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INTRODUCTION

Sedimentary sequences of Oligocene age were
recovered only at Sites 305, 310, and 313 during DSDP
Leg 32 in the North Pacific Ocean. Planktonic
foraminiferal populations of this age at all three sites
show evidence of intense carbonate dissolution cor-
responding to dissolution facies 6 to 8 of Berger and von
Rad (1972). Even those assemblages which contain
relatively large numbers of specimens are characterized
by notably low diversity; no more than a dozen species
are to be present in any single sample.

Differential susceptibility to test dissolution among
modern planktonic foraminiferal species has been wide-
ly recognized, but substantially less attention has been
directed toward the patterns and results of dissolution
and concentration in early and middle Tertiary assem-
blages. Clearly, however, the reduction of deep-sea pop-
ulations has particularly acute ramifications for bio-
stratigraphic correlation and determinations. Most of
the zonation systems proposed for the middle Tertiary
have been based upon samples from sequences de-
posited along continental margins. To the extent that
they are based on fossil species with readily soluble tests,
these systems are inapplicable to deep-sea deposits.

Among these zonation systems, the most seriously
affected are those of Blow (1969) and Postuma (1971).
Blow's N.4/P.22 boundary frequently cannot be recog-
nized as defined because of the susceptibility to dissolu-
tion of Globigerinoides primordius; Berger (1970) noted
that species of Globigerinoides are among the most
readily dissolved of modern forms. Even where this
species is present, it is rare near the base of its range
(Beckmann, 1971; Douglas, 1973) and has been found at
widely distributed localities in horizons older than the
initial appearance of "Turborotalia" kugleri (Poag,
1972; Kaneps, 1973; Sieglie, 1973). Clearly, this bound-
ary cannot be consistently delineated, and Zones N.4
and P.22 cannot be recognized in the sense intended by
Blow (1969).

Species of Globigerina (restricted here to spinose-
walled forms; see Fleisher, 1974) are all but completely
absent from Leg 32 Oligocene populations, and are
commonly rare or absent in deep-sea middle Tertiary
faunas. The absence here of G. angulisuturalis is par-
ticularly important because the initial appearance of this
species was used by both Blow (1969) and Postuma

(1971) as the basis for zonal boundaries (P.21/P.20 and
G. angulisuturalis Zone/G, ampliapertura Zone, respec-
tively). The sporadic distribution of G. angulisuturalis in
late Oligocene DSDP samples (Jenkins and Orr, 1972;
Kaneps, 1973; Ingle, 1973; Fleisher, 1974) is a reflection
of the susceptibility of this species to dissolution.

Jenkins and Orr (1971) proposed a modified system of
planktonic foraminiferal zones based on the ranges of
dissolution-resistant species. Their zones, however, are
essentially identical to those employed by Bolli (1966),
and the latter system (see Figure 1) with appropriate
nomenclatural changes is employed here. The Chilo-
guembelina cubensis Zone of Jenkins and Orr (1971),
equivalent to the lower portion of the "Turborotalia"
opima opima Zone, is not employed here. The absence of
C. cubensis in many early Oligocene populations at the
Leg 32 sites suggests that this species is too readily dis-
solved to be of major stratigraphic value in these se-
quences.

The generic taxonomy employed for planktonic
foraminifera in this report is somewhat at variance with
common usage. The basis upon which these generic
assignments have been made has been discussed in an
earlier paper (Fleisher, 1974). The arguments proposed
in that study will not be repeated here, but a few

^ \ A U T H 0 R

Early
Kiocene

Oligocene

Late
Eocene

Fleisher
(this report)

"Turborotalia"
kugleri
Zone

Globigerina
ciperoensiβ
Zone

"Turborotalia"
opima
opima
Zone

"Turborotalia"
ampliapertura
Zone

Caββigerinella
ckipolenaiβ

Pgeudo-
hαβtigerinα
bαrbαdoenaiβ
Zone

Turborotalia

Zone

Bolli
(1966)

Globorotalia
kugleri
Zone

Globigerina
ciperoeneis
Zone

Zone

Globigerina
aπtpHapertura
Zone

Caβsigerinella
chipolensiβ

Hαβtigerinα
miorα
Zone

Globorotalia
cerroazulenaiβ
Zone

Jenkins
and Orr
(1971)

Globorotalia
kugleri
Zone

Globigerina
anguli'
guturalia
Zone

Globorotalia

Zone

Chilo-
guembelina
σubensU
Zone

Globigerina
aprp l%apertura
Zone

Pseudo-
hastigerina
barbadoenβiβ
Zone

7 ? ?

Globorotalia
insolita
Zone

Blow
(1969)

N4 / P22

P21

P20

P19

P18

' P17 ?

P16

Postuma
(1971)

Globorotalia
kugleri
Zone

anguli-
βuturaliβ
Zone

Globigerinia
ampliapertura
Zone

Clebon>talia
oerroaxuleneii
Zone

•Present address: Exxon Production Research Company, P.O. Box
2189, Houston, Texas.

Figure 1. Oligocene planktonic foraminiferal zonation
systems.
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modifications appear warranted. Globorotalia siakensis
LeRoy, previously placed in Turborotalia (Fleisher,
1974), is here assigned to Neogloboquadrina. N. siakensis
is the earliest clearly recognizable ancestor of the lineage
which includes, among other species, N. continuosa
(Blow), N. acostaensis (Blow), and N. humerosa (Taka-
yanagi and Saito), and which culminates in N. dutertrei
(d'Orbigny) and N. pachyderma (Ehrenberg). The
generic name Turborotalia should be retained only for
the lineage culminating in T. cerroazulensis s.l. The
ancestry of many middle Tertiary turborotaliform species,
including Globorotalia opima, G. opima nana, and G.
kugleri among others, is not presently clear. They are
placed in "Turborotalia" pending clarification of their
Phylogenetic history. Included here as well are Globi-
gerina ampliapertura and G. euapertura (= G. prasaepis),
species which evolved from the turborotaliform "UT." in-
crebescens (Blow and Banner, 1962; Blow, 1969).

SITE DESCRIPTIONS

Site 305

Oligocene planktonic foraminifera are present in
Sample 6-6, 110-112 cm, but the rare tests are probably
reworked into younger (middle Miocene) assemblages.
A very small in situ fauna occurs, however, in Sample 6-
5, 122-125 cm, and a stratigraphic hiatus is clearly pre-
sent between these two horizons. This population con-
tains well-developed Neogloboquadrina siakensis and
" Turborotalia'''' opima nana, but "7V opima opima is ab-
sent. Relatively rare specimens of morphologically (and
probably phyletically) primitive Globigerinita boweni
were also observed; the transition to this species from
Tenuitella clemenciae has been recorded elsewhere from
the late Oligocene (Jenkins, 1966; Fleisher, 1974).
Similar, but generally smaller, less diverse, and less
diagnostic faunas persist throughout Core 7. This fauna
should probably be assigned to the Globigerina ciperoen-
sis Zone, although it is diagnostic only to the extent that
the absence of ''''Turborotalia'" opima opima results from
its prior extinction and not from secondary test destruc-
tion.

Planktonic tests are somewhat more common in the
sediments recovered in Core 8, but faunal diversity
remains relatively low. Core 8, Sections 1 and 2, contain
a fauna consisting of long-ranging species dominated by
"Turborotalia" euapertura. No precise zone assignment
is possible based directly upon the observed species, but
the presence of Catapsydrax dissimilis ciperoensis and
rare Chiloguembelina cubensis, and the absence of
Pseudohastigerina spp. and "TV opima opima, suggest
assignment to the "Turborotalia" ampliapertura Zone.
Faunas throughout the interval of Core 8, Section 3
through Core 9, Section 2, 42-44 cm, are similar, except
that both Turborotalia pseudoampliapertura and Pseudo-
hastigerina barbadoensis are present. These samples are
placed within the Cassigerinella chipolensis-Pseudo-
hastigerina barbadoensis Zone. In the remainder of Core
9, planktonic foraminifera are virtually absent, and the
very rare specimens in Sample 9, CC and Core 10 are of
definite Eocene age. Table 1 summarizes the planktonic
foraminifera found at Site 305.

Site 310
Reworked Oligocene specimens are present in the

Miocene sediments in Sample 9, CC, but Oligocene pop-
ulations are present only in portions of Core 10 (Table
2). Planktonic tests are almost absent in Section 1, but
are somewhat more common in samples from Sections 2
through 5. Most of the preserved specimens represent
long-ranging and nondiagnostic species, notably Catap-
sydrax perus, "Turborotalia" euapertura, and Globo-
quadrina galavisi. The rare occurrence of Turborotalia
pseudoampliapertura and Subbotina angiporoides pro-
vides the basis for tentatively assigning this interval to
the Cassigerinella chipolensis-Pseudohastigerina bar-
badoensis Zone. P. barbadoensis is probably absent be-
cause of test dissolution; alternatively, the two species
mentioned above may be reworked and the faunas
representative of the "T." ampliapertura Zone. This as-
semblage persists as low as Sample 10-6, 30-32 cm, but
20 cm lower in the core the sediments are essentially bar-
ren of planktonic foraminiferal tests.

Site 313
Oligocene faunas occur only in Cores 3 and 4 at Site

313 (Table 3). The small faunas of Core 3 are of late
Oligocene age, but precise zone assignment is difficult
because of low diversity. "Turbotoralia" opima opima is
present in Section 6, 51-54 cm, and probably in Section
5; these samples are assigned to the "7V opima opima
Zone. The overlying faunas in Core 3, dominated by
Globoquadrina sellii but lacking G. binaiensis, represent
the early portion of the Globigerina ciperoensis Zone.

Foraminiferal populations in Core 4, similarly, are
relatively nondiverse and nondiagnostic. In most sam-
ples, Tenuitella clemenciae is present; this form appears
to be limited to post-early Oligocene horizons in tropical
regions (Blow, 1969; Fleisher, 1974), although its range
is not fully known. Globoquadrina sellii is also present in
Sections 4 and 6; in contrast, both "Turborotalia" opima
opima and Pseudohastigerina spp. are absent from most
samples. This combination suggests assignment to the
"Turborotalia" ampliapertura Zone. The presence of the
early Oligocene species Turborotalia pseudoamplia-
pertura, Globoquadrina tapuriensis, and Pseudohasti-
gerina barbadoensis in Sample 4-2, 51-54 cm, indicates
an apparent age within the Cassigerinella chipolensis-P.
barbadoensis Zone, but these forms are not present in
the relatively rich samples in Sections 4 and 6. It is
suggested here that these specimens are reworked.
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TABLE 1
Distribution of Planktonic Foraminiferal Species in Samples from Site 305

Age

L
at

e
ig

o
ce

n
e

O

c

E
ar

ly
ig

oc
e

O

e>

Zone

G
lo

bi
ge

ri
n

a
ci

pe
ro

en
si

s

a

c-•

Sample
(Interval in cm)

6-6, 122-125
7-1, 120-123
7-2, 120-123
7-4, 125-127
7-6, 120-122
7, CC
8-1, 131-133
8-2, 136-138
8-3, 135-136
8-6, 136-138
8, CC
9-2, 42-44
9-3, 120-122
9-4, 120-122
9-5, 120-122
9-6, 38-40

C
at

ap
sy

dr
ax

 d
is

si
m

il
is

 s
.s

.

X
X
X

X

X
X

X
X

C
. 

di
ss

im
il

is
 

ci
pe

ro
en

si
s

X

X
X

C
. 

u
n

ic
av

u
s 

pr
im

it
iv

u
s

X
X
X

X
X
X

C
. 

pe
ru

s

X
X
X
X
X
X
X
X

X

C
. 

ri
ve

ro
ae

X
X

X
X
X

X

C
. 

m
ar

ti
n

i 
s.

s.

X

C
h

il
og

u
em

be
li

n
a 

cu
be

n
si

s

X

G
lo

bi
ge

ri
n

it
a 

b
o

w
en

i

X
X

G
lo

bo
qu

ad
ri

n
a 

se
ll

ii

X

?

G
. 

tr
ip

ar
ti

ta

X

X

X

X
G

. g
al

av
is

i

X

X

X

X

G
. 

pr
ae

de
h

is
ce

n
s

X

G
. 

ta
pu

ri
en

si
s

9

X

G
. 

ps
eu

do
ve

n
ez

u
el

an
a

X
X
X

G
lo

bo
ro

ta
lo

id
es

 s
u

te
ri

X
X

X
X
X
X
X
X
X
X

X

N
eo

gl
ob

oq
u

ad
ri

n
a 

si
ak

en
si

s

X

P
se

u
do

h
as

ti
ge

ri
n

a 
sp

p
.

X
X
X
X

S
u

bb
ot

in
a 

m
in

im
a

X

S.
 g

or
ta

n
ii
 s

.s
.

X

S.
 

an
gi

po
ro

id
es

S.
 

co
rp

u
le

n
ta

S.
 e

oc
ae

n
a

X

S.
 

w
in

kl
er

i

X

T
en

ui
te

lla
 

cl
em

en
ci

ae

X
X

7

X

X

T.
 

m
in

u
ti

ss
im

a

X

T.
 g

em
m

a

7

7

X

T
ur

bo
ro

ta
li

a 
ps

eu
do

am
pl

ia
pe

rt
u

ra

X
X
X
X

"T
u

rb
or

ot
a

li
a

"o
pi

m
a

 
na

na

X
X
X

X

X

"T
."

 
eu

ap
er

tu
ra

X
X

X

X
X
X
X
X
X

X

T
u

rb
or

ot
al

it
a 

pr
im

it
iv

a

X

X

^"Turborotalia " ampliapertura

Cassigerinella chipolensis-Pseudohastigerina barbadoensis

TABLE 2
Distribution of Planktonic Foraminiferal

Species in Samples from Site 310
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TABLE 3
Distribution of Planktonic Foraminiferal Species in Samples from Site 313
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PLATE EXPLANATION

"Z>" represents the maximum diameter or length of
the specimen measured on the illustrated orientation.
Different figures of the same species are of different
specimens unless otherwise indicated. All illustrated
specimens have been deposited in the collections of
the U.S. National Museum, Washington, D.C.
R.D. Hockett, of Exxon Production Research Co.,
took the scanning electron micrographs, for which
the author is grateful.
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PLATE 1

Figures 1, 2 Globoquadrina galavisi, both from Sample 305-9-2,
42-44 cm, Cassigerinella chipolensis-Pseudo-
hastigerina barbadoensis Zone.
1. X100; D = 0.56 mm. Umbilical view.
2. ×IOO; D = 0.59 mm. Lateral view.

Figure 3 Globoquadrina pseudovenezuelana, Sample 305-9-2,
42-44 cm, Cassigerinella chipolensis-Pseudohasti-
gerina barbadoensis Zone. ×IOO; D = 0.61 mm.
Umbilical view.

Figure 4 Globoquadrina tripartita, Sample 313-4-4, 51-54
cm, "Turborotalia" ampliapertura Zone. ×75; D =
0.57 mm. Umbilical view.

Figures 5, 6 Globoquadrina sellii.
5. From Sample 313-3-2, 51-54 cm, Globigerina
ciperoensis Zone. ×75; D = 0.59 mm. Umbilical
view.
6. From Sample 313-4-4, 51-54 cm, "Tur-
borotalia" ampliapertura Zone. ×75; D = 0.55
mm. Lateral view.

Figures 7, 8 Catapsydrax unicavus primitivus, Sample 310-10-5,
41-43 cm, Cassigerinella chipolensis-Pseudo-
hastigerina barbadoensis Zone. ×75; D = 0.33 mm.
Umbilical and lateral views of same specimen.
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PLATE2

Figures 1, 2 Catapsydrax riveroae, Sample 310-10-6, 30-32 cm,
Cassigerinella chipolensis-Pseudohastigerina bar-
badoensis Zone. ×75; D = 0.75 mm. Umbilical
and lateral views of same specimen. Note the well-
developed apertural lip.

Figures 3,4 Catapsydrax dissimilis ciperoensis, Sample 313-3-2,
51-54 cm, Globigerina ciperoensis Zone. ×75; D =
0.55 mm. Umbilical and lateral views of same
specimen.

Figures 5, 6 Catapsydrax perus, Sample 310-10-5, 41-43 cm,
Cassigerinella chipolensis-Pseudohastigerina bar-
badoensis Zone. ×75; D = 0.55 mm. Umbilical
and lateral views of same specimen.

Figures 7, 8 Turborotalia pseudoampliapertura, Sample 313-4-
4, 51-54 cm, "Turborotalia" ampliapertura Zone.
×75; D = 0.78 mm. Umbilical and lateral views of
same specimen.
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PLATE 3

Figure 1 Globigerinita boweni, Sample 305-7-1, 120-123 cm,
Globigerina ciperoensis Zone. ×250; D = 0.15 mm.
Umbilical view.

Figures 2-4 Tenuitella clemenciae.
2. From Sample 305-7-1, 120-123 cm, Globigerina
ciperoensis Zone. ×250; D = 0.19 mm. Umbilical
view.
3. From Sample 313-4-4, 51-54 cm, "7«r-
borotalia""1 ampliapertura Zone. ×250; D = 0.22
mm. Lateral view.
4. Detail of wall, peripheral margin of first
chamber of final whorl, same specimen as Figure
3. X2000. Note the extremely small pores partially
obscured by crystallites.

Figures 5-7 Tenuitella gemma, from Sample 313-4-4, 51-54 cm,
"Turborotalia" ampliapertura Zone. D = 0.20 mm.
5. ×250. Umbilical view.
6. Detail of wall, ventral surface of final chamber.
X2000.
7. Detail of wall, ventral surface of penultimate
chamber. ×2000. These figures illustrate the pro-
gressive growth of pustular crystallites on the test
surface; variations over the test indicate that these
changes are ontogenetic rather than a result of
secondary recrystallization.

Figures 8, 9 '"'"Turborotaliá" euapertura, both from Sample 305-
8-1, 131-133 cm, "Turborotalia" ampliapertura
Zone.
8. ×75; D = 0.54 mm. Umbilical view.
9. ×75; D = 0.61 mm. Lateral view.

Figure 10 Turborotalia pseudoampliapertura, from Sample
305-9-2, 42-44 cm, Cassigerinella chipolensis-
Pseudohastigerina barbadoensis Zone. X100; D =
0.44 mm. The dissolution pattern illustrated here,
typified by scaling of the outer layer of the test
wall, is characteristic not only of this species but of
others in the T. cerroazulensis lineage as well.
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