643.11 mcd]).

SEDIMENTATION HISTORY

Figures F3 and F4 are age-depth models that depict the primary
planktonic foraminiferal marker species listed in Table T3 (Site 1143;
southern South China Sea) and Table T4 (Site 1146; northern South
China Sea), respectively. The plot for Site 1143 (Fig. F3) shows three dis-
tinct intervals in the upper Miocene having sediment accumulation
rates of 25 m/m.y. (5.5-6.4 Ma), 99 m/m.y. (6.4-8.6 Ma), and 8 m/m.y.
(8.6-10.5 Ma). The lowermost leg of this plot (8.6-10.5 Ma; 8 m/m.y.)
may contain a diastem in the sedimentary column (at ~455 mcd) based
on the concentration of both foraminiferal and nannofossil datums. Al-
though Site 1143 exhibits dramatic changes in sedimentation rates
through the studied interval, the entire section corresponds to a single
lithologic unit (Subunit IB; Wang, Prell, Blum, et al., 2000). In addition,
shipboard studies of carbonate and total organic carbon show no appre-
ciable change in trend through the Miocene.

The age-depth model for Site 1146 (Fig. F4) includes the same three
upper Miocene intervals as Site 1143, though the differences in sedi-
mentation rates between these intervals are more subtle. The observed
rates are 21 m/m.y. (5.5-6.4 Ma), 32 m/m.y. (6.4-8.6 Ma), and 20 m/
m.y. (8.6-10.5 Ma). At both sites, the interval from 6.4 to 8.6 Ma has
the highest sedimentation rates of the upper Miocene. As at Site 1143,
the interval of Zone 14 to Zone N19 (uppermost middle Miocene to
basal Pliocene) at Site 1146 lies entirely within a single lithologic unit
(Unit II). Total organic carbon shows no appreciable change in trend for
this interval, though carbonate levels decrease from ~50-60 wt% to
~35-40 wt% below ~420 mcd (Zone N16; at about Section 184-1146A-
42X-CC) (Wang, Prell, Blum, et al., 2000).

F3. Age-depth plot, Site 1143,
p- 33.

F4. Age-depth plot, Hole 1146A,
p. 34.
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Because the drilled interval at Site 1146 extends deeper than at Site
1143, three additional sedimentary intervals have been identified in the
middle and lower Miocene. These intervals and their sedimentation
rates are 21 m/m.y. (10.5-15.1 Ma), 58 m/m.y. (15.1-16.4 Ma), and 8 m/
m.y. (16.4-18.8 Ma). At Site 1146 the base of Zone N9 (FO of Orbulina
suturalis at 15.1 Ma; between Sections 184-1146A-55X-2 and 54X-CC)
corresponds to a dramatic change in sedimentation rate (58 to 21 m/
m.y.) and the boundary between lithologic Units II and III (553.02
mcd), as described by the shipboard sedimentologists (Wang, Prell,
Blum, et al., 2000). This lithologic boundary is based on a color change
in the sediment from brownish gray with an increasing number of
green intervals (base of Unit II) to a distinct greenish gray (Unit III).
However, shipboard analyses of carbonate and total organic carbon
show no significant changes across this boundary. A summary of the
sedimentation history for both sites, with respect to age and core depth,
is presented in Figure F5.

The large increase in mass accumulation rates (MARs) from 16.4 to
15.1 Ma at Site 1146 is mostly due to an increase in the noncarbonate
fraction (Figs. F6, F7). This increase could be the result of lowered sea
level or greater fluvial input. From 15.1 to 8.58 Ma, carbonate MARs in-
crease steadily, whereas noncarbonate MARs decrease. A second large
increase in MARs is observed in the interval from 8.58 to 6.4 Ma. At Site
1146 this increase is largely in the carbonate fraction, whereas at Site
1143 both the carbonate and noncarbonate fractions increase sharply.
The observed increases in MARs during the late Miocene may be attrib-
utable to the onset of the East Asian monsoon. At 6.4 Ma, both sites
show a marked decrease in MARs to approximately pre-8.58-Ma values.

CONCLUSIONS

The biostratigraphic record at both Sites 1143 and 1146 is apparently
continuous and clearly resolved in the sediments examined for this
study. One exception to the complete delimitation of this record was
the FO of Globoturborotalita nepenthes at Site 1146. Though strict defini-
tions were applied for this species and its ancestor, Globoturborotalita
druryi, its sporadic record and stratigraphic overlap with Globorotalia
fohsi s.l. necessitated combining Zones N13 and N14. This overlap has
been found elsewhere. A similar transposition of G. nepenthes and G.
fohsi s.1. datums was observed at Deep Sea Drilling Project (DSDP) Sites
563 and 608 (see the discussion by Berggren et al., 1995). A second ex-
ception may lie at Site 1143, between 10.49 and 8.58 Ma. In this inter-
val the planktonic foraminiferal and calcareous nannofossil datums
appear to cluster and may represent a diastem.

At both sites the planktonic foraminiferal biostratigraphic record
agrees well with the corresponding calcareous nannofossil record. Of
particular note are the rapid changes in sedimentation rates observed
between 10.49 and 5.54 Ma (Fig. F3) at Site 1143. These changes in sed-
imentation do not correspond to a change in lithologic units or ship-
board geochemistry. Site 1146 does exhibit a lithologic change that
corresponds well to a significant change in sedimentation rates at ~15.1
Ma as determined by this study. However, the shipboard geochemical
record shows no corresponding change in trend. Mass accumulation
rates at Site 1146 are sharply higher in the interval from 16.4 to 15.1 Ma
and may be the result of lowered sea level or greater fluvial input. Both
sites have a second interval of elevated mass accumulation rates from

F5. Planktonic foraminiferal first
and last occurrences, p. 35.

F6. Average noncarbonate MAR,
p- 36.
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8.58 to 6.4 Ma, which may be due to the onset of the East Asian mon-
soon.

The planktonic foraminiferal species observed in this study also pro-
vide several continuous, well-represented evolutionary lineages. For ex-
ample, the following complete lineages were present in the sediments
studied at both sites: the Globorotalia merotumida—Globorotalia plesio-
tumida—Globoratlia tumida plexus; the Globorotalia archeomenardii—
Globorotalia praemenardii-Globorotalia menardii plexus; the Globorotalia
peripheroronda—Globorotalia peripheroacuta—Globorotalia praefohsi-Globoro-
talia fohsi plexus; and the Globigerinoides bisphericus—Praeorbulina spp.—
Orbulina spp. plexus. These lineages offer a rich opportunity to examine
in detail the complex evolution of the species that compose them.

ACKNOWLEDGMENTS

This research used samples and data provided by the Ocean Drilling
Program (ODP). The ODP is sponsored by the U.S. National Science
Foundation (NSF) and participating countries under the management
of Joint Oceanographic Institutions (JOI), Inc. Funding for this research
was provided by a JOI/USSSP postcruise research grant. S.A. Nathan
thanks the crew, marine technicians, and the entire Shipboard Scien-
tific Party of ODP Leg 184. In particular, he thanks fellow “midnight to
noon” paleontology laboratory partner Dr. Jih-Ping Shyu for his profes-
sional support and enjoyable company. Thanks also to ODP Publication
Services staff members Gigi Delgado and Lorri Peters and to Celine
Suarez and Erin Gillis for the laboratory assistance. This paper benefited
from careful reviews by William Berggren (Woods Hole Oceanographic
Institution), Peter Blum (ODP), William Chaisson (University of Roch-
ester), and Richard Norris (Scripps Institution of Oceanography).




S.A. NATHAN AND R.M. LECKIE
MIOCENE PLANKTONIC FORAMINIFERAL BIOSTRATIGRAPHY

REFERENCES

Akers, W.H., 1955. Some planktonic foraminifera of the American gulf coast and sug-
gested correlations with the Caribbean Tertiary. J. Paleontol., 29:647-664.

Banner, ET., and Blow, W.H., 1967. The origin, evolution and taxonomy of the fora-
miniferal genus Pulleniatina Cushman, 1927. Micropaleontology, 13:133-162.

Berggren, W.A., Kent, D.V., Swisher, C.C., IlI, and Aubry, M.-P., 1995. A revised Ceno-
zoic geochronology and chronostratigraphy. In Berggren, W.A., Kent, D.V., Aubry,
M.-P,, and Hardenbol, J. (Eds.), Geochronology, Time Scales and Global Stratigraphic
Correlation. Spec. Publ.—SEPM, 54:129-212.

Bermudez, PJ., 1949. Tertiary smaller foraminifera of the Dominican Republic. Spec.
Publ.Cushman Lab. Foraminiferal Res., 25.

Bermudez, P.J., and Bolli, H.M., 1969. Consideraciones sobre los sedimentos del Mio-
ceno medio al Reciente de las costas central y oriental de Venezuela. Bol. Geol., Dir.
Geol., Minister. Minas Hidrocarb., 10:137-223.

Blow, W.H., 1956. Origin and evolution of the foraminiferal genus Orbulina
d’Orbigny. Micropaleontology, 2:57-70.

, 1959. Age, correlation and biostratigraphy of the upper Tocuyo (San
Lorenzo) and Pozén Formations, eastern Falcon, Venezuela. Bull. Am. Paleontol.,
39:67-251.

, 1969. Late middle Eocene to Recent planktonic foraminiferal biostratigra-
phy. In Bronnimann, P., and Renz, H.H. (Eds.), Proc. First Int. Conf. Planktonic Micro-
fossils, Geneva, 1967: Leiden (E.J. Brill), 1:199-422.

Blow, W.H., and Banner, ET., 1965. Two new taxa of the Globorotaliidae (Globigeri-
nacea, Foraminifera) assisting determination of the late Miocene/early Miocene
boundary. Nature, 207:1351-1354.

———, 1966. The morphology, taxonomy and biostratigraphy of Globorotalia bar-
isanensis LeRoy, Globorotalia fohsi Cushman and Ellisor, and related taxa. Micropale-
ontology, 12:286-302.

Bolli, H.M., 1950. The direction of coiling in the evolution of some Globorotaliidae.
Cushman Found. Foraminiferal Res. Contrib., 1:82-89.

, 1957. Planktonic foraminifera from the Oligocene-Miocene Cipero and
Lengua formations of Trinidad, B.W.I. In Loeblich, A.R., Jr., Tappan, H., Beckmann,
J.P., Bolli, H.M., Gallitelli, E.M., and Troelsen, J.C. (Eds.), Studies in Foraminifery.
Bull.—U.S. Nat. Mus., 215:97-123.

Bolli, H.M., and Bermudez, PJ., 1965. Zonation based on planktonic foraminifera of
Middle Miocene to Pliocene warm-water sediments. Asoc. Venezolana Geol., Miner.
Petrol. Bol. Inf., 8:119-149.

Bolli, H.M., Loeblich, A.R., Jr., and Tappan, H., 1957. Planktonic foraminiferal fami-
lies Hantkeninidae, Orbulinidae, Globorotaliidae, and Globotruncanidae. Bull.—
U.S. Nat. Mus., 215:3-50.

Bolli, H.M., and Saunders, J.B., 1985. Oligocene to Holocene low latitude planktic for-
aminifera. In Bolli, H.M., Saunders, J.B., and Perch-Nielsen, K. (Eds.), Plankton
Stratigraphy: Cambridge (Cambridge Univ. Press), 155-262.

Borsetti, A.M., 1959. Tre nuovi Foraminiferi planctonici dell’Oligocene piacentino. G.
Geol., 27:205-212.

Brady, H.B., 1877. Supplementary note on the foraminifera of the Chalk (?) of the
New Britain Group. Geol. Mag. London, 4:534-546.

, 1879. Notes on some of the reticularean Rhizopoda of the Challenger Expe-
dition, Part II. Additions to the knowledge of the porcellanous and hyaline types.
Q. J. Microsc. Sci., 19:261-299.

———, 1882. Report on the Foraminifera. In Tizard, L., and Murray, J. (Eds.), Explo-
ration of the Farde Channel During the Summer of 1880, in Her Majesty’s Ship Knight
Errant, with Subsidiary Reports. Proc. R. Soc. Edinburgh, 11:708-717.



S.A. NATHAN AND R.M. LECKIE
MIOCENE PLANKTONIC FORAMINIFERAL BIOSTRATIGRAPHY

——, 1884. Report on the Foraminifera dredged by H.M.S. Challenger, during the
years 1873-1876. Rep. Sci. Results Challenger Exped., Zool., 9:1-814.

Bronnimann, P., 1951. The genus Orbulina d'Orbigny in the Oligo-Miocene of Trin-
idad, B.W.I. Cushman Found. Foraminiferal Res. Contrib., 2(Pt. 4):132-138.

———, 1954. Appendix: descriptions of new species. In Todd, R., Cloud, PE., Jr.,
Low, D., and Schmidt, R.G. (Eds.), Probable Occurrence of Oligocene in Saipan. Am. J.
Sci., 252:680.

Caudri, C.M.B., 1934. Tertiary Deposits of Soemba: Amsterdam (H.J. Paris).

Chaisson, W.P., and Leckie, R.M., 1993. High-resolution Neogene planktonic fora-
minifer biostratigraphy of Site 806, Ontong Java Plateau (western equatorial
Pacific). In Berger, W.H., Kroenke, L.W., Mayer, L.A., et al., Proc. ODP, Sci. Results,
130: College Station, TX (Ocean Drilling Program), 137-178.

Chaisson, W.P., and Pearson, PN., 1997. Planktonic foraminifer biostratigraphy at
Site 925: middle Miocene-Pleistocene. In Shackleton, N.J., Curry, W.B., Richter, C.,
and Bralower, TJ. (Eds.), Proc. ODP, Sci. Results, 154: College Station, TX (Ocean
Drilling Program), 3-31.

Chapman, F, Parr, W]., and Collins, A.C., 1934. Tertiary foraminifera of Victoria,
Australia: the Balcombian deposits of Port Philip (Pt. III). J. Linn. Soc. London, Zool.,
38:553-577.

Chaproniere, G.C.H., 1981. Late Oligocene to early Miocene planktonic foraminifers
from Ashmore Reef No. 1 well, northwest Australia. Alcheringa, 5:103-131.

Curry, W.B., Shackleton, N.J., Richter, C., et al., 1995. Proc. ODP, Init. Repts., 154: Col-
lege Station, TX (Ocean Drilling Program).

Cushman, J.A., 1918. Some Miocene foraminifera of the coastal plain of the United
States. U.S. Geol. Surv. Bull., 676.

Cushman, J.A., and Bermudez, P.J., 1937. Further new species of foraminifera from
the Eocene of Cuba. Cushman Lab. Foraminiferal Res. Contrib., 13:1-29.

Cushman, J.A., and Ellisor, A.C., 1939. New species of foraminifera from the Oli-
gocene and Miocene. Cushman Lab. Foraminiferal Res. Contrib., 15:1-14.

Cushman, J.A., and Jarvis, PW., 1930. Miocene foraminifera from Buff Bay, Jamaica.
J. Paleontol., 4:353-368.
, 1936. Three new foraminifera from the Miocene Bowden Marl of Jamaica.
Contrib. Cushman Lab. Foraminiferal Res. Contrib., 12:3-5.

Cushman, J.A., and Stainforth, R.M., 1945. The foraminifera of the Cipero Marl For-
mation of Trinidad, British West Indies. Spec. Publ.—Cushman Lab. Foraminiferal
Res., 14:1-75.

De Stefani, T., 1950. Su alcune manifestazoni di idrocarburi in provincia di Palermo e
descrizione di Foraminifera nuovi: Palermo, Italy (Plinia), 3(4).

d’Orbigny, A.D., 1826. Tableau méthodique de la classe des céphalopodes. Ann. Sci.
Nat., Paris, Ser. 1, 7:96-314.

——, 1839. Foraminiféres. In de la Sagra, R. (Ed.), Histoire Physique, Politique et
Naturelle de Lile de Cuba: Paris (Arthus Bertrand), 8:1-224.

, 1846. Foraminiferes Fossiles du Bassin Tertiaire de Vienne (Autriche): Paris Gide
et Comp., Paris, 312.

Duplessy, J.-C., Bé, AW.H., and Blanc, P.L., 1981. Oxygen and carbon isotopic com-
position and the biogeographic distribution of planktonic foraminifera in the
Indian Ocean. Palaeogeogr., Palaeoclimatol., Palaeoecol., 33:9-46.

Egger, ].G., 1893. Foraminiferen aus Meeresgrundproben gelothet von 1874 bis 1876
von S. M. Sch. “Gazelle.” Abh. Bayer. Akad. Wiss., Math.-Physik. KI., 18:193-458.
Ehrenberg, C.G., 1861. Elemente des tiefen Meeresgrundes in Mexikanischen Golf-
strome bei Florida; Ueber die Tiefgrund-Verhéltnisse des Oceans am Eingang der
Davisstrasse und bei Island. K. Preuss. Akad. Wiss. BerlIn Monatsberichte, 222-240,

275-315.

Forasini, C., 1902. Sinossi metodica dei foraminiferisinqui rinuenuti nella sabbia del

lido di Rimini. R. Accad. Sci. Ist. Bologna, Mem. Sci. Nat., Ser. 5, 10 (1902-04), 56.

11



S.A. NATHAN AND R.M. LECKIE
MIOCENE PLANKTONIC FORAMINIFERAL BIOSTRATIGRAPHY

Hedberg, H.D., 1937. Foraminifera of the middle Tertiary Carapita Formation of
northeastern Venezuela. J. Paleontol., 11:661-697.

Hofker, J., St., 1976. La famille Turborotalitidae N. Fam. Rev. Micropaleontol., 19:47-53.

Hornibrook, N. de B., 1958. New Zealand foraminifera: key species in stratigraphy,
no. 6. N. Z. ]. Geol. Geophys., 1:653-676.

Jenkins, D.G., 1960. Planktonic foraminifera from the Lakes Entrance oil shaft, Victo-
ria, Australia. Micropaleontology, 6:345-371.

Jenkins, D.G., Saunders, ].B., and Cifelli, R., 1981. The relationship of Globigerinoides
bisphericus Todd 1954 to Praeorbulina sicana (de Stefani) 1952. J. Foraminiferal Res.,
11:262-267.

Kennett, J.P., and Srinivasan, M.S., 1983. Neogene Planktonic Foraminifera: A Phyloge-
netic Atlas: Stroudsburg, PA (Hutchinson Ross).

Koch, R.E., 1935. Namensanderung einiger Tertiar-Foraminiferen aus Niederlandisch
Ost-Indien. Eclog. Geol. Helv., 28:557-558.

LeRoy, L.W., 1939. Some small foraminifera, ostracoda and otoliths from the Neo-
gene (“Miocene”) of the Rokan-Tapanoeli area, Central Sumatra. Natuurk. Tijdschr.
Nederl. Indie, 99:214-296.

McPhaden, M., 1993. TOGA-TAO and the 1991-93 El Nifio-Southern Oscillation
event. Oceanography, 6:36-44.

Natland, M.L., 1938. New species of foraminifera from off the West Coast of North
America and from the later Tertiary of the Los Angeles Basin. Scripps Inst. Oceanogr.
Bull. Tech. Ser., 4:137-152.

Norris, R.D., 1998. Planktonic foraminifer biostratigraphy: eastern equatorial Atlan-
tic. In Mascle, J., Lohmann, G.P.,, and Moullade, M. (Eds.), Proc. ODP, Sci. Results,
159: College Station, TX (Ocean Drilling Program), 445-479.

Parker, FL., 1967. Late Tertiary biostratigraphy (planktonic foraminifera) of tropical
Indo-Pacific deep-sea cores. Bull. Am. Paleontol., 52:111-208.

Parker, W.K., and Jones, T.R., 1865. On some foraminifera from the North Atlantic
and Arctic Oceans, including Davis Straits and Baffin's Bay. Philos. Trans. R. Soc.
London, 155:325-441.

Parker, W.K,, Jones, T.R., and Brady, H.B., 1865. On the nomenclature of the foramin-
ifera, Part XII. The species enumerated by d’Orbigny in the “Annales des Sciences
Naturelles, vol. 7, 1826.” Ann. Mag. Nat. Hist., Ser. 3, 16:15-41.

Pearson, P.N., 1995. Planktonic foraminifer biostratigraphy and the development of
pelagic caps on guyots in the Marshall Islands Group. In Haggerty, J., Premoli Silva,
L., Rack, E, and McNutt, M.K. (Eds.), Proc. ODP, Sci. Results, 144: College Station, TX
(Ocean Dirilling Program), 21-59.

Reuss, A.E., 1850. Neue Foraminiferen aus den Schichten des Oesterreichischen Ter-
tidrbeckens. Sitzaber. K. Akad. Wiss., Wien, Math.-Naturw., Kl., Denkschrift, 1:365-
390.

Schwager, C., 1866. Fossile Foraminiferen von Kar Nikobar. Novara Expedition, 1857-
1859, Weln Geol. Theil, 2:187-268.

Takayanagi, Y., and Saito, T., 1962. Planktonic foraminifera from the Nobori Forma-
tion, Shikoku, Japan. Sci. Rep. Tohoku Univ., Ser. 2, 5:647-706.

Todd, R., 1954. Descriptions of new species. In Todd, R., Cloud, P.,, Low, D., and
Schmidt, R. Am. J. Sci., 252:673-682.

Todd, R., 1957. Smaller foraminifera. In Geology of Saipan, Mariana Islands (Pt. 3), Pale-
ontology. Geol. Surv. Prof. Pap. U.S., 280-H:265-320.

Walters, R., 1965. The Globorotalia zealandica and G. miozea lineages. N. Z. ]J. Geol.
Geophys., 8:109-127.

Wang, P., 1999. Response of western Pacific marginal seas to glacial cycles: paleocean-
ographic and sedimentological features. Mar. Geol., 156:5-39.

Wang, P., Prell, W.L., Blum, P, et al., 2000. Proc. ODP, Init. Repts., 184 [CD-ROM].
Available from: Ocean Drilling Program, Texas A&M University, College Station,
TX 77845-9547, USA.



S.A. NATHAN AND R.M. LECKIE
MIOCENE PLANKTONIC FORAMINIFERAL BIOSTRATIGRAPHY

APPENDIX

Taxonomic Notes

We closely followed the species concepts of Kennett and Srinivasan
(1983) and Chaisson and Leckie (1993). Additional resources included
Bolli and Saunders (1985), Pearson (1995), Chaisson and Pearson (1997),
and Norris (1998). The notes briefly describe the 73 species observed at
both sites (combined) and/or provide commentary regarding how we
differentiated these taxa from other similar species. For each species the
original reference is cited in the synonymies below and included in our
reference list.

Beella praedigitata (Parker)
Globigerina praedigitata Parker, 1967, p. 151, pl. 19, figs. 5-8.
Beella praedigitata (Parker) Kennett and Srinivasan, 1983, p. 232, pl. 58, figs. 2-5.

Comments: At Site 1143, B. praedigitata is observed in only one sample. At
Site 1146 it is absent.

Candeina nitida d’Orbigny

Candeina nitida d’'Orbigny, 1839, p. 107, pl, 2, figs. 27-28; Kennett and Srini-
vasan, 1983, p. 229, pl. 57, figs. 6-8.

Comments: C. nitida is readily identifiable at both sites by its microperforate
surface and sutural apertures. The trochospire can be moderate to high. The
species is seen throughout its range, though in individual samples abundances
are <1%.

Catapsydrax dissimilis (Cushman and Bermuidez)
Globigerina dissimilis Cushman and Bermudez, 1937, p. 25, pl. 3, figs. 4-6.

Catapsydrax dissimilis (Cushman and Bermuadez) Kennett and Srinivasan, 1983,
p.- 22, pl. 2, figs. 1, 3-8.

Comments: C. dissimilis has a small, compact test with a distinctly cancel-
late microstructure. Most notable is the aperture, which is covered by a single
umbilical bulla that has two or more accessory openings around its margin.
Kennett and Srinivasan (1983) and other authors assign morphotypes of C. dis-
similis that have one accessory opening to the species Catapsydrax unicavus,
whereas Bolli and Saunders (1985) treat these two species as synonymous. In
samples having poor preservation, C. dissimilis can be mistaken for juvenile
Globoquadrina venezuelana, though the bulla on C. dissimilis has a finer surface
texture and is small and deflated relative to the last chamber of G. venezuelana.

Catapsydrax parvulus Bolli, Loeblich, and Tappan

Catapsydrax parvulus Bolli, Loeblich, and Tappan, 1957, p. 36, pl. 7, fig. 10a—c;
Kennett and Srinivasan, 1983, p. 26, pl. 2, figs. 7-9.

Comments: C. parvulus was observed in only two samples through its range
at Site 1146. Bearing a single accessory opening, C. parvulus is differentiated
from Catapsydrax unicavus by its much smaller size and more embracing cham-
bers.

Catapsydrax unicavus Bolli, Loeblich, and Tappan

Catapsydrax unicavus Bolli, Loeblich, and Tappan, 1957, p. 37, pl. 7, fig. 9a—c;
Kennett and Srinivasan, 1983, p. 26, pl. 3, figs. 1-3.
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Comments: In following Kennett and Srinivasan (1983), C. unicavus pos-
sesses an umbilical bulla that has a single aperture (see “Catapsydrax dissimi-
lis,” p. 13).

Dentoglobigerina altispira (Cushman and Jarvis)
Globigerina altispira Cushman and Jarvis, 1936, p. 5, pl. 1, fig. 13a-c.
Globigerina altispira globosa Bolli, 1957, p. 111, pl. 24, figs. 9a-10c.

Dentoglobigerina altispira altispira (Cushman and Jarvis) Kennett and Srinivasan,
1983, p. 188, pl. 46, figs. 4-6.

Dentoglobigerina altispira globosa (Bolli) Kennett and Srinivasan, 1983, p. 189, pl.
44, fig. 4; pl. 46, figs. 7-9.

Dentoglobigerina altispira (Cushman and Jarvis) Chaisson and Leckie, 1993, p.
155, pl. 9, fig. 8.

Comments: At both Sites 1143 and 1146, D. altispira exhibits a wide range of
variation in test size, stage of development (juvenile through adult), height of
trochospire, and chamber embracement. We use the concept of a sensu latu
form of D. altispira that has well-developed apertural teeth, a deep umbilicus,
and a low to high trochospire. Juvenile forms exhibit a small test, coarse surface
texture, four and one-half to five chambers in the final whortl, and an aperture
open to the umbilicus.

Globigerina bulloides d’Orbigny
Globigerina bulloides d’'Orbigny, 1826, p. 3, pl. 1, figs. 1-4.

Globigerina (Globigerina) bulloides (d’Orbigny) Kennett and Srinivasan, 1983, p.
36, pl. 6, figs. 4-6.

Comments: Abundant G. bulloides is widely interpreted as indicating high
seasonal productivity in the upper water column, which in turn is associated
with areas of upwelling (e.g., Duplessy et al., 1981). G. bulloides is observed spo-
radically at both sites in the South China Sea, and within any one sample its
abundances are typically <1%. It is characterized by a smooth microstructure
with fine pustules, four lobate chambers in the final whorl that increase rapidly
in size, a high-arched rimless umbilical aperture, and a generally small test size,
though exceptions are observed. Globigerina falconensis is distinguished from G.
bulloides by a thin lip over a lower arched umbilical aperture.

Globigerina falconensis Blow

Globigerina falconensis, Blow, 1959, p. 177, pl. 9, figs. 40a—c; Bolli and Saunders,
1985, p. 303, figs. 5.2, 4.

Globigerina (Globigerina) falconensis (Blow) Kennett and Srinivasan, 1983, p. 40,
pl. 7, figs. 1-3.

Comments: G. falconensis is rarely seen at Sites 1143 and 1146, and in indi-
vidual samples its abundances are <1% (see “Globigerina bulloides,” p. 14).
Globigerina praebulloides Blow
Globigerina praebulloides Blow, 1959, p. 180, pl. 8, fig. 47a—c; pl. 9, fig. 48.

Globigerina (Globigerina) praebulloides (Blow) Kennett and Srinivasan, 1983, p.
38, pl. 6, figs. 1-3.

Comments: G. praebulloides occurs in a single sample at Site 1146. G. praebul-
loides is similar to G. bulloides and is characterized by a thicker, heavier test with
a lower aperture.
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Globigerinatella insueta Cushman and Stainforth

Globigerinatella insueta Cushman and Stainforth, 1945, p. 69, pl. 13, figs. 7-9;
Kennett and Srinivasan, 1983, p. 228, pl. 56, fig. 2; pl. 57, figs. 4, 5; Chaisson
and Leckie, 1993, p. 157, pl. 10, figs. 4-6; Pearson, 1995, p. 56, pl. 2, figs. 13—
22.

Comments: The abundance of G. insueta is rare at Site 1146. Primitive forms
of G. insueta can possess as few as one raised areal aperture or exhibit extensive
sutural bullae and/or areal bullae (that are underlain by raised areal apertures
when dissected). In accordance with Pearson (1995) and Chaisson and Leckie
(1993) we found G. insueta to be fully intergradational with Globigerinita gluti-
nata at Site 1146. Although both species possess a fine ultrastructure, G. gluti-
nata is generally smaller in size and quadralobate in outline, compared with the
distinctly spherical shape of G. insueta. G. insueta is distinguished from Praeorbu-
lina sicana by its microperforate surface texture and the aforementioned aper-
tures and bullae. See Pearson (1995) for a detail discussion of this genus and
scanning electron photomicrographs of the species.

Globigerinella aequilateralis (Brady)
Globigerina aequilateralis Brady, 1879, p. 285 (Brady, 1884, pl. 80, figs. 18-21).

Globigerinella aequilateralis (Brady) Kennett and Srinivasan, 1983, p. 238, pl. 59,
fig. 1; pl. 60, figs. 4-6.

Comments: At Sites 1143 and 1146, G. aequilateralis is found intermittently
throughout its range and exhibits abundances of <1% in individual samples. G.
aequilateralis has five to six chambers in the final whorl that increase very rap-
idly in size (see “Globigerinella obesa,” p. 15).

Globigerinella obesa (Bolli)
Globorotalia obesa Bolli, 1957, p. 119, pl. 29, figs. 2a-3.
Globigerinella obesa (Bolli) Kennett and Srinivasan, 1983, p. 234, pl. 59, figs. 2-5.

Comments: G. obesa is observed sporadically at Sites 1143 and 1146 with
abundances in any one sample being <1%. G. obesa has four inflated chambers
in the final whortl (Globigerinella aequilateralis has five to six chambers) that rap-
idly increase in size (compared to Globigerinella praesiphonifera). However, its
chambers are more embracing than those of Globigerinella calida, which makes
it less lobate in outline. Our concept of G. obesa incorporates Globigerinella
pseudobesa.

Globigerinita glutinata (Egger)
Globigerina glutinata Egger, 1893, p. 371, pl. 13, figs. 19-21.

Globigerinita glutinata (Egger) Kennett and Srinivasan, 1983, p. 224, pl. 56, figs.
1, 3-5.

Comments: G. glutinata is readily recognized by its smooth surface texture,
small test size, and, in many individuals, the presence of an apertural bulla. At
both Sites 1143 and 1146, G. glutinata is found in nearly all of the examined
samples, though abundances ranged from <1% to ~30%.

Globigerinita uvula (Ehrenberg)

Pylodexia uvula Ehrenberg, 1861, pl. 2, figs. 24-25.

Globigerinita uvula (Ehrenberg) Kennett and Srinivasan, 1983, p. 224, pl. 56, figs.
6-8.

Comments: G. uvula is differentiated from Globigerinita glutinata by the high
spire of its test. G. uvula was not observed at Site 1143, though at Site 1146 it
was observed in a few samples and at abundances of <1%.
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Globigerinoides altiapertura Bolli
Globigerinoides triloba altiapertura Bolli, 1957, p. 113, pl. 25, fig. 7a—c.

Globigerinoides altiapertura (Bolli) Kennett and Srinivasan, 1983, p. 54, pl. 10, fig.
1; pl. 11, figs. 4-6; Chaisson and Leckie, 1993, p. 157, pl. 2, figs. 9-11.

Comments: G. altiapertura bears a nearly circular primary aperture and a
large secondary aperture. Tests that have a primary aperture that is wider than
tall are considered to be Globigerinoides obliquus. G. altiapertura was not observed
at Site 1143, whereas at Site 1146 it was observed in a few samples and at abun-
dances of <1%.

Globigerinoides bisphericus Todd

Globigerinoides bisphericus Todd, 1954, p. 681, pl. 1, figs. 1la—c, 4; Jenkins et al.,
1981, p. 265, pl. 1, fig. 1la—c.

Comments: The definition of G. bisphericus by Jenkins et al. (1981) is closely
adhered to in differentiating this species from its descendent, Praeorbulina si-
cana (which marks the base of Zone N8). A specimen in which the final cham-
ber envelopes 15%-20% of the test (more than Globigerinoides triloba but less
than P. sicana), has two slitlike apertures, and a shallow umbilicus was identified
as G. bisphericus. Specimens of P. sicana exhibited greater envelopment, at least
three apertures, and no umbilicus (see “Praeorbulina sicana,” p. 29).

Globigerinoides conglobatus (Brady)
Globigerina conglobata Brady, 1879, p. 28b.

Globigerinoides conglobatus (Brady) Kennett and Srinivasan, 1983, p. 58, pl. 12,
figs. 4-6.

Comments: G. conglobatus was observed throughout its range at Sites 1143
and 1146, though abundances were typically rare in any one sample. The spe-
cies exhibits a large, compact test with embracing chambers and a broad, low
primary aperture; some specimens are also heavily calcified.

Globigerinoides extremus Bolli and Bermudez

Globigerinoides obliquus extremus Bolli and Bermudez, 1965, p. 139, pl. 1, figs.
10-12; Bolli and Saunders, 1985, p. 194, fig. 20.11.

Globigerinoides extremus (Bolli and Bermudez) Kennett and Srinivasan, 1983, p.
58, pl. 12, figs. 1-3.

Comments: G. extremus is observed throughout its anticipated range at both
sites, though abundances vary widely from sample to sample. G. extremus is dif-
ferentiated from Globigerinoides obliquus by its laterally compressed ultimate
chamber, which in later forms can have a “flattened slope” or “beret” appear-
ance. Both Berggren et al. (1995) and Chaisson and Pearson (1997) note the FO
of G. extremus to be coincident with the FO of Globigerinoides plesiotumida. How-
ever, at Site 1143 the FO of G. extremus was ~31 m higher in the column,
whereas at Site 1146 the two first occurrences were nearly coincident.

Globigerinoides mitra Todd
Globigerinoides mitra Todd, 1957, p. 302, figs. 3, 6.

Comments: G. mitra is observed in only a single sample from Site 1146. It
has a large primary aperture that is located directly over the suture between two
earlier chambers. Thus, G. mitra is similar to Globigerinoides ruber and Globiger-
inoides subquadratus. However, it is distinguished from these two species by its
larger ultimate chamber and finer surface structure.
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Globigerinoides obliquus Bolli
Globigerinoides obliquus obliquus Bolli, 1957, p. 113, pl. 25, fig. 10a—c.

Globigerinoides obliquus (Bolli) Kennett and Srinivasan, 1983, p. 56, pl. 11, figs.
7-9; Chaisson and Leckie, 1993, p. 158, pl. 2, figs. 1-2.

Comments: In following Chaisson and Leckie (1993) a broad concept is ap-
plied to G. obliquus. It is differentiated from Globigerinoides extremus by having a
more inflated final chamber (less laterally compressed) and from Globigerinoides
altiapertura by possessing a primary aperture that is wider than it is tall. At Sites
1143 and 1146, G. obliquus has a long-ranging occurrence and its abundance
varies from present to dominant in individual samples.

Globigerinoides ruber (d’Orbigny)
Globigerina rubra d’Orbigny, 1839, p. 82, pl. 4, figs. 12-14.

Globigerinoides ruber (d’Orbigny) Kennett and Srinivasan, 1983, p. 78, pl. 10, fig.
6; pl. 17, figs. 1-3.

Comments: G. ruber is a distinct though very uncommon species at both
sites and exhibits widely varying abundances in individual samples. The ho-
meomorph Globigerinoides subquadratus is not observed at Site 1143, but it is
found below the first occurrence of G. ruber at Site 1146.

Globigerinoides sacculifer (Brady)
Globigerina sacculifera Brady, 1877, p. 164, pl. 9, figs. 7-10.

Globigerinoides sacculifer (Brady) Kennett and Srinivasan, 1983, p. 66, pl. 14, figs.
4-6; Chaisson and Leckie, 1993, p. 158, pl. 2, fig. 16.

Comments: This long-ranging species is found throughout the sediment col-
umn and often in very high abundances at both sites. G. sacculifer is gradational
with several closely related species, specifically, Globigerinoides triloba, Globiger-
inoides quadrilobatus, and Globigerinoides immaturus. As a consequence of this
gradation, we group the latter two species with G. sacculifer, but we do differen-
tiate G. triloba. The aforementioned grouping is based on the observation that
when the final sacklike, gametogenic chamber of G. sacculifer is removed by dis-
section, the remaining test is indistinguishable from G. quadrilobatus and G. im-
maturus. We differentiate G. triloba from G. sacculifer by the former having a
strongly cancellate microstructure, embracing chambers, and very low-arched
apertures.

Globigerinoides subquadratus Bronnimann

Globigerinoides subquadratus Bronnimann, 1954, p. 680, pl. 1, fig. 8a—c; Kennett
and Srinivasan, 1983, p. 74, pl. 16, figs. 1-3; Chaisson and Leckie, 1993, p.
159, pl. 2, fig. 12.

Comments: This homeomorph of Globigerinoides ruber is consistently ob-
served only at Site 1146 and often in great abundances. Its last occurrence is be-
low the first occurrence of G. ruber.

Globigerinoides triloba (Reuss)

Globigerina triloba Reuss, 1850, p. 374, pl. 447, fig. 11a—c.

Globigerinoides triloba (Reuss) Kennett and Srinivasan, 1983, p. 62, pl. 10, fig. 4;
pl. 13, figs. 1-3.

Globigerinoides trilobus (Reuss) Bolli and Saunders, 1985, p. 196, fig. 20.15.

Comments: G. trilobus is rarely seen at Site 1143. At Site 1146 G. triloba is
much more common throughout its range, though its abundance within indi-
vidual samples is rare. We differentiate G. triloba from Globigerinoides sacculifer
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by the strongly cancellate and compact test of the former taxon and its very
low-arched apertures (see “Praeorbulina sicana,” p. 29, “Globigerinoides bi-
sphericus,” p. 16, and “Globigerinoides sacculifer,” p. 17).

Globoquadrina baroemoenensis (LeRoy)
Globigerina baroemoenensis LeRoy, 1939, p. 263, pl. 6, figs. 1-2.

Globoquadrina baroemoenensis (LeRoy) Kennett and Srinivasan, 1983, p. 186, pl.
46, tigs. 1-3; Chaisson and Leckie, 1993, p. 159, pl. 9, figs. 5-7.

Comments: At Sites 1143 and 1146 G. baroemoenensis exhibits abundances
of <1% in the few samples where it is observed. It is characterized by four
slightly compressed chambers in the final whorl, an open umbilicus, and a
small apertural tooth on the last chamber. Globoquadrina venezuelana and Dento-
globiquadrina altispira are similar species, though the former can be differenti-
ated from G. baroemoenensis by more embracing chambers, a less open
umbilicus, and the lack of an apertural tooth. D. altispira has four or more
chambers with no compression, a wider umbilicus, and typically an apertural
tooth on the last two or three chambers.

Globoquadrina binaiensis (Koch)
Globigerina binaiensis Koch, 1935, p. 558.

Globoquadrina binaiensis (Koch) Kennett and Srinivasan, 1983, p. 182, pl. 44,
figs. 1, 3; pl. 45, figs. 1-3.

Comments: The presence of G. binaiensis, among other secondary plank-
tonic foraminiferal markers, constrains the age of the bottom of Site 1146 to
Zone NS. The species exhibits three chambers in the final whorl that rapidly in-
crease in size. The final chamber is enlarged and bears a distinctly flattened,
broad, partially imperforate apertural face, which is as wide as the test itself.
Similar species include Globoquadrina sellii and Globoquadrina dehiscens, though
the former is differentiated from G. binaiensis by the flattened face on the final
chamber, whereas the latter is differentiated by having three and one-half to
four chambers in the final whorl.

Globoquadrina dehiscens (Chapman, Parr, and Collins)

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

Globoquadrina dehiscens (Chapman, Parr, and Collins) Kennett and Srinivasan,
1983, p. 184, pl. 44, fig. 2; pl. 45, figs. 7-9.

Comments: G. dehiscens was not observed at Site 1143, whereas at Site 1146
it occurs throughout its range and with widely varying abundances from one
sample to the next. We observed both adult and juvenile tests that have a flat
spiral side, three and one-half to four embracing chambers in the final whorl,
and a final chamber that bears a flattened face (resembling an “anvil”) (see
“Globoquadrina binaiensis,” p. 18).

Globoquadrina sellii Borsetti
Globoquadrina sellii Borsetti, 1959, p. 209, pl. 1, fig. 3a-d.
Globigerina sellii (Borsetti) Bolli and Saunders, 1985, p. 181, fig. 14.11.

Comments: G. sellii was observed only in two samples near the base of the
section at Site 1146 and with abundances of <1%. G. sellii is distinguished from
Globoquadrina binaiensis by having a somewhat compressed but perforate aper-
tural face on the final chamber and chambers in the final whorl that increase
more slowly in size. Globoquadrina dehiscens is also similar to G. sellii, though it
has three and one-half to four chambers in the final whorl.
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Globoquadrina venezuelana (Hedberg)
Globigerina venezuelana Hedberg, 1937, p. 681, pl. 92, fig. 72b.

Globoquadrina venezuelana (Hedberg) Kennett and Srinivasan, 1983, p. 180, pl.
44, figs. 5-7.

Comments: G. venezuelana is observed sporadically at both sites in the South
China Sea, and its abundance in any one sample is rare. In general, the species
has a large test, though juvenile forms were observed. Our concept of G. venezu-
elana closely follows that of Kennett and Srinivasan (1983), where the final
whorl has four embracing chambers that rapidly increase in size and a final
chamber that lacks an apertural tooth. Occasionally a fifth, kummerform-like
chamber may be seen over the umbilicus. Similar species are “Dentoglobigerina
altispira,” p. 14, “Globoquadrina baroemoenensis,” p. 18, and “Catapsydrax
dissimilis” p. 13; see the comments for each of these species.

Globorotalia archeomenardii Bolli

Globorotalia archeomenardii Bolli, 1957, p. 119, pl. 28, fig. 11a—c; Bolli and Saun-
ders, 1985, p. 220, fig. 32.6a—c; Chaisson and Leckie, 1993, p. 160, pl. 5, figs.
16-20.

Globorotalia (Menardella) archeomenardii (Bolli) Kennett and Srinivasan, 1983, p.
122, pl. 28, figs. 3-5.

Comments: G. archeomenardii is observed over a limited range at Site 1146,
and its abundance is rare in individual samples. Our concept of G. archeomenar-
dii follows that illustrated by Kennett and Srinivasan (1983). Specifically, G. ar-
cheomenardii is similar to Globorotalia praemenardii except it is generally smaller
in size with a less lobate periphery and it lacks a raised keel (but in some in-
stances it has an imperforate band). Globorotalia praescitula has a less acute mar-
gin in edge view and only four to four and one-half elongated, crescentic
chambers (particularly the final chamber).

Globorotalia birnageae Blow

Globorotalia birnageae Blow, 1959, p. 210, pl. 17, fig. 108a-c; Chaisson and
Leckie, 1993, p. 160, pl. 4, figs. 19-22.

Globorotalia (Fohsella) birnageae (Blow) Kennett and Srinivasan, 1983, p. 94, pl.
21, figs. 6-8.

Comments: G. birnageae has a smaller size, more rounded periphery, and a
more circular outline than Globorotalia peripheroronda. The ultimate chamber of
the species is characterized by a pronounced flaplike lip that can resemble an
apertural plate.

Globorotalia cibaoensis Bermudez

Globorotalia cibaoensis Bermudez, 1949, p. 285, pl. 22, figs. 21-23; Chaisson and
Leckie, 1993, p. 160, pl. 6, figs. 12-14, 19.

Globorotalia (Hirsutella) cibaoensis (Bermudez) Kennett and Srinivasan, 1983, p.
136, pl. 32, figs. 1-3.

Comments: G. cibaoensis is occasionally observed through its range at both
sites, and its abundance is often <1% in any one sample. The species exhibits
considerable variability, having four to four and one-half chambers in the final
whorl, a biconvex to slightly planoconvex edge view (flattened more on the spi-
ral side), and a low, sometimes slightly arching, aperture. Similar species include
Globorotalia scitula (four to five less inflated chambers with a slitlike aperture
and sweeping, crescentic chambers, particularly the final chamber), Globorotalia
juanai (having an umbilically inflated final chamber), and Globorotalia margari-
tae (a thinner test, concave umbilical side, and thin keel).
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Globorotalia conoidea Walters
Globorotalia miozea conoidea Walters, 1965, p. 124, figs. 8, [-M.

Globorotalia (Globoconella) conoidea (Walters) Kennett and Srinivasan, 1983, p.
112, pl. 26, figs. 4-6.

Globorotalia conoidea (Walters) Bolli and Saunders, 1985, p. 276, figs. 7.14a-15c.

Comments: G. conoidea is found intermittently at both Sites 1143 and 1146,
and its abundance is <1% in individual samples. Similar species include Globoro-
talia miozea (less vaulted on the umbilical side and having a less distinct keel
than G. conoidea); Globorotalia conomiozea (having a more highly vaulted umbil-
ical side with a nearly flat spiral side); and Globorotalia tumida (possessing a
larger test, thicker keel, and a more oblate outline) (also see “Globorotalia tu-
mida,” p. 24).

Globorotalia fohsi s.1. Cushman and Ellisor
Globorotalia fohsi Cushman and Ellisor, 1939, p. 12, pl. 2, fig. 6a—c.
Globorotalia lobata Bermudez, 1949, p. 286, pl. 22, figs. 15-17.
Globorotalia fohsi robusta Bolli, 1950, pp. 84, 89, pl. 15, figs. 3a—c.

Globorotalia (Fohsella) fohsi fohsi (Cushman and Ellisor) Kennett and Srinivasan,
1983, p. 100, pl. 23, figs. 1-3.

Globorotalia (Fohsella) fohsi lobata (Bermtudez) Kennett and Srinivasan, 1983, p.
100, pl. 21, fig. 2; pl. 23, figs. 4-6.

Globorotalia (Fohsella) fohsi robusta (Bolli) Kennett and Srinivasan, 1983, p. 102,
pl. 23, figs. 7-9.

Globorotalia fohsi s.]. (Cushman and Ellisor) Chaisson and Leckie, 1993, p. 160,
pl. 3, figs. 1-4.

Comments: Our concept of G. fohsi s.l. incorporates the subspecies G. fohsi
fohsi, G. fohsi lobata, and G. fohsi robusta (also see Chaisson and Leckie, 1993).
This follows in part the reasoning presented by Bolli and Saunders (1985) that
the “cockscomb” chambers indicative of fully carinate G. fohsi lobata also occur
on partially carinate Globorotalia praefohsi. G. fohsi s.1. is recognized by having
an imperforate band and/or a thin raised keel around the entire final whorl of
its test. In edge view the last few chambers of the final whorl are sharply tapered
to form an acute peripheral margin with a thin keel. At Site 1146 the abundance
of G. fohsi s.1. is rare throughout its range (see “Globorotalia praefohsi,” p. 23).

Globorotalia juanai Bermudez and Bolli

Globorotalia juanai Bermudez and Bolli, 1969, pp. 171, 172, pl. 14, figs. 1-6;
Bolli and Saunders, 1985, p. 216, figs. 30.20-21a-c, 30.22-24; Chaisson and
Leckie, 1993, p. 161, pl. 6, figs. 17, 18.

Globorotalia (Hirsutella) juanai (Bermuadez and Bolli) Kennett and Srinivasan,
1983, p. 134, pl. 31, figs. 6-8.

Comments: G. juanai is observed in few samples at both sites, and its abun-
dance in any one sample is rare. The species is identified by four to four and
one-half chambers in the final whorl, inflated chambers on the umbilical side,
and the absence of a keel. Similar species include Globorotalia scitula and
Globorotalia margaritae, where the former has a rounded biconvex edge view
and the latter is thinner and convex on the ventral side (also see “Globorotalia
cibaoensis,” p. 19).

Globorotalia lenguaensis s.1. Bolli

Globorotalia lenguaensis Bolli, 1957, p. 120, pl. 29, fig. Sa—c.
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Globorotalia (Globorotalia) paralenguaensis (Bolli) Blow, 1969, p. 402, pl. 46, figs.
1-6.

Globorotalia (Globorotalia) lenguaensis (Bolli) Kennett and Srinivasan, 1983, p.
152, pl. 36, figs. 5-7.

Globorotalia (Globorotalia) paralenguaensis (Blow) Kennett and Srinivasan, 1983,
p.- 154, pl. 37, figs. 1-3.

Globorotalia lenguaensis s.1. (Bolli) Chaisson and Leckie, 1993, p. 161, pl. 7, figs.
16-20.

Comments: G. lenguaensis s.l. is found sporadically through its anticipated
range at Site 1146, often in rare abundances. The species typically has an oblate
form, appears biconvex in edge view, lacks a peripheral keel, and is differenti-
ated from Globorotalia scitula by having six to seven chambers in the final
whorl. For this study our concept of G. lenguaensis s.l. incorporates G. paralen-
guaensis.

Globorotalia limbata (Fornasini)
Rotalia limbata Fornasini, 1902, pp. 30, 31, pl. 5, fig. 3 (lectotype).

Globorotalia (Menardella) limbata (Fornasini) Kennett and Srinivasan, 1983, p.
124, pl. 29, figs. 4-6.

Globorotalia limbata (Fornasini) Chaisson and Leckie, 1993, p. 161, pl. 5, fig. 10.

Comments: In agreement with Chaisson and Leckie (1993), this species has
seven to eight chambers in the final whotl, a circular to slightly oblate outline,
and a symmetrical, narrow edge view. Similar tests having five to six and one-
half chambers in the final whorl are designated as Globorotalia menardii, and
those with nine or more chambers are designated as Globorotalia multicamerata.
G. limbata has a single occurrence at Site 1143, but it is more prevalent in the
sediments of Site 1146, though its abundance in each sample is typically rare.

Globorotalia margaritae Bolli and Bermudez

Globorotalia margaritae Bolli and Bermudez, 1965, p. 132, pl. 1, figs. 16-18; Bolli
and Saunders, 1985, p. 217, 30.1-5, 30.9-14; Chaisson and Leckie, 1993, p.
161, pl. 6, figs. 5-9.

Globorotalia (Hirsutella) margaritae (Bolli and Bermudez) Kennett and Srinivasan,
1983, p. 136, pl. 32, figs. 4-6.

Comments: G. margaritae has a limited record at both South China Sea sites,
and in samples where it is observed its abundance is rare. This limited range is
due to its FO being in Zone N19 (above the FO of Sphacroidinella dehiscens). G.
margaritae is differentiated from similar species (Globorotalia cibaoensis and
Globorotalia scitula) by its thinner test, concave umbilical side, and thin keel.

Globorotalia menardii s.1. (Parker, Jones, and Brady)
Rotalia menardii Parker, Jones, and Brady, 1865, p. 20, pl. 3, fig. 81.

Globorotalia (Menardella) menardii (Parker, Jones, and Brady) Kennett and Srini-
vasan, 1983, p. 124, pl. 28, fig. 2; pl. 29, figs. 1-3; Bolli and Saunders, 1985,
p- 220, 34.1-10.

Globorotalia menardii s.1. (Parker, Jones, and Brady) Chaisson and Leckie, 1993,
p- 161, pl. 5, figs. 7-9, 15.

Comments: G. menardii s.1. is seen consistently throughout its range at both
sites, though abundances are rare in any one sample. Our concept of the species
is broad (particularly with respect to size), though recognition is limited to tests
that have a circular to subcircular peripheral outline; symmetrical and “thin”
edge view compared to the Globorotalia tumida lineage; five to six and one-half

21



S.A. NATHAN AND R.M. LECKIE
MIOCENE PLANKTONIC FORAMINIFERAL BIOSTRATIGRAPHY

chambers in the final whorl; and a raised keel that ranges from delicate to
heavy. These characteristics are sufficient to differentiate G. menardii s.1. from
similar species such as G. tumida (thicker, teardrop shape in edge view),; Globoro-
talia plesiotumida (a lobate ultimate chamber and asymmetrical in edge view);
Globorotalia merotumida (vaulted umbilical side); Globorotalia limbata (possess-
ing seven to eight chambers); and Globorotalia multicamerata (nine or more
chambers).

Globorotalia merotumida Blow and Banner

Globorotalia merotumida Blow and Banner, 1965, p. 1352, text fig. 1; Bolli and
Saunders, 1985, p. 2235, fig. 33.7; Chaisson and Leckie, p. 161, pl. 7, figs. 11—
15.

Globorotalia (Globorotalia) merotumida (Blow and Banner) Kennett and Srini-
vasan, 1983, p. 154, pl. 37, figs. 4-6.

Comments: At Sites 1143 and 1146, G. merotumida is often abundant
throughout its range (see “Globorotalia plesiotumida,” p. 23, and “Globorota-
lia menardii,” p. 21).

Globorotalia multicamerata Cushman and Jarvis

Globorotalia multicamerata (d’Orbigny) var. multicamerata Cushman and Jarvis,
1930, p. 367, pl. 34, fig. 8a-c.

Globorotalia (Menardella) multicamerata (Cushman and Jarvis) Kennett and Srini-
vasan, 1983, p. 126, pl. 29, figs. 7-9.

Globorotalia multicamerata (Cushman and Jarvis) Bolli and Saunders, 1985, p.
224, fig. 32.5a-c, p. 229, figs. 35.16-19.

Comments: G. multicamerata is differentiated from Globorotalia limbata by
having a more circular periphery and nine or more chambers in the final whorl.
The species is absent at Site 1143, and it is observed in three samples at Site
1146 (see “Globorotalia limbata,” p. 21).

Globorotalia peripheroacuta Blow and Banner

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

Globorotalia (Fohsella) peripheroacuta (Blow and Banner) Kennett and Srinivasan,
1983, p. 96, pl. 22, figs. 4-6.

Globorotalia fohsi peripheroacuta (Blow and Banner) Bolli and Saunders, 1985, p.
213, figs. 29.5a—c, 29.13a-c.

Globorotalia peripheroacuta (Blow and Banner) Chaisson and Leckie, 1993, p.
162, pl. 3, figs. 14-15.

Comments: Later forms of G. peripheroacuta are distinguished from Globoro-
talia praefohsi by its coarser wall texture and a pinched (axially compressed) but
distinctly rounded peripheral margin in the last few chambers (see “Globorota-
lia praefohsi,” p. 23).

Globorotalia peripheroronda Blow and Banner

Globorotalia (Turborotalia) peripheroronda Blow and Banner, 1966, p. 294, pl. 1,
fig. la—c.

Globorotalia (Fohsella) peripheroronda (Blow and Banner) Kennett and Srinivasan,
1983, p. 96, pl. 22, figs. 1-3.

Globorotalia fohsi peripheroronda (Blow and Banner) Bolli and Saunders, 1985, p.
213, figs. 29.6a—c, 29.14a-c.
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Globorotalia peripheroronda (Blow and Banner) Chaisson and Leckie, 1993, p.
162, pl. 3, figs. 11, 19, 20.

Comments: G. peripheroronda is the first species in the evolutionary lineage
of the Globorotalia (Fohsella) spp. Its later forms are gradational with Globorotalia
peripheroacuta. G. peripheroronda is distinguished from the latter by its coarser
wall texture and broadly rounded peripheral margin. It is distinguished from
Paragloborotalia mayeri by its low aperture and less inflated chambers.

Globorotalia plesiotumida Blow and Banner

Globorotalia (Globorotalia) tumida plesiotumida Blow and Banner, 1965, p. 1353,
fig. 2a-c.

Globorotalia (Globorotalia) plesiotumida (Blow and Banner) Kennett and Srini-
vasan, 1983, p. 156, pl. 37, figs. 7-9.

Globorotalia plesiotumida (Blow and Banner) Bolli and Saunders, 1985, p. 227,
fig. 33.5; Chaisson and Leckie, 1993, p. 162, pl. 7, figs. 1, 2, 6-10.

Comments: G. plesiotumida is a species that is highly gradational with
Globorotalia merotumida. To differentiate the two we follow the criteria of Ken-
nett and Srinivasan (1983) and Chaisson and Leckie (1993) (i.e., specimens that
have a final chamber with a length to width ratio equal to one or greater, as
viewed on the spiral side were accepted as G. plesiotumida). Viewed from the
umbilical side, G. plesiotumida has a distinctly more lobate final chamber than
G. merotumida. G. plesiotumida is differentiated from Globorotalia menardii by its
more oblate peripheral outline and its more asymmetrical edge view (flatter on
the spiral side and more vaulted on the umbilical side).

Globorotalia praefohsi Blow and Banner

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

Globorotalia (Fohsella) praefohsi (Blow and Banner) Kennett and Srinivasan,
1983, p. 98, pl. 22, figs. 7-9.

Globorotalia fohsi praefohsi (Blow and Banner) Bolli and Saunders, 1985, p. 213,
figs. 29.3a—c, 29.11a, b.

Globorotalia praefohsi (Blow and Banner) Chaisson and Leckie, 1993, p. 162, pl.
3, figs. 5-7.

Comments: Our species concept of G. praefohsi is a gradational form be-
tween Globorotalia peripheroacuta and Globorotalia fohsi that can be partly keeled,
or possess a partial imperforate band, or possess an acute margin that is perfo-
rate (also see Kennett and Srinivasan, 1983; Chaisson and Leckie, 1993). For ex-
ample, late forms of G. “praefoshi” are distinguished from G. fohsi s.l. by the
presence of an imperforate band and/or a thin raised keel that is limited to the
last two or three chambers of the final whorl. G. praefoshi is distinguished from
G. peripheroacuta by a tapered and distinctly acute peripheral margin on the last
two or three chambers of the final whorl and a smoother microstructure.

Globorotalia praemenardii Cushman and Stainforth

Globorotalia praemenardii Cushman and Stainforth, 1945, p. 70, pl. 13, fig. 14a—
¢; Bolli and Saunders, 1985, p. 220, 32.7a—c; Chaisson and Leckie, 1993, p.
162, pl. 5, figs. 12-14.

Globorotalia (Menardella) praemenardii (Cushman and Stainforth) Kennett and
Srinivasan, 1983, p. 122, pl. 28, figs. 6-8.

Comments: G. praemenardii occurs regularly through its anticipated range at
Site 1146, though its abundance is rare. The species is differentiated from its an-
cestor, Globorotalia archeomenardii, by being larger and possessing a keel, and
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from its descendent, Globorotalia menardii, by being smaller, less calcified, and
having only five to five and one-half chambers in the final whorl, and a thinner
keel.

Globorotalia praescitula Blow

Globorotalia scitula (Brady) subsp. praescitula Blow, 1959, p. 221, pl. 19, fig.
128a—c.

Globorotalia (Globoconella) praescitula (Blow) Kennett and Srinivasan, 1983, p.
108, pl. 24, fig. 1; pl. 25, figs. 4-6.

Globorotalia praescitula (Blow) Chaisson and Leckie, 1993, p. 162, pl. 4, figs. 7-
11.

Comments: At Site 1146 G. praescitula occurs throughout its range and with
abundances in any one sample being <1%. G. praescitula is differentiated
from its descendant Globorotalia scitula by its smaller test and more inflated
umbilical side.

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

Globorotalia (Hirsutella) scitula (Brady) Kennett and Srinivasan, 1983, p. 134, pl.
31, figs. 1, 3-5.

Comments: G. scitula is frequently observed through its long range at Sites
1143 and 1146, though in individual samples abundances are <1%. G. scitula is
differentiated from Globorotalia cibaoensis by a narrower aperture, less inflated
chambers, and by having more elongate, crescentic chambers. Unlike G. scitula,
Globorotalia praescitula is characterized by its more inflated umbilical side.

Globorotalia tumida (Brady)
Pulvinulina menardii (d’Orbigny) var. tumida Brady, 1877, pl. 103, figs. 4-6.

Globorotalia (Globorotalia) tumida tumida (Brady) Kennett and Srinivasan, 1983,
p- 158, pl. 36, fig. 1; pl. 38, figs. 1-3.

Globorotalia tumida (Brady) Chaisson and Leckie, 1993, p. 163, pl. 7, figs. 3-5.

Comments: G. tumida s.s. is recognized by its large, oblate form in umbilical
view and swollen, teardrop shape opposite the final chamber as seen in edge
view. The test bears a heavy and wide keel and is strongly pustulose near the
umbilicus. G. tumida can be mistaken for especially tumid (and evolutionarily
late) forms of Globorotalia merotumida and forms of Globorotalia conoidea that are
not highly vaulted. However, these latter species are generally smaller in size,
more circular in equatorial view, have thinner keels, and are less calcified. G. tu-
mida is consistently thicker and more tumid in edge view than large, heavily
keeled forms of G. menardii.

Globorotalia cf. G. zealandica Hornibrook
Globorotalia cf. G. zealandica Hornibrook, 1958, p. 667, figs. 18, 19, 30.

Globorotalia (Globoconella) zealandica (Hornibrook) Kennett and Srinivasan,
1983, p. 108, pl. 25, figs. 1-3.

Comments: G. zealandica was observed low in the section at Site 1146 and
always with abundances of <1% in any one sample. G. zealandica resembles
Globorotalia praescitula, except that the former has four chambers (instead of
four to four and one-half for G. praescitula), greater umbilical vaulting, and an
aperture with a rimmed arch.
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Globorotaloides hexagona (Natland)
Globigerina hexagona Natland, 1938, p. 149, pl. 7, fig. la—c.

Globorotaloides hexagona (Natland) Kennett and Srinivasan, 1983, p. 216, pl. 54,
figs. 1, 3-5.

Comments: Globorotaloides hexagona makes a single appearance at Site 1146
(see “Globorotaloides variabilis,” p. 25).

Globorotaloides variabilis Bolli

Globorotaloides variabilis Bolli, 1957, p. 117, pl. 27, figs. 15a-20c; Kennett and
Srinivasan, 1983, p. 214, pl. 53, figs. 2, 6-8; Chaisson and Leckie, 1993, p.
164, pl. 9, fig. 3.

Comments: G. variabilis is observed in only four samples from Site 1146, and
its abundance is rare. G. variabilis possesses a distinctly cancellate surface and
five to six chambers in the final whorl that increase rapidly in size. The rapidly
enlarging chambers and lack of an apertural lip help distinguish it from juve-
nile forms of Dentoglobigerina altispira. Although trochospiral, the species is also
recognized by its flattened spiral side. Blow (1969) considered G. variabilis to be
a subspecies of Globorotaloides hexagona, but we differentiate the two by the
former having more embracing chambers and a subacute peripheral margin.

Globoturborotalita apertura (Cushman)
Globigerina apertura Cushman, 1918, p. 57, pl. 12, fig. 8a—c.
Globoturborotalita apertura (Cushman) Hofker, 1976, pp. 47-53.

Globigerina (Zeaglobigerina) apertura (Cushman) Kennett and Srinivasan, 1983, p.
44, pl. 8, figs. 4-6.

Comments: In the South China Sea G. apertura is rarely observed in the sedi-
ment column at Site 1143, though it is frequently seen at Site 1146. At both
sites its abundance is rare in individual samples. The species is differentiated
from Globoturborotalita woodi by having a larger and wider aperture. High-spired
forms are identified as Globoturborotalita decoraperta, though these two species
are gradational.

Globoturborotalita decoraperta (Takayanagi and Saito)

Globigerina druryi Akers decoraperta Takayanagi and Saito, 1962, p. 85, pl. 28, fig.
10a—c.

Globoturborotalita decoraperta (Takayanagi and Saito) Hofker, 1976, pp. 47-53.

Globigerina decoraperta (Takayanagi and Saito) Kennett and Srinivasan, 1983, p.
48, pl. 9, figs. 4-6.

Comments: G. decoraperta occurs sporadically at both South China Sea sites
and with abundances of <1% in any one sample. We consider this species to be
a high-spired morphotype of Globoturborotalita apertura (see “Globoturborotal-
ita apertura,” p. 25).

Globoturborotalita druryi (AKkers)
Globigerina druryi Akers, 1955, p. 654, pl. 65, fig. 1.

Globoturborotalita druryi (Akers) Hofker, 1976, pp. 47-53.

Globigerina (Zeaglobigerina) druryi (Akers) Kennett and Srinivasan, 1983, p. 46,
pl. 8, figs. 7-9.

Comments: For Site 1146, G. druryi is observed throughout its anticipated
range and in rare abundances. Late forms of G. druryi overlap and are highly
gradational with early forms of Globoturborotalita nepenthes. G. druryi is distin-
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guished from G. nepenthes by having a smaller, more compact test, a small, low-
arched aperture, and four to four and one-half chambers in the final whorl that
increase uniformly in size (see “Globoturborotalita nepenthes,” p. 26).

Globoturborotalita nepenthes (Todd)
Globigerina nepenthes Todd, 1957, p. 301, fig. 7a, b.
Globoturborotalita nepenthes (Todd) Hofker, 1976, pp. 47-53.

Globigerina (Zeaglobigerina) nepenthes (Todd) Kennett and Srinivasan, 1983, p.
48, pl. 9, figs. 1-3.

Comments: The abundance of G. nepenthes varies from rare to abundant
throughout its range at Sites 1143 and 1146. For Site 1146 early forms of G. ne-
penthes overlap and are gradational with Globoturborotalita druryi. It is distin-
guished from G. druryi by having a larger, more oblate, droopy form, a distinctly
raised apertural lip, and a more elongate final chamber resembling a protruding
thumb.

Globoturborotalita woodi (Jenkins)
Globigerina woodi Jenkins, 1960, p. 352, pl. 2, fig. 2a—c.
Globoturborotalita woodi (Jenkins) Hofker, 1976, pp. 47-53.

Globigerina (Turborotalita) woodi woodi (Jenkins) Chaproniere, 1981, p. 124, pls.
1, 2.

Globigerina (Zeaglobigerina) woodi (Jenkins) Kennett and Srinivasan, 1983, p. 43,
pl. 7, figs. 4-6.

Comments: G. woodi is observed through its long range at Sites 1143 and
1146, while its abundance varies from rare to abundant. It has a compact test
with a low to moderate trochospire, cancellate surface, chambers that increase
slowly in size, and a round, symmetrical aperture with a thin rim. Forms having
a large, wide aperture in the final chamber are considered to be Globoturborotal-
ita apertura (or Globoturborotalita decoraperta if a high spire is present).

Neogloboquadrina acostaensis (Blow)
Globorotalia acostaensis Blow, 1959, p. 208, pl. 17, fig. 106a-c.

Neogloboquadrina acostaensis (Blow) Kennett and Srinivasan, 1983, p. 196, pl. 47,
fig. 1; pl. 48, figs. 1-3; Chaisson and Leckie, 1993, p. 164, pl. 8, fig. 5.

Comments: N. acostaensis is seen throughout its range, though its abun-
dance within individual samples is variable. Tests of N. acostaensis are distin-
guished from Neogloboquadrina humerosa by their smaller size, fewer chambers,
and apertural plate. Some early forms of N. acostaensis possess a kummerform fi-
nal chamber. Neogloboquadrina continuosa is distinguished from N. acostaensis by
the absence of a kummerform chamber and/or an apertural plate, having a flat
spiral side, and a high-arched aperture.

Neogloboquadrina continuosa (Blow)
Globorotalia opima Bolli subsp. continuosa Blow, 1959, p. 218, pl. 19, fig. 125a-c.

Neogloboquadrina continuosa (Blow) Kennett and Srinivasan, 1983, p. 192, pl. 47,
figs. 3-5.

Comments: N. continuosa is very uncommon through its range at Site 1143,
though at Site 1146 it is slightly more prevalent. In all samples where the spe-
cies is found, its abundance is rare. Our concept for N. continuosa is a test with
four chambers rapidly increasing in size, a flat spiral side, and a high-arched ap-
erture with a distinct rim.
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Neogloboquadrina humerosa (Takayanagi and Saito)
Globorotalia humerosa Takayanagi and Saito, 1962, p. 78, pl. 28, figs. 1a-2b.

Neogloboquadrina humerosa (Takayanagi and Saito) Kennett and Srinivasan, 1983,
p- 196, pl. 48, figs. 4-6; Chaisson and Leckie, 1993, p. 164, pl. 8, figs. 7, 8.

Neogloboquadrina humerosa humerosa (Takayanagi and Saito) Bolli and Sanders,
1985, p. 208, fig. 27.8a—c, p. 209, fig. 28.15a—c.

Comments: N. humerosa is observed throughout its anticipated range at both
sites, though it is rare in individual samples. N. humerosa exhibits five to six
chambers in the final whorl and an aperture open to the umbilicus. N. humerosa
is typically larger than Neogloboquadrina acostaensis and lacks the apertural plate
characteristic of the latter taxon. In general, N. humerosa is similar in size to
Neogloboquadrina dutertrei but is flatter on the spiral side and lacks the apertural
teeth of the latter taxon.

Neogloboquadrina pachyderma (Ehrenberg)
Aristospira pachyderma Ehrenberg, 1861, pp. 276, 277, 303.

Neogloboquadrina pachyderma (Ehrenberg) Kennett and Srinivasan, 1983, p. 192,
pl. 47, figs. 2, 6-8.

Comments: N. pachyderma (D) is observed sporadically at Sites 1143 and
1146, and its abundance is always rare. N. pachyderma has four to four and one-
half embracing chambers, a cancellate surface, and a low arch aperture. The spe-
cies is believed to have evolved from Neogloboquadrina continuosa, which has
four chambers that increase rapidly in size, is less cancellate, has a flat dorsal
(spiral) side, and a highly arched aperture.

Orbulina bilobata (d’Orbigny)
Globigerina bilobata d’Orbigny, 1846, p. 164, pl. 9, figs. 11-14.

Orbulina bilobata (d’Orbigny) Kennett and Srinivasan, (1983), p. 88, pl. 18, fig.
1; pl. 20, figs. 7-9.

Comments: O. bilobata is a long-ranging species that occurs throughout the
sediment column at both sites, though in individual samples abundances are
rare. Some authors (e.g., Bolli and Saunders, 1985) regard O. bilobata to be a
variant of Orbulina universa and of no stratigraphic value.

Orbulina suturalis Bronnimann

Orbulina suturalis Bronnimann, 1951, p. 135, text fig. IV, figs. 15, 16, 20; Ken-
nett and Srinivasan, 1983, p. 86, pl. 20, figs. 1-3.

Comments: O. suturalis is seen throughout the sedimentary column at both
sites and has individual sample abundances of <1%. The base of Zone N9 is
marked by the FO of Orbulina spp. (following the tropical zonal scheme of Ken-
nett and Srinivasan, 1983); thus, it is important to determine the FO of O. sutur-
alis and the FO of Orbulina universa. The final chamber of O. suturalis has small
apertures along its sutures as well as areal apertures. The presence of areal aper-
tures and smaller sutural apertures differentiate this species from Praeorbulina
glomerosa circularis (which lacks areal apertures), a species that is regarded as be-
ing the direct ancestor of O. universa and O. suturalis. O. universa is differentiated
from O. suturalis by having a final chamber that completely envelops earlier
chambers, thereby lacking the “Globigerina” chambers and small sutural aper-
tures of the latter taxon.

Orbulina universa d’Orbigny

Orbulina universa d’Orbigny, 1839, p. 3, pl. 1, fig. 1; Kennett and Srinivasan,
1983, p. 86, pl. 18, fig. 2; pl. 20, figs. 4-6.
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Comments: O. universa is recognized by its completely enveloping final
chamber and absence of “Globigerina” chambers and sutural apertures. It is ob-
served, with greatly varying abundances, in nearly every sample examined at
Sites 1143 and 1146 (see “Orbulina suturalis,” p. 27).

Paragloborotalia mayeri (Cushman and Ellisor)
Globorotalia mayeri Cushman and Ellisor, 1939, p. 11, pl. 2, fig. 4a—c.
Globorotalia siakensis LeRoy, 1939, p. 262, pl. 4, figs. 20-22.

Globorotalia (Jenkinsella) mayeri (Cushman and Ellisor) Kennett and Srinivasan,
1983, p. 174, pl. 43, figs. 4-6.

Globorotalia (Jenkinsella) siakensis (LeRoy) Kennett and Srinivasan, 1983, p. 172,
pl. 42, figs. 1, 6-8.

Paragloborotalia mayeri (Cushman and Ellisor) Chaisson and Leckie, 1993, p.
164, pl. 8, figs. 16-20.

Comments: Our concept of P. mayeri includes G. siakensis because of the
highly gradational nature of these forms. Similar species are Globorotalia chal-
lengeri (smaller and more cancellate in the early chambers of the final whorl);
Neogloboquadrina continuosa (having only four chambers in the final whorl); and
Globorotalia peripheroronda (less inflated chambers and lower aperture). In up-
permost Zone N6 through lowermost Zone N8, some tests of P. mayeri are grada-
tional with Globorotalia bella.

Paragloborotalia nana Bolli
Globorotalia opima nana Bolli, 1957, p. 118, pl. 28, fig. 3a—c.
“Globorotalia” nana (Bolli) Kennett and Srinivasan, 1983, p. 106, pl. 24, figs. 3-5.

Comments: P. nana occurs in only a single sample at Site 1146. This species
is similar to Neogloboquadrina continuosa, but it has four to four and one-half
chambers in the final whorl (instead of four for N. continuosa) and a lower
arched aperture.

Praeorbulina glomerosa s.1. (Blow)
Globigerinoides glomerosa curva Blow, 1956, p. 58, text fig. 1, n. 9-14.

Globigerinoides glomerosa glomerosa Blow, 1956, p. 58, text fig. 1, n. 15-19; text
fig. 2, n. 1, 2.

Globigerinoides glomerosa circularis Blow, 1956, p. 58, text fig. 2, n. 3, 4.

Praeorbulina glomerosa curva (Blow) Kennett and Srinivasan, 1983, p. 82, pl. 18,
figs. 3, 4.

Praeorbulina glomerosa glomerosa (Blow) Kennett and Srinivasan, 1983, p. 82, pl.
18, figs. 5-7.

Praeorbulina glomerosa circularis (Blow) Kennett and Srinivasan, 1983, p. 84, pl.
19, figs. 1-5.

Comments: Our species concept of P. glomerosa s.1. includes the subspecies P.
glomerosa curva, P. glomerosa glomerosa, and P. glomerosa circularis. At Site 1146 it
is observed over a limited range of cores and in low abundances. P. glomerosa s.1.
is characterized by slitlike or porelike sutural apertures and a final chamber that
envelopes most of the test. It is differentiated from Orbulina suturalis by the fi-
nal chamber lacking areal apertures and from Orbulina universa by the final
chamber not fully enveloping all earlier chambers (see “Orbulina suturalis,”
p- 27, and “Orbulina universa,” p. 27). P. glomerosa s.1. is also similar to Praeor-
bulina sicana (see “Praeorbulina sicana,” p. 29).
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Praeorbulina sicana (DeStefani)

Globigerinoides sicanus DeStefani, 1950, p. 9, fig. 6; Kennett and Srinivasan,
1983, p. 62, pl. 13, figs. 4-6.

Praeorbulina sicana (DeStefani) Bolli and Saunders, 1985, p. 199, fig. 24.7; Chais-
son and Leckie, 1993, p. 165, pl. 2, figs. 5, 6.

Comments: P. sicana was observed at Site 1146 in very low abundances
throughout its anticipated range. The strict species concepts of Jenkins et al.
(1981) and Chaisson and Leckie (1993) are used to differentiate P. sicana from
Globigerinoides bisphericus and Praeorbulina glomerosa s.1. Specifically, P. sicana ex-
hibits an envelopment of the test by the final chamber of 30%-40% (vs. 15%-—
20% [G. bisphericus] and 40%-70% [Praeorbulina glomerosa curval); at least three
slitlike to slightly arched apertures; a spherosity intermediate to G. bisphericus
and P. glomerosa s.1.; and no umbilicus. Near the FO of this species, specimens of
Globigerinoides subquadratus were observed with an inflated ultimate chamber
bearing three high-arched apertures (similar to the P. sicana bearing four aper-
tures pictured by Norris, 1998).

Pulleniatina primalis Banner and Blow

Pulleniatina primalis Banner and Blow, 1967, p. 142, pl. 1, figs. 3-8; pl. 3, fig. 2a—
¢; Kennett and Srinivasan, 1983, p. 200, pl. 49, figs. 1, 3-5; Chaisson and
Leckie, 1993, p. 165, pl. 8, fig. 1.

Comments: For this study the FO of P. primalis is marked by the rapid ap-
pearance of typical forms, though Sample 184-1143-26X-CC exhibited transi-
tional forms. At Site 1146, P. primalis is more gradational with Neogloboquadrina
acostaensis, though it is differentiated from the latter by a smoother test and
lack of an apertural plate.

Sphaeroidinella dehiscens (Parker and Jones)

Sphaeroidina bulloides d’Orbigny var. dehiscens Parker and Jones, 1865, p. 369, pl.
19, fig. 5.

Sphaeroidinella dehiscens (Parker and Jones) Kennett and Srinivasan, 1983, p.
212, pl. 51, fig. 2; pl. 52, figs. 7-9.

Comments: S. dehiscens is recognized by the presence of a secondary aper-
ture on the spiral side of the test. As noted by Norris (1998), the initial appear-
ance of the secondary aperture is very small, slightly larger than a pore in the
cortex. This makes the FO of the species difficult to distinguish from its ances-
tor, Sphaeroidinellopsis paenedehiscens. At Site 1146, morphotypes resembling
Sphaeroidinellopsis kochi and Sphaeroidinellopsis seminulina that possessed a sec-
ondary aperture were not identified as S. dehiscens.

Sphaeroidinellopsis kochi (Caudri)
Globigerina kochi Caudri, 1934, text fig. 8a, b.

Sphaeroidinellopsis kochi (Caudri) Kennett and Srinivasan, 1983, p. 210, pl. 52,
figs. 1-3; Chaisson and Leckie, 1993, p. 166, pl. 10, figs. 10, 14, 18.

Comments: At both Sites 1143 and 1146, S. kochi is consistently observed
throughout its anticipated range and it exhibits widely variable abundances, of-
ten rare but occasionally abundant. Our species concept always has more than
three chambers, often bearing a glassy cortex, though cortexless specimens are
seen, and a lobate outline, particularly in tests having more than four cham-
bers. Tests resembling Sphaeroidinellopsis seminulina that have a kummerform or
a full fourth chamber were identified as S. kochi.
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Sphaeroidinellopsis paenedehiscens Blow

Sphaeroidinellopsis paenedehiscens Blow, 1969, p. 386, pl. 30, figs. 4, 5, 9; Kennett
and Srinivasan, 1983, p. 210, pl. 52, figs. 4-6; Chaisson and Leckie, 1993, p.
166, pl. 10, fig. 9.

Comments: S. paenedehiscens is observed consistently throughout its antici-
pated range at both South China Sea sites, and its abundance in individual sam-
ples varies widely. The species has three highly embracing chambers in the final
whorl, but its thick cortex of secondary calcite gives it an “egg-shaped” appear-
ance. Similar species include Sphaeroidinella dehiscens and Sphaeroidinellopsis
seminulina. S. dehiscens is differentiated from S. paenedehiscens by its secondary
aperture, which in primitive forms may be very small and requires careful in-
spection for detection. S. seminulina is differentiated from S. paenedehiscens by
being more lobate in form (i.e., having a “rounded triangle” shape).

Sphaeroidinellopsis seminulina (Schwager)
Globigerina seminulina Schwager, 1866, p. 256, pl. 7, fig. 112.

Sphaeroidinellopsis seminulina seminulina (Schwager) Kennett and Srinivasan,
1983, p. 206, pl. 51, figs. 1, 6-8; Chaisson and Leckie, 1993, p. 166, pl. 10,
figs. 8, 11-13.

Comments: S. seminulina is observed consistently throughout the sedimen-
tary column at both sites in the South China Sea, and in some samples it is very
abundant. Because of the varying degree of cortex development observed in
specimens of S. seminulina low in the section at Site 1146 (Zones N7 and N8),
our species concept includes Sphaeroidinellopsis disjuncta. Other species similar
to S. seminulina, but differentiated, are Sphaeroidinellopsis kochi and
Sphaeroidinellopsis paenedehiscens, where the former is characterized by having
more than three chambers in the final whorl and the latter by being less lobate
(having an “egg” shape) (see “Sphaeroidinellopsis paenedehiscens,” p. 30).
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Figure F1. Location map for the two Leg 184 sites examined in this study. Map provided by Online Map
Creation, Martin Weinelt (www.aquarius.geomar.de/omc/make_map.html) 8/28/2002.
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Figure F2. Zonal Scheme, zonal marker species, and ages used in this study. Zonal scheme from Kennett
and Srinivasan (1983); datum ages from Berggren et al. (1995), Curry, Shackleton, Richter, (1995), and

Chaisson and Pearson (1997). FO = first occurrence, LO = last occurrence.
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Figure F3. Age-depth plot for Site 1143 based on distribution of datums (primary marker species) and their
ages as given in Table T3, p. 42. Sediment accumulation rates are based on foraminifer datums: 25 m/m.y.
(5.5-6.4 Ma), 99 m/m.y. (6.4-8.6 Ma), and 8 m/m.y. (8.6-10.5 Ma). Vertical dashed lines bracket the time
intervals used to calculate sediment accumulation rates. Error bars for datums are omitted due to the reso-
lution of the depth scale and symbol size. FO = first occurrence, LO = last occurrence. Nannofossil data pro-
vided by J. Shyu (pers. comm., 2002).
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Figure F4. Age-depth plot for Hole 1146A based on distribution of datums (primary marker species) and
their ages as given in Table T4, p. 43. Sediment accumulation rates are based on foraminifer datums: 21 m/
m.y. (5.5-6.4 Ma), 32 m/m.y. (6.4-8.6 Ma), 20 m/m.y. (8.6-10.5 Ma), 21 m/m.y. (10.5-15.1 Ma), 58 m/m.y.
(15.1-16.4 Ma), and 8 m/m.y. (16.4-18.8 Ma). Vertical dashed lines depict the time intervals used to calcu-
late sediment accumulation rates. Error bars for datums are omitted due to the resolution of the depth scale
and symbol size. FO = first occurrence, LO = last occurrence. Nannofossil data provided by J. Shyu (pers.
comm., 2002).
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Figure F5. Planktonic foraminiferal first and last occurrences with respect to depth and core number at Site
1143 (left) and Hole 1146A (right). FO = first occurrence, LO = last occurrence.
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Figure F6. Average noncarbonate mass accumulation rates (MARs) for Site 1143 (Holes 1143A and 1143C)
and Hole 1146A, based on average linear sedimentation rates and interpolated ages determined from the
planktonic foraminiferal age-depth models (Figs. F3, p. 33, and F4, p. 34) and sediment carbonate content
data from Wang, Prell, Blum, et al. (2000).
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Figure F7. Average carbonate mass accumulation rates (MARs) for Site 1143 (Holes 1143A and 1143C) and
Hole 1146A, based on average linear sedimentation rates and interpolated ages determined from the plank-
tonic foraminiferal age-depth models (Figs. F3, p. 33, and F4, p. 34) and sediment carbonate content data
from Wang, Prell, Blum, et al. (2000).
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Table T1. Distribution of planktonic foraminifers, Site 1143 (Miocene). (See table notes. Continued on next two pages.)

Sjuswwod)

38

puynuiwas sisdojjaulpioiaoyds

suads|yapauand sisdojjauipiosanyds

1420y sisdojjauipioiapyds
SU2ISIYaP DjjauIpIoIDYdS

R

PFPR

F R A|2

F P F|2

R P A2

PP F|2

siypwitid punbIUd|Ng
11aAbw pIP30I0GOIbDIDY

RIPRRF
RIP F PF
RIPRPF

PP R R A

R{P R P A
R|P R R F

DSIIAIUN DUINGIO
SIpININS UINGIO
b30q0jIq buliNqIQ

ouliapAydod purippnboqgojboan
psoJawny pulLiponboqojboaN
psonuuod puliponboqojboaN
sIsUap3sodD bulippnbogojboaN

R
R

P

1POOM D}I|DI010GINI0GO]D
saluadau p3jp3010giN0Go[D
0112dD1023p DI[PI0I0GINIOGOID
pinyadD D}IDI0I0GINI0GO]D

P P R|R

P P R R|R

R FIR R R P|R

R

R

P P R R|F

DppIwng pIjpI010Go|D
NS DIPI0I0GOID)
lpapuawap.d pljp30I0GO[D
ppiwnjoisajd pip10I0GO[D
DpILINI0IaW DIJDIOIOGO[D
1IpIDUBW DI|DI0I0GO]D
apIPBIDW DIJDI0I0GO[D

PF PP

DILqUII| DIjDPI0I0GOID)
sisuapnbuaj bljp3010GojD
1oupn{ piplOI0GO[D
DaPIOLOD DIjDPI0I0GO|D)
SISUAODGID DI|DI0IOGO]D

P

pupbjanzauas puuppnbogorn
suadsiyap buuponbogorn

SISUUa0WA04Dq DULIPPNDOGO]D

snqoju3 sapioutiabiqojn
1241n2ops sapiouliabiqojn
1aqni sapiouiabiqojn
snnbjyjqo sapiouriabiqojn
snwia1jxa sapioutiabiqojn
snpgojbuod saploutiabiqo|n

A

pipURNIb DYULIBIGO|D
psago pjjauliabiqojn
siipia30]inbap pjjauLIbIGO;D
sisuauo|py puLabIGo|n
saplojing pbuliabiqojn

R P|PRF

P

PP|/PRF
RIP RF

P P R/IRRF

PP P R

P/PRF

puidsiyp puabiqojboiuag

RIR P P

R

A
R

R

R
R

A

F
R

F

F

DpIU DUIAPUD)

P

P
p
P
p

P

P

p
P
p

P

P

p
P

P

pIp3IbIPav.d DljPag

uoleAIasald

P
P
P
P
G
G
G
G
G
G
G
G
G
P
G

G |P|P|R

G

G

G
P
P
P
G
G
G
G
P
G
G
G
G
G
P
G
P

G
p

Average
sample
depth
(mcd)

182.91

185.91

188.91

194.68

197.68

200.39

202.26

205.26

209.66

212.66

212.96

213.60

216.60

219.60

22212
221.48

224.07

232.52 | VG
235.52

238.52 | VG
241.05

241.74

243.99

251.88

254.88

257.88

259.30

260.58

263.60

266.58
270.70

273.70

276.70

280.47

283.47

286.48

290.39

293.40

296.40

Average
sample
depth
(mbsf)

175.06

178.06

181.06
184.56

187.56

190.27

191.56

194.56

199.16

202.16

202.46

203.16

206.16

209.16

211.68
212.76

215.35

222.36

225.36
228.36

230.89

231.96

234.21

241.56

244.56

247.56

248.98

251.16

254.18

257.16
260.76

263.76

266.76

270.35

273.35

276.36

280.05

283.06

286.06

Core, section,
interval (cm)

184-1143A-

20H-1, 115-117

20H-3, 115-117

20H-5, 115-117

21H-1,115-117

21H-3, 115-117
21H-5, 86-88

22X-1,115-117

22X-3,115-117

23X-1,115-117

23X-3,115-117

23X-CC, 22-29

24X-1,115-117

24X-3,115-117

24X-5,115-117

24X-CC, 31-40
25X-1,115-117
25X-CC, 26-33

26X-1,115-117

26X-3,115-117
26X-5,115-117

26X-CC, 41-48

27X-1,115-117
27X-CC, 22-29

28X-1,115-117

28X-3,115-117

28X-5,115-117

28X-CC, 28-35

29X-1,115-117

29X-3,117-119

29X-5,115-117
30X-1, 115-117

30X-3, 115-117

30X-5, 115-117

31X-1,114-116

31X-3, 114116

31X-5,115-117

32X-1,114-116

32X-3,115-117

32X-5,115-117

Foraminifer|
zone

N19

N18

N17b

N17a



S.A. NATHAN AND R.M. LECKIE
MIOCENE PLANKTONIC FORAMINIFERAL BIOSTRATIGRAPHY

Table T1 (continued).
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Table T1 (continued).
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45X-5,115-117

46X-1,118-120
46X-3, 115-117

47X-1,115-117

47X-3,115-117

47X-5,115-117

47X-CC, 36-42

48X-1,115-117

48X-3, 115-117

48X-5,125-130
48X-CC, 33-39

49X-1,115-117

49X-3, 115-117

49X-5,115-117
49X-CC, 42-47

50X-1, 113-115

50X-3,116-118

50X-5,117-120
50X-CC, 27-33

51X-1,115-117

51X-3,115-117

51X-5,115-117

52X-1,115-117

52X-3,114-116

52X-5,104-106

53X-1,115-117

53X-3,115-116

53X-5,115-116

54X-1, 148-150
54X-CC, 43-48

Foraminifer|
zone

N17a

N16

N15

N14

<1% of the assemblage, R = 1%-5%, F = 5%-10%,

>50% fragments; NA = not applicable, ash layer. Occurrence: P

= 20%-50% fragments, P

<20% fragments, G
>30%. Comments: 1 = sample having very few foraminifers after standard washing. 2 = sample rich in aggregates of clay after standard washing; contains few plank-

tonic foraminifers. 3 = ash layer; very few planktonic foraminifers.

Notes: Preservation: VG

10%-30%, D =

A=

40
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Table T2. Distribution of planktonic foraminifers, Site 1146 (Miocene). (This table is available in an over-
sized format.)



Table T3. Planktonic foraminifer datums, Site 1143.

Top Bottom Interpolated
Stratigraphic Age Core, section, Depth Depth Core, section, Depth Depth depth
Datum position (Ma) interval (cm) (mbsf) (mcd) interval (cm) (mbsf) (mcd) (mcd)
184-1143A- 184-1143A-
FO Sphaeroidinella dehiscens Top Zone N'18/Base Zone N19 5.54  24X-3,115-117 206.16 216.6 24X-5,115-117 209.16 219.6 218.1
FO Globorotalia tumida Top Zone N17b/Base Zone N18 5.82 25X-CC, 26-33  215.35 224.07 26X-1,115-117 22236  232.52 228.3
FO Globigerinoides conglobatus 6.2 42X-1,115-117 375.66 389.7 42X-3,115-117 378.66 392.7 391.2
FO Pulleniatina primalis Top Zone N17a/Base ZoneN17b 6.4 26X-5,115-117 22836  238.52 26X-CC, 41-48  230.89 241.05 239.79
184-1143C- 184-1143C-
FO Candeina nitida 8.44  48X-1,115-117 440.66 453.06 48X-3,115-117 443.66 456.06 454.56
FO Globigerinoides extremus 8.58  44X-CC, 46-52 410.24 422.64 45X-1,113-117  411.84 424.24 423.44
FO Globorotalia plesiotumida Top Zone N16/Base Zone N17a 8.58  48X-1115-117 440.66 453.06 48X-3, 115-117 443.66 456.06 454.56
FO Globorotalia cibaoensis 9.44  48X-1,115-117 440.66  453.06 48X-3,115-117 443.66 456.06 454.56
FO Globorotalia juanai 9.76  48X-1,115-117 440.66 453.06 48X-3,115-117 443.66 456.06 454.56
FO Neogloboquadrina acostaensis  Top Zone N15/Base Zone N16 9.82  49X-3,115-117 453.36 465.76 49X-5,115-117 456.36  468.76 467.26
LO Paragloborotalia mayeri Top Zone N14/Base Zone N15 10.49  49X-5,115-117 456.36 468.76 50X-1, 113-115 460.04 472.44 470.6
Bottom of hole (above FO Globoturborotalita nepenthes) <11.19 54X-CC, 43-48 500.49 51291 512.91

Notes: Boldface ages are astrochronologically tuned (from Chaisson and Pearson, 1997, and Berggren et al., 1995). FO = first occurrence, LO = last occurrence.

AHAVIIILVALSOIY TVHIIININVIO] OINOLDINVIJ ANADOIA

(4 4

ADDAT ‘WA ANV NVHLVN V'S



Table T4. Planktonic foraminifer datums, Hole 1146A.

Top Bottom Average

Stratigraphic Age Core, section,  Depth Depth Core, section, Depth Depth depth

Datum position (Ma) interval (cm) (mbsf) (mcd) interval (cm) (mbsf) (mcd) (mcd)

184-1146A- 184-1146A-

FO Sphaeroidinella dehiscens Top Zone N18/Bottom Zone N19 5.54 33X-1,9-12 299.61  318.36 33X-3, 14-17 302.66 321.41 319.88
FO Globorotalia tumida Top Zone N17b/Bottom Zone N18 5.82 33X-3,14-17 302.66 321.41 33X-5,9-12 305.61 32436  322.88
LO Globorotalia lenguaensis 6.0 36X-CC, 5-9 337.9 360 37X-2, 0-2 339.61 362.36 361.18
FO Globigerinoides conglobatus 6.2 38X-CC, 0-2 357.15  380.9 39X-2, 0-2 358.81  382.61 381.76
FO Pulleniatina primalis Top Zone N17a/Bottom Zone N17b 6.4 34X-CC, 5-9 318.61 337.56 35X-1,10-14 318.82 338.52  338.04
FO Globorotalia plesiotumida Top Zone N16/Bottom Zone N17a 8.58 41X-4,0-2 381.01 406.63 41X-6, 0-2 384.01 409.63 408.13
FO Globorotalia extremus 8.58 41X-6, 0-2 384.01  409.63 41X-CC, 0-2 385.99 411.61 410.62
FO Neogloboquadrina acostaensis  Top Zone N15/Bottom Zone N16 9.82  44X-3,0-2 408.31  432.38 44X-4, 0-2 409.81 433.88 433.13
LO Paragloborotalia mayeri Top Zone N14/Bottom Zone N15 10.49  45X-4,0-2 419.41  443.83 45X-5, 0-2 420.91 44533  444.58
FO Globoturborotalita nepenthes Top Zone N13/Bottom Zone N14 11.19  48X-1, 0-2 443,71 471.92 48X-2, 0-2 445,21 473.42 472.67
LO Globorotalia fohsi s.I. Top Zone N12/Bottom Zone N13 11.68 47X-6, 0-2 441.61 469.53 47X-7, 0-2 443.11 471.03 470.28
FO Globorotalia fohsi s.1. Top Zone N11/Bottom Zone N12 13.42 51X-4,0-2 476.91  504.1 51X-5, 0-2 478.41  505.6 504.85
FO Globorotalia praefohsi Top Zone N10/Bottom Zone N11 14.0 52X-CC, 0-2 491.41  519.85 53X-2, 0-2 493.11 523 521.43
FO Globorotalia peripheroacuta Top Zone N9/Bottom Zone N10 14.8 54X-1, 0-2 501.21  531.95 54X-3, 0-2 504.21 53495 533.45
LO Praeorbulina sicana 14.8 54X-CC, 0-2 509.07 539.81 55X-2, 0-2 512.31 542.95 541.38
FO Globorotalia praemenardii 14.9 54X-CC, 0-2 509.07 539.81 55X-2, 0-2 51231 54295 541.38
LO Globigerinatella insueta 15.0 54X-CC, 0-2 509.07 539.81 55X-2, 0-2 512.31 54295 541.38
FO Orbulina suturalis Top Zone N8/Bottom Zone N9 15.1 54X-CC, 0-2 509.07 539.81 55X-2, 0-2 512.31 54295 541.38
FO Praeorbulina sicana Top Zone N7/Bottom Zone N8 16.4 62X-2,10-14  579.62 616.41 62X-3, 10-14 581.12 617.91 617.16

LO Catapsydrax dissimilis Top Zone N6/Bottom Zone N7 17.3 62X-5, 7-11 584.09 620.88 62X-7,10-14 586.92  623.71 622.3
FO Globigerinatella insueta Top Zone N5/Bottom Zone N6 18.8 64X-2,10-14  598.82  634.81 64X-4, 9-13 601.81 637.8 636.31
LO Globoquadrina binaiensis 19.1 64X-6, 8-12 604.8 640.79 64X-7,12-16 606.34 642.33  641.95
Bottom of hole 64X-CC, 10-14 606.83  643.11 643.11

Notes: Boldface ages are astrochronologically tuned (from Chaisson and Pearson, 1997, Berggren et al., 1995, and Curry et al., 1995)

. FO = first occurrence, LO = last occurrence.
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