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15. EOCENE THROUGH PLEISTOCENE PLANKTONIC FORAMINIFERS OFF PERU,
LEG 112—BIOSTRATIGRAPHY AND PALEOCEANOGRAPHY!

Masako Ibaraki?

ABSTRACT

Planktonic foraminifers were studied from 213 samples collected during Leg 112 at 10 sites located on the
continental shelf and slope off Peru. Because planktonic foraminifers occur discontinuously downcore, detailed
biostratigraphic zonation was not defined. However, it was possible to distinguish early and middle Eocene, early
and late Miocene, Pliocene, and Pleistocene sediments on the basis of the planktonic foraminifers. The oldest
sediments of Zone P6 of early Eocene age were obtained from the basal part of Hole 688E, which was penetrated
to 779.0 m below seafloor (bsf). A biosiliceous facies of the area predominates above the N6-N7 zonal interval of

early Miocene age.

All sites are within the present coastal upwelling area off Peru, and many of the late Pliocene and Pleistocene
assemblages are similar to those that are characteristic of modern upwelling areas. The core samples differ,
however, by having a predominance of cold-water elements, such as Neogloboguadrina incompta and N.
pachyderma. Warm-water species are prevalent at some horizons in the cores, suggesting shifts of the coastal

upwelling centers or warmer climatic events.

INTRODUCTION

From October to December 1986, 24 holes were drilled at
10 sites (Sites 679 through 688) on the continental shelf and
slope off Peru during Leg 112 (Fig. 1, Table 1). Planktonic
foraminifers were obtained from 213 samples of the total 665
examined.

In this study, biostratigraphic analyses of these planktonic
foraminifers are presented. Detailed biostratigraphic zonation
is difficult because of the discontinuous occurrence of plank-
tonic foraminifers downcore. However, sediments of early
and middle Eocene, early and late Miocene, Pliocene and
Pleistocene are recognized and assigned to the P and N zones
of Blow (1969). As all the sites are located within the present
coastal upwelling area off Peru, the planktonic foraminiferal
assemblages in the cores can be compared with those that
characterize the present-day coastal upwelling waters.

Many of the late Pliocene and Pleistocene samples from the
Leg 112 cores are rich in Globigerina bulloides, Neoglobo-
quadrina dutertrei, N. incompta and N. pachyderma; the
occurrence of Globigerina quinqueloba is sporadic, but abun-
dant in some horizons; Globigerinoides ruber, Globorotalia
inflata, and G. menardii are rare. These assemblages largely
resemble those of the modern upwelling area off Peru, but
differ from those of today by having a predominance of
cold-water elements, such as N. incompta and N. pachy-
derma. Paleoceanographic interpretation of planktonic fora-
miniferal assemblages is attempted with special reference to
those of the present coastal upwelling system off Peru.

METHODS

The planktonic foraminiferal biostratigraphy presented
here is based on my shipboard examination of all core-catcher
samples and subsequent onshore examination of additional
samples from a mid-horizon of each core.
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Samples of approximately 10 cm® were washed through a
250-mesh screen (0.062 mm) and oven dried. Planktonic
foraminifers greater than 0.125 mm were selected from the
washed residue, and the frequency of occurrence of each
species was calculated. Quantitative analyses of species abun-
dance are shown in Tables 2 through 11: A = abundant,
greater than 10% of the total assemblage; C = common, 3% to
10%; F = few, 0.5% to 3%; R = rare, less than 0.5%; T =
trace, one or two specimens in entire assemblage; and B =
barren.

Sample identifiers used in Tables 2 through 11 contain the
following information: (1) Leg, (2) Site, (3) Hole, (4) Core
Number and Type, (5) Section, and (6) Interval in centimeters.
For example, the sample identification number **112-686A-
2H-3, 40—42 cm,”’ indicates that a sample was taken between
40 and 42 cm from the top of Section 3 of APC-drilled Core 2,
from the first hole (A) drilled at Site 686 during Leg 112. A
sample taken from the core catcher of this core is designated
“112-686A-2H-CC.”” The foraminiferal zonation of Blow
(1969) is used here, and chronologic calibrations of Blow’s
zones are mainly based on those given by Berggren et al.
(1985).

PLANKTONIC FORAMINIFERS
FROM SITES 679 THROUGH 688

Biostratigraphy

Because of the discontinuous occurrence downcore of
planktonic foraminifers, a successive biostratigraphic zona-
tion was not possible; however, some planktonic foraminiferal
zones were distinguished (Fig. 2). Holes 679 and 680 are not
described because of the paucity of planktonic foraminifers,
although the basal part of Hole 679E is assignable to Zones
N13 through N16 of middle Miocene age. Most of the se-
quences recovered from Holes 681A, 681B, 686A, 686B,
687A, and 687B are assignable to Zones N22 and N23 of late
Pliocene to Pleistocene age. The beginning of the Pleistocene
at 1.6 Ma inethe early part of Zone N22 has been adopted here
at 1.6 Ma, according to Berggren et al. (1985). Holes 682A and
683B reached Zone P10 and P12 through P14 of middle Eocene
age, respectively. The basal parts of Holes 684A and 684C are
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Figure 1. Location of Sites 679 through 688 off Peru.

Zones N16 and N17 and Zones N9 through N17 sequences of
late Miocene and middle-late Miocene ages, respectively.
Hole 685A penetrated to the P20 to N6 zonal sequence of late
Oligocene to early Miocene age. Hole 688E attained the
deepest penetration and the oldest sediment and drilled to
Zone P6 of early Eocene age.

Site 679 and 680

Sites 679 and 680 are located in the Lima Basin. Planktonic
foraminifers are not described for these sites because of their
rare occurrences. However, the basal part of Hole 679E is
assignable to Zones N13 through N16 of middle Miocene age
(Shipboard Scientific Party, 1988; “‘Site 679" chapter).

Site 681

Site 681 is located in the Lima Basin, the most landward of
three sites (679, 680 and 681) that form an east-west transect
across the center of the coastal upwelling area at 11°S latitude
off Lima. Site 681 is located on the outer shelf in water 146 m
deep. Holes 681A, 681B, and 681C were drilled at this site to
187.0, 143.5, and 91.4 mbsf, respectively. Most of the se-
quence recovered from these holes is of late Pliocene to
Pleistocene age (Fig. 3, Table 2).

Hole 681A: Planktonic foraminifers were obtained from
Samples 112-681A-12H-CC and -14X-CC. The first occur-
rences of Hastigerinopsis riedeli in Sample 112-681A-10H-CC
and Globorotalia bermudezi in Sample 112-681A-18X-CC
indicate that these horizons are assignable to Zones N22 and
N23 of late Pliocene to Pleistocene age (Régl and Bolli, 1973).
The latest coiling direction change in Pulleniatina obliquiloc-
ulata from sinistral to dextral, which is dated at about 0.75 Ma
shortly before the Brunhes/Matuyama boundary (Saito, 1976;
Mankinen and Dalrymple, 1979), was recognized between
Samples 112-681A-7H-CC and -3H-CC. Most of the sequence
recovered from Hole 681A is, therefore, of late Pliocene to
Pleistocene age.
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Hole 681B: Planktonic foraminifers were examined in 14
horizons from Samples 112-681B-2H-CC to -15X-CC. The
first occurrence of Hastigerinopsis riedeli was found in Sam-
ple 112-681B-10X-CC. The section above Sample 112-681B-
10X-CC is, therefore, correlated with Zones N22 to N23 of
late Pliocene to Pleistocene age. The latest coiling change in
Pulleniatina obliquiloculata from sinistral to dextral was
recognized in a horizon between Samples 112-681B-8H-CC
and -4H-CC and establishes a date of 0.75 Ma. Globigeri-
noides obliquus, which became extinct at 1.8 Ma (Saito et al.,
1975), was found in Sample 112-681B-13X-CC. The horizon is
correlative with Zones N21 to N22 of late Pliocene age.
Therefore, most of the sections recovered from Hole 681B
may be included in the late Pliocene to Pleistocene interval.

Site 682

Site 682 is located at 11°15.99'S, 79°03.73'W in water
3788.5 m deep on the landward lower slope of the Peru
Trench. A single hole, 682A, was continuously cored to 473.7
mbsf.

Hole 682A: Planktonic foraminifers are scattered in 16
horizons of the total 81 samples examined. In Sample 112-
682A-3H-4, 51-53 cm, Hastigerinopsis riedeli and Globorota-
lia bermudezi were found (Fig. 4, Table 3). The top part of
Hole 682A above the sample is, therefore, included in Zones
N22 and N23 of late Pliocene to Pleistocene age. In Sample
[12-682A-35X-3, 65-67cm, Catapsydrax stainforthi and
Globorotalia birnageae, indicating Zones N4 through N7 and
N6 through N8, respectively (Poore, 1979), were observed.
These species allow this horizon to be assigned to Zones N6 to
N7 of early Miocene age. In Sample 112-682A-35X-CC,
Globigerina falconensis, which first appears in Zone N6
(Blow, 1969), and C. stainforthi were found. The horizons of
Samples 112-682A-35X-CC and -38X-CC thus are assignable
to the N6-N7 zonal interval of early Miocene age. In Sample
112-682A-44X-CC, occurrences of Globigerina praebulloides
leroyi and Chilogumbelina cubensis, ranging from Zone P17 to
Zone N7 and from Zone P13 to Zone P22, respectively (Blow,
1969,; Jenkins, 1985), permit the horizon to be assigned to the
P17-N22 zonal interval of late Eocene-Oligocene age. In
Sample 112-682A-46X-CC, occurrences of both Acarinina
psedotopilensis and Truncorotaloides collactea, ranging from
Zone P6 to Zone P10 and from Zone P10 to Zone P14,
respectively (Berggren, 1977; Blow, 1979), establish a corre-
lation with Zone P10 of middle Eocene age. The most part of
Hole 682A is predominated by a biosiliceous facies, and
Sample 112-682A-35X-3, 65-67 cm, just below the facies, is
assignable to Zones N6 and N7 of early Miocene age. This
means that a biosiliceous facies of the area becomes predom-
inant above the N6-N7 zonal interval.

Site 683

Site 683 is located at 9°01.69'S, 80°24.40'W on the lower
slope off Trujillo, northwest of Lima, in water 3071.8 m deep.
Two holes were drilled to 419.2 mbsf (Hole 683A) and from
402.5 to 488.0 mbsf (Hole 683B).

Hole 683A: Planktonic foraminifers occur at 33 horizons
out of the total 86 samples examined (Fig. 5, Table 4). The first
occurrence of Globorotalia bermudezi in Sample 112-683A-
19X-CC, indicates the section above Sample 112-683A-19X-
CC to be assignable to Zones N22 and N23 of late Pliocene to
Pleistocene age. In Sample 112-683A-28X-2, 120-122cm,
Globoquadrina dehiscens, which became extinct at 5.4 Ma
(Berggren et al, 1983), was recognized. This horizon is corre-
lated with Zone N17 of late Miocene or older age. In Sample
112-683A-30X-CC, Globorotalia siakensis, which became ex-
tinct in Zone NI14, and Globorotalia scitula, which first
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Table 1. Site data for Leg 112.

Total

Water Sub-bottom  Number sediment Oldest
HOLE Latitude Longitude depthim] depth(im] of cores recovered(m) sediment cored
679A 11°03.52°S 78°15.92°W 439.5 0-7.0 1 7.0 Holocene
6798 11°03.80°S 18916. 34 "W 450.5 0-107.2 13 103.01 Pliocene
679C 11°03.81°S 78°16.33°W 450.5 0-75.5 8 69.78 Pliocene
679D 11°03.83°S 78916.33°W 439.5 0-245 27 116.8 Upper Miocene
679E 11°03.78°S 78°16.34°W 450.8  245.3-356.3 13 36.3 Middle Miocene
680A 11903.90°S 718°04.67 W 252.5 0-93.8 10 81.23 Pleistocene
6B0B 11903.90°S 78°04. 67 "W 252.5 0-195.5 22 98.45 Lower Pliocene
680C 11°03.90°S 718°04. 67 "W 252.5 0-34.3 4 35.04 Pleistocene
681A 10°58.60°S 77°57.46°W 150.5 0-187.0 20 112.4 Pleistocene
681B 10°58.60°S T17°57. 46°W 150.5 0-143.5 16 97.3 Pliocene-Miocene
681C 10958.60°S T7°57.U46°W 150.5 0-91.4 10 94.0 Quaternary
682 11915.99°S 79°03.73°W 3788.5 0-436.7 48 127.04 Eocene
683A 9°01.63°S 80°24.40°W 3071.8 0-419.2 45 219.17 Middle Miocene
6838 9901.59°S 80°24.26°W 3071.5 402.5-488.0 9 30.67 Middle Eocene
68UA 8°59.59°S 79°54.35°W 426.0 0-136.1 15 72.5 Middle Miocene
6848 8°59.49°S 79954 .35°W 426.5 0-55.0 6 37.17 Pliocene
684C 8°59.49°S 79°54. 35 "W 426.5 0-115.0 13 56.23 Middle Miocene
685 9°06.78°S B0°35.01°W 5070.8 0-468.6 51 278.65 Lower Upper Miocene
686A 13°28.81°S 76°53.49°W 4u6.8 0-205.7 23 181.71 Quaternary
6868 13°28.81°S 716°53.49°W 4u6.8 0-303.0 32 225.53 Quaternary
687A 12951, 78°S 76°59.43°W 306.8 0-207.0 22 108.29 Quaternary/Pliocene
6878 12°51.78°S 76°59.43°W 306.8 0-195.3 22 87.u43 Quaternary/Pliocene
688A 11932,26°S 78°56.57°W 3819.8 0-350.3 37 245.29 Pliocene
688C 11932,26°S 78°56.57°W 3819.8 350.3-359.8 1 1.19
G688E 11°32,28°S 78°56. 65 "W 3825.8 350.0-779.0 46 151.98 Lower Eocene

appeared in Zone N9 (Blow, 1969), were observed. Therefore,
this horizon is considered to correspond to the N9-N14 zonal
interval of middle Miocene age. Globorotalia challengeri and
Globorotalia peripheroronda, indicating the N9-N15 and N4—
N10 zonal intervals, respectively (Srinivasan and Kennett,
1981), occurred in Sample 112-683A-33X-CC. Thus, this
horizon is placed within the N9-N10 zonal interval of middle
Miocene age.

Hole 683B: In Sample 112-683B-5X-CC, occurrences of
Globorotalia siakensis, Globorotalia peripheroronda, and
Globigerinoides immaturus, indicating Zones P20 through
N14, N6 through N 10, and N6 through Holocene, respectively
(Blow, 1969), were recognized (Fig. 5, Table 5). The horizon
corresponds to Zones N6 through N10 of early-middle Mi-
ocene age. In Sample 112-683B-7X-CC, Chilogumbelina
cubensis and Catapsydrax dissimilis, indicative of the P17—
P22 and P14-N6 zonal intervals, respectively (Bolli and
Sanders, 1985), were observed. This horizon is assigned to
Zones P17 through N6 of Oligocene to early Miocene age. In
Sample 112-683B-8X-CC, Truncorotaloides topilensis, Acar-
inina spinuloinflata, and Goborotalia centralis, indicating the
P11-P14 and P12-P17 zonal intervals, respectively (Toumark-
ine and Luterbacher, 1985), were found. The horizon is
assignable to Zones P12 through P14 of middle Eocene age.

Site 684

Site 684 is the northernmost site of Leg 112 and is the most
shoreward of the three sites forming an east-west transect
(685, 683, and 684) on the Peruvian margin off Trujillo. The
site is located at 8°59.59'S, 79°54.35'W at a water depth of
426.0 m. Three holes (684A, 684B, and 684C) were cored at
this site down to 136.1, 55.0, and 115.0 mbsf, respectively.

Hole 684A: Planktonic foraminifers were obtained from
Sample 112-684A-1H-CC and several horizons from Sample
112-684A-9X-CC to -14X-CC (Table 6). In Sample 112-684A-
9X-CC, Globigerinoides obliquus, which became extinct at
1.8 Ma (Saito et al., 1975) and Neogloboquadrina acostaensis,
which ranges from Zone N16 to Zone N21 (Ibaraki, 1986),
were found. The horizon falls within the N16-N21 zonal
interval of late Miocene to Pliocene age. Globoquadrina
dehiscens, which became extinct at the top of Zone N17, and
Globigerina apertura, which ranges from Zone N16 to Zone

N21, were present in Sample 112-684A-11X-CC. In Sample
112-684A-13X-CC, Globoquadrina dehiscens and Globigeri-
noides obliquus extremus, which ranges from Zone NI16 to
Zone N21, were found. The horizon is also assigned to Zones
N16-N17 of late Miocene age.

Site 685

Site 685 is located at 9°06.78'S, 80°35.01'W on the lower
slope of the Peru Trench at a water depth of 5070 m. A single
hole (685A) was continuously cored to 468.6 mbsf.

Hole 685A: Planktonic foraminifers were not present in
Sample 112-685A-1H-CC as the site presently lies below the
carbonate compensation depth.

The first occurrence of Hastigerinopsis riedeli in Sample
112-685A-18X-CC attests that the sample and the upper
horizons can be included in Zones N22 and N23 of late
Pliocene to Pleistocene age (Fig. 6, Table 7). In Sample
112-685A-22X-CC, Neogloboquadrina dutertrei, which indi-
cates Zones N21 through N23 (Parker, 1967), and Globoquad-
rina altispira, which became extinct at 2.5 Ma (Berggren et
al., 1983), were found. The occurrence of these species
permits the age of Sample 112-685A-22X-CC to be determined
as Zone N21 of late Pliocene age. In Sample 112-685A-
38X-CC, Neogloboquadrina acostaensis and Globorotalia
cibaoensis, ranging from Zone N16 to Zone N21 and from
Zone N17 to Zone NI19, respectively (Blow, 1969), were
observed, which enable one to correlate this horizon to Zones
N17 through N19 of late Miocene to Pliocene age. In Sample
112-685A-44X-CC, Catapsydrax dissimilis and Globigerina
falconensis, indicating the P13-N6 and N6-N23 zonal inter-
vals, respectively (Blow, 1969), were found. Therefore, the
horizon has been assigned to Zone N6 of early Miocene age.
Sample, 112-685A-50X-CC yields Catapsydrax dissimilis and
some other species indicative of an Oligocene to early Mi-
ocene age. The basal part of Hole 685A thus can be assigned
to Zone N6 of early Miocene age or older.

Site 686

Site 686 is the southernmost site of Leg 112, being located
at 13°28.81'S, 76°53.49'W in water 446.8 m deep in the Pisco
Basin. Two holes, 686A and 686B, were continuously cored to
205.7 and 305.0 mbsf, respectively.
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Table 2. Distribution of planktonic foraminifers in Holes 681A and 681B.
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NOTE: A=abundant (>10% of assemblage); C=Common (3-10%); F=few (0.5-3%); R=rare (<0.5%); T=trace (only one or two specimens in entire

assemblage); B=barren. G=good;: M=moderate; P=poor.

Hole 686A: Planktonic foraminifers were recovered from
Samples 112-686A-8H-CC -9X-CC -14X-CC -16X-CC, and
-23X-CC (Table 8). The first occurrences of Hastigerinopsis
riedeli and Globorotalia bermudezi in Samples 112-686A-
20X-CC and -18X-CC, respectively, indicate that most of the
cored interval is assignable to Zones N22 and N23 of late
Pliocene to Pleistocene age.

Hole 686B: Planktonic foraminifers were obtained from
Samples 112-686B-7X-CC, -13X-CC, -15X-CC, -20X-CC,
-24X-CC, -28X-CC, and -29X-CC (Table 8). The first occur-
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rence of Hastigerinopsis riedeli in Sample 112-686-29X-CC
establishes that most of the cored sequence is correlative with
Zones N22 and N23 of late Pliocene to Pleistocene age.

Site 687

Site 687 is located at 12°51.78'S, 76°59.43'W at a water
depth of 306.8 m along the northern fringe of the Pisco Basin.
Holes 687A and 687B were continuously cored to 207.0 and
195.3 mbsf, respectively.
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Hole 687A: Planktonic foraminifers were obtained from
Samples 112-687A-1H-CC, -3H-CC, -6H-CC, -9X-CC, -15X-
CC, -17X-CC, and -21X-CC (Table 9). The first occurrence of
Hastigerinopsis riedeli in Sample 112-687A-17X-CC indicates
that most of the cored section is assignable to Zones N22 and
N23 of late Pliocene to Pleistocene age. The latest coiling
change in Pulleniatina was recognized between Samples 112-
687A-6H-CC and -1H-CC, which can be correlated with the
coiling direction change of the species occurring at 0.75 Ma.

Hole 687B: Planktonic foraminifers were examined in Sam-
ples 112-687B-3H-CC, -4H-CC, -8X-CC, -16X-CC, and -20X-
CC (Table 9). The first occurrence of Hastigerinopsis riedeli in
Sample 112-687B-20X-CC indicates that most of the sediments
recovered from Hole 687B are assignable to Zones N22 and N23
of late Pliocene to Pleistocene age. Globigerinoides obliquus
became extinct during the Olduvai event (Saito et al., 1975). The
occurrence of this species in Sample 112-687B-9H-CC, there-
fore, establishes the age of this sample and the lower horizons as
1.8 to 1.9 Ma or older (Mankinen and Darlymple, 1979).

Site 688

Site 688 is located at 11°72.26'S, 78°56.57'W at a water
depth of 3819.8 m on the lower slope of the Peru Trench about
30 km landward of the trench axis. Hole 688A was cored to
350.3 mbsf, and Hole 688E was penetrated farther to 779.0
mbsf and is the deepest hole of Leg 112.

Hole 688A: The basal part of Hole 688A was determined as
Zone N21 of late Pliocene age by the occurrence of Globorotalia
tosaensis and Neogloboquadrina acostaensis in Sample 112-
688A-34X-CC (Table 10). G. tosaensis appeared at the base of
Zone N21 (Blow, 1969) and N. acostaensis ranged up to the top
of Zone N21 (Ibaraki, 1986). The first occurrence of Globorotalia
bermudezi in Sample 112-688A-28X-CC and the co-occurrence
of Globigerinoides obliquus indicate that the horizon is assign-
able to Zone N22 of late Pliocene age. The latest coiling direction
change in Pulleniatina obliquiloculata from sinistral to dextral
was recognized at a horizon between Samples 112-688A-9X-CC
and -6X-CC, which is dated at 0.75 Ma. Therefore, most of the
Hole 688A sections are included in the late Pliocene to Pleis-
tocene interval. In the horizon of Sample 112-688A-27X-CC,
most specimens were either compressed or deformed, suggest-
ing that they derived from a fossil assemblage.

Hole 688E: Hole 688E was drilled from 350.0 to 779.0
mbsf. Planktonic foraminifers were scattered (Table 11), how-
ever, Globoquadrina dehiscens, ranging up to the top of Zone
N17 (Berggren et al., 1983), occurred in Sample 112-688E-
12X-CC. The section from Sample 112-688E-12X-CC and
downward, therefore, corresponds to Zone N17 of late Mi-
ocene or older age. Catapsydrax dissimilis, which became
extinct at the top of Zone N6 (Blow, 1969), occurred in
Sample 112-688E-22R-CC. On this basis, the section from
Sample 112-688E-22R-CC and downward has been assigned
to Zone N6 of early Miocene or older age.

Pseudohastigerina barbadoensis occurred in Sample 112-
688E-37R-CC and this species ranges from Zone P16 of late
Eocene to P19 of Oligocene age (Toumarkine and Luter-
bacher, 1985). In Sample 112-688E-38R-CC, Acarinina pen-
tacamerata and Acarinina esnaensis, which indicate the P6—
P8 and P4-P6 zonal intervals, respectively (Berggren, 1977),
were recognized. In Sample 112-688E-45R-CC, Acarinina
pentacamerata was found again. Thus, horizons of Samples
112-688E-44R-CC and -45R-CC are assignable to Zone P6 of
early Eocene age, the oldest sediments in Leg 112.

PALEOCEANOGRAPHIC IMPLICATIONS

The distribution pattern of planktonic foraminifers in mod-
ern upwelling areas, associated occurrences of certain warm-

and cold-water species, and the characteristic distribution of
some indicator species sensitive to upwelling water masses
seem to be features on which paleoceanographic studies of
coastal upwelling can be based (Thiede, 1983). Rich occur-
rences of Globigerina bulloides, Globigerina quinqueloba,
Globorotalia inflata, Globorotalia menardii, and Neoglobo-
quadrina dutertrei, were noticed in the upwelling area of
Northwest Africa (Thiede, 1975). Thiede (1983) also cited the
following four species and their relation to upwelling water
masses off Peru: Globigerina bulloides, which generally lives
in temperate to subpolar surface waters (Bé, 1977), is abun-
dant in cooler upwelled waters; Neogloboquadrina dutertrei,
dwells in tropical to subtropical waters and is commonly
found in upwelling areas; Globigerinoides ruber, lives in
subtropical surface waters, and is rarely found in upwelling
areas; Globorotalia menardii, usually dwells in tropical waters
as deep as 100 m and occurs frequently in the upwelling area
off Northwest Africa, but rarely off Peru.

All the sites drilled during Leg 112 are within the present
coastal upwelling regime off Peru. Planktonic foraminiferal
assemblages of some horizons contain these warm- and cold-
water species discussed by Thiede (1983) as being typical of
coastal upwelling specific compositions that are somewhat
different from these present-day assemblages. Cold-water
elements, such as Neogloboquadrina incompta and N. pachy-
derma are dominant in the samples through Leg 112. Warm-
water species are prevalent at a few horizons in the cores,
suggesting shifts of the coastal upwelling centers or incursions
of warmer climatic events.

Site 681

Site 681 is located in the Lima Basin, at the center of a
present coastal upwelling regime. Rich planktonic foraminif-
eral assemblages occur in the upper 100 m at Holes 681A and
681B. Below that depth planktonic foraminifers are scarce.
About 14 to 17 species of both warm- and cold-water plank-
tonic foraminifers occur in the upper interval of Holes 681A
and 681B, which include common occurrences of Globigerina
bulloides, G. quinqueloba, Neogloboquadrina dutertrei, N.
incompta, and N. pachyderma, and sparse numbers of Globi-
gerinoides ruber and Globorotalia menardii. The specific
composition and the frequency of their occurrences resemble
those of the modern upwelling area off Peru, except that
dominant cold-water specimens of N. incompta and N. pachy-
derma are absent from modern faunas. In Samples 112-
681A-8H-CC, -681B-8H-CC and -681B-9X-CC, however, the
predominance of such warm-water surface dwellers as Neo-
globoquadrina dutertrei and Globigerinoides ruber with other
warm-water species and none of the cold-water species, such
as N. pachyderma, Globigerina bulloides, and G. quinqueloba
suggest an incursion of warm water masses. This event was
observed in both holes at almost the same depth below the
seafloor (73.0-81.9 m) and again in Sample 112-681B-13X-CC
(115.0 mbsf). The assemblages of other horizons consist
mostly of the cold-water species N. incompta and N. pachy-
derma, and suggest a prevalence of cooler current in this area,
perhaps during glacial intervals, than at the present intergla-
cial time.

Site 682

Site 682 is located on the seaward slope beyond the Lima
Basin in 3788 m of water. Hemipelagic sediments indirectly
influenced by coastal upwelling cover this site. Late Pliocene
to Pleistocene planktonic foraminiferal assemblages have
some resemblance to those of Samples 112-681A-2H-CC and
-681A-5H-CC in the specific combination and frequency of
their occurrences. However, Globorotalia menardii is abun-
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EOCENE THROUGH PLEISTOCENE PLANKTONIC FORAMINIFERS

Table 3 (continued).

Globigerina angustiumbilicata

Globigerina bulbosa

Globigerinoides cyclostomus
Globigerinoides ruber
Globorotaloides suteri

Globigerinoides trilobus
Globorotaloides hexagona
Orbulina suturalis

Globigerina quinqueloba
Globigerina rubescens
Globigerina umbilicata

Orbulina universa

Globigerina praebul loides leroyi
Globigerina praebulloides praesbulleides

Abundance

Preservation

Globigerina bulloides
Globigerina falconensis
Globigerina hagni
Globigerina inaesquispira
Globigerina ouachitaensis

Globigerinita glutinata

Globigerinita iota

Acarinina pentacamerata

Truncorotaloides collactea

Pulleniatina obliguiloculata

Catapsydrax stainforthi
Acarinina pseudotopilensis

Globorotalia tumida flexuosa
Globorotalia tumida tumida
Neogloboguadrina incompta
Neogloboguadrina pachyderma
Cassigerinella cipolensis
Chiloguembelina cubensis
Acarinina interposita

Neogloboguadrina humercsa

Globorotalia cultrata menardii
Neogloboguadrina econtinuosa
Neogloboguadrina dutertrei

Globorotalia hirsuta
Globorotalia obesa
Globorotalia pumilia
Globorotalia siakensis
Globorotalia scitula
Hastigerinopsis riedeli

Globoretalia cultrata cultrata
Bealla digitata

Globigerinita naparimaensis

Globorotalia birnageae

Globigerinita parkerae
Globorotalia bermudezi

Globigerinita uvula

Hole 682A

34, CC

35(3). 65-67

—

—

35, CC

3611} 71-73 |

— 36, CC

37(2). 59-61

37, €C

38(1), 88-90

38, CC

=1

39(2), u49-51

39, CC

40(3), 106-108

ko, CC

41, CC

42, CC

wlo|om b ool || oles ok o [o

43, CC

44, CC

45, CC

46(1). 57-59

46, CC

~ 47(2). 62-64

47, CC

48(1), 32-34

ow |w o= oo

u8, CC P T

NOTE: A=abundant (>10% of assemblage); C=Common (3-10%); F=few (0.5-3%); R=rare (<0.5%); T=Trace (only one or two specimens in entire

assemblage); B=barren. G=good; M=moderate; P=poor.

dant in the assemblage of Sample 112-681A-2H-CC as it is in
the present upwelling area off Northwest Africa.

Site 683

Site 683 is located on the lower slope off Trujillo, northwest
of Lima in 3072 m of water. Late Pliocene to Pleistocene
planktonic foraminiferal assemblages demonstrate the charac-
ter of glacial coastal upwelling, through such cold-water
elements as Neogloboguadrina incompta and N. pachy-
derma, which are dominant. N. dutertrei is predominant in
some upper horizons, which may suggest coastal upwelling
was similar to that observed today.

Site 684

Site 684 is located on the upper slope off Trujillo, northwest
of Lima in 426 m of water. Late Miocene planktonic foramin-
iferal assemblages consist mainly of warm-water elements,
such as Globigerinoides and Globoquadrina and additionally
of cold-water species, such as Globigerina bulloides, all of
which suggest less influence on coastal upwelling during that
time. The Pleistocene assemblage of Sample 112-684A-1H-CC
as well as that of 112-681A-5H-CC resembles closely that of
modern coastal upwelling off Peru.

Site 685

Site 685 is located on the lower slope of the Peru Trench in
5071 m of water. Late Pliocene to Pleistocene planktonic
foraminiferal assemblages in the uppermost part are similar to
those of Hole 68IA in the specific composition and the
frequency of their occurrences.

Site 686

Site 686 is located in the Pisco Basin south of Lima in 447
m of water. This site lies at the center of a present-day
upwelling regime. Rich planktonic foraminiferal occurrences
were noted in two correlatable depth intervals of both holes:
64.2 and 65.5 mbsf, 120.2 and 122.5 mbsf, at recover depths.
In Samples 112-686A-16X-CC and 112-686A-20X-CC, Globi-
gerina bulloides, G. quinqueloba, Neogloboquadrina duter-
trei, N. incompta, and N. pachyderma are common, and
Globigerinoides and Globorotalia menardii are absent. Simi-
lar distributions were observed at Hole 686B. The specific
composition and the frequency of occurrences generally re-
semble that of the modern upwelling activity off Peru, except
that cold-water specimens of N. incompta and N. pachyderma
are dominant. This was also observed at Site 681. In other
horizons, there are fewer species; N. incompta and N. pachy-
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Table 4 (continued).

23, CC

24, (1) 1719
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25, CC
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27, cC_
28, (2) 120-122
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O inE

R E
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NOTE: A=abundant (>10% of assemblage); C=Common (3-10%); F=few (0.5-3%); R=rare (<0.5%); T=Trace (only one or two specimens in entire assemblage); B=barren. G=good; M=moderate;

P=poor.

SYFAININVIOA DINOIMNVId ANHDOLSIHTd HONOYHL INTID0H



M. IBARAKI

Table 5. Distribution of planktonic foraminifers in Hole 683B.
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NOTE: A=abundant (>10% of assemblage); C=Common (3-10%); F=few (0.5-3%); R=rare
(<0.5%); T=trace (only one or two specimens in entire assemblage); B=barren. G=good;

M=moderate; P=poor.

derma predominate, and N. dutertrei is absent. Such occur-
rences suggest a prevalence of glacial conditions during the
late Pliocene to Pleistocene.

Site 687

Site 687 is located in the Pisco Basin, south of Lima in 307 m
of water. Planktonic foraminiferal assemblages consist largely of
cold-water species including Globigerina bulloides, G. quinque-
loba, Neogloboquadrina incompta, and N. pachyderma and
rarely of the warm-water species N. dutertrei. In the uppermost
sample (112-687A-1H-CC), however, many species of plank-
tonic foraminifers, 28 in all, are found that include dominant
species of G. bulloides and N. dutertrei and few Globigerinoides
ruber, N. incompta, and N. pachyderma. This assemblage is
similar to those of the modern coastal upwelling area off Peru.

Site 688

Site 688 is located on the lower slope of the Peru Trench
about 30 km landward of the trench axis in 3826 m of water.
Planktonic foraminiferal assemblages (Sample 112-688A-5H-
CC) are similar to those of the present coastal upwelling area off
Peru. Other assemblages in the cores resemble those of Sample
112-681A-5H-CC in the specific combination and the frequency
of their occurrences.

TAXONOMIC NOTES

Selected age-diagnostic species and some important taxa
that are dominant in this area are illustrated in Plates 1 through
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3. The original references to these species are listed below.
The figured specimens have been deposited in the collection of
the Geoscience Institute, Faculty of Science, Shizuoka Uni-
versity, Shizuoka 422, Japan.

Globigerina quinqueloba Natland, 1938
(PL. 1, Figs. 1, 2)

Globigerina quinqueloba Natland, 1938, p. 149, Pl. 6, Figs. 7a-T7c.

Globigerinoides obliquus Bolli, 1957
(P1. 1, Figs. 3, 4)

Globigerinoides obliquus Bolli, 1957, p. 113, PI. 25, Figs. 10a-10c.

Globoquadrina dehiscens (Chapman, Parr and Collins) 1934
(PL. 1, Figs. 5, 6)

Globorotalia dehiscens Chapman, Parr, and Collins, 1934, p. 509, Pl.
11, Figs. 36a-36c.

Globoquadrina dehiscens (Chapman, Parr, and Collins). Bolli, 1957,
p- 111, P1. 24, Figs. 3a-4c.

Globorotaloides hexagona (Natland) 1938
(PL. 1, Figs 7, 8)

Globorotaloides hexagona (Natland) 1938, p. 149, Pl. 7, Figs. la-lc.
Globorotaloides hexagona (Natland), Fleisher, 1974, p. 1029, P1. 13,
Fig. 6.

Globigerinita glutinata (Egger) 1893
(P1. 2, Figs. 1, 2)

Globigerina glutinata Egger, 1893, p. 371, Pl. 13, Figs. 19-21.
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Table 6. Distribution of planktonic foraminifers in Holes 684A and 684C.

icata

uingueloba

Globigerina rubescens

Globi

les hexagona

umb

erina
loboquadrina blowi
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Globorotalia crassaformis oceanica
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Globigerincides obliquus obliguus
Globorotalia ocbesa

Globigerinoides ruber
Globigerinella aequilateralis
Globigerinita glutinata
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Globigerinoides elongatus
Globigerinoides sacculifer
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Globigerinoides immaturus
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NOTE:_ A=abundant (>10% of assemblage); C=Common (3-10%); F=few (0.5-3%); R=rare (<0.5%); T=trace (only one or two specimens in
entire assemblage); B=barren. G=good; M=moderate; P=poor.

Globigerinita glutinata (Egger), Parker, 1962, p. 246-249, PI. 19, Figs. Hastigerinopsis riedeli (Rogl and Bolli), Poore, 1979, p. 472, PL. 19,

1-16. Figs. 1-4.
Globorotalia pen‘pheroranffa Blow and Banner, 1966 Neogloboquadrina dutertrei (d’Orbigny) 1839
(Pl. 2, Figs. 3, 4) (Pl. 2, Figs. 8, 9)
Gn'ob{;rotah’a peripheror'onda Blow and Banner, 1966, p. 294, Pl. 1, Globigerina dutertrei d’Orbigny, 1839, p. 84, PI. 4, Figs. 19-21.
Figs. la-lc; PL. 2, Figs. 1-3, Neogfoboqyadrina dutertrei (d’Orbigny), Régl and Bolli, 1973, p. 510,
Beella praedigitata (Parker) 1967 PL. 9, Figs. 1-3 and 7-10; Pl. 7, Figs. 1-6.
(Pl 2, Fig. 5) Neogloboquadrina incompta (Cifelli) 1961
Globigerina praedigitata Parker, 1967, p. 151, PL. 19, Figs. 5-8. (EL.2; Figs..10,11)
Beella graedigi:ara (Parker), Srinivasan and Kennett, 1975, p. 158, Pl. Globigerina incompta Cifelli, 1961, p. 38, PL 4, Figs. 1-7.
2, Figs. 3, 5-9. Neogloboquadrina pachy_derma incompta Cifelli), Régl and Bolli,
Hastigerinopsis riedeli (Rogl and Bolli) 1973 1973, p. 571, M. 10, Figs. 11-22.
(Pl. 2, Figs. 6, 7) Neogloboquadrina pachyderma (Ehrenberg) 1861
Hastigerinella riedeli Rogl and Bolli, 1973, p. 507, PL. 4, Figs 1-5, PL. (P1. 3, Figs. 1,2)
14, Figs. 1-3, Text-Figs. 5a-5b. Aristospira pachyderma Ehrenberg, 1861, p. 276, 277, and 303.
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Table 7. Distribution of planktonic foraminifers in Hole 685A.
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Table 7 (continued).

ides

Globigerina calida calida

Globigerina calida praecalida
Globigerina decoraperta
Globigerinoides trilobus
Globoguadrina altispira
Globorotaloides hexagona

Orbulina sturalis
Orbulina universa

Globigerinoides cyclostomus
Globigerinoides sacculifer

Abundance

Preservation

Globigerina bu
Globigerina eamesi
Globigerina falconensis
Globigerina praebulloides
Globigerina quingueloba
Globigerina rubescens
Globigerina umbilicata
Globigerinoides ruber

uilateralis

Globigerinita glutinata

Globigerinella a
Globigerinita iota

tumida tumida

Beella digitata

Globorotalia cultrata menardii
assigerinella chipolensis

Globorotalia hirsuta
Pulleniatina obliquiloculata

Neogloboquadrina pachyderma
Catapsydrax dissimilis

Neogloboquadrina dutertrel
Neogloboquadrina humercsa
Neogloboguadrina incompta

Neoglobogquadrina blowi

Neoglobogquadrina acostaensis

Globorotalia minutissima

Globorotalia inflata
Globorotalia obesa
Globorotalia pumilic
Globorotalia scitula
Globorotalia siakensis
Globorotalia theyeri
Hastigerinopsis riedeli

Globorotalia cibacensis
Globorotalia crassula

Globigerinita uvula
Globorotalia anfracta
Globorotalia hermudezi

Globorotalia
Catapsydrax stainforthi

Hole 685A

35, (6] 90-92
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35.. CC

36, (7) 72-75

~ 36, CC

37. (2) 60-62
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NOTE: A=abundant (>10% of assemblage); C=Common (3-10%); F=few (0.5-3%); R=rare (<0.5%); T=trace (only one or two specimens in entire

assemblage); B=barren. G=good; M=moderate; P=poor.

Neogloboquadrina pachyderma (Ehrenberg), Régl and Bolli, 1973, p.
571, Pl 11, Figs. 2-6.

Catapsyvdrax dissimilis (Cushman and Bermudez) 1937
(Pl. 3, Figs. 3, 4)

Globigerina dissimilis Cushman and Bermudez, 1937, p. 25, Pl. 3,
Figs. 4-6.

Catapsydrax dissimilis (Cushman and Bermudez), Bolli, 1957, p. 116,
Pl. 7, Figs. 6-8.

Cassigerinella chipolensis (Cushman and Ponton) 1932
(Pl. 3, Figs. 5, 6)

Cassidulina chipolensis Cushman and Ponton, 1932, p. 98, Pl 15,
Figs. 2a-2c.

Cassigerinella chipolensis (Cushman and Ponton), Bolli, 1957, p. 108,
Pl. 22, Figs. 3a-3c.

Acarinina pseudotopilensis Subbotina, 1953
(P1. 3, Figs. 7, 8)

Acarinina pseudotopilensis Subbotina 1953, p. 294, Pl. 21, Figs.
8a-9c; Pl. 31, Figs. la-3c.

Acarinina interposita Subbotina, 1953
(PlL. 3, Fig. 9)

Acarinina interposita Subbotina 1953, p. 303, Pl. 23, Figs. 6a-Jc.

ACKNOWLEDGMENTS

James C. Ingle of Stanford University, California, Yokichi Takay-
anagi of Tohoku University and Tsunemasa Saito of Yamagata
University, Japan kindly reviewed this paper. Ryuichi Tsuchi of
Shizuoka University also read the manuscript. My sincere gratitude is
due to them for their critical review and valuable suggestions.

REFERENCES

Bé, A.W.H., 1977. An ecological, zoogeographic, and taxonomic
review of Recent planktonic foraminifera. In Ramsey, A.T.S.
(Ed.), Oceanic Micropaleontol., 1:1-100.

Berggren, W. A., 1977. Atlas of Paleogene planktonic foraminifera.
Some species of the genera, Subbotina, Planorotalites, Morozo-
vella, Acarinina, and Truncorotaloides. In Ramsey, A.T.S. (Ed.),
Oceanic Micropaleontol., 1:205-300.

Berggren, W. A., Aubry, M. P., and Hamilton, N., 1983. Neogene
magnetobiostratigraphy of DSDP Site 516 (Rio Grande Rise, South
Atlantic). In Barker, P., Johnson, D., et al., Init. Repts. DSDP, 72:
Washington (U.S. Govt. Printing Office), 675-706.

Berggren, W. A., Kent, D. V., Flynn, J. J., and Van Couvering,
J. A., 1985. Cenozoic geochronology. Geol. Soc. Am. Bull.,
96:1407-1418.

Blow, W. H, 1969. Late Middle Eocene to Recent planktonic fora-
miniferal biostratigraphy. In Bronnimann, R., and Renz, H. H.

251



M. IBARAKI

(Eds.), Proc. Ist Int. Conf. Planktonic Microfossils (Geneva,
1967), 1:199-421.

— . 1979. The Cainozoic Globigerinidae. Parts 1 and II, Sec-
tions 1, 2, and Atlas: Leiden (Brill), 1-1413; Pls. 1-264,

Blow, W. H., and Banner, T. T., 1966. The morphology, taxonomy
and biostratigraphy of Globorotalia barisanensis LeRoy, Globoro-
talia fohsi Cushmann and Ellisor, and related taxa. Micropaleon-
tol., 12:286-302.

Bolli, H. M., 1957. Planktonic foraminifera from Oligocene-Miocene
Cipero and Lengua Formation of Trinidad, B.W.I. U.S. Nat.
Bull., 215:97-123.

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

Chapman, F., Parr, W., and Collins, A. C., 1934, Tertiary foramin-
ifera of Victoria, Australia—The Balcombian deposits of Port
Philip, Pt. 3. J. Zool. Linnean Soc., 38:353-577.

Cifelli, R. J., 1961. Globigerina incompta, a new species of pelagic
foraminifera from the North Atlantic. Contr. Cushman Lab.
Found. Foram. Res., 12:83-86.

Cushman, J. A., and Bermudez, P. J., 1937. Further new species of
foraminifera from the Eocene of Cuba. Contr. Cushman Lab.
Foram. Res., 25:26-45.

Cushman, J. A., and Ponton, G. M., 1932. The foraminifera of the
upper middle and partly the lower Miocene of Florida. Florida
Geol. Surv. Bull., 9:98.

d'Orbigny, A. D., 1839. Foraminiféres. In De La Sogra, R. (Ed.),
Histoire Physique, Politique et Naturelle de I'lle de Cuba: Paris
(A. Bertland), 1-224.

Egger, J. G., 1893. Foraminiferen aus Meeresgrundporoben, gelothet
von 1874 bis 1876 von S. M. Sch. Gazelle. K. Bayer. Akad. Wiss.
Munchen, Math.-Physik. Cl., Abh. Bd. 18 (1895), Abth, 2:193—
458.

Ehrenberg, C. G., 1861. Elemente des tiefen Meeresgrundes in Mex-
icanischen Golstrome bei Florida: Uber die Tiefgrunde-Verhalt-
nisse des Oceans am Eingange der Davisstrasse und bei Island. K.
Preuss. Akad. Wiss. Berlin, Monatsber. Berlin, 222-240, 275-315.

Fleisher, R. L., 1974. Cenozoic planktonic foraminifera and biostra-
tigraphy, Arabian Sea, Deep Sea Drilling Project, Leg 23A. In
Whitmarsh, R. B., Weser, O. E., Ross, D. A., et al., Init. Repts.
DSDP, 23: Washington (U.S. Govt. Printing Office), 1001-1072.

Ibaraki, M., 1986. Neogene planktonic foraminiferal biostratigraphy
of the Kakegwa area on the Pacific coast of central Japan. Repis.
Fac. Sci. Shizuoka Univ., 20:39-173.

Jenkins, D. G., 1985. Southern mid-latitude Paleocene to Holocene
planktonic foraminifera. /n Bolli, M. M., Saunders, J. B., and
Perch-Nielsen, K. (Eds.), Plankton Stratigraphy: Cambridge
(Cambridge Univ. Press), 263-314.

Mankinen, E. A., and Darlymple, G. B., 1979. Revised geomagnetic
polarity time scale for the interval 0-5 m.y.B.P. J. Geophys. Res.,
84:615-626.

252

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. Univ. Calif. Scripps. Inst. Oceanogr. Bull., Tech.
Ser., 4:137-16 4, Pls. 3-7.

Parker, F. L., 1962. Planktonic foraminiferal species in Pacific sedi-
ments. Micropaleontology, 8:219-254.

Poore, R. Z., 1979. Oligocene through Quaternary planktonic fora-
miniferal biostratigraphy of the North Atlantic: DSDP Leg 49. In
Luyendyk, B. P., Cann, J. R., et al., Init. Repts. DSDP, 49:
Washington (U.S. Govt. Printing Office), 447-517.

Rogl, R., and Bolli, H., 1973. Holocene to Pleistocene foraminifera of
Leg 15, Site 147 (Cariaco Basin <Trench>, Caribbean Sea) and
their climatic interpretation. In Edgar, N. T., Saunders, J. B., et
al., Init. Repts. DSDP, 15: Washington (U.S. Govt. Printing
Office), 553-615.

Saito, T., 1976. Geologic significance of coiling direction in the
planktonic foraminifera Pulleniatina. Geology, 4:305-309.

Saito, T., Burckle, L. H., Hays, J. D., 1975. Late Miocene to
Pleistocene biostratigraphy of equatorial Pacific sediments In
Saito, T., and Burkle, L. H. (Eds.), Late Neogene Epoch Bound-
aries: New York (Am. Mus. Nat. Hist.), 226-244,

Shipboard Scientific Party, 1988. Site 679. In Suess, E., von Huene,
R., et al., Proc. ODP, Init. Repts., 112: College Station, TX
(Ocean Drilling Program), 159-248.

Srinivasan, M. S., and Kennett, J. P., 1975. The status of Bolliella,
Beella, Protentella, and related planktonic foraminifera based on
surface ultrastructure. J. Foram. Res., 5:155-165.

, 1981. Neogene planktonic foraminiferal biostraigrphy:
Equatorial to Subarctic, South Pacific. Mar. Micropaleontol.,
6:499-534.

Subbotina, N. N., 1953. Iskkopaemye foraminifery USSR; Globiger-
inidae, Hantkenidae i Globorotaliidae [Fossil foraminifers of the
USSR; Globigerinidae, Hantkenidae, and Globorotalidae]: Veses,
Neft. Nauchno-Issled. Geol. Ravzed. Inst. Trudy, n. ser., 76:1-
296, 41 pls.

Thiede, J., 1975. Distribution of foraminifera in surface water of a
coastal upwelling area. Nature, 253:712-714.

, 1983, Skeletal plankton and nekton in upwelling water
masses off northwestern South America and Northwest Africa. In
Suess, E., and Thiede, J. (Eds.), Coastal Upwelling: Its Sediment
Record, Part A. Responses of the Stratigraphy: Cambridge (Cam-
bridge Univ. Press), 263-314.

Toumarkine, M., and Luterbacher, H., 1985. Paleocene and Eocene
planktonic foraminifera. /n Bolli, H. M., Saunders, J. B., and
Perch-Nielsen, K. (Eds.), Plankton Stratigraphy: Cambridge
(Cambridge Univ. Press), 87-154,

Date of initial receipt: 29 September 1988
Date of acceptance: 5 May 1989
Ms 112B-197



ejP[noof rnbITqo euTIPIUSTThd

FHiephyord BUTIpenboqo | booy

FIAMOSUT PUTIp qOTEOSN

253

A A
AlC

Tiobbs BUTIPENDOGO] BOWH

Teljlejnp PUlJIpENBOGo[EBOaN

Tiopaid sI5doUTIobl J5ER]

STSUSFS03 EF[FIOIO0O(D

Tiahal] B1[¥307090[D

E[N3]o8 Bl [FI070Q0[0

FlF(T]AlA
clt
Tlc

1T

EjE[nolgound PT[EJOI0q010

of[Tund vI[v3030q019

OT [ undovid BI[P3010407D

TEEQU FT[EJ0I0q0TT

FIFTIUT FT[FIOIOQOTH

TTpIeUSN BIRIJTNS PIIFICIOQOIS

STWIOJPSSPIS STWIOJPSSPID PITRIOIOqOTH

TZopuIey BI[F3010015

FInAn e3jurIsbrqors

oFipyied e31uriebiqors

PIOT BITU .akhm gorTs

e3euTan(E E3TUTISBIGOTD

ST[E1o3P[ [NDOF B][oUlJdobIqo[D

moderate; P=poor.

C
T|C

ElT
few (0.5-3%); R=rare (<0.5%), T=trace

good; M

T|C

F|F
TiT
FIEIRI|TITIT
FICIT
Elc|rlT
CIC|F
RIR
barren. G

FIC|T

m-“.uﬂ\—ﬁ_uﬂ FOT NG00

T

EOCENE THROUGH PLEISTOCENE PLANKTONIC FORAMINIFERS

FUOBEXDY SopIo]PI0IoqolD

T|R

Common (3-10%); F

Sh]jous] seploliieniqoly

T8JT[NooPs Sepjouiiebiqoln

T5qnT FepTouIIsbIqoln

C

1

RIR|T

Fgofenburnk PUTISETGOTD

ewosebou pUTIRBTqaTS

STSUSUOD]R] PUTISBIGOlSH

riTedeIosap purIsBIqors

CiT

C
E

I/C

EpTTe0 PUTISBIGOTD

Seplor[ng PUIIebIqolo

Table 8. Distribution of planktonic foraminifers in Holes 686A and 686B.

-
uoneAlasald

aouepungy

RI{G]F
RIG
B
R|C
B
RIGICI T
RIG|TIT
RIGJALT
RIGJA| T
R|G
RIC
R|C
R|C
B
RIGICIT
B
R M
R |G
B
B
B
R|G
B
B

18. ¢C |

abundant (>10% of assemblage)

cc

cc
cc
cc
cc

CcC
1., CC
CC
10, CC
cCc
4, CC
5, CC
6, CC

11,

CC

A
(only one or two specimens in entire assemblage); B

1::€C
7: CG
3. CC
Ui CC
5.CC
13, CC
14, CC
15, CC
16. CC
17, CC
18, CC
19, cC
20, cC
21
23, CC
1. cC
2. CC
.12, cC
13, CC
15, CC
16, CC
32, CC

17,

22, CC
10,
11,
19, CC
20, CC

8,

Hole 686A
Hole 6868

2. €C  IRIGIT

NOTE



ejENso] INbI (g0 PUIJETUSI LN

TSPy oEd  PUTIpEboqUT GORN

eidiioouT PUlIpPnbogo] bosn

Tiebba eujipenboqo]boay

AlA
ClA
AlA
AlC|T
AlC
AlA
T|T
AlC
Al A
T|T

IarjIayng B:ﬂkﬁﬁmeOHaﬂz

TMOTq PUlIpENDOGO]boOIN

I fepaTd sisdourIabrised

BpIumy EI[e30300015

T|T|T|c|T
Flc|T
FlF
T|T
T F
T[T

TIafiat] PI[E40104010

FIN3io5 BI[E3010G0[D

or[rund EJ[Pjoioqors

or[Tundorid EY[EI0I0G0[5

Fooqo BI[Ej0I0GOT0

FIE[JUT BT[E301040TH

TINElly E1]PjoJoqols

TTPTBUSE e30T1 N5 ET[E010G01D

PJOTA FINSSEID EI[P10OIOQO[D

EBINs5RID BINSSPID PTIRjOIOQO1S

STWiIOJES5EA0 B IWI0JESERID B1|BjoToqoly

rEepnuIay BIIPjoIoqo1s

ST[rwny e31[ej010G0]

Frnan BjrursaBIqoro

Fi0T EJIUTISBIqOT0

FIFPUIINIb PITUTISETQOTD

sT[elaye] inbap PTTeUTISBIqOTD

ESTI@ATUN BPUT [NGA0

ST[EaN3s gUfIhgIo

T| [FCI|C|T
T|C| |FIT
T{F

T|T
rare (<0.5%); T=trace (only one or two specimens in

T
TIT

Flc|T

ClT|C
TT
clc

FlT

T|T

PUODPRSY Soplo|ejologo)s

EjETaW0 | BUos PUTIpenbogqo]o

SNGo[ 141 SopToutisbiqols

snproue] seprourisbiqers

TeJTInoors SoploUTISBTgoTD

1eqnd sapTourisbiqorn

snnbrrqo snnbijqo saproutisbiqoin

SAN Py SsploulJsbigqorn

Common (3-10%); F=few (0.5-3%); R
moderate; P=poor,

~ &hjebld|e SopToNiiebIgolo

M

Shaosoqnd eUlIebIqorn

C

AlT
CiT|T
AlT

eqojonburnb eutiebiqoro

ewoysebaw PUTISBETQOTO

STSUSUOD[P] PUTIabIqois

eyraderosep Furiab;qors

EpTIED FULISBIqOTD

Cc

good

F
A
Cc
c

T(F

Soprof[ng Paiaeniqoiy

Table 9. Distribution of planktonic foraminifers in Holes 687A and 687B.

M. IBARAKI

uoijeAIasald

barren. G

R|G|F[T
R|G|C
RIGIA[T
cla
RiM
mlT
Rl GJT
cla
R|G|T
R clc
c|c
Rl clc
rlclc|T
Rl c]T
rRlc]T
R|G
RIG
RIGIC
Rlclalcl |ale(T|a

ajuepunagy

R|C
R
R
R

R
R

abundant (>10% of assemblage)

CC

cc
cc
cc
.cC
8, CC
cc
10._CC
cc
1Z.¢¢
13, CC
cc

15, CC
17,.CC
18, CC
19. CC
20, CC
cc
cc
cc
cc

9, cC
cc

11. CC
12. CC
13, CC
1, CC
15. CC

__16.¢cC ____ |R|lclalE

cc

A

22, CC

19, CC
20, CC
21, CC

1
.,
2.
10,
. 22,

entire assemblage); B

Hole 687A

NOTE

254



suUBNsETyep EfjsuTpTolaeyds 1 | 1

BIR[nao] INbIIqo BUTIEIUST IO = O Ll L L

255

ewrapfiyord putipenbogo]Boay < A_

blage)

A A ITIT

AlCL ||
T.C
A

ridwoouy eulIpenbogolboay I Oler| |w

1
I
TICAL 1 |
TICIAIR|
A
A

rsoJauny eulipenboqo]boay |

EOCENE THROUGH PLEISTOCENE PLANKTONIC FORAMINIFERS

Ta@bbo eur1penbogqolboen T [

- T IA

-
R
T
T
A
A

rasjiaynp euriprnbogorbosy
TMorq eurapenboqofboay 5]

FlalF
T

clalc

Alc

AF|T
T

E

clalFl [alalT
ccl |riala

T
iE
R

sTsusp1s00r PUTIpenboqo]bosy

FIE1TbIporid B [99F = = |

) U I S b 7

FIF3BIp B[990 BEE |

Tjapail sTsdoUTIebl 35eH | o luw - O o Wl o

PIejNbUn BT [EjoI0G6] 9 - I

FPpTWny ETTEIOIOQOTS [ =y

S1SUSES0] PI[PIOIOqoTs

Tawhot; B [ejoloqols o

TIT|ITITIT

BIN3Fo5 B1[PJ0I0q0]5 Fl e (o] [ (o]

FOUGS B1[E30400[0 | .

PP notjound BIIPIOIOqOTO | o

R
F
F
(&
.
R
F
F
R
TIF
c
R
=

orrrund ef[EjofoqoTs i

Seioyied PTIPIOI0q0[H ]

R|TT

PSagqo P [PIOI0GOTH

Cc
E
F
T
B
F
F
_ic

PHISSTINUTWORY PI[PJOIOGOTS U<

T=trace (only one or two specimens in entire assem

C|iT|C

FPUTSE] JNUTH B] [ P30I0q0T0

FIPJUT PIFI0I0GOTD [ry u

FInGATY P [E30109075 I

T1pIPuRN PIFI3[N0 BT[PIOIOqO[S T 0 = _

SIWI0JEESEID BINAGJESSEI0 B [BJ0I0G0O D ] = - = H = [ N T

T |17

TZepnili=] PT[F3010G01D i - |

rare (<0.5%)

BIOEIJUP PTPIOIOFOTD T T+ |

BlnAl PITUTISBTGO] L

BInUTW P3IUfIebIqoTo [T

B30T Pjrar1abIqorn

[

C|F|A
CITIR|T
FiC
T

C

T

E

F

TIER|E|T

H1[E103BTINbar B[ [aUTI8b1qols

E5IeATUN BUT[NGID

ST PINgs PUlNgIg = =

F=few (0.5-3%); R

RIT| T
EIR
T
T
RIR|E|TI|E|F
T
R
T

PUOBEXDY SOpPIO[E3010G0] D S P —

Hole 688A.

ifers in

Table 10. Distribution of planktonic fo

TIEIowo ] blios EUTIPEAbOGO] D

!
!
PIPUTINTE BITUTISEIqQOTS 1wl
!
|
|
|
|

Fnj[eus] SeploUlieblgqo]s 1 = = = ]

78] 1[nooPs seploul1ob1qorn = N

Teqni SaplouTIebIqoro

snnbyjgqo snnbjqo seprouTlsbiqols

TITIF

SnINJRUMT Saprourisbiqgors

ILT

snjebuofe seprouliabliqols

N n - EMIOJE0] oho Goploutiebigo] o

E
T
T

C=Common (3-10%)

)
poor.

EIPal ] Tqun PUTI@BTqO] D

R

GlU@Isoqnd Puliabiqols

pgofenbuink puriabrgors w

PUDjSEbow euf 1ebTqorn

ClTIC

STSUaUDD[E] PUTIRETGOTO [E]

F
Cc
Cc
A
C
C
c
C|
T

epT[ED FUTJRBIqQO[S

moderate; P

Sapiof g PuiiebIqorn

GJC

uoijeAasaag

CIGIA[RIA[R| T|T|

R[M|A
FIG|c
G
Elm
Fim]c
o
Elgla
R[c|a
rlG|c
Elcla
Flo|c
R|G
R|G
F|G]A
EIM 1A
Flc
M
R M
rRimlT
R M

aouepunqy

B
B

RIPICI T T
B
R|P
B

C
21, cC

2, CC
cc
cc
cc
cc

7(2), bottom |C|G
33, CC  [RMITL

. €C
. CC
. €EC
10, CC
n, cc
12, G
13, CC
|14, CC
15, CC
16, CC
17..CC
18, CC
19, CC
20, CC
25, CC
26, CC
27. CC
28. CC
29, CC
3..CC
32, CC

30, CC

22, CC
23, CC
24, CC

2.
4
-5
[]

Hole 688A
1, C

—

good; M

abundant (>10% of assemblage)

3?-: cc

u, CC
365, CC
36, CC

B=barren. G

NOTE: A




SISUSOPEGIPY PUTIS6T ISPYOPNSsd

ETWIOJISUS] P[[FACZOION

STSUSOPEPTOS PUTUTIPOY

EjPUTIEoOjouUnd RUTUTIEDY

srsus]rdojopnasd BUTUTIEDY

EJPISWEDEIUGd EUTUTIEDY

F=few (0.5-3%);

STSUSPUSE PUTUTIEDY

TITIT|T|T|T

TIACOTUN ReIphisdeges

ET[TWISS [P XEPIpNSdBIEs

Fsoqo EBI[E30104010

FTHAN PITUTJISDTOTD

BJEUIJN[E BJIUlIebIgoTg

=T Too5T GIE]
mmonoﬁaquwnwwuwwm:ﬂkvmbmwno~u

Common (3-10%)

FPi1ds13] e Pardsig[e euripenboqolo

TIT|T

TaJT[nooPs Seprouriebiqoro

-

pgqoTenburnk eurIebrgoro

Sopro]ngeeid PUlisbBIGO[H

T

ejradeur] eurisbrgors

PIPTTOI PUTIRETGOTE

Table 11. Distribution of planktonic foraminifers in Hole 688E.

M. IBARAKI

moderate; P=poor.

TSSFe FPUTJISLTIGQOTS
e

UDIIEAIBS3.0H

trace (only one or two specimens in entire assemblage);

M

aouepunqy

RIMIT|T
R|G
R|G
B

R|G
R|P
R|P

B
B
B
R|P
RIP

good

abundant (> 10% of assemblage); C

rare (<0.5%); T

cC
e
4, CC
cC
CcC
1. CC
CcC
cc
10, CC
11. CC
12, CC
13, CC
14, CC
15, CC
16, CC
17, CC
ccC
19. CC
20, CC
21, CC
22, CC
23, CC
24, CC
25. CC
26, CC
CC
28, CC
29, CC
cC
{ o ¥
3. _EC
33. CC
cC
35, CC
36, CC
37, €C
38, CC
29, CC
CC
{ o o
cc
uy, CC
CC
barren. G

CC

42, CC

18,
27,
30,
31
41
43,

Hole 688E

R
B

NOTE: A

256



EQCENE THROUGH PLEISTOCENE PLANKTONIC FORAMINIFERS

Pisco Basin Lima Basin Yaquina Basin  Trujillo Basin
686 687 688 682 679 680 681 685 683 684
o™ A B A B A A B C D A B C A B A A A B C
. = P . 2 F - R 3 P T : . 7 .
' : : aC Sk ~
T tsil | . o4 |- . : N.9-17
. b ’a . . ‘.Ng « D A
- | :1 ¢ ' * -N.16-17 |7
100 )— T . — 1 . . . i
. . s . . : N.16-17
. . . - . o 5 *
. N.22 .4 . g
. : ; N2 N22 |
. w22 | i A . N2
.22, | J |
3 . ol - .
2004 L.-__. L Lo g «N.21
i E ‘
K
2 -
3 i
b 8% ]
. - 5 i
N.22 .o AN.9-14
£
| 8
300 —— ;Lz? *N.9-10
. TN.6-T
N.21
et |s *N.13-16 N.17-19
= - H 17-1
N.6-7
400 WP17-22 *N.6
“P.10)
L
- *P.20-N.6
——] .
. *p.12-14
500 :
600f
700 - |
*P.6
*p.6
i

Figure 2. Occurrences of planktonic foraminifers in cores obtained during Leg 112 off Peru. Dots are sample horizons that
include planktonic foraminifers. Ages are indicated by the planktonic foraminiferal zones of Blow (1969). D and S represent
dextral and sinistral coiling of Pulleniatina spp., respectively.
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Figure 3. Range chart for selected taxa from Holes 681A and 681B.
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Figure 4. Range chart for selected taxa from Hole 682A.
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Figure 5. Range chart for selected taxa from Holes 683A and 683B.
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Plate 1. 1-2. Globigerina quinqueloba Natland, umbilical and spiral side views, 160x; Sample 112-685A-6H, CC; Pleistocene. 3-4.
Globigerinoides obliquus obliqguus Bolli, umbilical and spiral side views, 160x; Sample 112-684A-12H, CC; late Miocene. 5-6.
Globoquadrina dehiscens (Chapman, Parr, and Collins), umbilical and spiral side views, 160x; Sample 112-684A-12H, CC; late Miocene.
7-8. Globorotalia hexagona (Natland), umbilical and spiral side views, 160x, Sample 112-688A-7H-2 to bottom; Pleistocene.
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Plate 2. 1-2. Globigerinita glutinata (Egger), umbilical and spiral side views, 160, Sample 112-683A-TH, CC; Pleistocene. 3—4. Globorotalia
peripheroronda Blow and Banner, umbilical and spiral side views, 160x; Sample 112-683B-3H-3, 83—85 cm; early Miocene. 5. Beella
praedigitata (Parker), umbilical and side views, 160 ; Sample 112-683A-6H-3, 58—59 cm; Pleistocene. 6=7. Hastigerinopsis riedeli (Rogl and
Bolli), unbilical and spiral side views, 320 ; Sample 112-685A-6, CC; Pleistocene. 8-9. Neogloboquadrina dutertrei (d‘Orbigny), umbilical
and spiral side views, 80x ; Sample 112-685A-22, CC; Pliocene. 10-11. Neogloboquadrina incompta (Cifelli), umbilical and spiral side views,
160 ; Sample 112-688A-2H to bottom; Pleistocene.
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Plate 3. 1-2. Neogloboquadrina pachyderma (Ehrenberg), umbilical and spiral side views, 320x; Sample 112-685A-22 CC; Pliocene 3-4.
Catapsydrax dissimilis (Cushman and Bermudez), umbilical and spiral side views, 160x; Sample 112—688E-22, CC; early Miocene. 5-6.
Cassigerinella chipolensis (Cushman and Ponton), umbilical and spiral side views, 400x; Sample 112-683B-5, CC; early Miocene. 7-8.
Acaninina pseudotopilensis Subbotina, umbilical and spiral side views, 160x; Sample 112-682A-46, CC; middle Eocene. 9. Acarinina
interposita Subbotina, spiral view, 160x; Sample 112-682A-46, CC; middle Eocene.
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