9. MIOCENE THROUGH QUATERNARY PLANKTONIC FORAMINIFERS FROM
OFFSHORE SOUTHERN CALIFORNIA AND BAJA CALIFORNIA!

Richard Z. Poore, U.S. Geological Survey, Menlo Park, California

ABSTRACT

Eleven holes were drilled at seven sites off southern California and Baja California during Deep Sea Drilling Project
Leg 63. Planktonic foraminifers are few to abundant in Pliocene and Quaternary sediments and essentially absent from
pre-Pliocene sediments recovered from three sites (Sites 467-469) in the California Continental Borderland. Planktonic
foraminifers are present but sparse throughout the middle Miocene through Quaternary sequence recovered at Site 470
near Guadalupe Island. Pliocene planktonic foraminiferal assemblages from these four northern sites indicate that
poleward migration of warm surface waters occurred at about 4.0 and 2.8 m.y. ago. Extratropical late Cenozoic North
Pacific and North Atlantic planktonic foraminifer datum events are compared and correlated.

Subtropical planktonic foraminiferal assemblages recovered at Sites 471 through 473 are generally sparse and show

effects of dissolution.

INTRODUCTION

DSDP Leg 63 started in Long Beach, California, on
October 9, 1978, and ended in Mazatlan, Mexico, on
November 26. Eleven holes were drilled at seven sites
during Leg 63 (Table 1; Fig. 1).

Sites 467 through 469 are in or adjacent to the
California Continental Borderland. Planktonic fora-
minifers are generally few to abundant in Pliocene and
Quaternary sediments recovered from the borderland
and sparse or absent in pre-Pliocene sediments. Evi-
dence of reworking was seen at all three borderland
sites.

Site 470 is east of Guadalupe Island, Mexico, near
the Experimental Mohole Site drilled in 1961. Plank-
tonic foraminifers are present in low abundance
throughout the middle Miocene through Quaternary se-
quence recovered there.

Subtropical Pliocene and Quaternary planktonic
foraminiferal assemblages were recovered from sedi-
ments of offshore Baja California Sites 471 and 473,
whereas sparse subtropical middle Miocene assemblages
were found at Site 472.

Tables 2 through 10 show abundance estimates of
planktonic foraminifers and other selected constituents
of samples examined for this report. After dispersing a
more or less uniform amount of processed material
(= 149-mm-size fraction) on a standard 60-square mi-
cropaleontologic slide, abundances were estimated as
follows: Species occurring several times per square were
tabulated as abundant, those occurring about once per
square were tabulated as common, and those occurring
once per several squares were tabulated as few. Taxa re-
quiring a more intensive search or found only in the
=< 149-mm-size fraction were tabulated as sparse. To aid
age assignments and comparisons of the results of Leg
63 with other studies, I have interpreted the planktonic

1 Initial Reports of the Deep Sea Drilling Project, Volume 63.

foraminiferal assemblages in Leg 63 samples in terms of
the standard zonation of Blow (1969). Primary zonal in-
dicators are absent or sparse at most localities sampled
during Leg 63. Most zone assignments are therefore
based on secondary indicators, and zone boundaries
shown on figures and tables represent approximations.

Following presentation and general explanation of
planktonic foraminiferal occurrences in all Leg 63 sites,
the biostratigraphic and paleoclimatic implications of
Pliocene and Quaternary assemblages of Sites 467
through 470 are discussed in more detail.

Original designations of taxa identified during this
study, as well as comments for selected taxa, are pro-
vided in the Taxonomic Notes.

SITE 467

Site 467 is in the San Miguel Gap area of the outer
California Continental Borderland (Fig. 1). Hole 467
was continuously cored to a sub-bottom depth of
1,041.5 meters. Planktonic foraminifers are common to
abundant in Cores 1 through 18 and common to sparse
in Cores 19 through 33. Sediments recovered below
Core 33 (307 m sub-bottom) are essentially barren of
planktonic foraminifers.

Assemblages in Cores 33 through 27 (Table 2) are
only diagnostic of upper Miocene to lower Pliocene
Zones N17 through N19. Coccoliths and siliceous mi-
crofossils from this interval are more definitive and sug-
gest a lower Pliocene assignment. The occurrence of
Globorotalia crassaformis and Globigerina umbilicata
in samples from Cores 26 and 25 indicates a Pliocene
Zone N19 to N21 assignment; the last occurrences of
Sphaeroidinellopsis spp., Globigerina woodi, and Neo-
globoquadrina acostaensis in or just below Sample
467-25-4, 60-62 cm are used to approximate the upper
limit of Zone N19. Note that typical or modern repre-
sentatives of Neogloboquadrina pachyderma first occur
in Sample 467-21-1, 26-28 cm. Previous work in the
Atlantic basin (Poore and Berggren, 1975; Poore, 1979)
suggests that the first occurrence of Neogloboquadrina
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Table 1. Location and coring summary for Leg 63 sites.

Water Core
Dates Depth®  Penetration  Number  Meters Meters Recovered

Hole (1978) Latitude Longitude {m) (m) of Cores Cored Recovered (%)
467 10-18 October 33°50.97'N  120°45.47'W  2127.8 1041.5 110 1041.5 426.30 41
468 21-23 October 32°37.03'N  120°07.07'W  1849.0 241.0 26 241.0 83,74 4
468A  23-24 October 32°37.41'N  120°06.55'W  1737.0 35.5 4 35.5 27.69 78
468B  24-26 October 32°37.41'N  120°06.55'W  1737.0 415.5 37 351.5 104.58 30
469 27 Oct.-1 Nov. 32°37.00'N  120°32.90'W  3790.0 453.5 51 453.5 178.46 39
470 2-4 November 28°54.46'N  117°3L.11'W  3549.0 168.0 18 168.0 50.02 54
470A  4-6 November 28°54.46'N  117°3L.11'W  3549.0 215.5 13 101.5 48.21 47
471 8-17 November 23°28.93'N  112°29.78'W  3101.0 823.0 88 823.0 356.40 43
472 18-19 November 23°00.35'N  113°59.71"'W  3831.0 137.5 16 137.5 65.11 47
472A  19-20 November 23°00.35'N  113°59.71'W  3831.0 94.5 1 0.2 0.20 100
473 22-26 November 20°57.92'N  107°03.81'W 32490 287.5 34 287.5 142.07 49
Total 398 3640.7 1522.78 42

2 Water depth from sea level.

pachyderma (sensu stricto [s.s.]) is in lower Zone N21 at
about 3.0 m.y. ago. The distribution of typical N.
pachyderma in Hole 467 appears to be in agreement
with the Atlantic studies.

The lowest occurrence of Neogloboquadrina duter-
frei in conjunction with the last (highest) occurrence of
N. atlantica are used to approximate the Pliocene/Qua-
ternary boundary between Samples 8-5, 54-56 cm and
7,CC. Coccoliths and siliceous microfossils, however,
indicate the Pliocene/Quaternary boundary is one to
two cores lower in the section.

Samples examined that yielded poorly preserved,
nondiagnostic taxa or that were barren of planktonic
foraminifers include the following: Samples 34,CC,
35,CC, 36-4, 40-42 cm, 38,CC, 39,CC, 41,CC, 42,CC,
43,CC, 44,CcC, 45,CC, 47,CC, 48,CC, 49,CC, 50,CC,
51,CC, 52,CC, 53,CC, 57,CC, 59,CC, 60-1, 27-29 cm,
64,CC, 74-1, 77-79 cm, 74,CC, 83,CC, 98,CC, 105-1,
98-100 cm, and 106-1, 91-93 cm.

SITE 468

Site 468 is on the north side of a shallow trough cut-
ting the Patton Escarpment, which is a prominent west-
ward-facing slope delineating the seaward boundary of
the California Continental Borderland (Fig. 1). Three
holes were drilled at Site 468. Hole 468 was continu-
ously cored to a sub-bottom depth of 241 meters before
caving of volcanogenic sand and breccia forced aban-
donment of the hole. Following a 1.2-km upslope dis-
placement, Hole 468A was continously cored to 35.5
meters sub-bottom before a broken sand line forced ter-
mination of this hole. Finally, Hole 468B was spudded
in adjacent to Hole 468A. Hole 468B was washed to
16.5 meters sub-bottom, continously cored to 111.5 me-
ters sub-bottom, discontinuously cored from 111.5 to
197.0 meters sub-bottom, and then continuously cored
to 405.5 meters sub-bottom. Tables 3 and 4 show occur-
rences of planktonic foraminifers and other selected
constituents of samples from the holes at this site.

Hole 468

Planktonic foraminifers are abundant and well pre-
served in Core 1 of Hole 468 and sparse to common
and, at best, only moderately well preserved in samples

416

from Cores 2 through 7. Aside from the meager assem-
blage in Sample 9,CC, the remaining cores from Hole
468 are essentially barren of planktonic foraminifers.

Samples 9,CC through 5-3, 68-70 cm are assigned to
Zones N9 to N10 because of the occurrence of Proten-
tella prolixa in Sample 9,CC and the sporadic occur-
rence of Globorotalia zealandica up through Core 5.
The age assignment deduced from planktonic foramini-
fers is slightly older than the age assignment derived
from coccoliths. Assemblages from Core 4 and Sample
3-3, 110-112 cm are not age diagnostic, but the occur-
rence of Globigerina druryi in Sample 3,CC is indicative
of Zones N11 through N14.

Interpretation of assemblages from Core 2 is equiv-
ocal. Middle Miocene planktonic foraminifers, such as
Globigerina pseudociperoensis and Globorotalia zea-
landica, coccoliths, and diatoms occur with the Pliocene
marker Globorotalia puncticulata. Are the middle Mio-
cene fossils reworked into Pliocene sediments or do the
specimens of Globorotalia puncticulata represent down-
hole contamination?

Sample 1,CC contains a typical Pliocene (Zone N19)
assemblage, and the occurrence of Globigerina calida in
Sample 1-1, 3-5 cm reveals the presence of a thin veneer
of upper Quaternary (Zone N23) sediments in Hole 468.

Samples examined that yielded sparse, poorly pre-
served taxa or that were barren of planktonic foramini-
fers include the following: Samples 11,CC, and 12,CC,
13-1, 11-13 cm, 14,CC, 15,CC, and 17,CC.

Holes 468A and 468B

Planktonic foraminifers are sparse to abundant and
moderately well to poorly preserved in Hole 468A and
in the first three cores of Hole 468B.

Sparse assemblages in Core 3 of Hole 468B and Sam-
ple 4,CC of 468A could be either upper Miocene or
Pliocene. The transition from Globorotalia puncticulata
to G. inflata is used to approximate the Zone N19/Zone
N21 boundary in Core 1 of Hole 468B and between
Cores 3 and 2 of Hole 468A. Assignment of Core 1 of
Hole 468A to the Quaternary is suggested by the last oc-
currences of Neogloboguadrina atlantica and N. humer-
osa as well as by the first occurrence of N. dutertrei in
Sample 1,CC.
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Figure 1. Map showing locations of Leg 63 sites, from Haq and others
(1979).
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Hole 468B samples examined that were barren of
planktonic foraminifers include the following: 4,CC,
6,CC, 8,CC, 9,CcC, 10,CC, 12,CC, 13,CC, and 15,CC.

SITE 469

Site 469 is at the base of the Patton Escarpment to the
west of Site 468 (Fig. 1). Planktonic foraminifers are
common to abundant in the first 10 cores and sparse or
absent in the remaining sediment cores recovered from
continuously cored Hole 469. All planktonic assem-
blages show signs of dissolution. Further, fragments of
foraminifers are very abundant in Cores 1 through 10,
and glauconite, foraminifer sands are fairly common in
Cores 1 through 5. These observations suggest that the
abundance of planktonic foraminifers in the upper por-
tion of the sedimentary section at this relatively deep
(3,800 m) location is due to downslope displacement
from the adjacent Patton Escarpment. The occurrences
of planktonic foraminifers and other selected consti-
tuents in samples from Hole 469 are shown in Table 5.

The common occurrence of Globorotalia puncticuy-
lata in Samples 8,CC and 9,CC along with its sparse oc-
currence in Sample 11,CC suggest assignment of Cores
11 through 8 to Pliocene Zone N19. The planktonic as-
semblages in Core 11 are very meager, however, and the
assignment for Core 11 must be considered a tentative
one.

The transition from Globorotalia puncticulata to G.
inflata is used to place the Zone N19/N21 boundary
within Core 8. The lower limits of Quaternary Zones
N22 and N23 are placed just below the respective first
(lowest) occurrences of Neogloboquadrina dutertrei and
Globigerina calida in Samples 5,CC and 3-3, 104-106
cm. Note that the last occurrences of Neogloboguadrina
atlantica and N. humerosa coincide approximately with
the first occurrence of N. dutertrei.

Samples from Hole 469 that yield sparse, nondiag-
nostic planktonic foraminifers or that are barren of
planktonic foraminifers include the following: Samples
12,CC, 13,CC, 14,CC, 15,CC, 17,CC, 19,CC, 20,CC,
22,CC, 23,CC, 24,CC, 25,CC, 28-1, 20-22 cm, 34-1,
10-12 cm, and 37,CC.

SITE 470

Site 470 is located east of Guadalupe Island, Mexico,
about 8 km from the Experimental Mohole Site drilled
in 1961. Two holes were drilled at Site 470. Hole 470
was continuously cored into basement. Recovery in
Hole 470 was especially poor between 47.5 and 95.0
meters sub-bottom; therefore this interval, the sedi-
ment/basement contact, and basement was recored in
Hole 470A. Tables 6 and 7 show the occurrence and
relative abundance of planktonic foraminifers and other
selected sample constituents in Holes 470 and 470A.

Hole 470

Planktonic foraminifers in samples from Core 18
represent zonal interval N9 through N11, whereas the
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Table 2. Occurrence and estimated abundance of planktonic foraminifers and other selected components in samples from Hole 467.
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occurrence of Globigerina druryi in Sample 17,CC in-
dicates assignment of Core 17 to Zones N11 or N12. The
single occurrence of Sphaeroidinellopsis subdehiscens in
Sample 16,CC is used to set the lower boundary of Zone
N13, and the first (lowest) occurrence of Globigerina
nepenthes in Sample 15-4, 60-62 cm marks the base of
Zone N14, Sparse assemblages from Cores 14 through
12 could represent Zone N14 or N15. Cores 11 through
8 are assigned to upper Miocene Zones N16 to N17
because of the sporadic occurrences of Neogloboguad-
rina pachyderma (s.l.) in the absence of Pliocene
markers. Extremely abundant siliceous microfossils in
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Cores 14 through 8 effectively mask planktonic fora-
minifers.

The base of the Pliocene in Hole 470 is marked by the
first occurrences of Globorotalia tumida, G. crassafor-
mis, and G. puncticulata in Sample 7,CC. It is likely
that the Miocene/Pliocene boundary coincides with the
change upward from diatomaceous silty clay to clay
near the top of Core 8. The Zone N19/Zone N21 bound-
ary is indicated by the transition from Globorotalia
puncticulata to G. inflata in Core 5, and the last consis-
tent occurrences of Neogloboquadrina atlantica and N.
humerosa along with the first occurrence of N, duter-
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Table 3. Occurrence and estimated abundance of planktonic foraminifers and other selected components in samples from Hole 468.
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trei are used to approximate the Pliocene/Quaternary
boundary.

Hole 470A

Sparse planktonic foraminifers in Samples 5,CC
through 3-1, 60-62 cm could be upper Miocene or lower
Pliocene. Coccoliths and siliceous microfossils as well as
sub-bottom depth correlation with Hole 470 indicate an
upper Miocene assignment for this interval. Cores 2 and
1 are assigned to lower Pliocene Zone N19 because of
the occurrences of Globigerinoides conglobatus in Sam-
ple 2-2, 30-32 cm and Globigerina nepenthes in Sample
1,CC.

Planktonic foraminiferal species and their distribu-
tions found in Holes 470 and 470A basically agree with
the results of Bandy and Ingle’s (1970) study of Ex-

perimental Mohole cores. Discrepancies between the
two studies are minor and are explained by different
taxonomic concepts and the sparse and sporadic occur-
rence of many species.

SITE 471

Site 471 is at the distal end of a deep-sea fan west of
the foot of the continental slope off Baja California
(Fig. 1). Expected age for basement at this continuously
cored site was estimated to be about 11 m.y. Planktonic
foraminifers are common and well to poorly preserved
in Cores 1 through 5 of Hole 471. Fragmentation and
etching of foraminifer tests increases downsection. For-
aminifers are absent from Cores 6 through 37, but occa-
sional foraminifers were seen on cut surfaces of Cores
38 through 78. Examination of selected samples from
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Table 4. Occurrence and estimated abundance of planktonic foraminifers and other selected components in samples from Holes 468A and 468B.

this interval revealed sparse, poorly preserved plank-
tonic foraminifers, and only long-ranging taxa such as
Globigerina bulloides and Globigerinoides sacculifer

(s.1.) were

Table 8 shows the distribution of planktonic fora-
minifers and other selected constituents in samples from
Cores 1 through 5. Samples 5-2, 80-82 cm through 4-2,
61-63 cm are assigned to Zone N21 because of the con-

identified.

and reworking.

sistent occurrence of Globigerinoides obliquus and the
sporadic occurrence of Sphaeroidinellopsis spp. and

Globorotalia tosaensis. The sparse assemblage from
Sample 4-1, 36-38 cm is not diagnostic, but the common
occurrence of typical Neogloboquadrina dutertrei com-
bined with the absence of taxa restricted to the Pliocene
or older suggests a Quaternary assignment for Sample
3,CC. The base of the Quaternary is arbitrarily drawn
below Sample 4-1, 36-38 cm on Table 8. Coccoliths
from this interval provide clear evidence for a hiatus at
the base of Core 3 or the top of Core 4 that corresponds
to the latest Pliocene and early Pleistocene. Continuing
upsection, the upper portion of Core 1 is assigned to
Zone N23 because of the occurrence of Globigerina
calida in Samples 1-4, 66-68 cm and 1-1, 66-68 cm.
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SITE 472
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Note that the occurrences of G. calida in Sample 3-3,
76~78 cm and Globigerinoides obliquus in Sample 2,CC
are interpreted respectively as downhole contamination

A significant result of drilling at this site was finding
coccoliths indicative of the Sphenolithus heteromorphus
Zone at the base of the recovered sedimentary section,
which suggests an age of 14 to 15 m.y. for basement.

Site 472 is located on a small plateau to the west of
Site 471 (Fig. 1). Expected age for basement was about
14 m.y., and Hole 472 was continuously cored into
basement. Upon completion of drilling at Hole 472, a
second hole (472A) was washed down to recover the
sediment/basalt contact and obtain a heat-flow meas-
urement just above the basalt. But basement was en-
countered 17.5 meters shallower in Hole 472A than in
Hole 472, and therefore no sediment was recovered
from Hole 472A.

Planktonic foraminifers are sparse to few in Cores 11
and 12 of the pelagic sequence recovered from Hole 472
(Table 9). All assemblages recovered show effects of dis-




Table 5. Occurrence and estimated abundance of planktonic foraminifers and
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other selected components in samples from Hole 469.
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solution, which indicates that the entire sedimentary
section was deposited near or below the carbonate com-
pensation depth (CCD).

The occurrence of Globorotalia praefohsi without G.
fohsi in Sample 11-1, 80-82 cm shows at least part of
Core 11 is referable to Zone N11, whereas the occur-
rence of Orbulina throughout Core 11 and in Sample
12,CC indicates assignment of the rest of Core 11 and
Core 12 to Zones N9 to N10. Assignments based on
planktonic foraminifers are in good agreement with coc-
coliths and siliceous microfossil results.

Samples examined that were barren of planktonic
foraminifers include: Samples 1,CC, 2,CC, 3,CC,
4,CC, 5,CC, 6,CC, 7,CC, 8,CC, 9,CC, and 10,CC.

SITE 473

Site 473 is south of Tres Marias Islands at the mouth
of the Gulf of California. Planktonic foraminifers are
absent to common and moderately well preserved in
samples from Cores 1 through 14 of Hole 473 (Table

10). All planktonic assemblages recovered show signs of
dissolution; isolated keels of Globorotalia menardii(?)
are present in Samples 1,CC and 2,CC. No planktonic
foraminifers were detected below Core 14.

The occurrence of Sphaeroidinellopsis seminulina
and Globoquadrina altispira in Sample 14,CC indicates
this level is no younger than about 2.8 m.y. (Zone N21),
whereas associated coccoliths suggest a slightly younger
assignment (Discoaster surculus Subzone, base about
2.6 m.y. old). The discrepancy, however, is minor. The
Pliocene/Quaternary boundary is placed between Sam-
ples 10,CC and 9,CC because of the first (oldest) occur-
rence of Neogloboquadrina dutertrei in Sample 9,CC.
This placement is in reasonable agreement with the coc-
colith data from Hole 473 and suggests that the first
(oldest) occurrence of typical N. dutertrei can be used in
this area to approximate the base of the Quaternary in
the absence of Globorotalia truncatulinoides. The oc-
currence of Globigerina calida in Sample 3,CC indicates
assignment of Cores | through 3 to Zone N23. Evidence
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Table 6. Occurrence and estimated abundance of planktonic foraminifers and other selected components in samples from Hole 470.
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Sample
(interval in cm)

3-2,60-62

3.cC

4-2, 60-62
4,CC

5-2, 60-62
5-3,5-7

5.CC
6-1,60-62

1.CC
6-2, 59-61

2.CC

7-2, 60-62
7-3,60-62
7,CC

10-1, 60-62
10,CC

11-2, 60-62
11-5, 60-62
11,CcC

12-2, 60-62
12-4, 60-62
13-2,21-23
14-2, 60-62

9-3, 60-62
14,CC

8-2,40-42
9,CcC

B.CC

15-2, 60-62
15-4, 60-62
16-2,110-112
16-3, 20-22
16,CC

17-1, 130132
17-2,30-32
18-1, 104106
18-2, 68-70

15.CC
17-3, 30-32

17,CC

(Blow,
1969)

Zone

N22
N21

N19

N17
N16

N15

N14

N127?
NI11

NI3
NO_N11

tentative identification
or assignment

common;
abundant;

Subseries

System
Series
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Pliocene

Quaternary

Upper
Miocene

Miocene
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Table 7. Occurrence and estimated abundance of planktonic foraminifers and other selected components in samples from Hole 470A.
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for reworking in the upper part of this section is pro-
vided by the presence of Globigerinoides obliquus and
Neogloboguadrina atlantica in Sample 4,CC and N.
atlantica in Sample 2,CC.

Samples examined from Hole 473 that were barren of
planktonic foraminifers include: Samples 16,CC, 17,CC,
18,CC, 19,CC, 20,CC, 21,CC, 22,CC, and 28,CC.

DISCUSSION

The record of planktonic foraminifers in Leg 63
sediments is generally disappointing. Dissolution, dia-
genesis, masking by siliceous and terrigenous material,
reworking, and a number of unconformities all con-
tribute to the problem. Two interesting features of the
record, however, are the relatively frequent occurrence
of Neogloboguadrina atlantica in Pliocene assemblages
and the absence of N. pachyderma sensu stricto from
pre-late Pliocene assemblages. The distribution of these

taxa in concert with the stratigraphic distribution of
Globorotalia puncticulata, G. crassaformis, G. inflata,
Neogloboquadrina humerosa, and N. dutertrei define a
number of paleontologic datum planes or events that
can be used to subdivide sequences of Pliocene through
Quaternary subboreal to transitional planktonic fora-
miniferal faunas of the northeastern Pacific. Further,
the same basic sequence of events and resulting associa-
tions of planktonic foraminifers are known from the
subboreal North Atlantic (Poore, 1979); thus it is possi-
ble to correlate low-diversity, high-latitude assemblages
within and between the North Pacific and North Atlan-
tic basins.

Figure 2 summarizes the general stratigraphic dis-
tribution of key taxa in the North Pacific and North
Atlantic. The one interbasin difference demonstrated in
Figure 2 concerns the distribution of Neogloboquadrina
atlantica. In the North Pacific, N. atlantica appears to
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Table 8. Occurrence and estimated abundance of planktonic foraminifers and other selected components in samples from Hole 471.
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be confined to the Pliocene and is mostly right-coiling.
In the North Atlantic, however, right-coiling N. atlan-
tica is characteristic of the late Miocene and left-coiling
N. atlantica is characteristic of the Pliocene (Poore and
Berggren, 1975). Regardless of this difference, various
combinations of the paleontologic events shown on
Figure 2 can be used to recognize, characterize, and cor-
relate similar inter- and intrabasin horizons or intervals.

In contrast to zonal schemes that emphasize events
within Globorotalia for extratropical Pliocene through
Quaternary correlations (e.g., Kennett, 1973; Poore and
Berggren, 1975; Keller, 1978a, b), the sequence of
events shown in Figure 2 allows recognition of discrete
intervals in subboreal regions where the more temperate
Globorotalia may be absent or occur sporadically. This
aspect is especially important if one is studying samples
from a limited stratigraphic sequence—such as dart core
or spot outcrop samples—instead of a long, continu-
ously cored DSDP sequence. For example, although
zonally diagnostic Globorotalia are sparse, the occur-
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rences of Neogloboguadrina atlantica and N. pachy-
derma s.s. indicate assignment of Cores 21 through 7 of
Hole 467 to the late Pliocene. Similarly, zonally diag-
nostic Globorotalia are essentially absent from Core 11
and lower Core 10 of DSDP Hole 173 off northern Cali-
fornia (Keller, 1978b). But samples from this interval
contain fairly common Neogloboquadrina atlantica (re-
corded as N. pachyderma form 3) and presumably N.
pachyderma s.s. The sequence of events shown on Fig-
ure 2 allows assignment of all of the assemblages from
Core 11 and lower Core 10 to the late Pliocene, whereas,
aside from the one or two samples that do contain diag-
nostic Globorotalia, use of the published ranges for spe-
cies listed for these samples in Keller (1978b) would re-
sult in a broad late Miocene to Pliocene assignment.
Another interesting feature of the planktonic fora-
miniferal record of Leg 63 concerns the paleoclimatic
implications of Pliocene assemblages from Holes 467,
468A and B, and 470. Tabulation of the number of
warm-water taxa in Pliocene samples from these holes is
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Table 9. Occurrence of planktonic foraminifers and other selected components in samples from Hole 472.

Planktonic Foraminifers

Other
Components

Sub-
series

Zone
(Blow, 1969)

Sample
(interval in cm)

G. falconensis
Globigerinoides obliquus
G. subquadratus

G. dehiscens

G. trema

Turbororalita quinqueloba

N1 11-1, 8082

11-2, 60—-62
11-3, 80-82

Middle 11-4, 111113

Miocene N9 — N10

11,CC
12-1,11-13
12-2,15-17

12,CC

X | Globorotalia praefohsi
¥ | Globororaloides hexagona

X | G. pseudociperoensis
=~ | G. scitula

X | G. woodi
X X | Globigerinita glutinata (s. 1.)

X | G. obesa
X X |G. uula

~ | G. larmeui

X X | Globoguadrina altispira
X X X |G. venezuelana

¥ X | Orbulina universa
X X | Benthic Foraminifers
X % | Siliceous Microfossils

X
X

X X X X|G. sacculifer
x
X

X X
X

XX X X %7P

X X X X X |Globigerina bulloides

xX X

X X

X

X X
X X

X X X X X X X X

X = present; 7 = tentative identification

shown in Figure 3. The tabulation indicates that two
northward excursions of warm-water taxa took place
during the Pliocene. The first or oldest event is repre-
sented by the assemblages in Core 7 of Hole 470. Sedi-
ment accumulation rate calculations for Hole 470 (see
Site Report) suggest that this event took place at about
4.0 m.y. ago. Note there is no clear indication of this
early Pliocene warm event in the California Continental
Borderland sites.

A second warm event is represented by assemblages
in Core 5 of Hole 470, Core 2 of Hole 468A, Core 1 of
Hole 468B, and Cores 26 and 25 of Hole 467. This
younger Pliocene event is associated with the coccolith
Discoaster tamalis Subzone and is therefore dated at
about 2.7 to 2.8 m.y. ago. Although the data from Leg
63 are sketchy, poleward migration of warm-water as-
semblages at about 4.0 and 2.8 m.y. ago is compatible
with that indicated by faunal studies at DSDP Sites 310
and 173 (Keller, 1978a, b) and California onshore sec-
tions (Ingle, 1973b).

TAXONOMIC NOTES

The original references to all species identified and plotted on
Tables 2 through 10 are listed below. Discussion and comments are
provided for selected taxa.

Candeina nitida d’Orbigny
Candeina nitida d’Orbigny, 1839a, p. 108, pl. 2, figs. 27, 28.

Cassigerinella chipolensis (Cushman and Ponton)
Cassidulina chipolensis Cushman and Ponton, 1932, pl. 15, fig. 2.

Globigerina angustiumbilicata Bolli
Globigerina ciperoensis angustiumbilicata Bolli, 1957, p. 109, pl. 22,
figs. 12, 13,
Globigerina apertura Cushman
Globigerina apertura Cushman, 1918, p. 57, pl. 12, fig. 8.

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

Globigerina calida Parker
Globigerina calida Parker, 1962, p. 221, pl. 1, figs. 9-13, 15.

Globigerina connecta Jenkins

Globigerina woodi connecta Jenkins, 1964, p. 72, text-fig. 1.

Globigerina decoraperta Takayanagi and Saito
Globigerina druryi decoraperta Takayanagi and Saito, 1962, p. 85, pl.
28, fig. 10.

Globigerina digitata Brady
Globigerina digitata Brady, 1879, p. 286.

Globigerina druryi Akers

(Plate 5, Fig. 9)

Globigerina druryi Akers, 1955, p. 654, pl. 65, fig. 1.
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Table 10. Occurrence and estimated abundance of planktonic foraminifers and other selected components in samples from Hole 473.
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Globigerina falconensis Blow
Globigerina falconensis Blow, 1959, p. 177, pl. 9, figs. 40, 41.
Globigerina incisa (Bronnimann and Resig)
(Plate 4, Fig. 9)

Globorotalia incisa Bronnimann and Resig, 1971, p. 1278, pl. 45, figs.
5, 7: pl. 46, figs. 1-8.
Scanning electron microscope studies show this species possesses
spines and is therefore referable to Globigerina (Poag and Valentine,
1976).

Globigerina nepenthes Todd
(Plate 5, Fig. 8)

Globigerina nepenthes Todd, 1957, p. 301, pl. 78, fig. 7.

Globigerina obesa (Bolli)
Globorotalia obesa Bolli, 1957, p. 119, pl. 29, figs. 2, 3.

Globigerina praecalida Blow

Globigerina calida praecalida Blow, 1969, p. 380, pl. 13, figs. 6, 7; pl.
14, fig. 3.

426

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

Globigerina pseudobesa (Salvatorini)
Turborotalia pseudobesa Salvatorini, 1966, p. 10, pl. 2, figs. 6-15.

Globigerina pseudociperoensis Blow
(Plate 1, Figs. 9, 10)

Globigerina praebulloides pseudociperoensis Blow, 1969, p. 381, pl.

17, figs. 8, 9.

The taxon 1 refer to Globigerina pseudociperoensis in this report
has been recorded as Globigerina concinna Reuss in other studies of
eastern North Pacific lower and middle Miocene sediments (e.g.,
Bandy and Ingle, 1970; Ingle, 1973a). In my opinion, however, con-
siderable confusion surrounds the name “‘Globigerina concinna.’” The
original material is lost but may have been described from Tortonian
(upper Miocene) strata (Bolli, 1954). In lieu of an adequate original il-
lustration and original material, the specimen illustrated by Marks
(1951) is usually referenced to establish the concept of G. concinna,
but adequate locality and age information are not given for the il-
lustrated specimen. Therefore I prefer to use the better defined and
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Figure 3. Tabulation of ‘‘warm-water" planktonic foraminifer species in late Cenozoic sam-
ples of Holes 467, 46BA, 468B, and 470. (Taxa counted as warm indicators are: Globi-
gerinoides spp., Globorotalia tumida, G. menardii, Sphaeroidinellopsis spp., and Sphae-
roidinella dehiscens. Plots suggest northern incursions of warm-water taxa took place dur-
ing the Pliocene about 4.0 m.y. ago [W,;] and 2.8 m.y. ago [W;]. See text for discussion.)

427



R. Z. POORE

well-illustrated name Globigerina pseudociperoensis for the lower to
middle Miocene five-chambered Globigerina found in Leg 63 samples.
Globigerina rubescens Hofker
Globigerina rubescens Hofker, 1956, p. 234, pl. 35, figs. 18-21.
Globigerina umbilicata Orr and Zaitzeff
(Plate 4, Figs. 7, 8)
Globigerina umbilicata Orr and Zaitzeff, 1971, p. 18, pl. 1, figs. 1-3.

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

Globigerina aequilateralis (Brady)
Globigerina aequilateralis Brady, 1879, p. 285,

Globigerinita glutinata (Egger) s.1.

Globigerina glutinata Egger, 1893, p. 371, pl. 13, figs. 19-21.
Globigerinita ambitacrena (Loeblich and Tappan), G. incrusta
Akers, and G. naparimaensis Bronnimann are included in G. glutinata
(s.l.).
Globigerinita iota Parker
Globigerinita iota Parker, 1962, p. 250, pl. 10, figs. 26-30.

Globigerinita uvula (Ehrenberg)
Pylodexia uvula Ehrenberg, 1861, p. 308.

Globigerinoides conglobatus (Brady)
Globigerina conglobata Brady, 1879, p. 286.

Globigerinoides extremus Bolli and Bermudez

Globigerinoides obliquus extremus Bolli and Bermudez, 1965, p. 139,
pl. 1, figs. 10-12.

Globigerinoides kennetti Keller and Poore
(Plate 3, Fig. 7, 8)
Globigerinoides kennetti Keller and Poore, 1980, p. 189.

Globigerinoides obliguus Bolli
Globigerinoides obliqua Bolli, 1957, p. 113, pl. 25, figs. 9, 10; text-fig.
21, no. 5.
Globigerinoides ruber (d’Orbigny)
Globigerina rubra d’Orbigny, 1839a, p. 82, pl. 4, figs. 12-14.

Globigerinoides sacculifer (Brady) s.l.
Globigerina sacculifera Brady, 1877, p. 535.
Globigerinoides trifobus (Reuss) is included in G. sacculifer (s.1.).
Globigerinoides subquadratus Bronnimann

Globigerinoides subquadrata Bronnimann, 1954, in Todd et al., 1954,
p. 680, pl. 1, figs. 5, 8.

Globigerinoides tenellus Parker
Globigerinoides tenellus Parker, 1958, p. 280, pl. 6, figs. 7-11.

Globoguadrina altispira (Cushman and Jarvis)

Globigerina altispira Cushman and Jarvis, 1936, p. 5, pl. 1, figs. 13,
14.

Globoguadrina baroemoenenis (LeRoy)

(Plate 3, Fig. 9)
Globigerina baroemoenenis LeRoy, 1939, p. 263, pl. 6, figs. 1 and 2.
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Globoguadrina dehiscens (Chapman, Parr, and Collins)
Globorotalia dehiscens Chapman, Parr, and Collins, 1934, p. 569, pl.
11, fig. 6.
Globoguadrina larmeui Akers
Globoguadrina larmeui Akers, 1955, p. 661, pl. 65, fig. 4.

Globoguadrina venezuelana (Hedberg)
Globigerina venezuelana Hedberg, 1937, p. 681, pl. 92, fig. 7.

Globorotalia anfracta Parker
Globorotalia anfracta Parker, 1967, p. 175, pl. 28, figs. 3-8.

Globorotalia conoidea Walters

Globorotalia miozea conoidea Walters, 1965, p. 124, fig, 8, I-M.
Globorotalia conomiozea Kennett
(Plate 3, Figs. 5, 6)
Globorotalia conomiozea Kennett, 1966, p. 235, pl. 1, figs. 8-18; pl.
2, figs. 6-13; text-fig. 10.

Globorotalia continuosa Blow

Globorotalia opima continuosa Blow, 1959, p. 218, pl. 19, fig. 125.

Globorotalia crassaformis (Galloway and Wissler)

Globigerina crassaformis Galloway and Wissler, 1927, p. 41, pl. 7,
fig. 12.

Globorotalia galapagosensis Quilty
(Plate 2, Figs. 8-10)

Globorotalia galapagosensis Quilty, 1978, p. 332.
Globorotalia akersi Quilty, 1976, p. 647, pl. 14, figs. 9-13.

This minute but distinctive species occurs sporadically in the mid-
dle Miocene section of Hole 470. At equatorial Pacific DSDP Site 319
Quilty (1976) found Globorotalia galapagosensis (as G. akersi) to be
confined to Zone N12. The results from Hole 470, however, show that
Globorotalia galapagosensis can range up to Zone N14. Globorotalia
bauerensis, a taxon that is very similar to G. galapagosensis, was not
detected in Hole 470.

Globorotalia hirsuta (d’Orbigny)
Rotalina hirsuta d’Orbigny, 1839b, in Barker-Webb and Berthelot,
1839, p. 131, pl. 1, figs. 37-39.
Globorotalia inflata (d’Orbigny)
(Plate 3, Figs. 1, 2)
Globigerina inflata d’Orbigny, 1839b, in Barker-Webb and Berthelot,
1839, p. 134, pl. 2, figs. 7-9.
Globorotalia mayeri Cushman and Ellisor
Globorotalia mayeri Cushman and Ellisor, 1939, p. 11, pl. 2, fig. 4.

Globororalia menardii (Parker, Jones, and Brady)
Rotalia menardii Parker, Jones, and Brady, 1865, p. 20, pl. 3, fig. 81.
Globorotalia minutissima Bolli
(Plate 2, Figs. 1-3)
Globorotalia minutissima Bolli, 1957, p. 119, pl. 29, fig. 1.

Globorotalia miocenica Palmer
Globorotalia miocenica Palmer, 1945, p. 70, pl. 1, fig. 10.
Globorotalia peripheroacuta Blow and Banner
(Plate 2, Figs. 4-7)

Globorotalia peripheroacuta Blow and Banner, 1966, p. 294, pl. 1,
fig. 2; pl. 2, figs. 4, 5, and 13.



Globorotalia peripheroronda Blow and Banner

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

fig. 1; pl. 2, figs. 1-3.

Globorotalia praefohsi Blow and Banner

Globorotalia praefohsi Blow and Banner, 1966, p. 295, pl. 1, figs. 3

and 4; pl. 2, figs. 6, 7, 10, 11.

Globorotalia praemenardii Cushman and Stainforth

Globorotalia praemenardii Cushman and Stainforth, 1945, p. 70, pl.

13, fig. 14.

Globorotalia praescitula Blow
Globorotalia scitula praescitula Blow, 1959, p. 221, pl. 19, fig. 128.
Globorotalia puncticulata (Deshayes)
(Plate 3, Figs. 3, 4)

Globigerina puncticulata Deshayes, 1832, p. 170.

Globororalia scitula (Brady)
Pulvinulina scitula Brady, 1882, p. 716.

Globorotalia tosaensis Takayanagi and Saito
Globorotalia tosaensis Takayanagi and Saito, 1962, p. 81, pl. 28, figs.
11, 12.
Globorotalia truncatulinoides (d"Orbigny)

Rotalina truncatulinoides d’Orbigny, 1839b, in Barker-Webb and
Berthelot, 1839, p. 132, pl. 2, figs. 25-27.

Globorotalia tumida (Brady)
Pulvinulina menardii var. tumida Brady, 1877, p. 535.

Globorotalia ungulata Bermudez
Globorotalia ungulata Bermudez, 1961, p. 1304, pl. 15, fig. 6.

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

Globorotaloides hexagona (Natland)
(Plate 1, Figs. 1-3)

Globigerina hexagona Natland, 1938, p. 149, pl. 7, fig. 1.

More spherical to globular chambers and straight spiral sutures
serve to distinguish Globorotaloides hexagona from its presumed
ancestor Globorortaloides variabilis.

Globorotaloides trema Lipps
(Plate 1, Figs. 4-8)
Globorotaloides trema Lipps, 1964, p. 128, pl. IV, fig. 3.

This minute species is distinguished by its small size and non-
spinose, reticulate test surface texture. Globorotaloides trema appears
to be restricted to the North Pacific Basin, but its small size may cause
it to be overlooked during routine analyses.

Globorotaloides variabilis Bolli
Globorotaloides variabilis Bolli, 1957, p. 117, pl. 27, figs. 15-20.

Neogloboquadrina acostaensis (Blow)
Globorotalia acostaensis Blow, 1959, p. 208, pl. 17, figs. 106, 107.

Neogloboquadrina atlantica (Berggren)
(Plate 4, Figs. 1-3)

Globigerina atlantica Berggren, 1972, p. 972, pl. 1, figs. 1-7; pl. 2,
figs. 5-8.
Neogloboguadrina atlantica is a characteristic component of Plio-
cene planktonic foraminiferal assemblages at Sites 467 through 471,
In these northeastern Pacific sediments, N. atlantica is typically
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robust, large, right-coiling, possesses four to four-and-one-half
globular chambers in the ultimate whorl, has a deep and open um-
bilicus, and an extra-umbilical to umbilical aperture that is often
bordered by a lip. In contrast, North Atlantic representatives of N.
atlantica are usually left-coiling in the Pliocene, right-coiling in the
upper Miocene, and the change from right- to left-coiling is used to
approximate the Miocene/Pliocene boundary (Poore and Berggren,
1975; Poore, 1979). In other respects, North Atlantic and North
Pacific populations of N. atlantica are very similar.

Neogloboquadrina pachyderma (s.s. and s.1.) and N. acostaensis
are smaller and more compact than N, atlantica. In addition, N. acos-
raensis has less globular chambers and a flatter spiral side than N,
atlantica. The larger number (> 5) of chambers in the outer whorl of
Neogloboguadrina humerosa serve to distinguish it from N. atlantica.

Neogloboquadrina pachyderma form 3 of Keller (1978¢) (= Glo-
boquadrina asanoi) and some specimens of N. pachyderma form 2 of
Keller (1978c), as well as Globoquadrina asanoi Maiya, Saito, and
Sato, G. kagaensis Maiyo, Saito, and Sato, and perhaps G. himiensis
Maiyo, Saito, and Sato are referable to Neogloboguadrina atlantica.
Studies of North Pacific DSDP Holes 173 and 310 by Keller (1978a, b,
¢) corroborate the essentially restricted Pliocene distribution for Neo-
globogquadrina atlantica seen in Leg 63 materials.

Neogloboquadrina dutertrei (d'Orbigny)
(Plate 4, Fig. 6)

Globigerina dutertrei d’Orbigny, 1839a, p. 84, pl. 4, figs. 19-21.

Neogloboquadrina humerosa (Takayanagi and Saito)
(Plate 4, Figs. 4, 5)

Globorotalia humerosa Takayanagi and Saito, 1962, p. 78, pl. 28,
figs. 1, 2.

Neogloboguadrina pachyderma (Ehrenberg)
(Plate 5, Figs. 1-7)

Aristerospira pachyderma Ehrenberg, 1861, p. 303.

Typical or modern-looking Neogloboquadrina pachyderma was
only detected in upper Pliocene and Quaternary sediments of Leg 63.
A closely related form, or N. pachyderma s.1., is present, however, in
upper Miocene through upper Pliocene sediments. The equatorial
outline of the older form is usually circular to subquadrate, whereas
the equatorial outline of N. pachyderma s.s. is often oval. In addition,
the older forms do not usually develop the glassy- to sugary-textured
secondary encrustation common in N. pachyderma s.s. Differentia-
tion of the two forms is difficult in some samples, and the timing of
establishment of populations of modern Neogloboquadrina pachy-
derma needs further documentation. Nonetheless, recognition of
these two forms provides a means for separating upper Miocene to
lower Pliocene from upper Pliocene to Quaternary low-diversity, sub-
boreal, planktonic foraminiferal assemblages.

Orbulina universa d’Orbigny
Orbulina universa d’Orbigny, 1839a, in Sagra, Ramon de la, p. 3, pl.
1, fig. 1.
Orbulina suturalis Bronnimann is included with O. wniversa in this
report,
Protentella prolixa Lipps

Protentella prolixa Lipps, 1964, p. 124, pl. 11, figs. 8, 9.
Only one broken specimen of this distinctive species was found in

Core 9 of Hole 468.
Pulleniatina obliguiloculata (Parker and Jones)

Pullenia sphaeroides var. obliquiloculata Parker and Jones, 1865, p.

365, pl. 19, fig. 4.

Sphaeroidinella dehiscens (Parker and Jones)

Sphaeroidina bulloides var. dehiscens Parker and Jones, 1865, p. 369,

pl. 19, fig. 5.

Sphaeroidinellopsis seminulina (Schwager)

Globigerina seminulina Schwager, 1866, p. 267, pl. 7, fig. 112.
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Sphaeroidinellopsis subdehiscens (Blow)

Sphaeroidinella dehiscens subdehiscens Blow, 1959, p. 195, pl. 12,
figs. 71, 72.

Turborotalita humilis (Brady)
Truncatulina humilis Brady, 1884, p. 665, pl. 94, fig. 7.

Turborotalita quingueloba (Natland)
Globigerina quingueloba Natland, 1938, p. 149, pl. 6, fig. 7.
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Plate 1. 1-3. Globorotaloides hexagona (Natland). Sample 470-17,CC. (1) Umbilical view, scale bar = 30 um. (2) Side view, scale bar = 100 um.
(3) Spiral view, scale bar = 100 pm. 4-8. Globorotaloides trema Lipps. Sample 470-17,CC. (4) Umbilical view, scale bar = 30 pm. (5) Side
view, scale bar = 30 ym. (6) Spiral view, scale bar = 30 um. (7) Umbilical view, scale bar = 30 um. (8) Enlarged umbilical view of Fig. 4, scale
bar = 10 um. 9, 10. Globigerina pseudociperoensis Blow. Sample 468-7,CC. (9) Umbilical view, scale bar = 100 um. (10) Spiral view of Fig. 9,
scale bar = 100 pm.
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Plate 2. 1-3. Globorotalia minutissima Bolli. Sample 470-17,CC. (1) Umbilical view, scale bar = 30 um. (2) Side view, scale bar = 30 ym. (3) Spiral
view, scale bar = 30 um. 4-7. Globorotalia peripheroacuta Blow and Banner. (4) Side view. Sample 470-17-2, 30-32 cm. Scale bar = 100 pm.
(5) Umbilical view. Sample 470-17-3, 30-32 cm. Scale bar = 100 um. (6) Spiral view. Sample 470-17-2, 30-32 cm. Scale bar = 100 pm. (7)
Enlargement of Fig. 6, scale bar = 10 um. 8-10. Globorotalia galapagosensis Quilty. Sample 470-17,CC. (8) Umbilical view, scale bar = 30
um. (9) Side view of Fig. 8, scale bar = 30 um. (10) Spiral view, scale bar = 30 um.
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Plate 3. 1, 2. Globorotalia inflata (d’Orbigny). Sample 468B-1-3, 80-82 cm. (1) Umbilical view, scale bar = 100 um. (2) Spiral view of Fig. 1, scale
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bar = 100 um. 3, 4. Globorotalia puncticulata (Deshayes). Sample 468B-1-3, 80-82 cm. (3) Spiral view, scale bar = 100 um. (4) Umbilical view,
scale bar = 100 um. 5, 6. Globorotalia conomiozea Kennett. Sample 468B-1,CC. (5) Side view, scale bar = 100 um. (6) Spiral view, scale bar =

100 pm. 7, 8. Globigerinoides kennetti Keller and Poore. Sample 470A-5,CC. (7) Umbilical view, scale bar = 100 um. (8) Spiral view, scale bar
= 100 pm. 9. Globoquadrina baroemoenensis (LeRoy). Sample 470-16-3, 20-22 cm. Umbilical view, scale bar

= 100 pm.
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Plate 4. 1-3. Neogloboquadrina atlantica (Berggren). Sample 467-26,CC. (1) Umbilical view, scale bar = 100 pm. (2) Spiral view, scale bar = 100
pm. (3) Umbilical view, scale bar = 100 pm. 4, 5. Neogloboguadrina humerosa (Takayanagi and Saito). Sample 468A-1,CC. (4) Umbilical
view, scale bar = 100 um. (5) Side view of Fig. 4, scale bar = 100 um. 6. Neogloboguadrina dutertrei (d’Orbigny). Sample 468-1-1, 3-5 cm.
Umbilical view, scale bar = 100 um. 7, 8. Globigerina umbilicata Orr and Zaitzeff. (7) Umbilical view. Sample 467-26,CC. Scale bar = 100 um.

(8) Spiral view. Sample 467-25-4, 60-62 cm. Scale bar = 100 um. 9. Globigerina incisa (Bronnimann and Resig). Sample 470-7-2, 60-62 cm.
Umbilical view, scale bar = 100 pm.
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Plate 5. 1-3. Neogloboquadrina pachyderma (Ehrenberg) s.s. (1) Umbilical view, Sample 468A-1-3, 90-92 ¢m. Scale bar = 30 gm. (2) Umbilical
view. Sample 467-11,CC. Scale bar = 30 pm. (3) Umbilical view. Sample 468A-1-3, 90-92 cm. Scale bar = 30 um. 4-7. Neogloboguadrina
pachyderma (Ehrenberg) s.1. (4) Umbilical view. Sample 467-26,CC. Scale bar = 30 um. (5) Umbilical view. Sample 468A-3-2, 123-125 cm.
Scale bar = 100 pm. (6) Umbilical view. Sample 467-26,CC. Scale bar = 100 gm. (7) Umbilical view. Sample 467-26,CC. Scale bar = 100
pm. 8. Globigerina nepenthes Todd. Sample 470-15-4, 60-62 cm. Umbilical view, scale bar = 100 um. 9. Globigerina druryi Akers. Sample
470-154, 60-62 cm. Umbilical view, scale bar = 30 um.
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