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ABSTRACT

Subantarctic sediments recovered in the Southwest Atlantic during Leg 71 provide well-preserved and often diverse
silicoflagellate assemblages of middle Eocene, late Eocene-early Miocene, and late middle Miocene through Holocene
age. Two holes, 511 and 513A, comprise a complete 370-meter upper Eocene to lower Miocene composite reference sec-
tion which is divided into six new or revised silicoflagellate zones, in ascending order: the Mesocena occidentalis Zone,
Naviculopsis trispinosa Oppel Zone, N. constricta/Dictyocha deflandrei Concurrent Range Zone, N. constricta-Corbi-
sema archangelskiana Interval Zone, C. archangelskiana Range Zone, and Naviculopsis biapiculata Partial Range
Zone. New species described from this upper Eocene to lower Miocene section include D. alta, Mesocena bispicata, and
Distephanus crux paulii.

Middle Eocene sediments hydraulically piston cored at Site 512 are assigned to the newly constructed Dictyocha
grandis Range Zone and are subdivided into three subzones; the D, stelliformis Subzone, D. stelliformis-M. apiculata
Interval Subzone, and M. apiculata Subzone. Paleomagnetic measurements and correlations of this middle Eocene sec-
tion indicate deposition of the D. grandis Zone between ~43.7 to 40.9 Ma. New species from this interval include D.
anguinea, D. grandis, and D, stelliformis.

Miocene to Holocene sediments present in hydraulically piston cored Sites 512 and 514 and the rotary cored Site 513
contain the M. circulus Zone, M. circulus/M. diodon Zone, M. diodon Zone, and Distephanus boliviensis Zone. The
upper boundaries of these zones are correlated directly with magnetostratigraphy and lie in upper Chronozone 9, upper
Chronozone 6, the lower Gilbert Chronozone, and the lower Gauss Chronozone, respectively.

A detailed analysis was made of all silicoflagellate skeletal morphotypes present in the upper Eocene-lower Oligo-
cene to determine the limits of species variability. Numerous sporadically occurring species were determined to be intra-

specific variations of more abundant species and are placed in synonymy with these species.

INTRODUCTION

Leg 71 of the Deep Sea Drilling Project rotary drilled
or hydraulically piston cored four sites in subantarctic
regions of the Southwest Atlantic Ocean (Fig. 1). Two
sites are located on the Falkland Plateau—Site 511 in
the basin province of the Plateau and Site 512 on the
northeastern part of the Maurice Ewing Bank. Sites 513
and 514 are located on the lower west flank of the Mid-
Atlantic Ridge, east of the Argentine Basin. Sites 511
and 512 lie within the present-day Antarctic Conver-
gence zone (Gordon et al., 1977; Ciesielski, 1978), where-
as Sites 513 and 514 are approximately 240 and 400 km,
respectively, north of the Antarctic Convergence.

Deep Sea Drilling Project Leg 71 was the fifth cruise
of the Glomar Challenger to the southern high latitudes.
Three of the previous cruises were to the Pacific sector
of the Southern Ocean: Legs 28 and 29 went to the South-
west Pacific and Leg 35 to the Southeast Pacific. The
fourth high-latitude cruise, Leg 36, drilled in the South-
west Atlantic Ocean, on or in the vicinity of the Falk-
land Plateau.

A number of investigators have described the silico-
flagellate assemblages recovered by the previous DSDP
Legs to the Southern Ocean (Bukry, 1975a, b, 1976a;
Ciesielski, 1975; Perch-Nielsen, 1975; Busen and Wise,

! Ludwig, W. J., Krasheninnikov, V. A., et al., Init. Repts. DSDP, 71: Washington
(U.S, Govt. Printing Office),
2 Present address: P.O, Box 2189, Exxon Company USA, Houston, Texas, 77001,

1977; and Haq and Riley, 1976). To date, silicoflagellate
assemblages have been described from Southern Ocean
sediments representing each of the Tertiary epochs;
however, most of the studied stratigraphic sections are
replete with disconformities and difficult to correlate
from one region to another.

In this chapter we describe the silicoflagellate assem-
blages present in the Tertiary sediments recovered dur-
ing DSDP Leg 71; these range in age from the middle
Eocene to Holocene (Fig. 2). Particular emphasis is
placed on a detailed quantitative description of silico-
flagellate taxa present in upper Eocene through lower
Miocene sediments from Holes 511 and 513A (Fig. 2),
which represent a composite reference section of the up-
per Eocene-lower Miocene that is apparently uninter-
rupted by major disconformities and more complete
than any other section of equivalent age in the southern
high latitudes.

Another major goal of this study is to attempt to de-
termine the range of intraspecific variability exhibited
by Paleogene silicoflagellates. To do this we made a de-
tailed quantitative study of all silicoflagellate skeletal
morphotypes present in the middle Eocene of Hole 512
and the upper Eocene-lower Oligocene of Hole 511. An
evaluation of the quantitative assemblage data for these
stratigraphic sections (taxonomic section, this chapter)
reveals evidence for a high degree of specific skeletal
variability. A number of recently described species ap-
pear to be intraspecific variations of previously described
species and are herein placed in synonoymy with these
species.
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Figure 1. Location of DSDP Leg 71 sites.
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Figure 2. Lithological sections of Sites 511-514.

PREPARATION OF SAMPLES AND METHOD OF STUDY

All samples used in this study were collected by Ciesielski during
Leg 71. A total of 316 samples were processed for shore-based investi-
gations using the following technique: Raw samples were placed in 200
ml beakers and heated with diluted hydrogen peroxide to disassociate
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the sediment and remove the organic carbon. Hydrochloric acid was
then added to dissolve any carbonate present in the samples. The un-
dissolved residues were diluted with distilled water, centrifuged, and
decanted to remove the acid. This procedure was repeated three times.
Next, the samples were washed with sodium pyrophosphate, centri-
fuged, and decanted to remove a significant proportion of the clay
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present in the samples. This step was repeated until the sediment sus-
pension obtained a neutral pH. Processed residues were diluted with
distilled water and stored in 50 ml plastic bottles.

Strewn slides of all samples were prepared by shaking bottles con-
taining the sediment and water until all sediment was in solution, and
a small amount of the suspension was pipetted from the middle of the
bottle. A few drops of the pipetted solution were placed on a slide and
dispersed uniformly. After the slides dried, cover slips were mounted
using Hyrax (n.d. = 1.71) as the mounting medium.

Selected samples were sieved after preparation of the whole-frac-
tion slides in order to concentrate silicoflagellates and eliminate the
clay fraction of the sediment. The sieve sizes used varied with sedi-
ment type and were either 38 um, 45 um, or 63 um size, or a combina-
tion of the three sizes. Slides were prepared of all sieved fractions;
those intervals were sieved fractions were examined are indicated in
the species occurrence tables by an asterisk beside the sample designa-
tions. Sieved fractions were examined to delineate species ranges more
accurately. For a more detailed discussion of the advantage of this
technique the reader is referred to Gombos and Ciesielski (this vol-
ume).

The authors shared the responsibility of examining the silicoflagel-
late assemblages of Leg 71 sediments as follows: Hole 511, upper Eo-
cene-lower Oligocene, Shaw; Pliocene-Holocene, Ciesielski; Hole
512, middle Eocene, Shaw; middle Miocene-Holocene, Ciesielski;
Hole 513, Ciesielski; Hole 514, Ciesielski.

Two separate techniques were employed to determine the abun-
dance of silicoflagellates in Leg 71 sediments. Shaw made a quantita-
tive determination of silicoflagellate abundances in 95 samples from
the middle Eocene sediments of Hole 512 and upper Eocene-lower
Oligocene sediments of Hole 511 to assist in determining the limits of
species variability. Species abundances represent either the total num-
ber of specimens present on the entire slide or the number present
from the ~ 300 specimens counted. Specimen counts were made using
a Leitz Dialux 20 light microscope at a magnification of 125 x. All
specimens which consisted of more than half a skeleton were counted.
Sieved samples of core-catcher sediments were examined to check for
rare species not present in strewn (whole-fraction) slides.

Ciesielski used a slightly different technique in his tabulation of sil-
icoflagellate abundances in the lower Oligocene-lower Miocene of
Hole 513A. Both sieved (>45 ym) and whole-fraction slides of each
sample were examined because of the stratigraphic importance of
large silicoflagellate species (e.g., Corbisema archangelskiana) and the
high clay content of most samples. Whole-fraction and sieved-fraction
slides were examined by the same technique that Shaw used, except
that a maximum of 150 specimens was counted per slide, resulting in a
count of 300 specimens per interval.

Ciesielski recorded the abundance of silicoflagellate taxa in all
other stratigraphic intervals he examined as relative abundances. Rela-
tive abundances are based on an examination of the entire whole-frac-
tion slide (at 125 x) and are designated as follows: A = abundant, at
least one specimen in every field of view; C = common, at least one
specimen in every two to five fields of view; F/C = intermediate be-
tween few and common, at least one specimen in every six to ten fields
of view; F = few, several specimens observed on the entire slide; R =
rare, only one or two specimens observed on the entire slide.

ZONATION

Eleven silicoflagellate zones and three subzones were
recognized in the middle Eocene through Holocene sedi-
ments recovered by Leg 71. Only four of these zones,
the middle-upper Miocene Mesocena circulus Zone, up-
per Miocene Mesocena circulus/M. diodon Zone, M.
diodon Zone, and the Pliocene Distephanus boliviensis
Zone, were previously recognized elsewhere. A new zon-
ation has been constructed for the middle Eocene of
Hole 512 and the apparently continuous upper Eocene-
lowermost Miocene of Holes 511 and 513A. The middle
Eocene of Hole 512 is assigned to the Dictyocha grandis
Zone and is divided into three subzones. From oldest to
youngest, these are the Dictyocha stelliformis Subzone,
the D, stelliformis-M. apiculata Interval Subzone, and
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the M. apiculata Subzone. Six new zones have been es-
tablished for the composite upper Eocene-lowermost
Miocene section of Holes 511 and 513A: the M. occi-
dentalis Zone, Naviculopsis trispinosa Zone, N. con-
stricta/D. deflandrei Zone, N. constricta-Corbisema
archangelskiana Interval Zone, C. archangelskiana Zone,
and Naviculopsis biapiculata Zone.

Figure 3 compares the Eocene-Oligocene zonation of
this study with age correlative zonations of other work-
ers and reveals the lack of a cosmopolitan silicoflagel-
late zonation for the Eocene-Oligocene. Difficulties we
encountered in correlating silicoflagellate zonal schemes
of this age from one region to another are related to sev-
eral factors, including the incompleteness of previous-
ly studied stratigraphic sections; definition of previous
zones based on rare, sporadic, or poorly silicified spe-
cies; and establishment of new zones based on few sam-
ples from short stratigraphic sections.

The silicoflagellate zonation of the middle Eocene
through lower Miocene is presented in Figures 4 and 5.
Figure 4 presents the composite upper Eocene-lower
Miocene stratigraphic section of Holes 511 and 513A.
The two holes are correlated on the basis of the extinc-
tion or highest stratigraphic occurrence of the calcare-
ous nannofossil Isthmolithus recurvus. In Hole 513A
the I. recurvus datum occurs at the top of Core 31, in
Hole 511 at the top of Core 4 (Wise, this volume). The
occurrence of the I. recurvus datum and other datums in
the lower portion of Hole 513A and upper portion of
Hole 511 (this chapter; Gombos and Ciesielski, this vol-
ume) indicate that Cores 28 through 33 of Hole 513A
are stratigraphic correlatives of Cores 1 through 6 of
Hole 511 (Fig. 5).

The presence of siliceous and calcareous microfossils
throughout the upper Eocene-lower Miocene of Sites
511 and 513A enabled us to correlate the silicoflagellate
zonation of this chapter with zonal schemes based on
foraminifers, calcareous nannofossils, radiolarians, and
diatoms. These correlations are not discussed in the text
but instead are presented in Figures 6 and 7, later.

Dictyocha grandis Range Zone

Authors. Shaw and Ciesielski, this chapter.

Base. Lowest occurrence of Dictyocha grandis n. sp.

Top. Highest occurrence of D. grandis.

Remarks. The uppermost and lowermost occurrences
of the named species occur at a disconformity and the
base of the hole, respectively. The local range of D.
grandis in Hole 512 does not, therefore, represent the
entire stratigraphic range of this species. Correlation of
this zone to magnetostratigraphy does indicate, how-
ever, a minimum range of 3.0 m.y. for the species, cer-
tainly a sufficient length of time to make the zone easily
recognized in age-equivalent sections elsewhere.

We select D. grandis as the zonal indicator species be-
cause even though it constitutes a small percentage of
the total assemblage it occurs frequently in almost all
samples. Because of its large size (~ 100-150um, 4-5 X
the size of D. hexacantha) and robust skeleton it is
quickly recognized in a scan of several fields of view
with a low magnification objective (10 x); therefore, it
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Figure 3. Comparison of the Eocene/Oligocene silicoflagellate zonation of this study and those of other authors.

can be recognized as quickly as smaller, more common
species can be at higher magnifications (40 x or 100 X).
In addition, the more common species (e.g., Naviculop-
sis biapiculata) are long-ranging and unsuitable for
stratigraphic subdivision of the middle Eocene.

This is the first recording, in the scientific literature,
of D. grandis n.sp., which is common to abundant
throughout the middle Eocene of Site 512. This species

has also been noted from Eocene piston cores of the
Falkland Plateau by Gombos (pers. comm. to P. Ciesi-
elski, 1981). The Eocene section recovered at Site 512
represents a portion of the stratigraphic record which
has been sampled only rarely (Table 1). Further sam-
pling of the middle Eocene will be necessary to docu-
ment further the total range of D. grandis.
Age. Middle Eocene, ~40.9-43.7 Ma.
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Figure 4. Correlation of the lower Oligocene to lower Miocene sec-
tions of Holes 511 and 513A with the ranges of selected silicoflag-
ellates and the designated silicoflagellate biostratigraphic zones.
Correlation of Holes 511 and 513A based on the occurrence of the
Ismolithus recuryus datum,

Characteristics. Characterized by the presence of Dic-
tyocha grandis n.sp. Species which are consistently pres-
ent, in varying abundance, include Corbisema apicu-
lata, C. hastata globulata, C. triacantha, Dictyocha as-
pera aspera, D. fibula, D. spinosa, Distephanus spec-
ulum s.l., Mesocena oamaruensis, M. occidentalis, Nav-
iculopsis biapiculata, N. constricta, and N. foliacea.
Also present, less consistently and in lower abundance
(generally <2%), are C. bimucronata, C. flexuosa, C.
geometrica, C. hastata hastata, Dictyocha anguinea n.
sp., D. aspera martinii, D. deflandrei, D. hexacantha,
D. pentagona, D. stelliformis n.sp., Distephanus anti-
quus, D. crux crux, D. quinquangellus, M. apiculata,
N. nordica hyalina, and N. trispinosa.

Within the Dictyocha grandis Zone three subzones
are identified (Fig. 5). The lowermost is the D, stellifor-
mis Subzone, the top of which is defined at the highest
occurrence of D. stelliformis n.sp. in Sample 512-17-1,
28-30 cm, and the base at the lowest occurrence of D.
grandis in Sample 512A-2-5, 93-94 ¢m, the basal sample
of Hole 512A. D. stelliformis generally constitutes 1-
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Table 1. DSDP reports on middle Eocene silicoflagellates, Legs 1-71.

DSDP Leg and No. No.
Location Author(s) Site Cores Samples

Leg 29, southern Bukry, 1975b 283 1 2
southwest Pacific Perch-Nielsen, 1975 283 1 1

Leg 38, Norwegian-  Bukry, 1976b 339 3 3
Greenland Sea Martini and Miiller, 343 2 5

1976

Leg 39, Western Bukry, 1977 356 4 10
North Atlantic

Leg 43, Western Bukry, 1978b 385 2 4
North Atlantic 386 4 6

Leg 44, Western Bukry, 1978a 390A 2 5
North Atlantic

Leg 71, Southwest This chapter 512 15 4]

Atlantic

2% of the subzonal assemblage but, as with D. grandis,
occurs frequently in all preparations and is quickly rec-
ognized because of its large size and robust skeleton.
The middle subzone of the D. grandis Zone is the D.
stelliformis-M. apiculata Interval Subzone. The top and
base of this subzone are defined, respectively, by the
lowest occurrence of M. apiculata and the highest oc-
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currence of D. stelliformis n.sp. Few D. anguinea n.sp.
are present in the sieved core-catcher slides throughout
the subzone. The D. stelliformis-M. apiculata Subzone
is present in Hole 512 from Sample 512-16-2, 15-17 cm
through Sample 512-13-2, 43-45 cm.

The M. apiculata Subzone is the youngest of the D.
grandis subzones, Its top is the highest occurrence of D.
grandis, the disconformity between Core 5 and Core 6,
and its base is defined by the lowest occurrence of M.
apiculata. At Hole 512, the M. apiculata Subzone is
found in Sample 512-13-1, 42-44 cm through Sample
512- 6-1, 78-80 cm.

Reference section. Site 512; 49°52.19'S, 40°50.71'W.

Occurrence of zome. Sample 512A-2-5, 93-94 cm
through Sample 512A-2-1, 93-94 ¢cm and Sample 512-
19-3, 27-29 cm through Sample 512-6-1, 78-80 cm.

Correlation. Relatively few deep sea middle Eocene
silicoflagellate localities have previously been studied
(Table 1) and all of these are short stratigraphic sections
of no more than four cores. For this and other reasons a
number of problems were encountered in correlating the
middle Eocene of Hole 512 with established middle Eo-
cene silicoflagellate zones.

Bukry (1977) recognizes two middle Eocene silicoflag-
ellate zones, the Naviculopsis foliacea Zone and the Dic-
tyocha hexacantha Zone. Bukry (1977) defines the lower
and upper boundaries of the N. foliacea Zone by the first
occurrence of N. foliacea and the first occurrence of D.
hexacantha, respectively. Bukry uses the first occurrence
of D. spinosa to further subdivide the N. foliacea Zone
into a lower N. robusta Subzone (Bukry, 1978a) and up-
per D. spinosa Subzone (Bukry, 1977, 1978a, b).

N. foliacea is present throughout the middle Eocene
section of Hole 512 and rare D. hexacantha occur above
Sample 512-9-1, 92-94 cm. The interval above the initial
occurrence of D. hexacantha, Sample 512-9-1, 92-94 cm
through Samples 512-6-1, 78-80 cm, appears to correlate
to the D. hexacantha Zone of Bukry and Foster (1974).
The remainder of the D. grandis Zone below Sample
512-9-1, 92-94 cm contains D, spinosa throughout and,
therefore, should correlate with the D. spinosa Subzone
of the N. foliacea Zone.

In this chapter, we establish the D. grandis Zone and
reject other middle Eocene silicoflagellate zones for sev-
eral reasons. First, our D. grandis Zone probably repre-
sents a portion of the D. hexacantha and N. foliacea
zones not previously recovered elsewhere, because the
Hole 512 assemblage contains a number of species not
present in previously described sections. Furthermore,
we cannot definitively determine the first occurrence of
D. hexacantha in Hole 512 because of its rarity and can-
not, therefore, confidently recognize the N. foliacea/D.
hexacantha zonal boundary. We recognize several ma-
jor problems in using D. hexacantha as a zonal indica-
tor.

D. hexacantha was first used as an Eocene zonal
marker by Bukry and Foster (1973), who defined the
middle Eocene D. hexacantha Zone as the interval rep-
resented by the total range of this species. Other work-
ers (Fig. 3) have subsequently used the first and/or last
occurrence of D. hexacantha in other zonal schemes of

the Eocene, even though its occurrence is often sporadic
and rare. In the middle Eocene of Hole 512, D. hexa-
cantha occurs occasionally and is rare, never more than
2%. Rare (< 1%) D. hexacantha are also recorded in
two samples from uppermost upper Eocene and lower-
most lower Oligocene sediments of Hole 511. Specimens
observed here and elsewhere are small, extremely hya-
line, and susceptible to dissolution. Through D. hex-
cantha does have a limited stratigraphic range, it is a
species which is easily destroyed or overlooked, and the
full extent of its range is difficult to delineate property.
For these reasons, we believe D. hexacantha should not
be used as a zonal indicator when other more suitable
species may be used; it is not used as such in this study.
If D. hexacantha is utilized as a zonal indicator else-
where, record of its occurrence should be based on de-
tailed sampling and analysis of the studied stratigraphic
section.

Correlation with magnetostratigraphy. Because Hole
512 was recovered undisturbed by hydraulic piston cor-
ing, it is possible to assign absolute ages to the zonal
boundaries presented here (Fig. 5) by correlating the
stratigraphy to Ledbetter’s (this volume) magnetostrati-
graphic record of the Hole 512 section. Ledbetter has
correlated the middle Eocene section of Hole 512 with
the time scale from Magnetic Anomaly 18 to slightly
younger than Magnetic Anomaly 20 (40.9-43.7 Ma).
Anomaly 18 occurs in the upper portion of the Meso-
cena apiculata Subzone and Anomaly 19 occurs in the
mid to lower portion of the Dictyocha stelliformis-M.
apiculata Interval Subzone. By interpolation it is possi-
ble to assign an age of ~42.4 Ma to the boundary be-
tween these two subzones. In a similar fashion, an age
of 43.0 Ma is assigned to the boundary between the D.
stelliformis Subzone and the D. stelliformis-M. apicu-
lata Interval Subzone.

Mesocena occidentalis Zone

Author. Shaw, this chapter.

Base. Undefined.

Top. Lowermost abundant occurrence (>10%) of
Naviculopsis trispinosa.

Age. Late Eocene-early Oligocene.

Characteristics. Naviculopsis trispinosa never exceeds
10% of the silicoflagellate population in this zone or in
the middle Eocene Dictyocha grandis Zone of Hole 512.

Common species in the zone include Corbisema has-
tata globulata, C. triacantha, Distephanus boliviensis,
D. crux crux, Mesocena apiculata, M. oamaruensis, M.
occidentalis, N. biapiculata, and N. constricta. Species
which are present less consistently and in varying abun-
dance include C. apiculata, C. bimucronata, C. flexu-
osa, C. geometrica, C. hastata hastata, Dictyocha as-
pera aspera, D. deflandrei, D. fibula, D. cf. D. fibula,
D. hexacantha, D. pentagona, D. cf. D. stelliformis, Di-
stephanus crux paulii, and D. quinquangellus.

Reference section, Site 511; 51°00.28’S, 46°58.30'W.

Occurrence of zone. Sample 511-11,CC through Sam-
ple 511-18,CC.

Correlation. It is impossible to recognize age-equiva-
lent silicoflagellate zones of other workers in Hole 511
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because of the scarcity or absence of their zonal indi-
cator species, including Dictyocha quadria, Naviculop-
sis punctilia, N. lauta, and D. hexacantha. Rare D. hex-
acantha in Samples 511-17,CC and 511-18-2, 18-20 cm
suggest that this portion of the Mesocena occidentalis
Zone may correspond to the upper portion of the D.
hexacantha Zone recognized by Bukry and Foster (1974)
and Bukry (1975a, 1976a, 1977). As we discussed earli-
er, the D. hexacantha Zone was not employed here be-
cause of difficulties in recognizing the natural range of
this species.

Naviculopsis trispinosa Oppel Zone

Author. Shaw, this chapter.

Base. Lowest abundant (> 10%) occurrence of Navi-
culopsis trispinosa.

Top. Lowest consistent occurrence of Dictyocha de-

flandrei.

Age. Early Oligocene,

Characteristics. This zone is characterized by the
abundant occurrence of Naviculopsis trispinosa and the
absence of consistently occurring Dictyocha deflandrei.
Other species consistently present in varying amounts
include Corbisema hastata globulata, C. triacantha, D.
aspera aspera, D. cf. D. fibula, Distephanus crux crux,
D. quinquangellus, Mesocena apiculata, M. occiden-
talis, N. biapiculata, and N. constricta. Species gen-
erally scarce to few and present less consistently include
C. hastata hastata, Dictyocha deflandrei, D. fibula,
Distephanus boliviensis, and M. oamaruensis.

Reference section. Site 511; 51°00.28'S, 46°58.30'W.

Occurrence of zone, Sample 511-11-4, 5-6 cm
through Sample 511-9-5, 80-81 cm.

Correlation. The stratigraphic interval of this zone
and the Mesocena occidentalis Zone is probably a por-
tion of the uppermost Eocene-lowermost Oligocene not
previously analyzed for silicoflagellates. Bukry and Fos-
ter (1974) defined the boundary between the Dictyocha
deflandrei and D. hexacantha zones by the last common
occurrence of D. hexacantha and the first common oc-
currence of D. deflandrei. At DSDP Site 283, Bukry
(1975a) found both of the above datums occurring be-
tween 283-7-6, 125 cm and 283-8-1, 75 cm. Since the
Naviculopsis trispinosa and M. occidentalis zones occur
well above the last common occurrence of D. hexacan-
tha (it occurs only rarely in and below Sample 511-17,
CC) and below the first occurrence of D. deflandrei (not
at the same stratigraphic level as in Hole 283), it appears
that the entire N. trispinosa and M. occidentalis zones
of Hole 511 occur at a stratigraphic position between
Bukry’s (1975a) D. hexacantha and D. deflandrei zones.
If this assertion is correct, the boundary between the D.
hexacantha and D. deflandrei zones in Hole 283 is a dis-
conformable one.

Naviculopsis constricta/Dictyocha deflandrei
Concurrent Range Zone

Author. Shaw and Ciesielski, this chapter.
Base. Lowest consistent occurrence of Dictyocha de-
flandrei.
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Top. Highest consistent occurrence of Naviculopsis
consiricta.

Age. Early Oligocene.

Characteristics. The Naviculopsis constricta Zone is
characterized by the consistent occurrence of N. con-
stricta and D. deflandrei. Other species generally com-
mon and consistently present throughout most of the
zone in Holes 511 and 513A include Corbisema hasta-
ta globulata, C. triacantha, Distephanus crux crux, D.
quinquangellus, Mesocena apiculata, M. occidentalis,
N. biapiculata, and N. trispinosa. Species which occur
less consistently and are generally rare to sparse include
Corbisema apiculata, C. geometrica, C. hastata hastata,
Dictyocha alta, D. aspera aspera, D. aspera martinii, D,
fibula, D. pentagona, D. spinosa, D. sp. 1, Distephanus
boliviensis, M. oamaruensis, and N. punctilia.

Reference section. Site 511; 51°00.28'S, 46°58.30'W.

Occurrence of zone. Sample 511-9-4, 80-81 cm
through Sample 511-3-4, 65-55 cm and Sample 513A-33-
7, 55-57 ¢cm through Sample 513A-31-2, 21-23 cm.

Correlation. We find it difficult to correlate the Navi-
culopsis constricta/Dictyocha deflandrei Zone to any of
the three subzones of the lower Oligocene D. deflandrei
Zone described by Ciesielski (1975), Bukry (1975a,
1975b, 1976a, 1977), and Busen and Wise (1977) (Fig.
3). It appears that the top of the N. constricta/D. de-
flandrei Zone correlates to the base of the Mesocena
apiculata Subzone (Bukry, 1975b) of the D. deflandrei
Zone because the highest occurrence of N. constricta is
coincident with these boundaries (Bukry, 1975a). We
find an abundance increase of M. agpiculata, roughly be-
ginning at the top of our N. constricta/D. deflandrei
Zone, which may correspond to the acme of this species
used by Bukry (1975b) to define the base of his M.
apiculata Subzone. Definitive correlation to the M.
apiculata acme referred to by Bukry (1975b) is not pos-
sible because our detailed work on the lengthy Oligo-
cene section of Hole 511 reveals several increases in the
abundance of this species and no single acme. We be-
lieve, therefore, the present definition of the base of the
M. apiculata Subzone is unsuitable. If this subzone is to
be maintained for use in other regions, we suggest that
the uppermost occurrence of N. constricta be used to
define its base.

The base of the N. constricta/D. deflandrei Zone,
defined here as the first consistent occurrence of D.
deflandrei, may correlate with the base of Bukry’s
(1975a) D. deflandrei Zone, recognized by him to be the
consistent occurrence of D. deflandrei above the last
common occurrence of D. hexacantha. If such a corre-
lation is correct, however, the base of our N. constricta/
D. deflandrei Zone should also correlate to the base of
the N. trispinosa Subzone (Bukry, 1975b) of Bukry and
Foster’s (1974) D. deflandrei Zone. The N. trispinosa
Subzone of Bukry (1975b) is not identifiable in our ma-
terial because N. constricta is not dominant over M.
apiculata and because N. trispinosa is a major instead of
a minor component of the assemblage.

Busen and Wise (1977) partially defined the N. #ri-
spinosa Subzone of the D. deflandrei Zone by the initial
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occurrence of N. frispinosa, thus making the initial oc-
currence of N. trispinosa coincident with the initial con-
sistent occurrence of D. deflandrei. The results of this
study reveal Naviculopsis trispinosa present throughout
the middle Eocene of Hole 512, well below the early Oli-
gocene initial consistent occurrence of D. deflandrei.

In summary, our N. constricta/D. deflandrei Zone
correlates with the lower portion of Bukry and Foster’s
D. deflandrei Zone. We cannot recognize the N. frispi-
nosa Subzone, and we question its stratigraphic value,
because it is bounded at the base by a disconformity (see
discussion of the N. frispinosa Zone) and bounded at
the top by one of several known abundance increases of
M. apiculata, any of which could be mistaken for an
acme in an incomplete section. We are also unable to
recognize the N. frispinosa Subzone by the relative
abundance of N. constricta to M. apiculata or by the in-
itial occurrence of N. frispinosa.

Naviculopsis constricta-Corbisema archangelskiana
Interval Zone

Author. Bukry, 1974; modified, Ciesielski and Shaw,
this chapter.

Base. Highest occurrence of Naviculopsis constricta.

Top. Lowest occurrence of common Corbisema arch-
angelskiana.

Age. Late early Oligocene-early late Oligocene.

Characteristics. This Interval Zone is present in its
entirety in Hole 513A, whereas only the lower portion
of the zone is present at Hole 511 (Figs. 4-7). In both
holes the zone is characterized by consistent and abun-
dant Naviculopsis trispinosa, N. biapiculata, Mesocena
apiculata, and Distephanus crux crux. Other species oc-
curring sporadically or only ranging partially through
the zone, with varying abundances, include Corbisema
apiculata, C. flexuosa, C. geometrica, C. hastata glo-
bulata, C. hastata hastata, C. triacantha, Dictyocha as-
pera aspera, D. aspera martinii, D. pentagona, Diste-
phanus boliviensis, D. quinquangellus, M. oamaruen-
sis, and M. occidentalis.

Many species exhibit their last occurrence in the new-
ly defined N. constricta-C. archangelskiana Zone of
Hole 513A. These include C. apiculata, C. hastata glo-
bulata, C. hastata hastata, and M. occidentalis (all in
Sample 513A-29-2, 20-22 cm); D. aspera martinii and
M. oamaruensis (Sample 513A-28-1, 17-19 ¢cm); and D.
deflandrei (Sample 513 25,CC). A new species, D. alta,
has its highest and most abundant occurrence in Sample
513A-26,CC. Common M. bispicata n.sp. is found only
in Sample 513A-26,CC.

This zone is characterized by the single greatest
change in the relative generic composition of the entire
middle Eocene and late Eocene-early Miocene. Within
the middle to upper portion of the zone the genera Cor-
bisema, Dictyocha, and Mesocena (with the exception
of M. apiculata) diminish greatly as components of the
silicoflagellate assemblage. The upper Oligocene por-
tion of the zone is dominated by Distephanus spp., M.
apiculata, N. biapiculata, and N. trispinosa.

Reference sites. Hole 511; 51°00.28'S, 46°58.30'W.
Hole 513A; 47°34.99'S, 24°36.40'W.

QOccurrence of zome. Samples 511-3-3, 65-66 cm
through 511-1-4, 15-16 cm and Samples 513A-30-2, 29-
31 cm through 513A-22-1, 14-16 cm.

Correlation, For reasons previously discussed in our
description of our Naviculopsis constricta/Dictyocha
deflandrei Zone, the base for the N. constricta-Cor-
bisema archargelskiana Interval Zone is probably corre-
lative to the base of the Mesocena apiculata Subzone of
Bukry and Foster’s D. deflandrei Zone. In our interval
it is not possible to recognize the M. apiculata Subzone,
D. frenguellii Subzone, or D. fischeri Subzone of the D.
deflandrei Zone because of the absence of D. fischeri,
the scarcity of D. frenguellii, and the lack of a single M.
apiculata acme. No correlation is made with the Oligo-
cene silicoflagellate zones of Martini and Miiller (1976)
or Perch-Nielsen (1975) because of the absence of their
indicator species in Holes 511 and 513A.

Corbisema archangelskiana Range Zone

Author. Ciesielski, this chapter.

Base. Lowest occurrence of Corbisema archangel-
skiana.

Top. Highest occurrence of Corbiserna archangel-
skiana.

Age. Late Oligocene.

Characteristics. The Corbisema archangelskiana Zone
is characterized by the consistent presence of few to
common C. archangelskiana, Mesocena apiculata, Diste-
phanus boliviensis hemisphaericus, and D. quinquan-
gellus, common D. crux crux, and a few D. speculum
and D. boliviensis. Occurring sporadically and rare to
few in abundance are C. triacantha, Dictyocha frenguel-
lii, D. cf D. frenguellii, D. pentagona, D. quadria, and
Naviculopsis trispinosa. Macrora barbadensis and M.
stella occur in the upper portion of the zone. The last
occurrence of N. trispinosa occurs in Sample 513A-15-3,
119-121 cm, immediately below the Oligocene/Miocene
boundary.

Reference site. Hole 513A; 47°34.99’S, 24°38.40'W.

Occurrence of zone. Sample 513A-21-1, 70-72 cm
through Sample 513A-15-3, 119-121 cm.

Correlation, Correlation of this zone to the forami-
niferal and calcareous zonations (Wise, this volume;
Basov and Krasheninnikov, this volume) of this site re-
veals that the Corbisema archangelskiana Zone encom-
passes most of the upper Oligocene (Fig. 3) and repre-
sents the most complete upper Oligocene section yet re-
covered in the southern high latitudes. The upper bound-
ary of the zone coincides with the Oligocene/Miocene
boundary.

The C. archangelskiana Zone is equivalent to the
basal portion of DSDP Hole 278, which Perch-Nielsen
(1975) assigns to the Rocella gemma (=R. gelida) Zone
and C. spinosa Zone. This is verified by the presence in
Hole 278 of an acme of R. gelida (now considered a dia-
tom) in Sample 278-31-2, 110 cm and the range of R. vi-
gilans from Sample 278-32-3, 50-51 cm through 278-
33-1, 50-51 cm. Correlation of the C. archangelskiana
Zone to the diatom zonation of Gombos and Ciesielski
(this volume) indicates that the acme of R. gelida and
the entire range of R. vigilans occurs within the upper
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portion of the C. archangelskiana Zone. Correlation of
the C. archangelskiana Zone of Hole 513A with Hole
278 suggests that the zone of poor preservation below
the base of the zone in Hole 513A (Cores 22-25) corre-
sponds to a similar zone of poor preservation at the base
of Hole 278 (Cores 32-34).

An abbreviated section of late Oligocene sediment in
Cores 267B-4 and 267B-5 also appears to be correlative
to our C. archangelskiana Zone. Sediments from these
cores contain C. archangelskiana and the diatom R.
vigilans (Bukry, 1975a; Ciesielski, 1975), thus indicating
a stratigraphic position in the middle portion of the C.
archangelskiana Zone.

Bukry (1975a) assigns the upper Oligocene silicoflag-
ellate assemblage of Hole 267B to his Naviculopsis bi-
apiculata Zone (Bukry, 1975b), the base of which is de-
fined by the first common occurrence of Naviculopsis
biapiculata. In Leg 71 sediments, common N. biapicula-
ta occur much lower in the section than reported by
Bukry (1975b), occurring commonly throughout the Oli-
gocene, upper Eocene, and middle Eocene.

Naviculopsis biapiculata Partial Range Zone

Authors. Bottom: Bukry, 1975b; revised Ciesielski,
this volume. Top: Bukry, 1975b.

Base. Highest occurrence of Corbisema archangel-
skiana.

Top. Highest occurrence of Naviculopsis biapiculata.

Age. Early Miocene.

Characteristics. The entire Naviculopsis biapiculata
Zone is not present in Hole 513A; however, the portion
represented is characterized by common N. biapicula-
ta, Distephanus boliviensis hemisphaericus, and D. crux
crux. Also present, less consistently and in lower abun-
dance are D. boliviensis, D. quinquangellus, D. specu-
lum, Macrora barbadensis, and Mesocena apiculata.

Reference section, Hole 513A, 47°34.99’S, 24°38.40’
Ww.

Occurrence of zone. Sample 513A-12-3, 128-130 cm
through 513A-14-6, 46-48 cm.

Correlation. Bukry (1975b) defines the base of the
upper Oligocene Naviculopsis biapiculata Zone as the
first common occurrence of N. biapiculata. Within Leg
71 sediments, common N. biapiculata are found through-
out most of the middle Eocene and upper Eocene
through lower Miocene; therefore, the first common N.
biapiculata is not a suitable upper Oligocene biostrati-
graphic marker in our study area. We substitute the last
Corbisema archangelskiana as the definition for the
base of the N. biapiculata Zone, thus making the zone
earliest Miocene in age.

In Hole 513A, the acme of the diatom Rocella gelida
occurs immediately below the N. biagpiculata Zone.
Bukry (1975a) notes the acme of R. gelida (=Bukry’s R.
gemma) within his N. biapiculata Zone; therefore, our
N. biapiculata Zone correlates with the portion of his
zone above the acme of R. gelida.

Mesocena circulus Partial Range Zone

Authors. Bottom: Ciesielski, 1975. Top: Busen and
Wise, 1977.
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Base. Lowest consistent occurrence of Mesocena cir-
culus.

Top. Lowest occurrence of Mesocena diodon.

Age. Late middle-late Miocene.

Zonal assemblage. Mesocena circulus is rare or sparse
throughout most of the zone at Hole 512, occurring
commonly only in Samples 512-5-1, 61-63 cm and 512-
5-2, 70-72 cm. Few other silicoflagellates are present
throughout most of the zone, except in Samples 512-4-3,
3-5 cm and 512-5-2, 61-53 cm, where Dictyocha spp.
are abundant.

Occurrence of zone, In Leg 71 materials the Meso-
cena circulus Zone occurs only in Sample 512-1-1, 100-
101 cm through 512-5,CC.

Correlation. The Mesocena circulus Zone was previ-
ously noted in other Maurice Ewing Bank sediments re-
covered by several piston cores (Ciesielski, 1978) and
DSDP Hole 329. To the west-southwest of Hole 512,
where the Miocene sediments of the Maurice Ewing
Bank are much thicker, the M. circulus Zone was en-
countered in Samples 329 13-3, 30-32 cm through 329-
15-5, 30-32 cm (Busen and Wise, 1977).

At Hole 512 the boundary between the Nitzschia den-
ticuloides and Denticulopsis lauta/D. hustedtii diatom
zones occurs within the M. circulus silicoflagellate zone.
In addition, the first occurrence of the foraminifer
Neogloboguadrina acostaensis also occurs within the
zone (Thunnell, pers. comm., 1981), in Sample 512-2-1,
106 cm. This foraminifer datum closely approximates
the middle/late Miocene boundary, thereby placing this
boundary within the M. circulus Zone.

Correlation with magnetostratigraphy. Site 512 was
hydraulic piston cored and detailed paleomagnetic mea-
surements were made of the recovered sediment by Led-
better (this volume). The magnetic polarity record of the
Hole 512 Mesocena circulus Zone is correlated to early
Chron 10 through late Chron 11, representing an inter-
val from ~11.3 to 11.8 Ma (Ledbetter, this volume,
Fig. 2). The middle/upper Miocene boundary occurs
within the zone and correlates with lowermost Chron
10, immediately above the Chron 10/ Chron 11 bound-
ary (~11.35 Ma).

At Hole 512 the upper and lower boundaries of the
M. circulus Zone are disconformities separating the
zone from lower Pliocene and middle Eocene sediments.
The incomplete nature of the M. circulus Zone at Hole
512 prevents correlation of the upper and lower bound-
aries of the zone with magnetostratigraphy. On the basis
of other paleomagnetically dated piston cores, Ciesielski
(this volume) correlates the top of the zone to within late
Miocene Chron 9 and within the upper portion of the
Denticulopsis hustedtii/D. lauta Diatom Zone. The low-
er boundary of the M. circulus Zone occurs within the
middle Miocene Nitzschia denticuloides Diatom Zone at
DSDP Site 278.

Mesocena circulus/M. diodon Concurrent
Range Zone

Authors. Busen and Wise, 1977,
Base. Lowest consistent occurrence of Mesocena dio-
don.



MIDDLE EOCENE TO HOLOCENE SILICOFLAGELLATE BIOSTRATIGRAPHY

Top. Highest consistent occurrence of Mesocena cir-
culus.

Age. Late Miocene,

Zonal assemblage. Consistent rare to common Meso-
cena circulus occur throughout the zone, except in sam-
ples from the basal core of the zone (Core 513A-11)
where it is found only in Sample 513A-11-2, 53-55 cm
and elsewhere as fragments. All other species of sili-
coflagellates occur sporadically throughout the zone, in-
cluding rare to common M. diodon, rare M. elliptica,
rare Distephanus crux crux, and few D, boliviensis. Dic-
tyocha spp. are rare to common in several samples; ma-
jor acmes occur in Samples 513A-7-2, 57-59 and 513A-
11-2, 53-55.

Occurrence of zone. In the present study the Meso-
cena circulus/M. diodon Zone occurs only in Samples
513A-11-2, 120-122 cm through 513A-7-4, 70-72 cm.

Correlation. The concurrent range of the species has
previously been noted in upper Miocene sediments of
DSDP Site 329 (Busen and Wise, 1977) and piston cores
(Ciesielski, 1978), all recovered from the Maurice Ewing
Bank of the Falkland Plateau. At Site 329 the zone oc-
curs between Samples 329-1-1, 35-37 cm and 329-12-3,
30-32 cm; it is apparently conformable with the Meso-
cena circulus Zone. This thick Site 329 sequence and oc-
currences in piston cores of the M. circulus/M. diodon
Zone are all correlative with the late Miocene Den-
ticulopsis hustedtii/D. lauta Diatom Zone (Ciesielski,
1978, 1980, this volume). The base of the Hole 329 M.
circulus/M. diodon Zone also occurs within the D.
hustedtii/D. lauta Diatom Zone, the top is at a bound-
ary disconformable with Pliocene sediment.

At Site 513A the lower boundary of the M. circulus/
M. diodon Zone in Core 11 is disconformable with
lower Miocene sediment encountered in Core 12; how-
ever, the upper boundary of the zone is conformable
with the overlying Mesocena diodon Zone. The upper
part of the M. circulus/M. diodon zone, between 513A-
9-1, 69-71 cm and 513A-7-4, 70-72 cm, is correlative
with the lower portion of the Denticulopsis hustedtii
Diatom Zone (Ciesielski, this volume). The boundary
between the D. hustedtii/D. lauta Diatom Zone and D.
hustedtii Diatom Zone is recognized within the M. cir-
culus/M. diodon Zone between Samples 513A-10-1,
13-15 cm and 513A-9-1, 69-71 cm.

Correlation with magnetostratigraphy. Correlation
of the base of the M. circulus/M. diodon Zone with
magnetostratigraphy was given in the previous discus-
sion of the M. circulus Zone. Ciesielski (this volume)
correlates the top of the M. circulus/M. diodon Zone
and the top of the Denticulopsis hustedtii/D. lauta Dia-
tom Zone to within paleomagnetic Chron 6.

Mesocena diodon Partial Range Zone

Authors. Bottom: Busen and Wise, 1977. Top: Ciesi-
elski, 1975.

Base. Highest consistent occurrence of Mesocena cir-
culus.

Top. Lowest common occurrence of Distephanus
pseudofibula.

Age. Late Miocene-early Pliocene.

Zonal assemblage. Rare to few Mesocena diodon oc-
cur sporadically throughout the zone. Distephanus boli-
viensis is the sole species occurring consistently and is
sparse to common. Species that occur sporadically, and
are generally rare to few include D. boliviensis (can-
nopilean), D. crux crux, D. quinquangellus, D. pseudo-
fibula, and D. cf. D. boliviensis. Rare Dictyocha pyg-
maea and D. pumila are present only in Sample 513-9-5,
66-68 cm. All other Dictyocha spp. occur sporadically
in the zone and are rare to few, except between Samples
513-9-7, 6-8 cm and 513A-4-7, 4-6 cm, where they are
common.

Correlation. The highest occurrence of the Mesocena
diodon Zone has previously been shown to occur in the
vicinity of the upper Sidufjall Subchron of the paleo-
magnetic Gilbert Chron (Ciesielski, 1975, 1978, 1980;
Weaver, 1976). Recent study by Ciesielski of Islas Or-
cadas Piston Core 11-66 places the last occurrence of
M. diodon near the top of the Sidufjall Subchronozone.
It is difficult reliably to place the top of the M. diodon
Zone in Hole 513 because of the sporadic and scarce oc-
currence of M. diodon; however, its upper occurrence is
noted in 513-9-6, 6-8 cm. Since the upper occurrence of
M. diodon occurs within the uppermost Denticulopsis
hustedtii Zone (Ciesielski, this volume), it is correlative
with the lower Gilbert Chronozone, thereby making the
sub-Antarctic upper boundary of the M. diodon Zone
about the same as in the Antarctic.

BIOSTRATIGRAPHY

Site 511 (Tables 2-4; Figures 4-6, Appendix)

Hole 511 was continuously drilled to a sub-bottom
depth of 632 meters (51°00.28'S, 46°58.30'W; 2589 m
water depth) to establish the age and nature of the basin
province of the Falkland Plateau. Silicoflagellates are
sparse to common and well preserved in the Quater-
nary and Pliocene sediment of Core 1. Lower Oligocene
through upper Eocene sediments from Sample 511-1-3,

Table 2. Relative abundances of silicoflagellates from the Pliocene to
the Quaternary, Hole 511, Core 1.

g
g
= ] -
: 5 s
E 5
t =
s88i§s
T332 558
S§ESEfE
Core/Section | £ & § S 5 5| silicoflagellate
(intervalinem) | Q d @ d & Zone Age
1, 523 R No
l:]: 91:92 " R | zonal assignment Quaternary
1-1, 120-121 FC I EF
1-1, 141-143 F F Distephanus
1-2, 31-32 R F F boliviensis late Pliocene
1-2, 65-66 F F Zone
1-2, 89-90 F I e
1-3, 04-05 see Table 4 Dictyocha deflandrei | early Oligocene
Zone

Note: R, rare (1-2 specimens/slide); F, few (several specimens/slide); C, com-
mon (at least 1 specimen/2-5 fields of view); a lower-case letter indicates
that the specimen is considered reworked.
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Table 3. Abundances of all silicoflagellate skeletal morphotypes, Hole 511.

—
- — ~ ~m -+ vy L -] l;
gl e B B g B|lE8 B - 8 .
- m & o = a 2
E §ls TxdEEEEEEE. E s B
L = S| 8 S 8§ § B P B B B|B B 2 El s 2 = 8§ =
8 3 s S| § g & 8 § 3 = E 2 s s & £
SN CEEER IR SRR IEEERIERNINIE S
N | 3 8 8 FE[§F Yy g/ddadaq)ad g §d3Fg s g9 g
CoresSection speci-| £ 5 € & 31§ £ 5 5 2[5 5% % 5|55 ¥ ¥ EE LR B § s
(ntervalinem) | mens | © U U U G| U U U U Q|Qd §@ d § d|lg d 4 & g4 a g g 8|4 g A1
14, 15-16 108 3 2|1 10 7
2-1, 100-101 179 14| 2 1 14 1
2-2, 100-101 178 VR 1 4/ 1 VR I 18 2
2-3, 100-101 139 VR 8 VR VR 9 4
2-4, 20-21 112 1 1 5] 3 14 1 4
3-1, 65-66 270 3 7|1 VR 24 [ 3
3.2, 65-66 407 | VR 3 2|1 VR 2 21 VR 4
3-3, 65-66 335 5 3|1 VR 21 | 10
34, 65-66 141 | VR 2 10| 3 12 VR 8
3,cC 84 124 13 2 12|
4-1, 8-10 215 1 1123 14 2 2 1 VR
4-2, 8-10 201 1 6 2 14 ] 2 6
4-3, B-10 231 16 | VR 14 2 VR 2 VR
4,cC 138 6 17 | 5
5-1, 5-7 297 711 9 5 2 2 1
5-2, 5-7 228 10 14 1 1 VR
5.3, 5-7 173 6|2 9 4 VR 3
5-4, 5-7 159 5|VR 5 6 1 VR VR 1
5-5, 12-14 176 VR 7 2 A 1 VR
5,CC 209 12 705 1 VR 1
6-1, 20-22 92 4|1 7 2
6-2, 20-22 57 2 16 9 7 2 5 2
6-3, 20-22 157 12/ 1 16 8 3 VR
6-4, 20-22 160 6 18 9 VR 4 VR VR
6,CC 154 14 12 8 4 6 4
7-3, 47-49 145 9 i 6 VR| 6 VR 2
9-1, 110-111 144 8 0 9 6 VR VR 4 VR
9-2, 80-81 164 6 5 4 VR| 4 2 VR VR VR
9.3, 80-81 242 6 9 7 2 VR 1 1
9-4, BO-81 266 6 8 4 VR| 2 VR VR
B )b I | NN
9.5, B0-81 126 6 3 6 VR| 2
9.6, 80-81 74 4 10 VR
9.7, 30-31 147 3 8 3 412 VR
10-1, 11-13 118 8 0 3 VR| 8 4 2
11-1, 29-30 181 3|VR 6 2 VR| 3 2
11-2, 29-30 100 8 2 2 VR | 10
11-3, 29-30 150 41 5§ VR 0 (- VR 3
11-4, 5-6 244 10 7 2 1l 2 VR VR
I1,cC 243 ] 9 7 1 | VR 2
12-1, 8-10 245 10 7 2 12 VR VR 2
12-2, 8-10 350 | VR VR 6 /VR S 3 2 11 VR |1 5 4
12,cC 301 | VR 92 s 3 3 9 VR VR VR
13-1, 3-5 119 18 2 3 |VR 3 3 1
15-1, 10-12 27 | 4 4|lVvR 2 2 3 VR 2
16-1, 19-21 263 3 1 9 (VR 4 1 7 2
16-2, 19-21 135 4 2 VR 2 2 VR VR
16,CC 64 2 2 2 2 2
17-1, 80-82 30 17 7
17-2, 80-82 31 i 3
17-3, 4-6 53 2 6 2
17,€C 255 4 VR 2 4 4 VR VR 2
18-1, 18-20 223 3 6|VR 4 6 2 VR
18-2, 18-20 302 1 3 1|2 s 6 2 VR VR VR 1
18,CC 252 6 212 6 8 4 | 2

Note: Refer to Appendix for definitions or figures of each morphotype. Abundances are recorded as percentages. VR = species abundance of < 1%,

4-5 c¢cm through Sample 511-20,CC contain common
and well-preserved silicoflagellates; below Sample 511-
20,CC they are absent. Species diversity is low in the
Quaternary and Pliocene sediments and high in the low-
er Oligocene-upper Eocene.

No age assignment is made for Samples 511-1-1,
31-32 cm through 511-1-1, 91-92 cm because of the pres-
ence of only rare Dictyocha aculeata and rare to few
Distephanus speculum (Table 2). Ciesielski (this vol-
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ume) finds diatoms within this interval that are indica-
tive of portions of several diatom zones correlative with
the Brunhes and lower Matuyama chronozones.
Samples from the siliceous gravelly sand of Samples
511-1-1, 120-121 c¢m through 511-1-2, 89-90 cm contain
a limited assemblage which includes Dictyocha perlae-
vis, Distephanus speculum, D. boliviensis, D. quinquan-
gellus, and reworked (?) D. crux crux. Ciesielski (this
volume) assigns this interval to the Nifzschia weaverii
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Table 3. (Continued).
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12 15 1 8 1 37

27 1 17 1 2 1 7 21

16 2 VR | 16 VR VR 6 5 20

12 VR VR | 14 9 VR 9 29

11 1 18 2 3 6 29

17 VR VR 2 13 VR 4 1 4 15

18 1 VR 9 VR 1 2 9 23

24 1 3 11 2 2 6 10

8 6 3 2 4 10 27

6 2 6 5 2 14 | 19

6 5 8 2 | 7 13

15 2 4 1 VR 7 VR 37

7 7 2 5 1 45

13 7 2 3 VR 18 9 16

18 10 4 | 1 1 19 4 14

22 ] 11 VR 4 1 11 5 1 10

18 8 10 VR 6 2 13 2 14

21 10 2 3 3 18 7 13

16 7 2 6 2 18 10 27

12 9 4 VR VR VR 11 9 26

24 12 1 | 2 17 2 22

14 4 4 4 5 10 19

27 4 3 VR 12 3 9

22 7 1 VR 3 11 4 12
20 2 1 I VR 4 10 2 9 VR

25 | VR VR 1 14 2 19

10 | 4 18 6 22

23 2 2 22 6 23

16 4 2 2 | VR 2 20 2 24

11 2 2 30 4 29

18 i VR k] VR 2 25 9 2

20 11 | 4 19 4 23

18 b 3 5 14 B 18

13 2 2 2 | 3] 17 4 16

15 VR VR VR 16 9 19

10 | 2 8 23 6 24

25 * 3 1 2 1 7 22 5 12

VR 19 VR | 2 VR VR = x 4 25 7 16

VR | 41 VR VR 2 VR VR 2 VR 7 2 3

46 VR 2 VR | VR 1 f 4 2

38 VR 1 i VR 4 3 El VR 3

40 1 VR VR h] 2 I 2 3 5 6 2

41 2 B VR VR 2 4 4 VR

32 3 5 2 VR 4 |[VR 3 3 10 8 4

4] VR 3 2 2 2 19 2 4

55 VR | VR VR VR 4 2 VR 2 VR 12 2 2

18 19 3 23 9 3 5 10 5
20 3 | 10 7 3 7 | 10 T 7
18 28 12 3 3 9 9 3

40 2 21 2 8 2 2 1 2

10 4 VR 9 5 2 5 3 3 3 2 3 ] 3

9 11 VR VR 7 5 VR VR 8 4 4 6 VR 14 5

9 12 ] VR VR 10 6 VR 3 3 4 16 3

8 10 VR VR VR I 6 4 6 2 | 9 10 VR

and N. interfrigidaria/Coscinodiscus vulnificus diatom
zones, indicating a stratigraphic position within the up-
per to middle portion of the Gauss Chronozone of the
upper Pliocene. The diatom stratigraphy indicates that
the sparse silicoflagellate assemblage of this interval is
correlative with the D. boliviensis Zone of Ciesielski
(1975). A sharp lithologic boundary at 511-1-2, 144 cm,
separating siliceous gravelly sand above from diatom
ooze below, is a disconformity between the upper Plio-
cene (Sample 511-1-2, 89-90 cm) and lower Oligocene
(Sample 511-1-3, 4-5 cm).

Tables 3 and 4 list the silicoflagellate assemblage
present in the continuous lower Oligocene through up-
per Eocene section present below this disconformity.
Table 3 lists all skeletal morphotypes present as a per-
centage of the entire assemblage of each sample; de-
scriptions of each morphotype are given in the Appen-
dix. Those morphotypes from Table 3 which are con-
sidered to be valid species are included in the final
species occurrence chart of Table 4. All other mor-
photypes are considered intraspecific variations of these
species.

699



C. A. SHAW, P. F. CIESIELSKI

Table 4. Silicoflagellate abundances, Hole 511. Intraspecific variations (Table 3 and Appendix) are combined.
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14, 15-16 108 3 2|1 10 7 12 15 (T EY)
21, 100-101 179 1 4|2 1 14 127 1 18 2|1 7 21 Naviculopsis
2-2, 100-101 178 VR 1 3|5 wr 1 20 2 16 1 VR 16 VR| 6 8 20 constricta-
2.3, 100-101 139 VR 8 VR 1 VR| 9 4 1 VR 14 9 VR 9 29 Corbisema
2.4, 20-21 H2 | 1 1 43 14 412 18 5|3 6 29 archangel-
3-1, 65-66 270 3 7|2 VR 2 318 vl 13 4|1 4 15 s‘z*rl;':
3.2, 65-66 407 |VR 3 201 WR 2 21 VR 4 19 VR 9 32 o9 3
3.3, 65-66 335 s 3|1 VR 21 1025 3 u_ 22 6 10
34, 65-66 131 [VR z W03 12 VR| 8 8 6 2|4 0 1 Fil
3,60 84 1 2|4 13 2 1| 2 6 2 6 S|2 14 39
41, 8-10 215 | 1 112|314 2| 2 VR VR 6 5 8 2|1 7 3
4.2, 8-10 200 | 1 6 2 14 2| 6 15 2 4 1|VR 7 VR £y
4.3, 8-10 211 16| VR 13 2 VR| 2 VR 7 7 2 51 45
*4,CC 138 6 21 5 13 7 2 3|vR 18 9 16
541, 5-7 297 71 14 2 2 118 10 s 1|1 19 4 14
5.2, 5-7 228 10 15 1 1 VR n 8 1o4f1 1 s 1 10
5-3, 5-7 173 62 13 VR 3 18 8 T i T 14 s
54, 5-7 159 6[VR 11 2 VR 12l 10 2 3|3 B 7 (I I b
5-5, 12-14 176 VR 7 4 1 VR 16 7 2 6| 2 I8 10 27 Dictyocha
*5,CC 209 12 12 1 VR 112 9 s VR|VR 11 9 26 deflandrei
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64, 20-22 160 6 2 VR 4 VR VR 22 7 1 VR[3 11 4 12
*6,CC 154 14 20 6 4 4 20 2 2 VR[4 10 2 9 |V
7-3, 47-49 145 9 18 VR VR 6 2 25 i VR 1142 19
9.1, 110-111 144 8 19 1 4 6 VR 10 I 4 18 6 2
9.2, 80-81 164 6 8 VR 1 6 VR VR 23 2 2 2 6 n
9.3, 80-81 242 6 16 1 2 VR 1 16 4 & A3 20 3 2
9.4, 80-81 266 6 12 VR VR 2 VR 11 2 2 30 4 29
9.5, 80-81 126 6 9 VR 2 18 3 4 VR|2 25 9 2
9.6, 80-81 74 4 10 VR 20 1 1 4 19 4 23
9.7, 30-31 147 3 1 4 12 VR 18 5 3 s 14 8 18
10-1, 11-13 118 8 14 VR 4 8 12 13 2 4 1|6 17 a4 16 Naviculopsis
11-1, 29-30 181 3|VR 8 VR 2 15 2 VR 36 9 19 trispinosa
11-2, 29-30 100 8 4 VR 10 10 I 2 8 2 6 24 Zone
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12:2, 8-10 350 [ 3 VR 4vr 10 9 5 4 3|1 4 4|3 9 VR 3
*12,6C 301 [VR 92 1 3 VR VR VR 41 VR 7 3|3 8 6 2
131, 3-5 119 18 3 5 1 VR 2 4l 0 4|2 s 4 2
15-1, 10-12 27 | 4 4|VR 4 7 VR 2 2 8 93 13 s 4
16-1, 19-21 23 |3 1 1 9 (VR 6 2 2 4l i oal2 19 2 4
162, 19-21 135 4 3 2 2 1 2 57 |VR 506 12 2 2 "
“16.0C 6 | 2 2 2 2 2 17|19 % 12|5 9 et
1741, 80-82 0 |17 3 7 20| 3 10 17 0 7 1 i
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Note: Abund are d as per VR = species abundances of < |%. Asterisk indicates intervals where sieved fractions were examined.

Samples 511-1-3, 4-5 cm through 511-3-3, 65-66 cm
are assigned to the Naviculopsis constricta-Corbisema
archangelskiana Interval Zone of the lower Oligocene.
The dominant silicoflagellate flora throughout this in-
terval are N. frispinosa, N. biapiculata, Distephanus
crux, and Dictyocha deflandrei. Other species common-
ly present in this zone include: C. apiculata, C. flex-
uosa, C. geomelrica, D. aspera martinii, Distephanus
crux loeblichii, and others.

Samples 511-3-4, 65-66 cm through 511-9-4, 80-81
cm contain the new N. constricta/Dictyocha deflandrei
Zone. The well-preserved and diverse assemblage in
these lower Oligocene sediments includes N. constricta,
N. biapiculata, N. trispinosa, C. geometrica, C. apicu-
lata, D. aspera martinii, Mesocena occidentalis, and
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others. Sediment recovery in Core 8 was poor and it was
not sampled for study.

Samples 511-9,CC through 511-11-4, 5-6 cm are
placed in the newly defined Naviculopsis trispinosa
Zone of the lower Oligocene. This interval is charac-
terized by abundant N. frispinosa. The first consistent
occurrence of D, deflandrei marks the top of this zone;
only few to rare D. deflandrei occur sporadically within
the zone. Other species common in this interval include
N. trispinosa, C. hastata globulata, C. triacantha, M.
apiculata, M. occidentalis, N. biapiculata, and N. con-
stricta.

Samples 511-11,CC through 511-18,CC are placed in
the newly defined M. occidentalis Zone. The rich sili-
coflagellate assemblage of this upper Eocene-lowermost
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Figure 6. Correlation of Site 511 late Eocene-early Oligocene calcareous and siliceous microfossil zones and assemblages to each other

and to New Zealand stages.

Oligocene interval includes common C. hastata glo-
bulata, C. triacantha, Distephanus boliviensis, D. crux
crux, M. apiculata, M. oamaruensis, M. occidentalis,
N. biapiculata, and N. constricta. N. trispinosa is pres-
ent (<10%) but is significantly less abundant than in
younger strata of this site.

Site 512 (Tables 5 and 6, Figure 5, Appendix;
Ciesielski, this volume, Table 2)

Site 512 (49°52.19’S, 40°50.71’W; 1846 m water
depth) lies on the northeastern part of the Maurice Ew-
ing Bank at a location chosen to investigate further the
depositional and erosional history of the Falkland Pla-
teau. Hole 512 was continuously hydraulic piston cored
to a sub-bottom depth of 77.9 meters, where coring was
suspended because sediments became too indurated to
penetrate. A second hole, 512A, was rotary cored after
being washed to 80 meters. Only one core was recovered
from Hole 512A, to a sub-bottom depth of 89.3 meters,
before bad weather and sea conditions forced abandon-
ment of the site.

Silicoflagellates are sparse throughout the Quater-
nary to upper middle Miocene sediments of Cores 1
through 5 and common to abundant in the middle Eo-
cene sediments of Cores 6 to 19. Preservation is poor
and diversity low in Section 512-1-1. Upper to upper
middle Miocene sediments examined between Samples
512-1-1, 100-101 cm and 512-5,CC contain an excellent-
ly preserved but low-diversity assemblage of silicoflag-
ellates. Cores 6 through 19 contain an assemblage of mid-
dle Eocene silicoflagellates that is characterized by high
diversity, great abundance, and excellent preservation.

Six samples from the thin Quaternary-Pliocene se-
quence of Section 512-1-1 were examined for their sili-
coflagellate content. Five of the samples (512-1-1, 13-14
cm; 512-1-11, 24-25 cm, 512-1-1, 34-35 cm, 512-1-1,
64-65 cm, and 512-1-1, 80-81 cm) contain a sparse as-
semblage of silicoflagellates consisting of rare to few
Distephanus speculum and rare Dictyocha aculeata, D.

perlaevis, Distephanus polyactis, D. boliviensis and D.
quinguangellus. No zonal designation is given to this in-
terval, which Ciesielski (this volume) correlates to the
Matuyama Chronozone and middle portion of the Gauss
Chronozone. Sample 512-1-1, 88-89 cm contains a few
D. boliviensis, Mesocena diodon, and Dictyocha per-
laevis. Ciesielski (this volume) assigns this sample to the
Nitzschia angulata Diatom Zone of the paleomagnetic
Gilbert Chronozone, indicating that Mesocena diodon
is reworked.

Sample 512-1-1, 100-101 cm contains M. circulus and
a diatom and radiolarian assemblage indicative of the
upper Miocene. Thus, a disconformity exists between
this sample and the lower Pliocene of Sample 512-1-1,
88-89 cm. The disconformity between 89 and 100 cm of
Section 1 probably coincides with a change in lithology
at 93 cm from diatomaceous quartz sand above to diato-
maceous ooze below.

Samples 512-1-1, 100-101 cm through 512-5,CC are
assigned to the M. circulus Zone. The paleomagnetic
polarity record of this sequence is presented by Ledbet-
ter (this volume).

The lithologic boundary between Lithologic Subunits
2B and 2C corresponds to a disconformity separating
the upper middle Miocene of Core 5 from the middle
Eocene of Core 6. Samples from 512-6-1, 78-80 cm to
the base to Hole 512 and all of Hole 512A are assigned
to the new Dictyocha grandis Zone. The silicoflagellate
assemblage of this middle Eocene siliceous nannofossil
ooze is characterized by the presence of D. grandis n.sp.

The D. grandis Zone is subdivided into three sub-
zones; the D. stelliformis Subzone, the D. stelliformis-
M. apiculata Interval Subzone, and the M. apiculata
Subzone. Samples 512-6-1, 78-80 cm through 512-13-2,
43-45 cm contain the M. apiculata Subzone. The re-
mainder of Core 13 through Sample 512-16-2, 15-17 cm
contains a silicoflagellate flora characteristic of the D.
stelliformis-M. apiculata Interval Subzone, which lies
between the last occurrence of D. stelliformis n.sp. and
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Table 5. Abundances of all silicoflagellate skeletal morphotypes, Site 512.
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Hole 512
6-1, 78-80 319 | VR 2 VR 7 1 9 VR VR VR|VR VR
6-2, 3-5 208 1 VR 1 1 |VR 4 10
7-1, 93-95 361 | VR VR VR VR VR 9 12 VR 12 VR VR
7-3, 60-62 315 | VR VR | 8 9 VR 9
8-1, 65-67 383 2 VR 1 VR 14 VR 8
9-1, 92-94 405 | VR VR VR VR 14 VR VR|VR VR 8
9-2, 90-92 392 | VR VR VR VR 10 9
9-3, 60-62 441 | VR VR VR VR 7 VR 12
10-2, 20-22 72 1 YR VR VR - 9 VR 7 VR
10-3, 14-16 357 | VR VR VR 1 VR VR 5 VR 8
11-1, 74-76 412 | VR VR VR VR 4 8
11-2, 56-58 350 | VR 2 VR VR VR 7 VR 16 VR
11-3, 48-50 382 1 VR VR 2 VR 2 2 18 2 VR I8
12-1, 54-56 475 VR VR 2 VR 1 T VR 19 VR
12-2, 54-56 453 2 VR 2 VR VR 6 1 9
12-3, 54-56 462 2 VR 1 VR VR 2 6 8
13-1, 42-44 331 2 VR VR 1 1 13 VR 12
13-2, 43-45 341 2 2 2 VR 3 9 9
14-1, 63-65 401 2 VR 2 VR VR 2 VR 10
14-2, 44-46 333 1 VR |VR 1 2 10 16
14-3, 18-20 388 |VR VR VR 1 3 8 11
15-1, 67-69 361 2 VR VR 2 1 VR VR 2 VR 22 VR VR | VR VR
15-2, 22-23 324 |VR VR VR|VR VR 2 : 1 3 18 VR
15-3, 10-12 322 |VR VR 2 1 2 VR 2 20 VR VR VR
154, 5-6 34] |VR VR VR 3 2 2 21 VR
16-1, 29-31 335 1 2 1 L 23 VR
16-2, 15-17 465 1 1 VR 1 1 4 2 2 20 VR VR
17-1, 28-30 326 VR VR 2 2 6 20
17-2, 22-24 352 |VR 1 1 4 il 23 VR
17-3, 27-29 338 1 VR i VR 2 ) 16
18-1, 37-39 352 |[VR VR VR VR 2 i 23
18-2, 20-22 321 2 VR 1 VR 1 5 VR 12 19 VR
18-3, 5-7 162 1 2 1 4 2 13 VR 14
19-1, 6-8 335 |VR VR VR 1 4 1 VR 4 23
19-2, 36-38 343 2 1 VR 2 VR &6 2 2 34
19-3, 27-29 76 1 I 4 4 32 4 1
512A
2-1, 93-94 292 |VR ) 2 VR 3 35 i VR
2-2, 93-94 262 |VR VR VR 2 2 5 1 1 28 2
2-3, 93-94 351 |VR 2 1 VR 4 1 2 VR 28 1
2-4, 93-94 349 I VR VR I VR 6 I VR | 28 3
2-5, 93-94 272 VR VR 2 6 2 VR 16 1

Note: Abundances are recorded as percentages. VR = species abundance of <1%.

the first occurrence of M. apiculata. The D. stelliformis
Subzone is present in Cores 17 through 19, and in Hole
512A. The last occurrence of D. stelliformis n.sp. in
Sample 512-17-1, 28-30 cm marks the top of the latter
subzone.

Ledbetter (this volume) has determined the polarity
reversal pattern for the middle Eocene section recovered
from Hole 512 and correlated the results to the paleo-
magnetic time scale. Based on the foraminiferal bio-
stratigraphy derived from these sediments (Krasheninni-
kov and Basov, this volume), the paleomagnetic polar-
ity of the sediment from Cores 6 through 19 was com-
pared with the magnetic anomaly reversal pattern for
Anomalies 16-20 of LaBrecque et al. (1977) and Ness et
al. (1980). On the basis of Ledbetter’s results, it can be
seen that the section of Hole 512 from Cores 6 through
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19 correlates with the interval from Magnetic Anomaly
18 to slightly younger than Magnetic Anomaly 20, span-
ning from 43.7 Ma to 40.9 Ma. (Fig. 5).

Site 513 (Tables 7 and 8, Figures 4 and 7)

Site 513 (47°34.99'S, 24°38.40'W; 4383 m water
depth) is located on the lower western flank of the Mid-
Atlantic Ridge, near the southeastern margin of the Ar-
gentine Basin. Two holes were rotary drilled and con-
tinuously cored to basement at a sub-bottom depth of
387 meters. The first hole at Site 513 was drilled to a
depth of 1040 meters sub-bottom; however, sediment
recovery below 56.5 meters was limited to Core 9 (75.5-
85.0 m). The second hole, 513A, filled in the drilling gap
of the first hole (56.5 to 75.5 m) and then was continu-
ously drilled to basement.
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Table 5. (Continued).
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Only a few sporadic occurrences of silicoflagellates
are found in Quaternary and lower to upper Pliocene
sediments between 513-1-1, 123-125 cm and 513A-1-3,
40-42 cm. No zonal assignment was made for this inter-
val because of the low species diversity and abundance.

Silicoflagellates are generally common and consis-
tently present in the upper Miocene through lower Plio-
cene between Samples 513A-2-1, 5-7 and 513A-11-7,
46-48 cm. The Mesocena diodon zone is identified be-
tween 513-9-6, 6-8 cm and 513A-7-2, 57-59 cm and the
M. circulus/M. diodon Zone occurs between 513A-7-4,
70-72 cm and 513A-11-2, 120-122 cm. Samples 513A-
11-3, 142-144 through 513A-12-1, 9-11 cm contain
mostly reworked silicoflagellates and a few M. circulus.
M. diodon is absent in this latter interval, but this may
be because of the poor preservation of the interval,

which may represent either the M. circulus Zone or the
M. diodon/M. circulus Zone.

Diatoms and other microfossil groups indicate the
presence of a disconformity between 513A-12-1, 9-11
cm and 513A-12-1, 123-125 cm, separating upper Mio-
cene from lower Miocene sediment (Gombos and Cie-
sielski, and others, this volume). Core 12 through Core
33 contain a succession of lower Oligocene through low-
er Miocene sediments, apparently free of major discon-
formities.

Samples 513A-12-3, 128-130 through 513-14-6, 46-48
cm are assigned to the newly defined Naviculopsis biapi-
culata Zone. The age of this zone is early Miocene, ac-
cording to the planktonic foraminifer studies of Basov
and Krasheninnikov (this volume) and the base of the
zone approximates the Oligocene/Miocene boundary.
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Table 6. Silicoflagellate abundances, Site 512. Intraspecific variations (Table 5 and Appendix) are combined.
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Note: Abundances are recorded as percentages. VR = species abundances of <1%.
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Figure 7. Correlation of Site 513 early Oligocene-early Miocene calcareous and siliceous microfossil zones and assemblages to

each other and to New Zealand stages.

Silicoflagellates are rare and poorly preserved in Core
513A-12; however, they are common and well preserved
in Cores 513A-13 and 513A-14, Diversity within the N.
biapiculata Zone is low; Distephanus crux crux, D. boli-
viensis hemisphaericus, and Naviculopsis biapiculata
dominate the assemblage.

Samples 513A-15-3, 119-121 c¢m through 513-21-1,
70-72 cm are placed in the newly established Corbisema
archangelskiana Zone of the upper Oligocene. Silico-
flagellates from this interval are moderately diverse and
well preserved. The most abundant species occurring
within this interval include C. archangelskiana, Disteph-
anus boliviensis hemisphaericus, D. crux crux, D. quin-
quangellus, M. apiculata, and N. biapiculata. N. trispi-
nosa has its last occurrence in Sample 513A-16-3, 23-25
cm and the diatom Rocella gelida, formerly thought to
be a silicoflagellate (Gombos and Ciesielski, this vol-
ume), has its uppermost Oligocene acme in Core 513A-
15.

Samples 513A-22-1, 14-16 cm through 513A-30-2,
29-31 cm are assigned to the N. constricta-C. archan-
gelskiana Interval Zone which brackets the lower/upper
Oligocene boundary. The remainder of the hole, from
513A-31-2, 21-23 cm through 513A-33-7, 55-57 cm, is
placed in the newly defined Naviculopsis constricta/
Dictyocha deflandrei Zone. The detailed assemblage
characteristics of the N. constricta-C. archangelskiana
Interval Zone and N. constricta/D. deflandrei Zone are
presented in the preceding discussion of zonations.

Site 514 (Ciesielski, this volume, Table 4)

Site 514 (46°02.77'S, 26°51.30’W; 4318 m water
depth) is east of the Argentine Basin on the lower west
flank of the Mid-Atlantic Ridge. A continuous Plio-
cene-Quaternary sequence of diatomaceous clays and
muddy diatomaceous oozes was hydraulic piston cored
to a sub-bottom depth of 150.8 meters. Site 514 is about
400 km north of the present-day position of the Polar

Front and about 240 km north of Site 513. A major ob-
jective at both sites was to determine the late Cenozoic
history of the Polar Front.

Hole 514 has a low-diversity assemblage of silicoflag-
ellates which has been tabulated by Ciesielski with the
diatom assemblage of this hole (Ciesielski, this volume).
Silicoflagellates are sparse throughout most of Cores 1-
10 and sparse to common throughout most of Cores 11-
33, except for a few abundant occurrences.

Distephanus speculum s.l. is the only species consis-
tently present in Cores 514-1-10. A few Dictyocha acu-
leata occur in Sample 514-1,CC, rare to few Mesocena
quadrangula occur in samples between Sample 514-4-1,
123-125 cm and 514-4,CC, and common Distephanus
polyactis are found between Sample 514-6-1, 77-79 cm
through 514-6-3, 77-79 cm.

The occurrences of Dictyocha aculeata, M. quadran-
gula and Distephanus polyactis are consistent with the
paleomagnetic record Salloway and Bloemendal (this
volume) have identified for Cores 514-1-10. Dictyocha
aculeata occurs only in the Brunhes Chronozone of
Core 1. Ciesielski has also noted a restricted occurrence
of this species in upper Brunhes Chronozone sediments
of the Falkland Plateau. The range of M. quadrangula
brackets a normal subchron within Core 514-4. At lower
latitudes this species is a reliable stratigraphic marker
with a restricted stratigraphic range, occurring in upper
Matuyama Chronozone sediments of several ocean ba-
sins. Burckle (1977) noted that the range of M. quadran-
gula (1.3-0.78 Ma) brackets the Jaramillo Subchron
(0.98-0.91 Ma) of the Matuyama. Thus, the range of M.
quadrangula agrees with the designation of the short
normal-polarity interval within Core 514-4 as the Jara-
millo Subchron of the Matuyama Chron. Distephanus

polyactis is present within and slightly below a short
normal-polarity interval in lower Core 514-5 and upper
Core 514-6. Ciesielski (1975, and unpublished data) not-
ed the occurrence of D. polyactis within the Olduvai
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Subchronozone and lower Matuyama Chronozone,
agreeing with a designation of the normal-polarity zone
within Cores 514-5 and 514-6 as the Olduvai Subchron,

The interval from Sample 514-11-1, 100-102 cm to
the base of the hole is identified as the Distephanus boli-
viensis Zone of Ciesielski (1975). Few to common D.
boliviensis occur throughout the zone. More sporadical-
ly present are D. boliviensis (cannopilean) and D. quin-
quangellus; both occur more consistently and are more
common near the Gauss/Matuyama Chronozone bound-
ary and in Gilbert Chronozone sediments below the Co-
chiti Subchronozone. D. crux occurs only below the Co-
chiti Subchronozone. A few M. elliptica are present in
Cores 26 and 27. Dictyocha species occur sporadically
above the upper Gilbert-lower Gauss disconformity be-
tween Cores 514-26 and 514-27 but are more consistent-
ly present below the disconformity.

Only one significant occurrence of reworked silico-
flagellates occurs in Hole 514. Rare N. biapiculata and
few M. apiculata occur in two samples, 514-19-1, 20-22
cm and 514-19-1, 72-74 c¢cm. In both samples these re-
worked silicoflagellates are accompanied by common re-
worked diatoms from the late Oligocene and earliest
Miocene (Ciesielski, this volume). These common re-
worked siliceous microfossils occur within the upper
normal paleomagnetic polarity zone of the Gauss Chron-
ozone, a portion of the Hole 514 sequence with an ex-
tremely high sediment accumulation rate. Deposition of
the reworked late Oligocene-earliest Miocene siliceous
microfossils in Core 19 immediately preceded a major
northward migration of the Polar Front over Site 514
(Ciesielski and Weaver, this volume).

Dictyocha species are common in all, or portions of
Cores 2, 28, 29, 31, and 33-35, In all cases, common oc-
currences of Dictyocha species are accompanied by a
radiolarian biofacies indicative of a Polar Front posi-
tion south of the site at the time of deposition (Ciesielski
and Weaver, this volume).

SYSTEMATIC PALEONTOLOGY

Order SIPHONOTESTALES Lemmermann, 1901
Genus CANNOPILUS Haeckel, 1887

Cannopilus sphaericus Gemeinhardt, 1931b
(Plate 18, Figs. 1-5)

Cannopilus sphaericus Gemeinhardt, 1931b, p. 104, pl. 10, figs. 3-4.

Remarks. This species was recorded in only one sample, 513A-26,
CC, from the lower Oligocene portion of the Dictyocha deflandrei
Zone.

Genus CORBISEMA Hanna, 1928, emend. Frenguelli, 1940

The generic concept and application of Corbisema is loose. The
genus was originally defined by Hanna (1928) as having a triangular
basal ring. Frenguelli (1940) emended the definition of Corbisema to
consider the position of the accessory spines. According to Frenguelli,
representatives of the genus have accessory spines that are directly
connected to the lateral bars instead of the basal ring, distinguishing it
from the genus Dictyocha.

The position of the accessory spines is the single most important
characteristic of the genus; however, some specimens do not possess
accessory spines but otherwise closely resemble Corbisema species. As
can be seen in Plate 1, Figure 2, in a specimen which in every other
way is a Corbisema species, accessory spines may even be attached to
the basal ring. In cases such as these, affiliation to either Dictyocha or
Corbisema is made on basis of other similarities to species of the two
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genera (Busen and Wise, 1977). As other workers have found out,
strict adherence to the generic definitions is not practical because of
the skeletal variability of the silicoflagellates.

Corbisema apiculata (Lemmermann) Hanna, 1931
(Plate 1, Figs. 1-3)

Dictyocha triacantha var. apiculata Lemmermann, 1901, p. 259, pl.
10, figs. 19-20 (fide Loeblich et al., 1968, p. 117). Corbisema api-
culata (Lemmermann), Hanna, 1931, p. 198, pl. D, fig. 2 (fide
Loeblich et al., 1968, p. 30). D. triacantha var. apiculata f. apicu-
lata Glezer, 1966, p. 245, pl. 6, fig. 5.

Remarks. This species is recognized by its mildly globular triangu-

lar shape with short to moderately long spines at the apices. It bears a

strong resemblance to Corbisema hastata globulata but can be distin-

guished by its equilaterally triangular shape. Accessory spines are gen-
erally not present, but in some specimens (see Plate 1, Fig. 2) small ac-
cessory spines are attached to the basal ring at the juncture with the
lateral rods. C. apiculata is sporadically present in small quantities in

Hole 511; it is absent in Cores 5 through 11. At Site 512, it is consis-

tently present but rare throughout the middle Eocene. In Hole 513A it

occurs sparsely in the lower Oligocene.

Corbisema archangelskiana (Schulz) Frenguelli, 1940
(Plate 19, Figs. 1-4, 6; Plate 20, Fig. 1)

Dictyocha triacantha var. archangelskiana Schulz, 1928, pp. 250, 251,
fig. 33a-c; p. 281, fig. 77-78(?). Gemeinhardt, 1930, pp. 45, 46,
fig. 37a, b(?). Corbisema archangelskiana Frenguelli, 1940, fig.
12a.

Remarks. In Leg 71 samples the range of Corbisema archangelski-
ana is restricted to the upper Oligocene of Hole 513A. This large spe-
cies exhibits considerable morphologic variation of the apical and ba-
sal apparatus. All specimens have equilateral indented sides, bluntly
rounded apices, and no accessory or basal spines. The apical bars may
be equal (Plate 20, Fig. 1) or unequal in length (Plate 19, Figs. 1-4, 6),
relatively straight (Plate 19, Figs. 1, 3-4, 6; Plate 20, Fig. 1) or irregu-
lar (Plate 19, Fig. 2), and may connect with the mid-point of each side
of the basal apparatus (Plate 19, Figs. 4 and 6; Plate 20, Fig. 1) or
closer to one apex than the other of the basal apparatus (Plate 19,
Figs. 1-3). The degree of indentation and geometry of the sides of the
basal apparatus is highly variable: in some specimens portions of it ex-
hibit an irregular, wavy appearance (Plate 19, Figs. 1-2). Aberrant
skeletal formation, particularly of the basal apparatus, was frequently
seen (Plate 19, Figs. 2 and 4). Thickenings occasionally occur on the
abapical side of the basal apparatus where the lateral rods connect
(Plate 19, Fig. 4). The stratigraphic ranges of all skeletal morphotypes
were recorded and no range differences were noted; all morphotypes
are, therefore, considered intraspecific variations of C. archangelski-
ana.

Corbisema bimucronata Deflandre, 1950
(Plate 1, Figs. 4-6)

Corbisema bimucronata Deflandre, 1950, p. 63, figs. 174-177 (fide
Loeblich et al., 1968, p. 75). Dictyocha bimucronata (Deflandre)
Tsumura, 1963, p. 50, pl. 9, fig. 6 (fide Loeblich et al., 1968, p.
33). C. bimucronata Ling, 1972, p. 153, pl. 24, fig. 1.

Remarks. This species has a triangular basal ring with sharply
truncated apices. The specimens seen here have no short spines at the
edge of the truncated margins. Corbisema bimucronata is present
sporadically in rare quantities at Site 512. In Hole 511, a few speci-
mens of C. bimucronata are present in Cores 12 and 16.

Corbisema disymmetrica angulata Bukry, 1976a
(Plate 1, Fig. 8)

Corbisema disymmetrica angulata Bukry, 1976a, p. 891, pl. 1, figs.
5-9. C. cuspis Busen and Wise, 1977, p. 711, pl. 1, figs. 4-6.
Remarks. A sole specimen of this boat-shaped species is present in

Core 16 at Hole 512. The basal ring shows no constriction at the junc-

ture of the basal ring and the apical bar. Bukry (1976a) and Busen and

Wise (1977) described this species from the upper Paleocene through

lower Eocene at Hole 327A. The presence of one specimen in Hole 512

could indicate an extended range for Corbisema disymmetrica angu-

lata up into, at least, the middle Eocene at Hole 512, but could also in-
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Table 7. Relative abundance of silicoflagellates from the Neogene of Holes 513 and 513A.

Sample
(interval in cm)

Corbisema archangelskiana

Dictyocha pygmaea

D. pumila

Other Dictyocha spp.

Distephanus boliviensis

D. baoliviensis major

D. cf. boliviensis

D. crux s\,

D. polyactis

D. quinguangellus

D. pseudofibula

Mesocena diodon

M. elliptica

M. circulus

Silico-
fagellate
Zone

Age

Hale 513

1-1, 123-125
1-3, 53-57
1-6, 115-117
3-1, 45-47
3.2, 57-59
3.6, 57
4-1, 90-92
4-2, 90-92
4-3, 90-92
4-6, 90-92
5-1, 50-52
5-3, 5-7

54, 5-7
5.5, 2-4
5-6, 2-4
6-1, 2-4
6-2, 2-4

Hole 513A

tit

2-1, 5-7

2-2, 70-72
2-3, 70-72
2-6, 51-53

Hole 513

91, 7-9

9-2, 66-68
9-3, 66-68
9-4, 66-68
9-5, 66-68
9-6, 6-8

9-7, 63-65

Hole 513A

3-1, 38-40
3-2, 58-60
4-1, 4-6
4-3, 70-72
4-5, 70-72
*4-7, 25-27
5-1, 140-142
*5-3, 140-142
*5-7, 140-142
6-1, 4-6
*6-3, 70-72
6-5, 70-72
*6-7, 30-32
*7-2, 57-59
*74, 70-72
*7-6, 130-132
8-1, 140-142
*8-3, 70-72
*8-5, 140-142
*9-1, 69-71
10-1, 13-15
*10-3, 70-72
10-5, 70-72
*10-7, 12-13
11-1, 34-36
11-1, 127-129
*11-2, 53-55
*11-2, 120-122
*11-3, 142-144
*11-7, 9-11
*11-7, 46-48
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Note: R, rare (1-2 specimens/slide); F, few (several

/slide); C,

Asterisk indicates intervals where sieved fractions were examined.

(at least 1 specimen/2-5 fields of view).
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Table 8. Silicoflagellate abundances, Hole 513A.
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dicate reworking of Paleocene material into the middle Eocene. Until
the range of Corbisema disymmetrica angulata has been properly de-
lineated, it will not be possible to explain its presence in Hole 512 with
certainty.

Corbisema disymmetrica communis Bukry, 1976b
(Plate 2, Fig. 1)

Corbisema disymmetrica communis Bukry, 1976a, p. 891, pl.1, figs.
1-4. Dictyocha navicula (Ehrenberg) Schulz, 1928 (in part), p. 243,
fig. 16a; Glezer, 1966 (in part), vol. 7, pp. 251-252, pl. 9, figs. 4-5;
Tsumura, 1963, pp. 43-44, pl. 7, fig. 4 (fide Busen and Wise,
1977, p. 712). C. navicula navicula (Ehrenberg) Busen and Wise,
1977, p. 712, pl. 2, figs. 7-9.

Remarks. This species occurs rarely, in two samples from Hole 512
(Cores 12 and 17, respectively), and is recognized by its oval to ellipti-
cal basal ring, bisected by a narrow apical bar. Sustaining spines were
not observed in either specimen. The species was restricted to the Pale-
ocene of nearby Falkland Plateau Hole 327 (Busen and Wise, 1977).
Its presence in the middle Eocene of Hole 512 may, therefore, be due
to reworking.

Corbisema flexuosa (Stradner) Perch-Nielsen, 1975
(Plate 1, Figs. 7, 9)

Corbisema triacantha var. flexuosa Stradner, 1961, p. 89, pl. 1, figs.
1-8, fig. 1C (fide Loeblich et al., 1968, p. 76-77). C. flexuosa
(Stradner) Perch-Nielsen, 1975, p. 685, pl. 3, fig. 10.

Remarks. This small species is characterized by a distinctly indent-
ed equal-sided body and moderately long spines at the body-ring
apices. The specimens seen at Sites 511 and 512 do not possess a broad
triangular plate. We suggest that the distinctive outline of the basal
ring is sufficient to distinguish the species, and that it should not be
subdivided according to whether the specimen possesses a broad hya-
line plate or a simple juncture of three lateral rods.

Corbisema flexuosa is present only rarely at Sites 511 and 512: in
Cores 511-2, and 511-16-18, and in Cores 512-14-15.

Corbisema geometrica Hanna, 1928
(Plate 1, Figs. 10-12)

Corbisema geometrica Hanna, 1928, no. 4, p. 261, pl. 41, figs. 1, 2
(fide Loeblich et al., 1968, p. 75). Glezer, 1966, pp. 271-272, pl. 9,
fig. 7.

Remarks. This species is recognized by its trilobate to almost cir-
cular outline. Most specimens possess three small apical spines. Gen-
erally, the specimens have three apical bars with a simple juncture
(Plate 1, Figs. 10, 12), but specimens with a triangular apical plate are
also present (Plate 1, Fig. 11).

In Hole 511, rare to few Corbisema geometrica are present consis-
tently in Cores 511-1 through 3, and sporadically below that. C. geo-
metrica is present sporadically throughout Holes 512 and 512A and
has a single rare occurrence at the base of Hole 513A.

Corbisema hastata globulata (Lemmermann) Bukry, 1976a
(Plate 1, Figs. 13-16)

Dictyocha triacantha var. hastata Lemmermann, Glezer, 1966 (in
part), p. 248, pl. 7, fig. 1 (fide Bukry, 1976b, p. 892). Corbisema
hastata (Lemmermann) Ling, 1972, p. 155, pl. 24, fig. 5. C. hasta-
ta globulata (Lemmermann) Bukry, 1976a, p. 892, pl. 4, figs. 1-8.
Remarks. The specimens identified from Sites 511 and 512 sup-

port, in part, subdivision of the Corbisema hastata (Lemmermann)

group. C. hastata globulata is recognized by its lobate outline and

short spines at the basal ring apices. It is distinguished from C.

apiculata by its isosceles basal outline and from C. hastata hastata by

the latter’s generally smaller size and straighter short side of the basal
ring. C. hastata globulata is commonly present, though few in num-
ber, throughout Hole 511. At Site 512, it is present in smaller num-
bers. In Hole 513A, few to sparse specimens occur in the lower Oligo-
cene between Samples 513A-29-2, 20-22 cm and 513A-33-7, 55-57 cm.

Corbisema hastata hastata (Lemmermann) Bukry, 1975b
(Plate 2, Figs. 2-4)
Dictyocha triacantha hastata Lemmermann, 1901, p. 259, pl. 10, figs.
16-17 ( fide Loeblich et al., 1968, p. 117). Corbisema hastata has-
tata (Lemmermann) Bukry, 1975b, pp. 853-854. C. hastata minor

(Schulz) Bukry, 1975b, p. 854, pl. 1, fig. 10. Bukry, 1975a, pp.

716-717, pl. 1, fig. 5.

Remarks. At Hole 511 and Site 512, there were small specimens of
Corbisema hastata hastata with distinctly isosceles basal ring outlines.
The short side is generally straight though it can also be moderately to
severely indented. The long sides are moderately scalloped. The two
spines at the end of the short side are generally perpendicular to it. In
addition to the simple apical juncture of thin lateral rods usually
shown by C. hastata hastata (Plate 2, Figs. 3-4), there are a small
number of specimens which have an apical apparatus composed of
flat, thickened, hyaline lateral rods (Plate 2, Fig. 2). It was impossible
to distinguish Bukry's C. hastata minor from C. hastata hastata in the
samples studied because of the variability in size and straightness of
the short side and all specimens fitting this description were named C.
hastata hastata.

This species is present sporadically in small quantities throughout
Hole 511 and Site 512. It also occurs sporadically in the lower Oligo-
cene of Hole 513A.

Corbisema triacantha (Ehrenberg) Hanna, 1931
(Plate 2, Figs. 5-7)

Dictyocha triacantha Ehrenberg, 1844a, p. 80 (fide Loeblich et al.,
1968, p. 116). Corbisema triacantha (Ehrenberg) Hanna, 1931, pl.
D, fig. 1 (fide Loeblich et al., 1968, p. 30). D. triacantha var.
triacantha f. triacantha Glezer, 1966, pp. 243-244, pl. 4, figs. 1-6;
pl. 5, figs. 2, 4, NOT 1, 3. D. lamellifera var. lamellifera Glezer,
1966, vol. 7, pp. 252-253, pl. 10, figs. 11-13, 14; pl. 32, fig. 3.
Remarks. This species is recognized by its triangular basal ring,
which lies in one plane, and by radial spines which can be short to
moderately long. The outline of the basal ring can be straight or slight-
ly convex. The radial spines generally extend straight out in the same
line as the corresponding apical bar but may be slightly askew because
the apical apparatus may be slightly twisted. Corbisema triacantha
shows wide variability in wall structure. Specimens may be hollow
throughout (Plate 2, Fig. 5), flatly hyaline (Plate 2, Fig. 7), or possess-
ing a tubular basal ring and flat, hyaline apical apparatus (Plate 2,
Fig. 6). These three different wall types were counted throughout Sites
511 and 512 and no difference was noted in the stratigraphic range of
each type. This supports Busen and Wise’s suggestion (1977) that C.
triacantha exhibits a high degree of skeletal variability. It should be
subdivided only after careful evaluation. C. triacantha is ubiquitous
throughout Hole 511 and Site 512, though it is present in larger quan-
tities at Hole 511. It is common to abundant through the lower por-
tion of the lower Oligocene of Hole 513A.

Aberrant forms of Corbisemna
(Plate 2, Figs. 8-9)

From Hole 512, two specimens which most closely resemble Cor-
bisema are listed in this chapter as aberrant forms of Corbisema. Both
specimens possess large, heavily silicified skeletons similar to those of
Dictyocha grandis n.sp. and D. anguinea n.sp.. Their presence at Hole
512 could be related to this apparently unique flora seen throughout
the site.

Genus DICTYOCHA Ehrenberg, 1837, emend. Frenguelli, 1940

This genus as originally defined by Ehrenberg (1837) contained the
subsequently named genus Naviculopsis and many of the species of
the genera Corbisema and Distephanus. The definition presently in
use is the revised version of Frenguelli (1940) and Deflandre (1950).

The specimens of Dictyocha studied here all possess a tubular
skeleton composed of a polygonal basal ring and an apical apparatus
which consists of lateral rods and either an apical plate or apical rods.
Supporting spines, if present, appear on the basal ring only.

Three new species of Dictyocha are presented here; all are re-
stricted to Site 512,

Dictyocha aculeata (Lemmermann) Dumitrica, 1973

Dictyocha fibula var. aculeata Lemmermann, 1901, p. 261, pl. 11,
figs. 1-2. D. aculeata (Lemmermann) Dumitricd, 1973, p. 907, pl.
9, figs. 5-10. D. aculeata aculeata (Lemmermann) Bukry, 1980, pl.
1, figs. 1-3. D. aculeata subaculeata (Lemmermann) Bukry, 1980,
pl. 1, figs. 8-17.
Remarks, The species is rare in Quaternary sediments of Leg 71.
Bukry’s (1980) subspecies are not individually tabulated; however, our
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piston core studies support his contention that Dictyocha aculeata
subaculeata is the ancestor of D. aculeata aculeata.

Dictyocha alta n.sp.
(Plate 17, Figs. 1-3, 5-9)

Description. The basal ring is usually rhomboid but may also be
five- or six-sided. The total diameter (including spines) is usually 65 to
75 um. The length of each side of the basal ring, between basal spines,
varies from 31-36 um, whereas the distance between adjacent spine
tips is generally 46-53 um. Basal spines are thick, 9-12.5 um long, and
taper slightly.

The distinctive characteristic of the species is the great height of
the apical apparatus, which usually reaches 35-45 um above the basal
ring (Figs. 3, 5-7). Lateral rods rise from near the mid-point of the
dorsal region of each side of the basal ring. The lateral rods extend
almost vertically from the basal ring and toward their maximum
height curve inward to form the apical apparatus (Fig. 5). Since the
lateral rods also extend slightly outward, at mid-height they are
beyond the outside of the basal ring by 2 to 4 um (Figs. 1, 2, 5-7,9). In
rhombic specimens, the lateral rods join to form a single 5-18 um
apical bar. Five-and six-sided specimens have two or three apical bars,
each 3 to 6 um wide. Some lateral rods exhibit a strong sinuosity (Figs.
2, 6-7).

Holotype measurements. Total specimen diameter, 66 um; length
of basal ring sides between spines, 33 pm; spine tip to adjacent spine
tip distance, 47 ym; basal spine length, 9 pm.

Holotype. Plate 17, Figure 1, USNM no. 340391.

Paratypes. Plate 17, Figure 2, USNM no. 340392; Plate 17, Figure
3, USNM no. 340393; Plate 17, Figure 4, USNM no. 340394; Plate 17,
Figure 5, USNM no. 340395; Plate 17, Figure 6, USNM no. 340396;
Plate 17, Figure 7, USNM no. 340397; Plate 17, Figure 8, USNM no.
340398; Plate 17, Figure 9, USNM no. 340399;

Type locality, DSDP Sample 513A-26,CC.

Stratigraphic occurrence. Common in the lower Oligocene Dic-
tyocha deflandrei Zone and rare (reworked?) in Naviculopsis con-
stricta Zone.

Authorship. Ciesielski.

Dictyocha anguinea n.sp.
(Plate 7, Figs. 1-5; Plate 8, Figs. 1, 3)

Description. This species possesses a fairly large polygonal basal
ring (74-87 pm) which may have four to six sides. Radial spines vary-
ing in length from 14-23 um are present at the corners of the basal
ring. The apical apparatus is variable and consists of a serpentlike
maze of apical bars. All members of the species have short accessory
spines (11-17 pm) which rise up almost vertically from the junctures of
the apical bars with the basal ring into the plane of the apical ap-
paratus. Members of this species vary not only in the number of sides
of the basal ring but also in surface microstructure. Some specimens
have none (Plate 7, Figs. 2, 5); others possess a complex system of
ridges and bosses on their skeletons.

Remarks. Dictyocha frenguellii bears the closest resemblance to
this species. However, D. anguinea is considerably larger and heavier
than D. frenguellii. In addition, D. anguinea rarely assumes the quad-
rangular form that characterizes D. frenguellii. D. anguinea is present
only in the lower portion of the section at Site 512. In sieved core-
catcher samples, it is present in Cores 512-13 through 512-19. In one
sieved sample, 512-19,CC, 186 specimens of D. anguinea were en-
countered.

Stratigraphic occurrence. Middle Eocene.

Holotype measurements. Maximum diameter 86.5 ym; radial spine
length 14.4 um; accessory spine length 11 gm; thickness of the basal
ring 6.6 pm; thickness of the apical apparatus 5.8 um.

Holotype. Plate 7, Figure 3, USNM no. 340400,

Paratypes. Plate 7, Figure 1, USNM no. 340401; Plate 7, Figure 2,
USNM no. 340402

Type locality. Falkland Plateau, Sample 512-18,CC.

Authorship. Ciesielski and Shaw.

Dictyocha aspera aspera (Lemmermann) Perch-Nielsen, 1975
(Plate 2, Figs. 10-12; Plate 3, Figs. 1-2, 4, 6, 9)

Dictyocha fibula Ehrenberg, 1839, p. 129 ( fide Busen and Wise, 1977).
NOT D. fibula Ehrenberg, Glezer, 1966, pp. 264-270, pl. 13, figs.
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6-9; pl. 14, figs. 1-9; pl. 15, figs. 4, 5, 8-10. NOT D. fibula Ehren-

berg, Loeblich et al., 1968, p. 90, pl. 9, figs. 7-12. D. fibula per-

laevis (Frenguelli) Bukry, 1975b, p. 855, pl. 3, fig. 5. D. aspera

(Lemmermann) Perch-Nielsen, 1975, p. 686, pl. 4, figs. 10, 15,

NOT fig. 9. D. fibula Ehrenberg, Busen and Wise, 1977, p. 713,

pl. 5, fig. 1, 2, NOT pl. 4, figs. 7-8.

Remarks. One of the largest sources of confusion in the silico-
flagellate literature is the distinction and subdivision of Dictyocha
aspera aspera and D. fibula, Both species are tetragonal, possessing
four radial spines and an apical bar. The confusion arises in determin-
ing whether the basal outline is square or rhombic, whether the apical
bar is axially or transversely aligned with the long axis (in the case of a
rhombic basal outline), and finally, whether the specimen possesses
elevated spines at the distal ends of the apical struts.

In distinguishing the taxonomy of the specimens used in this study,
we have attempted to rely, as much as is possible, on the original de-
scriptions and have been guided by the principles of simplicity and
clarity. It is oftentimes not possible when viewing four-sided silico-
flagellates to distinguish between a square and rhombic basal outline
without the aid of measurements. In this study, rhombic and square
D. aspera aspera and D. fibula were tallied, but no biostratigraphic
significance for either form emerged, and in the final computation of
species ranges no distinction was made between these shapes.

D. aspera aspera is distinguished from D. fibula by its scalloped
outline of the basal ring and parallel alignment of the apical bar with
either axis of the specimen. No distinction is made between axial or
transverse alignment of the apical bar with the long axis because, in
the case of the square specimens, both axes are equal. Many workers
have named specimens meeting this description as D. fibula, but the
literature does not support this and the two forms are distinct enough
to warrant two separate species. In Plate 3, Figures 6 and 9, the two
forms of D. aspera aspera shown clearly demonstrate the skeletal
variability of silicoflagellates. Both specimens are recognizable as D.
aspera aspera, but both are also quite different from the original def-
inition of D. aspera aspera.

D. aspera aspera occurs sporadically and in rare numbers through-
out the cores at Hole 511. At Site 512, it occurs in common numbers
consistently throughout the cores.

Dictyocha aspera martinii Bukry, 1975b
(Plate 5, Figs. 3, 6)

Dictyocha aspera martinii Bukry, 1975b, p. 854, pl. 2, figs. 5-8. D.
fibula formicata Bukry, 1975b, p. 854, pl. 3, figs. 7-8.
Remarks. This species is recognized by the elevated spines at the

distal ends of the apical struts, extending above the margin of the

basal ring. Bukry (1975b) defines this species as having the apical bar

transverse to the long axis of the basal ring. However, as with D.

aspera aspera, we made no distinction was made between axial and

transverse alignment of this bar. We suggest that the two different
subspecies which are distinguished on the basis of this alignment be
further investigated before a definite distinction is made between these
two similar forms.

D. aspera martinii is present only in Cores 511-2 through 511-4,
and 513A-28, and 513A-30.

Dictyocha challengeri Martini and Miiller, 1976
(Plate 5, Figs. 1-2, 4, 5, 9-10; Plate 6, Fig. 7)

Dictyocha challengeri Martini and Miiller, 1976, p. 870, pl. 2, fig. 8;

pl. 5, fig. 10; pl. 8, fig. 3.

Remarks. This species is recognized by its large pentagonal form
and simple apical structure. The outline of the basal ring is strongly
concave at the connecting points with the apical rods and all speci-
mens possess five radial spines of short to moderate length. The slight-
ly raised apical structure is triradiate in the central part with two bifur-
cating rods and one straight rod leading to the basal ring. This struc-
ture results in one large, two medium, and two small apical windows.
A pustulate surface ornamentation is visible on the skeletal surface,
Two specimens of Dictyocha challengeri (Sample 512-14-1, 63-65 cm
and Sample 512-8,CC) possess an apical structure consisting of an api-
cal ring and five lateral rods (Pl. 6, Fig. 7).

D. challengeri is present sporadically throughout Site 512 but oc-
curs more consistently in and above Core 512-13.
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Dictyocha deflandrei Frenguelli ex Glezer, 1966
(Plate 6, Fig. 8)

Dictyocha deflandrei Frenguelli, 1940, p. 65, figs. 14a-d (fide Loe-

blich et al., 1968, p. 34). D. deflandrei Frenguelli ex Glezer, 1966,

p. 262. D. deflandrei var. deflandrei Glezer, 1966, p. 262, pl. 12,

fig. 13, 16; pl. 32, fig. 4.

Remarks. This species is recognized by its square to rhombic basal
outline with almost straight sides. The apical apparatus is a square to
H-shaped flat hyaline plate, and all specimens possess four radial
spines of equal length, Dictyocha deflandrei can be distinguished from
Dictyocha sp. by the short apical bar and larger body size of the latter,

D. deflandrei is present throughout Hole 511, has one isolated oc-
currence in Core 512-11, and is present in Hole 513A from Sample
513A-25,CC to the base of the hole. In Hole 511, Dictyocha de-
flandrei is consistent and common in Core 511-9 and above, but rare
and intermittent below. At Hole 513A it is common only within the
Naviculopsis constricta-Corbisema archangelskiana Interval Zone.

Dictyocha fibula Ehrenberg, 1839
(Plate 4, Figs. 1-4)

Dictyocha fibula Ehrenberg, 1839, p. 129 ( fide Loeblich et al., 1968,
p. 90, figs. 7-12); (fide Glezer, 1966, pp. 264-270, pl. 13, figs.
6-9, pl. 14, figs. 1-9, pl. 15, figs. 4, 5, 8-10). D. sp. 4 Perch-
Nielsen, 1975, p. 687, pl. 5, fig. 18. D. cf. D. perlaevis Frenguelli,
Perch-Nielsen, 1975, p. 687, p. 687, pl. 5, fig. 16, NOT figs. 9-10,
17. D. sp. 2 Perch-Nielsen, 1975, p. 687, pl. 4, fig. 11, NOT fig.
12. D. fibula fibula Ehrenberg, Bukry, 1975b, p. 854, pl. 3, figs.
2-3. D. fallacia Busen and Wise, 1977, p. 713, pl. 4, figs. 2-6. D.
fibula augusta Bukry, 1976a, pp. 893-894, pl. 6, figs. 4-5, NOT
figs. 1-3.

Remarks. This species is recognized by its square or rhombic
straight-sided basal outline. Generally, the apical bar is not aligned
parallel to either axis of the basal ring, though in some cases the apical
bar does lie in the same line as one of the axes. All specimens possess
four radial spines of moderate length.

In the literature, similar specimens have been given different names.
However, Dictyocha fibula appears to be a species which is capable of
a great deal of morphologic variation. Subdivision of this species
should be done only with concrete evidence that its variants are of
some value stratigraphically.

D. fibula is rarely present, sporadically, through Hole 511. At Site
512, D. fibula occurs consistently throughout the site and is a major
component of the silicoflagellate assemblage.

Dictyocha cf, D. fibula
(Plate 4, Fig. 5)

Remarks. A number of specimens resemble Dictyocha fibula in
shape of the basal outline and characteristics of the apical apparatus.
However, these specimens have shorter radial spines and possess very
heavily silicified skeletons, similar to those seen in the two aberrant
forms of Corbisema (Plate 2, Figs. 8-9) and congruous with the
unique flora present at Site 512.

The occurrence of D. cf. D, fibula is restricted to Cores 512-19 and
Core 512A-2, where it occurs rarely and appears to have had no effect
on the abundance of D. fibula.

Dictyocha frenguellii Deflandre, 1950

Dictyocha frenguellii Deflandre, 1950, p. 194, figs. 188-193.

Remarks. Dictyocha frenguelli, though usually common in the
Oligocene (Ciesielski, 1975; Bukry, 1975a; Perch-Nielsen, 1975; and
others), was found only in Sample 513A-21-1, 70~72 cm. Two speci-
mens recorded as D, cf. D. frenguelli (Samples 513A-21-1, 70-72 cm
and 513A-28-1, 17-19 cm) appear to be transitional forms between D.
delfandrei and D. frenguellii; similar forms were noted by Ciesielski
(1975).

Dictyocha grandis n.sp.
(Plate 8, Figs. 2, 4-5; Plate 9, Figs. 1-4; Plate 10, Figs. 1-4)

Description. This huge species (109-148 um) is recognized by its
heavy skeleton and rough surface ornamentation. The basal outline
displays much variation and is generally hexagonal, though it can also
be roughly pentagonal. The apical apparatus is slightly raised and also

displays much variability. It generally has a thinner diameter (4 pm)
than the basal ring (7 pm) and shows many different combinations of
bifurcating struts, lateral rods, and apical junctures. Common intra-
specific variations include specimens with a triradiate apical junction
with three bifurcating struts (Plate 8, Figs. 2, 4-5), specimens with two
bifurcating struts and two lateral rods, the latter located either oppo-
site (Plate 9, Fig. 1) or adjacent (Plate 9, Figs. 2-3) to one another.
Pentagonal specimens (Plate 9, Fig. 4) posses a triradiate apical junc-
tion with two bifurcating struts and one lateral rod.

All specimens possess short, irregular, radial spines (6.1-14.4 um)
that lie in the plane of the basal ring and extend from the apices of the
loosely hexagonal or pentagonal form. Along the inner margin of the
basal ring, opposite the radial spines, some specimens have short
spines (2-4 pm) which also lie in the plane of the basal ring. In addi-
tion to these more or less regularly spaced radial spines, the species
can also have smaller, irregularly placed spines along the periphery of
the basal ring (Plate 8, Fig. 5; Plate 9, Fig. 3). Septae are present at
some corners of the basal ring of some specimens.

All specimens possess micro-ornamentation on the surface of their
skeletons. Generally, the basal ring exhibits parallel ridges and pur-
tules. The apical apparatus may be unornamented or have pustulate
surface micro-ornamentation.

Remarks. Dictyocha grandis does not resemble any silicoflagellate
species presently recorded in the scientific literature, though Gombos
(pers. comm, to P, F. Ciesielski, 1981) claims to have seen similar
specimens in piston cores from the Falkland Plateau.

Though D. grandis displays much variability, and the possibility
exists for extreme subdivision based on apical differences alone, we
oppose the subdivision of the species. During the initial species count-
ing, at least nine different D. grandis morphotypes were identified and
recorded throughout Site 512 (Table 8). The resulting ranges of each
of these different forms show little stratigraphic significance and to
subdivide the species would serve no useful purpose.

Holotype measurements. Spine to spine diameter 134-148.3 um;
minimum basal ring diameter 111.2 um; radial spine length 12.4-16.5
pm; inner spine length 8.2-10.7 pm.

Holotype. Plate 8, Figure 4, USNM no. 340403.

Paratypes. 1. Plate 9, Figure 1, USNM no. 340404. 2. Plate 9, Fig-
ure 4, USNM no. 340405. 3. Plate 9, Figure 3, USNM no. 340406. 4.
Plate 9, Figure 2, USNM no. 340407

Type locality. Falkland Plateau, Sample 512-9,CC.

Authorship. Ciesielski and Shaw.

Dictyocha hexacantha Schulz, 1928
(Plate 4, Figs. 8-9)

Dictyocha hexacantha Schulz, 1928, p. 255, fig. 43 ( fide Glezer, 1966,
pp. 256-257, pl. 10, fig. 12). Corbisema hexacantha Deflandre,
1950, pp. 65-66, figs. 183-187 (fide Ciesielski, 1975, p. 659). Dic-
tyocha hexacantha Schulz, Ciesielski, 1975, p. 659, pl. 6, figs.
10-11.

Remarks. This species is recognized by its six-sided basal ring, which
has an inflated triangular form, and by its six radial spines, three of
which are extensions of the apical apparatus. The radial spines all lie
essentially in the plane of the basal ring, distinguishing it from Dicty-
ocha spinosa. Three lateral rods form the apical apparatus and also lie
in the plane of the basal ring or slightly above it. D. hexacantha ap-
pears to be a small, fragile species which is susceptible to dissolution.
Most of the specimens encountered in this study were totally hyaline
and were difficult to discern in the slides.

D. hexacantha is rare in Holes 511 and 512, Two solitary occur-
rences of this species were recorded in Cores 511-17 and 511-18, and it
was seen in Cores 512-6, 512-8, and 512-9,

Dictyocha pentagona (Schulz) Ciesielski, 1975
(Plate 4, Figs. 12-13)

Dictyocha fibula var. pentagona Schulz, 1928, pp. 225-292 ( fide Buk-
ry, 1976a, p. 894). Glezer, 1966, pp. 268-269, pl. 15, figs. 1-3. D,
pentagona (Schultz) Ciesielski, 1975, p. 659, pl. 7, figs. 6-7. D.
variabilis (Hanna) Ciesielski, 1975, p. 660. pl. 7, figs. 12-15. D.
deflandrei Frenguelli ex Glezer, Bukry, 1975a, pl. 1, fig. 8 ONLY.
Remarks. This species is recognized by its pentagonal basal ring

with five radial spines which lie in the same plane as the basal ring.

The apical apparatus in some specimens consists of five lateral rods
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joined in a flat apical plate whereas others show a basic plan of five
lateral rods which meet to form a triradiate apical junction.

Dictyocha pentagona is rare in Holes 511, 512, and 513A., It occurs
sporadically in Hole 511, Hole 513A, and Cores 512-15 through
512-19.

Dictyocha perlaevis Frenguelli, 1951

Dictyocha perlaevis Frenguelli, 1951, p. 279, figs. 4b, c. D. perlaevis
perlaevis Frenguelli, Bukry, 1979, p. 984, pl. 3, figs. 6-11.

Dictyocha pumila (Ciesielski) Bukry, 1978¢

Dictyocha fibula var. pumila Ciesielski, 1975, p. 656, pl. 5, figs. 5-10;
pl. 6, figs. 1-2. D. pumila (Ciesielski) Bukry, 1978¢, p. 642.

Dictyocha pygmaea (Ciesielski) n. comb.

Dictyocha aspera var. pygmaea Ciesielski, 1975, p. 653, pl. 4, figs. 1,
3,4, 6.

Dictyocha guadria (Mandra) Martini and Maiiller, 1976
(Plate 20, Figs. 3-5)

Hannaites quadria Mandra, 1969, p. 3, figs. 1-7. H. quadria Mandra,
Perch-Nielsen, 1975, p. 688, pl. 8, figs. 9-10, 12, 14. Dictyocha
quadria (Mandra) Martini and Miiller, 1976, p. 870, pl. 2, fig. 4;
pl. 10, figs. 1, 2; pl. 5, fig. 9.

Remarks. Only a few specimens of this species were found in the
present study; these occur in Samples 513A-17-3, 22-24 cm and 513A-
21-1, 70-72 em. D. quadria occurs only in the Corbisema archangel-
skiana Zone of the upper Oligocene, All the specimens are character-
ized by an unequal division of the basal apparatus and an asymmetri-
cal apical apparatus. The asymmetry of the skeleton and the co-occur-
rence of the species with C. archangelskiana suggest to us that D.
quadria may be an intraspecific variation of C. archangelskiana.

Dictyocha spinosa (Deflandre) Glezer, 1966
(Plate 5, Figs. 7-8)

Corbisema spinosa Deflandre, 1950, p. 65, figs. 178-182 ( fide Glezer,
1966). Dictyocha spinosa (Deflandre) Glezer, 1966, p. 256, pl. 10,
figs. 6-8.

Remarks. This species is recognized by its triangular basal ring and
by three lateral rods which are in a plane above the basal apparatus,
joined only where they cross over the basal apparatus. The species has
six needlelike radial spines, three of which are in the plane of the basal
ring and extend from the apices of the triangular basal ring. The other
three spines are extensions of the apical rods and extend beyond the
basal ring.

Dictyocha spinosa is consistently present through Site 512 and is
rare to few in abundance. There are two solitary occurrences of D.
spinosa in Cores 511-6 and 511-9 and a single occurrence in Hole
513A-21-1, 70-72 cm,

Dictyocha stelliformis n.sp.
(Plate 6, Figs. 1-6)

Description. This species is recognized by its distinctly massive
quadrate or stellate outline. Common to all members of the species is
the presence of one or two short, tail-like, radial spines (23-47 um). At
its other apices are thickened hyaline areas which resemble radial
spines and range in size from apparent widenings of the basal ring to
bulbous nodules, Generally, the quadrate specimens of Dictyocha stel-
liformis possess one tail-like spine and the stellate forms have two.
The apical apparatus is considerably smaller in diameter (6 um) than
the basal ring (14 um). Four or five lateral rods support a straight or
chevron-shaped apical bar,

Remarks. The specimens of Dictyocha stelliformis seen in this
study support the assertion of Martini and Miiller (1976) that the
genus Hannaites Mandra is a junior synonym of Dijctyocha, Mandra’s
H. quadria, which is apparently the closest relation of D. stelliformis,
appears to be an end-member in a continum of forms which has at its
other end D. quadria Martini and Miiller, 1976. Within the specimens
of D. stelliformis present at Site 512, all degrees of variation between
radial spines and spherical protuberances can be seen (see Plate 6,
Figs. 1-4). Therefore, at this time, the designation of the genus Han-
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naites, based on the presence of spherical protuberances on the basal
ring, is not considered valid.

D. stelliformis has a restricted range in the middle Eocene at Site
512, appearing only in and below Core 512-17.

Holotype measurements. Maximum diameter 204 pm; minimum
diameter 165 pm; tail length 35 pm; nodule size length 14.4 um; nodule
size width 20.6 pm.

Holotype. Plate 6, Figure 4, USNM no. 340408,

Paratypes. 1. Plate 6, Figure 1, USNM no. 340409. 2. Plate 6, Fig-
ure 2, USNM no. 340410. 3. Plate 6, Figure 5, USNM no. 340411.
Type locality. Falkland Plateau, Sample 512-18-1, 37-39 cm.

Authorship. Shaw and Ciesielski.

Dictyocha of. D. stelliformis
(Plate 6, Fig. 9)

One highly deformed specimen is present in Sample 511-12-1, 8-10
cm. The corners of the basal ring are marked by distinctive spherical
nodules and an apical bar is visible. Dictyocha stelliformis is the only
species recorded from Leg 71 which has sperical nodules and, for this
reason, the aberrant specimen is listed as a form compared to D.
stelliformis.

Dictyocha sp.
(Plate 3, Figs. 3, 5, 7-8)

Dictyocha medusa Haeckel, Perch-Nielsen, 1974, p. 686, pl. 4, fig. 4,
5; pl. 15, figs. 5-7. D. aspera Lemmermann (in part), Perch-Niel-
sen, 1975, p. 686, pl. 4, fig. 9, NOT figs. 10, 15. D. sp. 2 Perch-
Nielsen, 1975, p. 687, pl. 4, fig. 12, NOT fig. 11.

Remarks. These specimens appear to be transitional between Dic-
tyocha aspera aspera or D. fibula and D. deflandrei. In size, they are
similar to D. aspera aspera; however, the apical bar is very short and
appears to be approaching the platelike apical apparatus of D. deflan-
drei. This suggestion is supported by the location of Dictyocha sp. in
Hole 511. Specimens with shortened apical bars occur consistently in
Cores 511-6-11, with two isolated occurrences in Cores 511-13 and
511-16. The first consistent occurrence of D. deflandrei is in Core
511-9. D. aspera aspera and D. fibula occur sporadically throughout
Hole 511; however, in Cores 511-11 through 16 D. aspera aspera oc-
curs consistently in greater numbers, This relationship must be ob-
served elsewhere before it will be possible to assume the evolution of
D. deflandrei from a variant of D. aspera aspera or D. fibula.

Aberrant forms of Dictyocha
(Plate 4, Figs. 6-7, 10-11)

Several strange forms of Dictyocha in the Site 512 samples attest to
the extreme skeletal variability of the silicoflagellates. In Figure 7 of
Plate 4, a Dictyocha specimen with an incomplete basal ring can be
seen, The specimen seen in Figure 6 is an excellent example of skeletal
variability. Figure 10 is a Dictyocha specimen which has character-
istics of D. aspera aspera, D. aspera martinii, and D. fibula along with
several of its own incomparable characteristics. The specimen shown
in Figure 11 is perhaps most closely related to D. quadria; however, its
basal outline is not so concave as D. guadria and radial spines are ab-
sent.

Genus DISTEPHANUS Stohr, 1880

The genus Distephanus also exhibits much skeletal variability. The
basal ring is polygonal with 4 to 11 corners and possesses radial spines
of varying length. Distephanus differs from the genus Dictyocha in
having an apical ring, smaller than the basal ring, supported by lateral
rods. The apical ring has one or more apical windows, sometimes with
accessory spines. Specimens with a hexagonal basal ring and an apical
apparatus of bars only (no windows) are also assigned to Distephanus.

A new subspecies of D. crux, present only in the lower portion of
Hole 511, is described here.

Distephanus antiguus Glezer, 1964
(Plate 9, Fig. 5)

Distephanus antiquus Glezer, 1964, p. 57, pl. 2, figs. 6-9 (fide Mar-
tini and Miiller, 1976, p. 871, pl. 7, figs. 17-18).
Remarks. This species is recognized by its seven-sided basal ring
and apical ring. The apical ring is slightly smaller than the basal ring,
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causing the lateral rods to be almost perpendicular to both rings. D.
antiquus is present in only one sample, 512-9-1, 92-94 cm.

Distephanus boliviensis (Frenguelli) Bukry and Foster, 1973
(Plate 10, Figs. 5, 8)

Dictyocha boliviensis Frenguelli, 1940, p. 44, fig. 4 (fide Loeblich et
al., 1968, p. 83, pl. 9, fig. 3). Distephanus boliviensis Bukry and
Foster, 1973, p. 287, pl. 4, figs. 1-3. D. boliviensis Frenguelli,
Perch-Nielsen, 1975, p. 687, pl. 6, fig. 11. D. cf. D. boliviensis
Busen and Wise, 1977, p. 714, pl. 5, fig. 6.

Remarks. This species is recognized by its large six- or seven-sided
basal ring with four short radial spines extending from the corners.
Generally, the number of sides of the apical ring equals the number of
sides of the basal ring. However, in some Distephanus boliviensis six-
and seven-sided basal rings were accompanied by five- and six-sided
apical rings, respectively. Many of the specimens are more robust than
the typical Miocene-Pliocene D. boliviensis, but there are also many
which are identical to younger representatives of the species.

Distephanus boliviensis major (Frenguelli) Ciesielski, 1975

Dictyocha boliviensis Frenguelli, 1940 (in part), p. 44, fig. 4b-d. D,
boliviensis var. major Frenguelli, 1951, p. 277, fig. 3a-c. Disteph-
anus boliviensis major (Frenguelli) Ciesielski, 1975, p. 660, pl. 8,
figs. 6-7. D. boliviensis var. binoculus (Frenguelli) Ciesielski,
1975, p. 660, pl. 8, figs. 1-5.

Remarks. The species exhibits a highly variable apical apparatus

and includes all specimens of the Distephanus boliviensis group with a

subdivided apical structure.

Distephanus crux crux (Ehrenberg) Haeckel, 1887
(Plate 10, Figs. 6-7; Plate 11, Fig. 1)

Dictyocha crux Ehrenberg, 1840, p. 207 (fide Loeblich et al., 1968, p.
85, pl. 8, figs. 29-32). Distephanus crux var. crux (Ehrenberg)
Haeckel, 1887, p. 1563 (fide Glezer, 1966, pp. 279-280). D. crux
Haeckel f. longispina Schulz, Loeblich, et al., 1968, p. 120, pl. 24,
fig. 29. D. crux (Ehrenberg) Haeckel, Perch-Nielsen, 1975, p. 687,
pl. 6, figs. 2-4. D. crux hannai Bukry, 1975b, p. 855, pl. 4, figs.
4-6. D. crux darwinii Bukry, 1976a, p. 895, pl. 7, figs. 4-11, NOT
figs. 12-13. D. crux darwinii Bukry, Busen and Wise, 1977, p. 714,
pl. 6, figs. 1-2. D. crux loeblichii Bukry, 1978a, p. 817, pl. 3, figs.
12-13; pl. 4, figs. 1-6.

Remarks. This species shows a large amount of morphologic varia-
tion. It is characterized by having a square to rhombic basal outline,
four or five radial spines of varying length, and an apical ring of vary-
ing size and shape, supported by four lateral rods. During the initial
identification and counting of the specimens, all the minor variations
shown by Distephanus crux s.1. were tallied. The variants occur ran-
domly in such low numbers as to indicate that subdivisions of the
group would be of little value for biostratigraphy.

Distephanus crux crux is consistently present throughout Holes
511 and 513A and forms a major component of the middle Eocene-
Oligocene assemblage. At Site 512, D. crux crux occurs rarely through-
out the section.

Distephanus crux paulii n. subsp.
(Plate 11, Figs. 2-3, 5-6)

Distephanus mesophthalmus (Ehrenberg) Dumitrica, 1973, p. 850, pl.

6, fig. 9 ONLY. D. crux darwinii Bukry (in part), 1976a, p. 895,

pl. 7, figs. 12-13.

Description. This species has a square to rhombic basal ring 43-64
pm in diameter. It is similar to Distephanus crux crux except that it
possesses small spines (4-8 um) which extend upward from either the
basal or apical ring. These small spines can be located at the juncture
of the lateral rods with the basal ring, in which case they extend into
the plane of the apical ring. More frequently, they extend from the
apical ring at some point between the junctures of the lateral rods with
the apical ring.

Remarks. Dumitrica (1973) has recorded the occurrence of a
vaguely similar species, Distephanus mesophthalmus, from a re-
stricted occurrence in the middle and late Miocene of Leg 21. D. crux
paulii differs from D. mesophthalmus by having larger spines and a
heavier skeleton.

D. crux paulii has a restricted stratigraphic occurrence, with a brief
appearance in Core 511-12 and a more consistent occurrence in and
below Core 511-16.

Holotype measurements. Basal ring diameter 42.9-55.2 pm; radial
spine length 9.9-17.3 um; accessory spine length 6.6 pm.

Holotype. Plate 11, Figure 2, USNM no. 340412.

Paratypes. 1. Plate 11, Figure 3, USNM no. 340413. 2. Plate 11,
Figure 6, USNM no. 340414,

Type locality. Falkland Plateau, Sample 511-17,CC.

Authorship. Shaw and Ciesielski.

Distephanus polyactis (Ehrenberg) Deflandre, 1932

Dictyocha polyactis Ehrenberg, 1839, p. 129. Distephanus polyactis

Deflandre, 1932, p. 501, fig. 40.

Remarks. This species was found primarily in the lower Pleisto-
cene sediments of Hole 513 and Hole 514. In the Southern Ocean the
acme of this species is a useful stratigraphic marker, occurring be-
tween the Jaramillo and Olduvai Subchronozones of the Matuyama
Chronozone, At Site 514 D. polyactis is common within and im-
mediately below the Olduvai Subchronozone.

Distephanus pseudofibula (Schulz) Bukry, 1976b

Dictyocha speculum f. pseudofibula Schulz, 1928, p. 262, fig. 5la-b.
Distephanus speculum f. varians Gran and Braarud, 1935, p. 390,
fig. 68A-B. D. varians (Gran and Braarud) Bukry, 1976b, p. 849.
D. pseudofibula Bukry, 1976b, p. 848.

Distephanus guinguangellus Bukry and Foster, 1973
(Plate 11, Figs. 4, 7, 9)

Distephanus speculum pentagonus Lemmermann, 1901, p. 264, pl.
11, fig. 19 (fide Loeblich et al., 1968, p. 122). D. quinguangellus
Bukry and Foster, 1973, p. 828, pl. 5, fig. 4. D. speculum var. pen-
tagonus Lemmermann, Ciesielski, 1975, p. 660, pl. 10, figs. 4-8.
D. raupii Bukry, 1976a, p. 895, pl. 7, figs. 14-15. D. speculum
pentagonus Lemmermann, Busen and Wise, 1977, pl. 6, fig. 9.
Remarks, This species is characterized by its five-sided basal and

apical rings. The five radial spines which extend from the corners of

the basal ring range in size from less than to greater than the length of

a side of the basal ring. The sides of the basal and apical rings are

generally straight and may be slightly convex.

Distephanus quinquangellus occurs predominantly in Core 511-11
and above, although it is also recorded sporadically below Core 511-
11 and throughout Site 512. The species has a split range in the Oligo-
cene of Hole 513A and occurs sporadically throughout Leg 71 Mio-
cene-Quaternary sediments.

Distephanus speculum s.1. (Ehrenberg) Haeckel, 1887
(Plate 11, Fig. 8)

Dictyocha speculum Ehrenberg, 1839, p. 129, table, and pl. 4, fig.
10n (fide Glezer, 1966, v.7, pp. 282-286). Distephanus speculum
speculum (Ehrenberg) Haeckel, 1887, no. 2, p. 1565, (fide Glezer,
1966, pp. 282-286). D. speculum s.l., Perch-Nielsen, 1975, p. 688,
pl. 6, figs. 12-13; pl. 7, figs. 16-17.

Remarks. This small species is characterized by much intraspecific
variation, and no attempt was made to differentiate between its many
varieties in this study. The criteria used to identify the Distephanus
speculum group are the small size of the species, the six-sided basal
ring, the presence of six radial spines, and an apical apparatus which
processes one or more apical windows.

At Site 512, D. speculum s.1. is consistently present in moderate
quantities. At Site 511 it is present only in several samples from Cores
1 and 2.

Distephanus cf. D. speculum
(Plate 11, Fig. 10)

Remarks. This is a variation of Distephanus speculum which was
noted but not counted. It is generally 1.5 x larger than D, speculum
but in all other ways the two are similar,

Genus MESOCENA Ehrenberg, 1843, emend. Deflandre, 1950

The genus Mesocena was originally defined (Ehrenberg, 1843) to
include skeletons consisting of an elliptic, triangular, or polygonal
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basal ring with or without radial spines. Deflandre (1950) emended
this definition to remove all forms whose skeletons represent an unde-
veloped Distephanus species.

In this study, the genus Septamesocena Bachmann is not recogniz-
ed. M. apiculata is capable of possessing one to three septae, or it may
have no septae. Dumitri¢a (1973) suggests the oblique orientation of
the radial spines toward the plane of the basal ring as a criterion for
distinguishing the genus Septamesocena; however, it would be a dif-
ficult trait to quantify and record accurately. It most certainly should
not warrant a separate genus.

Mesocena apiculata (Schulz) Hanna, 1931
(Plate 12, Figs. 1-7)

Mesocena oamaruensis var. apiculata Schulz, 1928, p. 240. fig. 11
(fide Loeblich et al., 1968, p. 129). M. apiculata (Schulz), Hanna,
1931, no. 2, pl. D, fig. 3; Ling, 1972, p. 173, pl. 28, figs. 2-4. M.
aff. apiculata (Schulz), Glezer, 1966, p. 282, pl. 28, fig. 5; pl. 33,
fig. 7. Septamesocena apiculata (Schulz) (in part), Perch-Nielsen,
1974, pp. 689-670, pl. 10, figs. 2, 6-7, 10. M. apiculata curvata
Bukry, 1976b, p. 849, pl. 2, figs. 15-16. M. apiculata inflata
Bukry, 1978a, p. 786, pl. 3, figs. 1-3.

Remarks. This species is characterized by its variable triangular
form with small radial spines at the apices. Forms with three septae
and those with none to two septae were tallied, but (see Table 3 and
Appendix). it was not possible to discern a distinct stratigraphic occur-
rence for many of these forms. At Hole 511, M. cf. apiculata 2 occurs
consistently in and below Sample 511-9-3, 80-81 cm, but, this appar-
ent range most likely results from the fact that we did not specifically
look for the variation until Sample 511-9-3, 80-81 cm. The rare occur-
rences and indefinite ranges of both M. apiculata curvata Bukry and
M. apiculata inflata Bukry indicate that these subspecies should be in-
cluded as M. apiculata; they are treated as such herein.

The distinction between M. apiculata and M. oamaruensis is a
more difficult one. The original definitions do not suffice to describe
and distinguish the two species. Obviously, the triangular outline is
not a distinctive enough criterion for identification. Similarly, spines
are not exclusive to M. apiculata and cannot be used to distinguish the
two species. In this study, the distinction is based on a combination of
the wall structure and the presence or absence of spines. Of the two
species, all specimens without spines fall under M. oamaruensis and
all specimens with a rough texture and spines fall under M. apiculata.

As can be seen here, the genus Mesocena is particularly susceptible
to morphologic variation and the subdivision of M. apiculata is ill-ad-
vised because of the difficulty encountered in identifying these forms.

M. apiculata is present fairly consistently, in rare to few numbers,
throughout Hole 511. At Site 512, M. apiculata is present, in rare
quantities, sporadically in Cores 512-13 and above. It is generally
common and consistently present throughout the Oligocene of Hole
513A.

Mesocena bispicata n.sp.
(Plate 20, Figs. 3, 6-8)

Description. The basal ring is six to eight-sided; seven-sided forms
are the most numerous. In most specimens, all sides of the basal ring
are unequal in length, varying between 20 and 27 um. The total dia-
meter (less spine length) is unusually longer in one direction than in
another (Figs. 3 and 7) by up to 15%. The diameter varies between 52
and 62 pm and the diameter of the basal skeletal rods is 2.6-3.0 um.
Each corner of the basal ring possesses two tapering spines which
diverge from opposite sides of the basal ring to form an angle of ~45°
with the plane of the basal ring. Spine lengths vary between 4 and 10
pm.

Holotype measurements. Total specimen diameter (less spines),
54-62 pm; lengths of the sides of the basal ring, 23-27 um; spine
lengths, 7.2 to 10.3 um; skeletal thickness, 2.6 to 3.1 um.

Holotype. Plate 20, Figure 3, USNM no. 340415,

Paratypes. Plate 20, Figure 6, USNM no. 340416; Plate 20, Figure
7, USNM no. 340417; Plate 20, Figure 8, USNM no. 340418.

Type locality. DSDP Hole 513A-26,CC.

Stratigraphic occurrence. Found only in the lower Oligocene Dic-
tyocha deflandrei Zone.

Authorship. Ciesielski.
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Mesocena circulus (Ehrenberg) Ehrenberg, 1844a

Dictyocha circulus Ehrenberg, 1840, p. 208, fide Loeblich et al., 1968;
pp. 34, 84, Mesocena circulus (Ehrenberg) Ehrenberg, 1844, p. 65.
Remarks. The Mesocena circulus plexus was not subdivided in the

present study.

Mesocena diodon Ehrenberg

Mesocena diodon Ehrenberg, 1844a, pp. 71, 84 (fide Loeblich et al.,
1968, p. 54, 128); Ehrenberg, 1854, pl. 33, fig. 18; Loeblich et al.,
1968, pl. 27, fig. 4. M. crenulata var. diodon Lemmermann, 1901,
p. 255, pl. 10, figs. 1-2; Schulz, 1928, p. 236, fig. 1a, b; Gemein-
hardt, 1930, p. 26, fig. 10a; Deflandre, 1932, fig. 4. Mesocena
elliptica diodon Dumitrica, 1973, p. 905, pl. 1, fig. 3.

Remarks. All specimens tabulated as Mesocena diodon are circular
to elongate elliptical, have distal spines aligned with the major axes,
and a surface ornamentation usually of prominent transverse crests
and/or pustules. In Hole 513A the first occurrence of the species is im-
mediately below a volcanic ash dated as 8.7 + 0.2 Ma (see Site 513 site
chapter) and thus approximately at the Chron 8/Chron 9 boundary.

Mesocena elliptica (Ehrenberg)

Dictyocha elliptica Ehrenberg, 1840, p. 208. Mesocena elliptica (Eh-
renberg) Ehrenberg, 1844a, p. 71, 84; (Ehrenberg) Bukry and
Foster, 1973, p. 828, pl. 6, figs. 2-4. Ciesielski, 1975, p. 661.

Mesocena oamaruensis Schulz, 1928
(Plate 12, Figs. 8-10; Plate 13, Figs. 1-9; Plate 14, Figs. 1-2)

Mesocena oamaruensis Schulz, 1928, p. 240, fig. 10a, b (fide Loeblich

et al., 1968, p. 129). M. oamaruensis Schulz, Perch-Nielsen, 1975,

p. 688, pl. 10, figs. 12-13, 20.

Remarks. Specimens assigned to this species are characterized by
having a loosely triangular outline. There is some variation in surface
texture and in accessory spines. Generally, the specimens have a
smooth, tubular, and roughly triangular basal ring (Plate 12, Fig. 8),
but some have a rough surface texture (Plate 13, Figs. 1-5, 7-8).
Another variation within this species is the presence of three small ac-
cessory spines on the basal ring (Plate 13, Fig. 9; Plate 14, Figs. 1-2).
In addition to the more or less triangular forms displayed by Meso-
cena oamaruensis, roughly quadrangular (Plate 12, Figs. 9-10) and
oval (pl. 13, Figs. 7-8) forms are also present. Two aberrant forms of
M. oamaruensis are shown in Plate 13, Figures 5-6, displaying the ex-
tremely variable nature of the silicoflagellate skeleton.

M. oamaruensis is present fairly consistently throughout Hole 511,
though rare to few in number. At Site 512, it is consistently present in
smaller numbers. In Hole 513A the species is present only in the lower
Oligocene (Cores 28-33).

Mesocena occidentalis Hanna, 1931
(Plate 13, Figs. 3-8)

Mesocena oamaruensis var. quadrangula Schulz, 1928, p. 240, figs.
12-13 (fide Loeblich et al., 1968, p. 129). M. occidentalis Hanna,
1931, pl. E, fig. 1 (fide Busen and Wise, 1977, p. 715). M. oamar-
uensis var. quadrangula Schulz, Ciesielski, 1975, p. 661, pl. 12,
fig. 7.

Remarks. This species is recognized by its square to rhombic basal
ring with a radial spine of variable length at each of the four corners.
The surface texture can be smooth or rough. This species shows many
aberrations and its skeleton appears to be very plastic (Plate 14, Figs.
5-7, Tables 3 and 6); it should be subdivided with caution.

Mesocena occidentalis is consistently present, though rare to few
in number, throughout Sites 511 and 512. It is sparse to common in
the lower Oligocene of Hole 513A.

Mesocena quadrangula Ehrenberg ex Haeckel

Mesocena quadrangula Ehrenberg ex Haeckel, 1887, p. 1556; Lem-
mermann, 1901, pl. 10, figs. 5-7 (fide Loeblich et al., 1968, p. 57).
M. quadrangula Ehrenberg ex Haeckel Bukry, 1978b, p. 819, pl. 7,
figs. 1-5.
Remarks. This species was found only in the Pleistocene sediments
of Core 514-4. The restricted range of Mesocena quadrangula brackets
the Jaramillo Subchronozone.
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Aberrant forms of Mesocena
(Plate 14, Figs. 9-10)

Several aberrant forms of Mesocena are present at Hole 512. A six-
sided form of Mesocena occidentalis is present in Sample 512-16-2,
15-17 ¢cm and is shown in Plate 14, Figure 9. In Sample 512-11-1, 74-
76 cm (PL. 13, Fig. 10) an oddly shaped Mesocena, with an indented,
broadly convex basal ring is present.

Genus NAVICULOPSIS Frenguelli, 1940

The genus Naviculopsis is defined by a bilaterally symmetrical,
boat-shaped basal ring with two radial spines on the poles. In most
species, the sides of the basal ring are flattened at the juncture with the
apical apparatus. In some species, the two apices of the basal ring are
also flattened. The apical apparatus consists of a bar of varying thick-
ness, It can range in width from less than the diameter of the tubular
portion of the basal ring to a size large enough to fill the entire body
cavity.

Naviculopsis biapiculata (Lemmermann) Frenguelli, 1940
(Plate 14, Figs. 11-13; Plate 15, Figs. 1-3)

Dictyocha navicula var. biapiculata Lemmermann, 1901, p. 258, pl.
10, figs. 14-15 ( fide Loeblich et al., 1968, p. 105). Naviculopsis bi-
apiculata (Lemmermann) Frenguelli, 1940, p. 60, fig. 11c,d (fide
(Loeblich et al., 1968, p. 58). N. biapiculata var. biapiculata Glez-
er, 1966, vol. 7, p. 274, pl. 16, figs. 2-5. N. biapiculata (Lemmer-
mann) Ling, 1972, pp. 181-182, pl. 30, figs. 1-4. N. biapiculata
Bukry, 1976b, p. 349, pl. 2, figs. 15-16.

Remarks, This species shows a wide degree of variability in size
and shape. It is recognized by its oval-shaped basal ring, two equal ba-
sal spines, and an arched apical bar. There is much variation in the
shape of the oval basal ring, which is sometimes concave centrally,
and in the length of the two basal spines. The thickness of the apical
bar is always less than or equal to the width of the tubular part of the
basal ring, distinguishing Naviculopsis biapiculata from N. constricta.

N. biapiculata is consistently present throughout the Eocene-lower
Miocene of Sites 511, 512, and 513, in all of which it is a major com-
ponent of the assemblage.

Naviculopsis constricta (Schulz) Frenguelli, 1940
(Plate 15, Figs. 4-8)

Dictyocha navicula var. constricta Schulz, 1928, p. 246, fig. 21 (fide
Loeblich et al., 1968, p. 58). Naviculopsis constricta (Schulz),
Frenguelli, 1940, fig. 11a,b (fide Loeblich et al., 1968, p. 58). N.
biapiculata var. constricta (Schulz) Glezer, 1966, pp. 276-277, pl.
17, fig. 4. N. biapiculata var. minor Glezer, 1966, pp. 274-276, pl.
16, figs. 6-8; pl. 17, figs. 1-3, 6. N. constricta (Schulz) Ling, 1972,
pp. 182-183, pl. 30, figs. 5-8.

Remarks. This species is recognized by its oval-shaped basal ring,
two equal polar spines, and a wide apical bar. It is very similar to Nav-
iculopsis biapiculata in the shape of the basal ring and the presence of
two equal polar spines. However, N. constricta is distinguished from
N. biapiculata by a wider apical bar, which is greater in width than the
tubular part of the basal ring and may occupy up to one-third the
length of the body ring opening, The basal ring is commonly, though
not always, constricted where it joins the apical bar.

N. constricta is consistently present, rare to few in number, below
Core 3 in Hole 511 and in Cores 31-33 of Hole 513A. At Site 512, N.
constricta is consistently present and is the dominant component of
the assemblage throughout the section.

Naviculopsis foliacea Deflandre, 1950
(Plate 16, Figs. 1-7, 10, 12)

Naviculopsis foliacea Deflandre, 1950, p. 204, figs. 235-240 (fide

Loeblich et al., 1968, pp. 134-135).

Remarks. This species is recognized by its flat apical plate, which
covers more than one-third the length of the body opening. The polar
spines are usually shorter than those of Naviculopsis biapiculata and
N. constricta; however, they can be greater than one-half the length of
the body. Most of our specimens differ slightly from all previously re-
ported N. foliacea. In these specimens, the flattened apical plate cov-
ers a small portion of the two distal ends of the body opening in addi-
tion to the central region. There is no difference in the stratigraphic

range of this aberrant form and, for this reason, it was tabulated as N.
Jfoliacea. N. foliacea is present only at Site 512 where it is a minor,
though consistent, part of the assemblage.

Naviculopsis nordica hyalina Bukry, 1976b
(Plate 15, Figs. 9-13)

Naviculopsis nordica hyalina Bukry, 1976b, p. 849, pl. 2, figs. 8-10.

Remarks. This species was previously thought to be provincial to
the Norwegian-Greenland Sea. It is recognized by its narrow elongate
basal ring and imperforate apical plate, which fills the entire central
area. The two polar spines are shorter than the basal ring and form a
continuous line with the outline of the body ring. Naviculopsis nor-
dica hyalina is present only at Site 512, where it is rare and occurs only
sporadically throughout the section.

Naviculopsis punctilia Perch-Nielsen, 1976
(Plate 15, Fig. 14)

Naviculopsis punctilia Perch-Nielsen, 1976, p. 36, figs. 1, 32. N. pon-

ticula [sic] Perch-Nielsen, Martini and Miiller, 1976, pp. 873-874,

pl. 12, figs. 1-2.

Remarks. This species is recognized by its elliptical basal ring and
distinctive apical apparatus which consists of a flat apical bar support-
ed by four flat lateral rods. A solitary occurrence of N. punctilia was
recorded from Core 5 at Hole 511.

Naviculopsis trispinosa (Schulz) Glezer, 1966
(Plate 16, Figs. 8, 11)

Dictyocha navicula var. trispinosa Schulz, 1928, p. 246, fig. 23a,b
(fide Loeblich et al., 1968, p. 106). Naviculopsis biapiculata f.
trispinosa (Schulz) Frenguelli, 1940, fig. 1le (fide Loeblich et
al,, 1968). N. trispinosa (Schulz) Glezer, 1966, pp. 277-278, pl. 17,
fig. 7.

Remarks. This species is recognized by its apical spine that projects
from the middle of the apical bar and resembles the two polar spines,
but may be shorter. The apical spine may be perpendicular to the
plane of the body ring or may project at an angle.

Naviculopsis trispinosa is consistently present throughout Hole
511. Above Core 511-12 it is a major component of the assemblage.
At Site 512, N. trispinosa is sporadically present in small numbers.
The species is present throughout most of the Oligocene of Hole
513A, where it is rare to sparse in the upper Oligocene and common to
abundant in the lower Oligocene.

Aberrant form of Naviculopsis
(Plate 16, Fig. 9)

In general, the Naviculopsis species seen in this study do not dis-
play as many bizarre aberrations as other genera present in Hole 511
and at Site 512, One aberrant form of Naviculopsis (Plate 16, Fig. 9),
from Sample 511-6,CC, appears to have characteristics of N. trispin-
osa, N. constricta, and N. punctilia. It displays, once again, the truly
remarkable variability of the silicoflagellate skeleton.

Incertae Sedis
Genus MACRORA Hanna, 1932
(Synonym: PSEUDOQROCELLA Deflandre, 1938)

Macrora barbadensis (Deflandre) Bukry, 1977
(Plate 18, Figs. 7-8)

Pseudorocella barbadensis Deflandre, 1938 (in part), p. 91 (fide Loe-
blich et al., 1968, p. 139, pl. 33, figs. 4-13, 15-19 [not 14]). Macro-
ra barbadensis (Deflandre) Bukry, 1977, p. 832, pl. 2, figs. 3-8.
Remarks. Macrora barbadensis was found in only four samples of
Hole 513A between Samples 513A-13-2, 17-19 cm and 513A-17-3, 22—
24 cm. The species occurs in the lower Miocene Naviculopsis biapicu-
lata Zone and the upper portion of the Corbisema archangelskiana
Zone.

Macrora stella (Azpeitia) Hanna, 1932
(Plate 18, Fig. 6)

Pyridicula (17) stella Azpeitia, 1911, pp. 150, 152, 213, pl. 1, fig. 1.
Macrora stella (Azpeitia) Hanna, 1932, p. 196, pl. 12, fig. 7. Pseu-
dorocella corona Deflandre, Bukry, 1975a, p. 871, pl. 7, figs. 8-9.
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Remarks. This species was found in only two samples from Hole
513A: Samples 513A-16-3, 23-25 cm and 513A-17-3, 22-24 c¢m. It oc-
curs in the upper Corbisema archangelskiana Zone, immediately be-
low the Oligocene/Miocene boundary. Macrora stella was noted to
have a similar stratigraphic occurrence elsewhere; Bukry (1975a and
1977) found it present in the lower Miocene at Site 338 in the Norwe-
gian-Greenland Sea and at Site 278 in the southwest Pacific. Speci-
mens from Site 513A have fewer central pores than specimens of
similar ages from Site 278.
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APPENDIX
Skeletal Descriptions or Plate References of Silicoflagellate
Morphotypes Listed in Tables 3 and 5

Corbisema cf. C. triacantha

1 Solid, hyaline skeleton

2 Solid, hyaline apical apparatus
Dictyocha cf. aspera aspera

1 Very short apical bar
Small fat hyaline apical bar
Dark skeleton
With five radial spines
With axial alignment of apical bar
With twisted lateral rods
Rhombic-shaped basal apparatus )
With two long and two moderate-length basal spines
Five-sided basal ring
Dictyocha cf. D. deflandrei

1 Dark skeleton
Dictyocha cf. D, fibula

1 Heavily silicified skeleton

2 Heavily silicified pentagonal skeleton
Dictyocha grandis var.
A Plate 8, Figs. 2, 4-5
B  Plate 9, Fig. 4
C Plate 9, Fig. 1
D Plate 9, Figs. 2-3
E
F
G
H

B =R - L L

Plate 10, Fig. 3
Pseudo-hexagonal skeleton, complex apical apparatus
Plate 10, Fig. 2
Plate 10, Fig. 4
1 Plate 10, Fig. 1
Dictyocha cf. D. stelliformis
1 Plate 6, Fig. 9
2 Plate 6, Fig. 6
3 No tails, nodules, or spines
4  Plate 6, Figs. 1-3
5  Bloated triangular shape, with nodules and spines
Distephanus cf. D. boliviensis
1 Six-sided basal ring, 5-sided apical ring
2 Seven-sided basal ring
3 Deformed apical ring
Distephanus cf. D. crux crux
1 Thickened hyaline area on basal ring where struts adjoin
2 Five-sided apical ring
3 Rhombic basal outline, two long basal spines
4  Rhombic basal outline
Mesocena cf, M, apiculata
1 Bell-shaped
2 Without septae
3 Spines asymmetrically placed
4 Six-sided
Mesocena cf. M. oamaruensis
1 Rough skeletal ornamentation (pl. 13, fig. 1-5)
2 With small spines (pl. 13, fig. 9; pl. 14, fig. 1, 2)
3 Roughly square outline (pl. 12, fig. 9, 10)
4 Roughly oval outline (pl. 13, fig. 7, 8)
5 Rough skeletal ornamentation and oval outline
6  Rough skeletal ornamentation and square outline
Mesocena cf. M. occidentalis
1 Not square (Plate 14, Figs. 6-7)
2 Six-sided (Plate 14, Fig. 9)
1 Heavily silicified skeleton (Plate 14, Fig. 3)
Naviculopsis cf, N. biapiculata
1 Large triangular hyaline area at juncture of apical bar with ba-
sal ring
Naviculopsis cf. N. foliacea
1 Plate 16, Figs. 3-5, 7, 10, 12
Naviculopsis cf. N, trispinosa
1 Plate 16, Fig. 9
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14 ' 16

Plate 1. (All specimens x600.) 1-3. Corbisema apiculata (Lemmermann) Hanna, 1931, (1) Sample 512-16,CC, (2) Sample 512-12,CC, (3) Sam-
ple 512-17,CC. 4-6 Corbisema bimucronata Deflandre, 1950, (4) Sample 512-11-3, 48-40 cm, (5) Sample 512-11-2, 56-58 cm, (6) Sample
512-9-3, 60-62 cm. 7, 9. Corbisema flexuosa (Stradner) Perch-Nielsen, 1975, (7) Sample 511-6-1, 19-21 cm, (9) Sample 511-2-2, 100-101
cm. 8. Corbisema disymmetrica angulata Bukry, 1976b, Sample 512-14,CC. 10-12. Corbisema geometrica Hanna, 1928, (10) Sample
511-3-2, 65-66 cm, (11) Sample 511-6-1, 19-21 cm, (12) Sample 511-3-2, 65-66 cm. 13-16. Corbisema hastata globuluta Bukry, 1976b, (13)
Sample 511-3-3, 65-66 cm, (14) Sample 513A-33-3, 132-134 cm, (15) Sample 511-4,CC, (16) Sample 512-11-1, 74-76 cm.
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1

Plate2. (All specimens x600.) 1. Corbisema disymmetrica communis Bukry, 1976b, Sample 512-12-1, 54-56 cm. 2-4. Corbisema hastata has-
tata (Lemmermann) Bukry, 1975b, (2) Sample 511-11-1, 29-30 cm, (3) Sample 511-2-2, 100-101 cm, (4) Sample 512-16-2, 15-17 cm. 5-7. Cor-
bisema triacantha (Ehrenberg) Hanna, 1931, (5) Sample 511-6-3, 20-22 cm, (6) Sample 511-5-1, 5-7 ¢cm, (7) Sample 511-6-4, 20-22 cm. 8-9.
Corbisema, aberrant forms, (8) Sample 512-6,CC, (9) Sample 512-18,CC. 10-12. Dictyocha aspera aspera (Lemmermann) Perch-Nielsen,
1975, (10) Sample 512-12,CC, (11) Sample 512-14,CC, (12) Sample 512-14,CC.
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7 ' ' 8 9
Plate 3. (All specimens x600.) 1-2, 4. Dictyocha aspera aspera (Lemmermann) Perch-Nielsen, 1975, (1) Sample 512-8,CC, (2) Sample 512-7,CC,

(4) Sample 512-15,CC. 3, 5, 7-8. Dictyocha sp., (3) Sample 512-9-1, 92-94 cm, (5) Sample 512-15,CC, (7-8) Sample 512-12,CC. 6, 9. Dicty-
ocha aspera aspera (aberrant forms), (6) Sample 512-13,CC, (9) Sample 512-17,CC.
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Plate 4. (All specimens x600,) 1-4. Dictyocha fibula Ehrenberg, 1839, (1) Sample 512-6-1, 78-80 cm, (2) Sample 512-15,CC, (3) Sample 512-
12,CC, (4) Sample 512-10,CC. 5. Dictyocha cf. D. fibula, Sample 512A-2-3, 93-94 cm. (a, basal focus; b, apical focus). 6-7, 10-11. Dicty-
ocha aberrant forms, (6) Sample 512-13-2, 54-56 cm (a, basal focus; b, apical focus), (7) Sample 512-9-3, 60-62 cm, incomplete basal apparatus,
(10) Sample 512-17,CC, (11) Sample 512-14,CC. 8-9. Dictyocha hexacantha Schulz, 1928 (8) Sample 512-6-1, 78-80 cm, (9) Sample 512-6-2,
3-Scm. 12-13. Dictyocha pentagona (Schulz) Ciesielski, 1975 (12) Sample 511-3-2, 65-66 cm with apical plate, (13) Sample 51 1-6-2, 20-22 cm

with apical rods.
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7b

Plate 5. (All specimens x600.) 1-2, 4-5, 9-10. Dictyocha challengeri Martini and Miiller, 1976, (1) Sample 512-7,CC, basal focus (note ridge
and boss micro-ornamentation), (2) Sample 512-15,CC, basal focus, (4) Sample 512-7,CC, intermediate focus, (5) Sample 512-15,CC, basal
focus, (9) Sample 512-12,CC, aberrant form, (10) Sample 512-13,CC, basal focus. 3, 6. Dictyocha aspera martinii Bukry, 1975b, (3) Sample
511-3-3, 65-66 cm (a, basal focus; b, apical focus), (7) Sample 512A-2-4, 93-94 cm.  7-8. Dictyocha spinosa (Deflandre) Glezer, 1966, (7) Sam-
ple 512-11-1, 74-76 cm (a, basal focus; b, apical focus), (8) Sample 512-9-3, 60-62 cm (a, basal focus: b, apical focus).
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Plate 6. (Figs. 1-6 x250; Figs. 7-9 x450.) 1-6. Dictyocha stelliformis n.sp. (1) Sample 512A-2-4, 93-94 cm, paratype, with conspicuous tube-
like basal apparatus and thickenings of basal ring at junctures with basal spines, (2) Sample 512-17-1, 28-30 c¢m, paratype, (3) Sample 512-17-3,
4-6 cm, irregular apical bars, (4) Sample 512-18-1, 37-39 c¢m, holotype, with bulbous nodules on three corners, (5) Sample 512-18-1, 37-39 cm,
paratype, five-sided form with three bulbous corners on basal apparatus, (6) Sample 512A-2-3, 93-94 cm, atypical form. 7. Dictyocha challen-
geri Martini and Miiller, 1976, Sample 512-8,CC, with pustulate micro-ornamentation. 8. Dictyocha deflandrei Frenguelli ex Glezer, 1966,
Sample 511-1-4, 15-16 cm. 9. Dictyocha cf. D. stelliformis, Sample 511-12-1, 8-10 cm (a, low focus; b, high focus).
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Plate 7. (All specimens x 600.) 1-5. Dictyocha anguinea n.sp. (1) Sample 512-18,CC, paratype, five-sided form (a, basal focus; b, apical focus),
(2) Sample 512-19,CC, paratype, four-sided form (a, basal focus; b, apical focus), (3) Sample 512-18,CC, holotype, five-sided form (a, basal
focus; b, apical focus), (4) Sample 512-19,CC, four-sided form, apical focus, (5) Sample 512-18,CC, paratype, six-sided form (a, basal focus; b,
apical focus).
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Plate 8. 1, 3. Dictyocha anguinea n.sp., X 600, Sample 512-18,CC, (1) aberrant form (a, basal focus; b, apical focus). 2, 4-5. Dictyocha grandis
n.sp., (2) Sample 512-7,CC, paratype, x 500, (4) Sample 512-9,CC, holotype, %600, (5) Sample 512-7,CC, paratype, x400.
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Plate 9. 1-4. Dictyocha grandis n.sp., (1-2) Sample 512-7,CC, paratypes (1, X500; 2, x400), (3-4) Paratypes, x 500 (3, Sample 512-8,CC; 4,
Sample 512-7,CC). 5. Distephanus antiquus Glezer, 1964, Sample 512-9-1, 92-94 cm, x 600 (a, basal focus; b, apical focus).
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Plate 10. 1-4. Dictyocha grandis n.sp., (1) Sample 512-10,CC, %400, (2) Sample 512-10,CC %500, (3) Sample 512-12-2, 54-56 cm, x 500, (4)
Sample 512-11-2, 56-58 cm, x400. 5, 8. Distephanus boliviensis (Frenguelli) Bukry and Foster, 1973, %600, Sample 511-1-4, 15-16 ¢m, (5) a,
basal focus; b, apical focus, (8) a, basal focus; b, apical focus. 6-7. Distephanus crux crux (Ehrenberg) Haeckel, 1887, %600, (6) Sample 511-
2-4, 20-21 cm, (7) Sample 511-3-2, 65-66 cm.
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10a 10b

Plate 11. (All specimens x600.) 1. Distephanus crux crux (Ehrenberg) Haeckel, 1887, Sample 511-4,CC. 2-3, 5-6. Distephanus crux paulii
n.subsp. (2) Sample 511-17,CC, holotype, (3) Sample 511-12-2, 8-10 cm, paratype (a, basal focus; b, apical focus), (5) Sample 511-12-2, 8-10
cm, apical focus, (6) Sample 511-16,CC, paratype (a, basal focus; b, apical focus). 4, 7, 9. Distephanus quinquangellus Bukry and Foster,
1973. (4) Sample 512-2-2, 100-101 cm (a, basal focus; b, apical focus), (7) Sample 511-2-1, 100-101 cm (a, basal focus; b, apical focus), (9) Sam-
ple 511-12-2, 8-10 cm. 8. Distephanus speculum s.|. (Ehrenberg) Haeckel, 1887, Sample 512-9-3, 60-62 cm. 10. Distephanus cf. D. specu-
lum, Sample 512-12,CC (a, basal focus; b, apical focus).
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Plate 12. (All specimens x600.) 1-7. Mesocena apiculata (Schulz) Hanna, 1931 (1) Sample 512-6,CC, (2) Sample 512-7-3, 60-62 cm, (3) Sample
511-1-4, 15-16 cm, (4) Sample 511-6-1, 20-22 c¢m, (5) Sample 511-16,CC, (6) Sample 512-12,CC, (7) Sample 512-6-1, 78-80 cm. 8-10. Meso-
cena oamaruensis Schulz, 1928, (8) Sample 511-2-4, 20-21 cm, (9) Sample 512-18,CC, (10) Sample 512-7-3, 60-62 cm.
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7

Plate 13. (All specimens x600.) 1-9. Mesocena oamaruensis Schulz, 1928 (1) Sample 512-12,CC, (2-3) Sample 512-6,CC, (4) Sample 512-12,CC,
(5) Sample 512-6,CC, aberrant form, (6) Sample 512-13-1, 42-44 cm, (7) Sample 511-3,CC, (8) Sample 512-6,CC, (9) Sample 512-7-3, 60-62 cm.
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Plate 14. (All specimens x600.) 1-2. Mesocena oamaruensis Schulz, 1928, (1) Sample 511-3-2, 65-66 cm, (2) Sample 512-7-3, 60-62 cm  3-8.
Mesocena occidentalis Hanna, 1931, (3) Sample 511-1-4, 15-16 cm, (4) Sample 512-6,CC, (5) Sample 512-12,CC, (6) Sample 512-18,CC, (7) Sam-
ple 512-12,CC, (8) Sample 512-6-1, 78-80 cm. 9-10. Mesocena, aberrant forms, (9) Sample 512-16-2, 15-17 cm, (10) Sample 512-11-1, 74-76
cm. 11-13. Naviculopsis biapiculata (Lemmermann) Frenguelli, 1940, (11) Sample 511-17-2, 80-82 cm, (12) Sample 511-16-3, 19-21 cm, (13)
Sample 511-3-2, 65-66 cm.
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9 12 14

Plate 15. (All specimens x600.) 1-3. Naviculopsis biapiculata (Lemmermann) Frenguelli, 1940, (1,%ample 512A-2-1, 93-94 cm, aberrant form,
(2) Sample 512-8,CC, (3) Sample 512-15-1, 67-69 cm.  4-8. Naviculopsis constricta (Schulz) Frenguelli, 1940, (4) Sample 512-12,CC, (5) Sample
512-11-3, 48-50 cm, (6) Sample 512-8,CC, (7) Sample 512-14,CC, (8) Sample 512-6-1, 78-80 cm. 9-13. Naviculopsis nordica hyalina Bukry,
1976b, (9) Sample 512-12-3, 54-56 cm, side view, (10) Sample 512-11-3, 48-50 cm, (11) Sample 512-11-2, 56-68 cm, (12) Sample 512-14-2, 44-46
cm, (13) Sample 512-18-1, 37-39 cm. 14, Naviculopsis punctilia Perch-Nielsen, 1976, Sample 511-5-1, 5-7 cm.
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Plate 16. (All specimens x600.) 1-7, 10, 12. Naviculopsis foliacea Deflandre, 1950, (1) Sample 512-6-1, 78-80 cm, (2) Sample 512-12-3, 54-56
cm, (3) Sample 512A-2-1, 93-94 cm, (4) Sample 512-17-2, 22-24 c¢m, (5) Sample 512-13-2, 43-45 cm, (6) Sample 512-6-1, 78-80 cm, (7) Sample
512-16-2, 15-17 c¢m, (10) Sample 512-9-3, 60-62 cm, (12) Sample 512-18-1, 37-39 cm. 8, 11. Naviculopsis trispinosa (Schulz) Glezer, 1966, (8)
Sample 511-1-4, 15-16 cm, side view, (11) Sample 511-2-4, 20-21 cm, side view. 9. Naviculopsis, Sample 511-6,CC, aberrant form, (a) oblique
apical view, focus on apical apparatus, (b) oblique apical view, focus on spines.
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Plate 17.  (All specimens with the exception of Figure 8b magnified x 600.) 1-3, 5-9. Dictyocha aita n.sp., Sample 513A-26,CC. (1) a, holotype,
basal focus; b, apical focus, (2) a, paratype, apical view showing wavy apical rods; b, basal view, (3) paratype, oblique apical view of a six-sided
form, (5) Paratype, side view showing basal ring (bottom of photo) and nearly vertical lateral rods joined to form apical apparatus, (6) oblique
apical view, (7) paratype, oblique apical view of a six-sided form, (8) a, basal focus of a five-sided form; b, x 690, apical view showing tubular
structure of the apical apparatus, (9) basal focus of an aberrant five-sided form. 4. Naviculopsis constricta (Schulz) Frenguelli, 1940, Sample
513A-32-1, 5-7 cm, specimen with unusually long spines.

734



MIDDLE EOCENE TO HOLOCENE SILICOFLAGELLATE BIOSTRATIGRAPHY

Plate 18. (All specimens x 600.) 1-5. Cannopilus sphaericus Gemeinhardt, Sample 513A-26,CC, (1) a, basal focus; b, view through basal open-
ing with focus on inside of apical apparatus, (2) basal view showing radial basal spines and accessory spines, (3) oblique basal view showing basal
and accessory spines, (4) side view, (5) a, view through basal opening with focus on inside of apical apparatus; b, basal view. 6. Macrora stella
(Azpeitia) Hanna, 1932. Sample 513A-16-3, 23-25 cm. 7, 8. Macrora barbadensis (Deflandre) Bukry, 1977, (7) Sample 513A-14-6, 46-48 cm,
(8) Sample 513A-16-3, 23-25 cm.
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Plate 19. (All specimens x600.) 1-4, 6. Corbisema archangelskiana (Schulz) Frenguelli, 1940, (1-4) Sample 513A-21-1, 70-72 cm (2, 4, aberrant
forms), (6) Sample 513A-16-3, 23-25 cm. 5, 7-9. Distephanus boliviensis hemisphaericus (Ehrenberg) Bukry, (5) Sample 513A-18-3, 70-72 cm
(a, focus on apical apparatus; b, focus on aberrant basal ring), (7) Sample 513A-18-3, focus on apical apparatus, (8) Sample 513A-14-6, 46-48
c¢m, pentagonal form.
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Plate 20. (All specimens x600.) 1. Corbisema archangelskiana (Schulz) Frenguelli, 1940. Sample 513A-15-3, 119-121 cm. 2, 4-5. Dictyocha
quadria (Mandra) Martini and Miiller, 1976, (2) Sample 513A-17-3, 22-24 cm, (4-5) Sample 513A-21-1, 70-72 cm. 3, 6-8. Mesocena bispicata
n.sp. (3) Sample 513A-26,CC, holotype, (6-8) Sample 513A-26,CC, paratypes.
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