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ABSTRACT

Radiolarians occur in sediments from all northwest Pacific sites drilled on DSDP Leg 86. The oldest radiolarian-
bearing sediment was recovered at Site 581, where middle Miocene radiolarians were found. Site 578 recovered late Mio-
cene through Pleistocene radiolarians, while an early Pliocene through Pleistocene radiolarian assemblage was present
in sediments at Sites 577 and 579. Site 580 contained radiolarians ranging in age from late Pliocene to Pleistocene. Only
Pleistocene radiolarians were preserved in sediments from Site 576.

The onset of Miocene biosiliceous sedimentation in the northwest Pacific is not synchronous, but is dependent upon
the time when each specific site exited from the low-productivity central gyre into what appears to be a preexisting,
high-productivity gyre-margin region. During this Neogene and Quaternary period of biosiliceous sedimentation in the
northwest Pacific, radiolarian productivity increased throughout the early and middle late Pliocene, reaching a maxi-
mum between 2.3 and 2.4 m.y. ago. Early Pleistocene productivity levels are lower than late Pliocene values, with indi-
cations of minor pulses in the early, middle, and latest Pleistocene.

INTRODUCTION
Deep Sea Drilling Project (DSDP) Leg 86 drilled 11

holes at six sites in the northwest Pacific (Table 1, Fig.
1). The six sites were positioned so that the radiolarians
preserved in the sediments from these sites reflected Mi-
ocene through Pleistocene conditions in the northwest
Pacific along a transect across the Subarctic Convergence,
with its end members centered in the southern subarctic
gyre and the central subtropical gyre.

Although investigators (Kling, 1971; Ling, 1973; Fore-
man, 1973a; Foreman, 1975; Ling, 1980; Sakai, 1980; Rey-
nolds, 1980; Schaaf, 1981) have reported on radiolarians
in sediments from earlier northwest Pacific DSDP Legs
(6, 19, 20, 32, 55, 56, 57, and 62), the sites drilled dur-
ing Leg 86 represent the first time that sediments from
this region have been recovered using the hydraulic pis-
ton corer. This technique was utilized at all sites except
Site 581, where sediments were recovered using the rota-
ry drill. The relatively undisturbed sediment sequences
from these various sites provide a rigorous test of the si-
liceous faunal biostratigraphy for the North Pacific first
proposed by Hays (1970) and then modified by Foreman
(1975).

Radiolarians occur at all sites drilled on Leg 86. At
Site 581, radiolarians range in age from middle Miocene
to Pleistocene. Site 578 contains radiolarians character-
istic of the late Miocene through Pleistocene. Radiolari-
ans of early Pliocene to Pleistocene age are present at
Sites 577 and 579. A late Pliocene to Pleistocene radio-
larian assemblage is found in sediments at Site 580. Ra-
diolarians at Site 576 are limited to the Pleistocene.

Table 1. Coordinates and water depths of
DSDP Leg 86 sites.

Hole

576
576A
576B
577
577A
577B
578
579
579A
580
581

Latitude

32°
32°
32°
32°
32°
32°
33°
38°
38°
41°
43°

21.36'
21.38'
21.37'
26.51'
26.53'
26.48'
55.56'
37.68'
37.61'
37.47'
55.62'

N
N
N
N
N
N
N
N
N
N
N

Longitude

164°16.54'E
164°16.52'E
164°16.52'E
157°43.40'E
157°43.39'E
157°43.39'E
151°37.74'E
153°5O.17'E
153°50.28'E
153°58.58'E
159°47.76'E

Water
depth (m)

6217
6217
6217
2675
2675
2675
6010
5737
5737
5375
5476

Heath, G. R., Burckle, L. H., et al., Init. Repts. DSDP, 86: Washington (U.S. Govt.
Printing Office).

2 Address: Lamont-Doherty Geological Observatory of Columbia University, Palisades,
NY 10964.

PROCEDURES AND ANALYSES
Up to three samples were taken per core for biostratigraphic analy-

sis. After disaggregation, the sample was sieved at 63 µm. The coarse
fraction from sediments at Sites 576 and 577 was strewn on slides. The
greater than 63 µm fraction from Sites 578, 579, 580, and 581 was ran-
domly settled onto slides following the technique described by Moore
(1973).

Radiolarian preservation is indicated for samples taken at Sites 577
through 581 (Tables 2-6) with abbreviations defined as follows: G (good),
signifying that more than half of the specimens are unbroken with
minimal dissolution; M (moderate), denoting breakage in more than
half the specimens and/or some degree of dissolution; and P (poor),
meaning that most specimens were fragmented and/or exhibited a
high degree of dissolution. Because samples from Sites 578 through
581 were dried and weighed prior to disaggregation, and slides pre-
pared using the random settling technique, it is possible to calculate
the relative abundance of radiolarians per gram of sediment. The abun-
dance values in Tables 3 through 6 are rounded to the nearest thousand
radiolarians per gram.

The relative abundance of individual species given in Tables 2
through 6 is based on examination of a minimum of 500 radiolarians
per sample with abbreviations defined as follows: r, very rare (0.01-
0.10%); R, rare (0.11-1.0%); F, few (1.1-10.0%); C, common (10.1-
30.0%); +, one or two specimens present; —, specimens sought but
not found.
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Figure 1. Location of DSDP Leg 86 sites.
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BIOSTRATIGRAPHIC FRAMEWORK

The radiolarian zonation proposed by Foreman (1975)
was applied to the radiolarian assemblage in the Pliocene
through Pleistocene sediment sequence recovered during
Leg 86. For the middle to late Miocene radiolarian se-
quences, the zonation defined by Riedel and Sanfilippo
(1978) was appropriate for the radiolarian fauna present.
The sites drilled on this leg spanned a wide geographic
area of the northwest Pacific, sampling a subtropical to
subarctic fauna. Even so, this stratigraphic zonation, with
its various datum levels, was easily applied to the sedi-
ment sequence from each hole, providing a uniform bio-
stratigraphic framework. The definitions of these zones
are as follows:
Botryostrobus aquilonaris Zone, Hays, 1970

The base is defined by the presence of Botryostrobus aquilonaris
{-Eucyrtidium tumidulum of Hays, 1970; = Artostrobium mira-
lestense of Kung, 1973; = Artostrobium tumidulum of Foreman,
197:5) and the absence of Stylatractus universus ( = Axoprunum
angelium of Foreman, 1975). The age of the base of this zone is
0.425 m.y. based on the estimated age of the upper limit of Styla-
tractus universus (Hays and Shackleton, 1976; Morley and Shack-
leton, 1978).

Stylatractus universus Zone, Hays, 1970
The base of this zone is defined by the extinction of Eucyrtidium
matuyamai and the top by the upper limit of Stylatractus univer-
sus. The age range of this zone is from 0.97 to 0.425 m.y.

Eucyrtidium matuyamai Zone, Hays, 1970, emend. Foreman, 1973a
This zone is defined by the range of Eucyrtidium matuyamai and
spans the period from 1.88 to 0.97 m.y.

Lamprocyrtis heteroporos Zone, Hays, 1970, emend. Foreman, 1975
The base of this zone is marked by the extinction of Stichocorys
peregrina, and the top is defined by the earliest evolutionary ap-
pearance of Eucyrtidium matuyamai. The zone ranges in age from
2.85 to 1.88 m.y.

Sphaeropyle langii Zone, Foreman, 1975
The base is defined as the first morphological appearance of Sphae-
ropyle langii, and the top is marked by the upper limit of Stichoco-
rys peregrina. The age range of this zone is from 4.40 to 2.85 m.y.

Stichocorys peregrina Zone, Riedel and Sanfilippo, 1970, emend. Fore-
man, 1975

The base is defined by the first evolutionary appearance of Sticho-
corys peregrina and the top by the earliest morphological appear-
ance of Sphaeropyle langii. This zone spans the time interval from
6.20 to 4.40 m.y.

Didymocyrtis penultima Zone, Riedel and Sanfilippo, 1970
The base is defined by the first evolutionary appearance of Didy-
mocyrtis penultima (= Ommatartus penultimus of Riedel and San-
filippo, 1970) and the top by the first evolutionary appearance of
Stichocorys peregrina. The age range of this zone is from 7.90 to
6.20 m.y.

Didymocyrtis antepenultima Zone, Riedel and Sanfilippo, 1970,
emend. Riedel and Sanfilippo, 1978

The base of this zone is defined by the earliest evolutionary ap-
pearance of Didymocyrtis antepenultima (= Ommatartus antepe-
nultimus of Riedel and Sanfilippo, 1970), and the top is marked by
the first evolutionary appearance of Didymocyrtis penultima. This
zone spans the time interval from 10.80 to 7.90 m.y.

Diartus petterssoni Zone, Riedel and Sanfilippo, 1970, emend. Riedel
and Sanfilippo, 1978

The base of this zone is marked by the earliest morphologic ap-
pearance of Diartus petterssoni (= Cannartus petterssoni of Riedel
and Sanfilippo, 1970). The top of this zone is defined by the first
evolutionary appearance of Didymocyrtis antepenultima. The age
range of this zone is from 12.50 to 10.80 m.y.

Dorcadospyris alata Zone, Riedel and Sanfilippo, 1970, emend. Rie-
del and Sanfilippo, 1971

The base of this zone is marked by the first evolutionary appear-
ance of Dorcadospyris alata, and the top is delineated by the earli-
est morphologic appearance of Diartus petterssoni. This zone spans
the time interval from 15.25 to 12.50 m.y.

RADIOLARIAN SITE SUMMARIES

Site 576

At Site 576, located between the Shatsky Rise and
Emperor Seamounts, sediments from three holes (576,
576A, 576B) were recovered using the hydraulic piston
corer. Moderately well-preserved late Pleistocene radio-
larians are present in the upper few meters of the pelagic
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clay sequence. The topmost sediments in each of the three
holes contain a fauna characteristic of the Botryostro-
bus aquilonaris Zone, with fauna in the underlying sedi-
ments in Core 1 belonging to the Stylatractus universus
Zone. Although radiolarians are present in Core 2 from
all three holes, the low abundance and poor preservation
prevented precise age determination. Radiolarians were
absent from sediments in all three holes below Core 2 ex-
cept for Hole 576 which contained traces of a Pleisto-
cene(?) fauna in Core 3 (Sample 576-3,CC) and an Up-
per Cretaceous(?) fauna in a thin calcareous sequence in
Core 8 (Sample 576-8,CC).

Site 577
The three holes (577, 577A, 577B) drilled at Site 577

sampled a calcareous sequence on the western flank of
the Shatsky Rise. Radiolarians are present in only the
first six cores from Holes 577 (Table 2) and 577A. The
well-preserved fauna in the uppermost sediments from
Core 1 is representative of the late Pleistocene Botryo-
strobus aquilonaris Zone. The remainder of Core 1 con-
tains a fauna characteristic of the Stylatractus universus
Zone. Core 2 through the middle of Core 3 contains good
to poorly preserved early Pleistocene radiolarians of the
Eucyrtidium matuyamai Zone. Some difficulty was en-
countered in locating the base of this zone in Holes 577
and 577A because of the very low abundance of E. ma-
tuyamai in Core 3. Radiolarians are moderately to poor-
ly preserved in Cores 4 through 6. Late Pliocene radio-
larians of the Lamprocyrtis heteroporos Zone are present
in sediments from the lower portion of Core 3 through
the upper half of Core 4. The remainder of Core 4 through
Core 5 contains middle Pliocene radiolarians belonging
to the Sphaeropyle langii Zone, with the early Pliocene
fauna in Core 6 characteristic of the Stichocorys pere-
grina Zone.

Site 578
Hole 578, located west of the Shatsky Rise, sampled

a thick pelagic clay sequence overlying Cretaceous chert
and chalk. The gray to brown clays in the upper 120 m
of sediment (Cores 1-14) contain radiolarians (Table 3).
Radiolarians are not present in the dark brown clays and
chert in Cores 15 through 20.

Preservation of the Pleistocene radiolarians in the up-
permost sediments from the first eight cores varies from
good to poor. Fauna characteristic of the Botryostrobus
aquilonaris Zone is present in sediments from the tops
of Cores 1 through 3, with the latest occurrence of Sty-
latractus universus in Sample 578-3-2, 50-51 cm, mark-
ing the bottom of this zone (level of datum based on more
extensive sampling than shown in Table 3). The remain-
der of Core 3 and the uppermost sediments in Cores 4
and 5 contain radiolarians representative of the S. uni-
versus Zone. The presence of Eucyrtidium matuyamai
in sediments at the tops of Cores 6, 7, and 8 indicates
that the fauna in these sediments is early Pleistocene in
age, belonging to the E. matuyamai Zone.

The fauna in the remainder of Core 8 is characteristic
of the late Pliocene Lamprocyrtis heteroporos Zone. The

top of the Sphaeropyle langii Zone is located between
Samples 578-8,CC and 578-10-1, 10-11 cm, as marked
by the latest occurrence of Stichocorys peregrina. The
boundary between early and late Pliocene, defined by the
upper limit of S. delmontensis, occurs within Core 10,
with the remainder of Core 11 and the top of Core 12
containing fauna indicative of the middle to lower Sphae-
ropyle langii Zone. Although not delineated by any sili-
ceous faunal marker, the magnetostratigraphy shows that
the Miocene/Pliocene boundary occurs near the base of
Core 12 (see Site 578 chapter, this volume). Late Mio-
cene radiolarians representative of the Stichocorys pere-
grina Zone are present in sediments from Core 13 and
the top of Core 14.

Site 579
Located at the southern limit of the transition zone

between subtropical and subarctic gyres, Site 579 con-
tains radiolarians throughout its 150 m of siliceous clays
and oozes (Table 4). Radiolarians are well to moderately
preserved in late Pliocene through Pleistocene sediments
and moderately to poorly preserved in early Pliocene sed-
iments.

The fauna in Hole 579 and in the uppermost sedi-
ment from Core 1 in Hole 579A is indicative of the Bot-
ryostrobus aquilonaris Zone. The top of the Stylatrac-
tus universus Zone, as marked by the upper limit of S.
universus, occurs between Samples 579A-1-3, 145-147
cm and 579A-1-4, 5-7 cm (based on more extensive sam-
pling than shown in Table 4). Radiolarians present in sed-
iments from Core 2 from Hole 579A are also representa-
tive of this zone. The Eucyrtidium matuyamai Zone ex-
tends from the lower portion of Core 3 through at least
the bottom of Core 5 based on the occurrence of E. ma-
tuyamai throughout this sediment sequence. Sediments
in Cores 6 through 8 from Hole 579A contain a radio-
larian fauna characteristic of the Lamprocyrtis hetero-
poros Zone, with the bottom of this zone marked by the
latest occurrence of Stichocorys peregrina located be-
tween Samples 579A-8,CC (25-27 cm) and 579A-9,CC
(5-7 cm). The upper limit of S. delmontensis occurs be-
tween Samples 579A-10,CC (15-17 cm) and 579A-11,CC
(5-7 cm), indicating that the boundary between early
and late Pliocene is located within Core 11. Radiolari-
ans in sediments in Cores 9 through 12 from Hole 579A
are representative of the Sphaeropyle langii Zone, while
Cores 13 through 15 from Hole 579A contain an early
Pliocene radiolarian fauna belonging to the Stichocorys
peregrina Zone.

Site 580
At Site 580, located near the present-day subarctic

front, sediments were recovered to a sub-bottom depth
of 155 m. The radiolarians that are present throughout
the siliceous clay to clayey diatom ooze sediment sequence
are well to moderately preserved (Table 5).

The first three cores contain a late Pleistocene radio-
larian fauna representative of the Botryostrobus aquilo-
naris Zone. Examination of closely spaced samples from
Cores 4 through 7 (not all shown in Table 5) shows that
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Table 2. Abundances of some radiolarians from Hole 577.

Epoch

Pleistocene

Pliocene

Zone

B. aquilonaris

S. universus

E. matuyamai

L. heteroporos

S. langii

S. peregrina

Core-Section
(interval in cm)

1-1, 5-6

1-3, 65-66
1,CC

2-4, 63-64
2.CC
3-4, 67-68

3,CC
4-4, 25-26

4,CC
5-3, 70-71
5.CC

6-4, 57-58
6,CC
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Table 3. Abundances of some radiolarians from Hole 578.

Epoch Zone
Core-Section

(interval in cm)

Radiolarian
abundance
(thousands
per gram

of sediment)
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Note: Cores 15-20 are barren of radiolaria. See Procedures and Analyses for explanation of entries.
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Table 4. Abundances of some radiolarians from Holes 579 and 579A.

Epoch

Pleistocene

Pliocene

Zone

B. aquilonaris

E. matuyamai

L. heteroporos

S. langii

S. peregrina

Core-Section

(interval in cm)

Hole 579

1-1, 4-6
1,CC (16-18)
2.CC (11-13)

Hole 579A

1-1, 5-7

l.CC (17-19)
2-7, 42-49

3.CC (4-6)
4.CC (10-12)
5-6, 126-128

6.CC (15-17)
7-6, 70-72
8.CC (25-27)

9.CC (5-7)
10.CC (15-17)
l l ,CC(5-7)
12.CC (23-25)

13.CC
14.CC
15.CC

Radiolarian
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(thousands
per gram

of sediment)
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Table 5. Abundances of some radiolarians from Hole 580.

Epoch

Pleistocene

Pliocene

Zone

S. universus

L. heteroporos

Core-Section
(interval in cm)

1-1, 3-5
1,CC (5-7)
2,CC (5-7)
3-6, 105-107

4,CC (20-22)
5,CC (30-32)
6,CC (26-28)

7-6, 5-7
8,CC (30-32)
9,CC (35-37)
10,CC (35-37)

11,CC (20-22)
12.CC (10-12)
13.CC (5-7)
14.CC (5-7)
15.CC (5-7)

16-6, 120-122
17.CC (13-15)

Radiolarian
abundance
(thousands
per gram

of sediment)

52
20
12
18

21
15
23

12
16
32
39

34
40
61
37
47

44
40
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the upper limit of Stylatractus universus occurs between
Samples 580-4-1, 65-67 cm and 580-4-1, 95-97 cm, with
the upper limit of Eucyrtidium matuyamai occurring be-
tween Samples 580-7-2, 5-7 cm and 580-7-2, 35-37 cm.
These two biostratigraphic datum levels define the top
and bottom of the 5. universus Zone. The first occur-
rence of E. matuyamai is found in the uppermost sam-
ple from Core 11 (Sample 580-11-1, 10-11 cm, based on
more extensive sampling than shown in Table 5), indi-
cating that the early Pleistocene E. matuyamai Zone ex-
tends from Core 7 through Core 10. Fauna characteris-
tic of the late Pliocene Lamprocyrtis heteroporos Zone
is present in Cores 11 through 15, with the bottom of
this zone coinciding with the latest occurrence of Sti-
chocorys peregrina located between Samples 580-15, CC
(5-7 cm) and 580-16-6, 120-122 cm. The radiolarians in
sediments from Cores 16 and 17 are representative of
the Sphaeropyle langii Zone. The absence of Stichoco-
rys delmontensis from the oldest sediment recovered from
Hole 580 in conjunction with the magnetostratigraphy
indicates that drilling terminated above the biostratigra-
phic and paleomagnetic boundary between early and
late Pliocene.

Site 581
Site 581 was selected to sample siliceous sediments in

a high-deposition subarctic setting. Radiolarians with
various states of preservation are preserved in Neogene
and Quaternary siliceous clay sediments from this site
(Table 6).

The echo character of the seismic profiles from this
site suggests that the uppermost sediment may represent
a debris-flow deposit. Although a mixed fauna was not
detected in Core 1 collected at the mudline, the radiolar-
ians present throughout this core are characteristic of the
Stylatractus universus Zone, indicating that either latest
Pleistocene sediments containing fauna of the Botryo-
strobus aquilonaris Zone were not deposited at this site
or these younger sediments were reworked into older late
Pleistocene sediments as a result of some bottom-current
process. Because of the overall high Neogene and Qua-
ternary siliceous sedimentation rates and the nature of
the seismic profiles at this site, the latter hypothesis ap-
pears more plausible. Because of time constraints no sed-
iment was recovered from approximately the next 181m
of sediment. Continuous rotary drilling commenced at
a sub-bottom depth of 181.5 m. Fauna in the uppermost
sediments from Core 2 (Sample 581-2-1, 10-12 cm) is
representative of the early Pliocene marked by the pres-
ence of Stichocorys delmontensis and Sphaeropyle lan-
gii. Likewise, the radiolarians present in the remainder
of Core 2 are characteristic of the early Pliocene S. lan-
gii Zone. The sediment sequence from Core 3 through
the top of Core 5 contains a fauna characteristic of the
Stichocorys peregrina Zone. The fauna in the remainder
of Core 5 through the top of Core 6 is representative of
the Didymocyrtis penultima Zone. The Didymocyrtis
antepenultima Zone extends throughout most of Core 6
into the upper portion of Core 7, with the radiolarians
in the remainder of Core 7 into the top of Core 8 indica-
tive of the Diartus petterssoni Zone. The fauna in most
of Core 8 and in that portion of Core 9 where radiolar-

ians are present is characteristic of the Dorcadospyris
alata Zone.

STRATIGRAPHIC AND GEOGRAPHIC
RADIOLARIAN RANGES

A complete stratigraphic range chart for selected Ne-
ogene and Quaternary radiolarians in sediments from Sites
577 through 581 is shown in Figure 2. The high recovery
rate and quality of radiolarian preservation at the various
sites drilled during Leg 86 make it possible to examine
various biostratigraphic datum levels across a broad lati-
tudinal band (~ 12°). These analyses are summarized as
follows:

1. The last abundant appearance of Lychnocanoma
grande occurs near the top of the Botryostrobus aqui-
lonaris Zone. Analyses of the correlation of this datum
level with the relative abundance pattern of Cycladophora
davisiana at closely spaced sample intervals at Sites 579
and 580 (not all shown in Tables 4 and 5) shows that this
event is synchronous in this region.

2. Correlation of the latest occurrence of Druppa-
tractus acquilonius with the relative abundance pattern
of C. davisiana at closely spaced sample intervals at Sites
579 and 580 (not all shown in Tables 4 and 5) indicates
that this datum is synchronous in this region, occurring
just above the base of the B. aquilonaris Zone.

3. Based on correlation with the relative abundance
pattern of C. davisiana and specific ash layers in sedi-
ments from Sites 579 and 580 (not all samples shown in
Tables 4 and 5), the latest occurrence of Stylatractus uni-
versus appears to be synchronous throughout the region,
confirming the results reported by Hays and Shackleton
(1976) and Morley and Shackleton (1978).

4. Examination at closely spaced sample intervals at
Sites 579 and 580 (not all shown in Tables 4 and 5) indi-
cates that the latest occurrence of Eucyrtidium matu-
yamai occurs just above the base of the Jaramillo Sub-
chronozone. Although samples were not taken at close
intervals at Sites 577 or 578, the preliminary findings
from these sites are in agreement with those from Sites
579 and 580, indicating that this event is synchronous
throughout the northwest Pacific.

5. Because of the scarcity of E. matuyamai and close
morphological characteristics to E. calvertense at the time
of its first appearance, it is difficult to define the first
occurrence of E. matuyamai as precisely as the previous
four biostratigraphic markers. Detailed analyses at Sites
579 and 580 (not all samples shown in Tables 4 and 5),
however, indicate that this datum level occurs within the
Olduvai Subchronozone, which is in agreement with the
previous findings of Hays (1970) and Kellogg and Hays
(1975). Preliminary analyses of this species throughout
its range indicate that the mean shell width of this as-
semblage is smallest in the southernmost site (Site 578)
and largest in the northernmost site (Site 580). Hays
(1970) first suggested that such a trend existed from his
analyses of samples from several lower-sedimentation-
rate cores in the North Pacific.

6. Pterocanium prismatium was present in samples
from Holes 577, 578, and 580. The latest occurrence of
JR prismatium in Hole 577 is located between Samples
577-3-4, 67-68 cm and 577-3,CC. The Pliocene/Pleisto-
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Table 6. Abundances of some radiolarians from Hole 581.

Note: Cores 10-11 are barren of radiolaria. See Procedures and Analyses for explanation of entries.



oo

3 a
-Q Qi

€ •£

Botryostrobus aquilonaris Zone

Stylatractus universus Zone

Eucyrtidium matuyamai Zone

Lamprocyrtis heteroporos Zone

Sphaeropyle langii Zone

Stichocorys peregrina Zone

n

r

S> . 1

Didymocyrtis penultima Zone

Didymocyrtis antepenultima Zone

Diartus petterssoni Zone

Dorcadospyris alata Zone

Figure 2. Range chart for Neogene and Quaternary radiolarians from DSDP Leg 86 sites.



RADIOLARIANS

cene boundary based on magnetostratigraphy occurs in
the middle of Core 3. At Site 578, the latest occurrence
of P. prismatium is positioned less than a meter above
the top of the Olduvai Subchronozone (Pliocene/Pleis-
tocene boundary). This biostratigraphic marker occurs
between Samples 580-9,CC (35-37 cm) and 58O-1O,CC
(35-37 cm) in sediments from Hole 580, with the Oldu-
vai Subchronozone spanning the lower 6 m of Core 10
through the top meter of Core 11. These data show that
P. prismatium ranges as far north as 42 °N latitude in
the Pacific and that although very rare in abundance, its
upper limit occurs near the Pliocene/Pleistocene bound-
ary based on magnetostratigraphy.

7. At most sites drilled on Leg 86, the latest occur-
rence of Lamprocyrtis heteroporos was recorded near the
top of the early Pleistocene Eucyrtidium matuyamai Zone.

8. Based on examination of samples at closely spaced
intervals at Sites 579 and 580 (not all shown in Tables 4
and 5), the first occurrence of Cycladophora davisiana
occurs in the upper Gauss Chronozone near the base of
the Lamprocyrtis heteroporos Zone approximately 2.7
m.y. ago.

9. Preliminary analyses indicate that Lamprocyrtis
neoheteroporos ranges from the upper third of the L.
heteroporos Zone through the lower two-fifths of the
Stylatractus universus Zone. A similar range for this spe-
cies in sediments from this region was reported by Fore-
man (1975).

10. At the sites where Theocorythium trachelium tra-
chelium was present in high enough abundances (Sites
577, 578, 579), the first occurrence of this species was
detected at or near the base of the L. heteroporos Zone,
which is in agreement with analyses reported by Fore-
man (1975).

11. The latest occurrence of Stichocorys peregrina was
well documented in sediment sequences from all sites dril-
led during Leg 86 except Site 576 where radiolarians were
not present in sediments older than Pleistocene. This event
serves as an easily recognizable boundary between the
bottom of the Lamprocyrtis heteroporos Zone and the
top of the Sphaeropyle langii Zone throughout the north-
west Pacific.

12. The latest occurrence of Stichocorys delmonten-
sis coincides with both the Gilbert/Gauss magnetic po-
larity boundary and the early /late Pliocene boundary.
This event is easily identified in samples from sites drilled
on Leg 86 which contained siliceous sediments of this
age (Sites 577, 578, 579).

13. The first occurrence of Lamprocyrtis heteroporos
occurs near the base of the Sphaeropyle langii Zone.

14. Although the first occurrence of Sphaeropyle lan-
gii as registered in sediments from Sites 577, 578, 579,
and 581 assisted in defining the top of the Stichocorys
peregrina Zone, it was difficult at times to distinguish
this species from others, such as Sphaeropyle robusta.
The low abundance of this species in some samples made
it difficult to identify the boundary between the Sticho-
corys peregrina Zone and the Sphaeropyle langii Zone.

15. At Site 581, the range of Didymocyrtis penulti-
ma was used to delineate the D. penultima Zone.

16. The range of D. antepenultima was used to de-
fine the D. antepenultima Zone at Site 581.

17. At Site 581, the ranges of Diartuspetterssoni and
Didymocyrtis laticonus were used to define the Diartus
petterssoni Zone.

18. Preliminary analyses of samples from Site 581 in-
dicate that the latest occurrence of Cyrtocapsella japon-
ica occurred somewhere within the Diartus petterssoni
Zone. This agrees with results from DSDP sites near Ja-
pan reported by Sakai (1980).

19. Results from Site 581 agree with that reported by
Sakai (1980), placing the latest occurrence of C. tetrape-
ra and C. cornuta in the upper half of the Dorcadospy-
ris alata Zone.

PALEOCEANOGRAPHY
One of the major objectives of Leg 86 was to deter-

mine whether the initiation of significant biosiliceous
accumulation in the Neogene was synchronous or tran-
sitional at the four sites roughly aligned along a north-
south transect (Sites 578, 579, 580, and 581) in the north-
west Pacific. Although the hydraulic piston core did not
penetrate deep enough to recover sediments recording
this event at Sites 579 and 580, the onset of biosiliceous
sedimentation in the northwest Pacific was recovered in
sediments at the southernmost (Site 578) and northern-
most (Site 581) sites. At Site 578, biosiliceous sedimen-
tation commenced in the late Miocene with earliest radi-
olarian fauna characteristic of the Stichocorys peregrina
Zone, whereas at Site 581, biosiliceous sedimentation
began in the middle Miocene with the oldest Neogene
radiolarians representative of the Dorcadospyris alata
Zone. Therefore, the initiation of Miocene biosiliceous
sedimentation in the northwest Pacific as recorded in
sediments along this north-south transect marks the time
when each specific site exited from the low-productivity
central gyre and moved into the preexisting high-pro-
ductivity belt at the gyre margins.

Within the period of biosiliceous sedimentation re-
corded in sediments from the northwest Pacific, a rela-
tive measure of radiolarian productivity can be acquired
from calculations of the number of radiolarians per gram
of sediment. This value was computed in samples from
Sites 578, 579, 580, and 581 (Tables 3 through 6). From
comparison of these numbers in each of the holes, re-
gional pulses and/or trends in radiolarian productivity
can be detected. Specifically, Sites 579 and 580 record a
nearly continuous increase in productivity through the
early and middle portion of the late Pliocene coincident
with the Gauss Chronozone. This trend toward increas-
ing radiolarian productivity levels reaches a maximum
early in the Matuyama Chronozone between 2.3 and
2.4 m.y. ago. Radiolarian productivity decreases from
these high late Pliocene values, remaining relatively low
throughout the early Pleistocene at Sites 578, 579, and
580. Late Pleistocene biosiliceous productivity is some-
what higher than that recorded for the early Pleistocene,
with indications of minor productivity increases in the
early, middle, and latest Pleistocene.

SYSTEMATICS

The classification scheme is adapted from Riedel and Sanfilippo
(1977) with minor variations following Hays (1970) and Nigrini and
Moore (1979). Minimal synonomies of taxa are presented with restric-
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tion to original description and those that reflect current usage. Spe-
cies arranged alphabetically by family.

Subclass RADIOLARIA Müller 1858
Superorder POLYCYSTINA Ehrenberg 1838, emend. Riedel 1967b

Order SPUMELLARIA Ehrenberg 1875
Family ACTINOMMIDAE Haeckel 1862, emend. Riedel 1967b

Subfamily ACTINOMMIDAE Haeckel 1862, emend.
Petrushevskaya and Kozlova, 1972

Genus ACTINOMMA Haeckel 1860, emend. Nigrini 1967

Actinomma medianum Nigrini
(Plate 1, Figs. 4A, 4B)

Actinomma medianum Nigrini, 1967, p. 27, pl. 2, figs. 2a, 2b; 1970,
p. 167, pl. 1, fig. 10; Nigrini and Moore, 1979, p. S31, pl. 3, figs.
5, 6.

Genus DRUPPATRACTUS Haeckel 1887

Druppatractus acquilonius Hays
(Plate 4, Figs. 1A, IB)

Druppatractus acquilonius Hays, 1970, p. 214, pl. 1, figs. 4, 5.
Stylacontarium acquilonium (Hays), Kling, 1973, p. 634, pl. 1, figs.

17-20, pl. 14, figs. 1-4; Ling, 1973, p. 777, pl. 1, figs. 6, 7.
Remarks: Although most recent studies place this species in the ge-

nus Stylacontarium, this chapter used the original genus description
given by Hays.

Genus SPHAEROPYLE Dreyer 1889

Sphaeropyle langii Dreyer
(Plate 5, Figs. 3A, 3B)

Sphaeropyle langii Dreyer, 1889, p. 13, pl. 4, fig. 54; Kling, 1973, p.
634, pl. 1, figs. 5-10, pl. 13, figs. 6-8; Foreman, 1975, p. 618, pl.
9, figs. 30, 31.

Sphaeropyle robusta Kling emend. Foreman
(Plate 5, Figs. 4A, 4B)

Sphaeropyle robusta Kling, 1973, p. 634, pl. 1, fig. 12, pl. 6, figs. 6-
13; Foreman, 1975, p. 618, pl. 9, figs. 24-26.

Genus STYLATRACTUS Haeckel 1887

Stylatractus universus Hays
(Plate 4, Figs. 2A, 2B)

Stylatractus sp. Hays, 1965, p. 167, pl. I, fig. 6.
Stylatractus universus Hays, 1970, p. 215, pl. 1, figs 1, 2; Kling, 1971,

p. 1086, pl. 1, fig. 6.
Axoprunum angelinum (Campbell and Clark), Kling, 1973, p. 634, pl.

1, figs. 14-17; Ling, 1973, p. 777, pl. 1, figs. 1-4; Foreman, 1975,
p. 618, pl. 9, figs. 28, 29; Sakai, 1980, p. 704, pl. 2, figs, la, lb.
Remarks: Although most recent studies place this species in the ge-

nus Axoprunum, this chapter used the genus designation of Hays 1970.

Subfamily ARTISCINAE Haeckel 1881, emend. Riedel 1967b
Genus DIARTUS Sanfilippo and Riedel 1980

Diartus hughesi (Campbell and Clark)
(Plate 8, Figs. 3A, 3B)

Ommatocampe hughesi Campbell and Clark, 1944, p. 23, pl. 3, fig.
12.

Ommatartus hughesi (Campbell and Clark), Riedel and Sanfilippo,
1970, p. 521; Kling, 1973, p. 634, pl. 7, fig. 6; Foreman, 1975, p.
619, pl. 8, fig. 3; Sakai, 1980, p. 708, pl. 4, figs. 3a, 3b.

Diartus hughesi (Campbell and Clark), Sanfilippo and Riedel, 1980,
p. 1010, pl. 1, fig. i.

Diartus petterssoni (Riedel and Sanfilippo)
(Plate 8, Figs. 4A, 4B)

Cannartusf?) petterssoni Riedel and Sanfilippo, 1970, p. 520, pl. 14,
fig. 3; Kling, 1973, p. 634, pl. 7, fig. 8; Sakai, 1980, p. 705, pl. 4,
figs. 4a, 4b, 6a, 6b, 7a, 7b.

Diartus petterssoni (Riedel and Sanfilippo), Sanfilippo and Riedel,
1980, p. 1010, pl. 1, fig. h.

Genus DIDYMOCYRTIS Haeckel 1860

Didymocyrtis antepenultima (Riedel and Sanfilippo)
(Plate 8, Fig. 2)

Ommatartus antepenultimus Riedel and Sanfilippo, 1970, p. 521, pl.
14, fig. 14; Westberg and Riedel, 1978, p. 22, pl. 2, figs. 4, 5; Sa-
kai, 1980, p. 708, pl. 3, figs. 3a, 3b.

Didymocyrtis antepenultima (Riedel and Sanfilippo), Sanfilippo and
Riedel, 1980, p. 1010.

Didymocyrtis laticonus (Riedel)
(Plate 8, Fig. 5)

Cannartus laticonus Riedel, 1959, p. 291, pl. 1, fig. 5; Westberg and
Riedel, 1978, p. 20, pl. 2, figs. 1-3.

Didymocyrtis laticonus (Riedel), Sanfilippo and Riedel, 1980, p. 1010,
pl. 1, fig. e.

Didymocyrtis penultima (Riedel)
(Plate 8, Fig. 1)

Panarium penultimum Riedel, 1957, p. 76, pl. 1, fig. 1
Ommartartus penultimus (Riedel), Westberg and Riedel, 1978, p. 22,

pl. 2, figs. 6-8; Sakai, 1980, p. 708, pl. 3, figs. 3a, 3b, 4a, 4b, 5a,
5b.

Didymocyrtis penultima (Riedel), Sanfilippo and Riedel, 1980, p. 1010,
pl. 1, fig. f.

Didymocyrtis tetrathalamus (Haeckel)
(Plate 1, Figs. 2A, 2B)

Panartus tetrathalamus Haeckel, 1887, p. 378, pl. 40, fig. 3.
Ommatartus tetrathalamus (Haeckel), Riedel and Sanfilippo, 1971, p.

1588, pl. 1C, figs. 5-7; Sakai, 1980, p. 708, pl. 3, figs, la, lb .
Didymocyrtis tetrathalamus (Haeckel), Sanfilippo and Riedel, 1980,

p. 1010, pl. 1, fig. g.

SubfamUy SATURNALINAE Deflandre 1953
Genus SATURN AUS Haeckel 1881, emend. Nigrini 1967

Saturnalis circularis Haeckel
(Plate 3, Fig. 1)

Saturnalis circularis Haeckel, 1887, p. 131; Nigrini, 1967, p. 24, pl. 1,
fig. 9; Kling, 1973, p. 634, pl. 1, figs. 21-25, pl. 7, figs. 1-5; Ling,
1973, p. 777, pl. 1, fig. 5; Sakai, 1980, p. 709, pl. 6, fig. 14.

Family LITHELIIDAE Haeckel 1862
Genus LARCOSPIRA Haeckel 1887

Larcospira quadrangula Haeckel
(Plate 3, Fig. 9)

Larcospira quadrangula Haeckel, 1887, p. 696, pl. 49, fig. 3; Benson,
1966, p. 266, pl. 18, figs. 7, 8; Nigrini and Moore, 1979, p. S133,
pl. 17, fig. 2.

Family PHACODISCIDAE Haeckel 1881
Genus HELIODISCUS Haeckel 1862, emend. Nigrini 1967

Heliodiscus asteriscus Haeckel
(Plate 3, Fig. 8)

Heliodiscus asteriscus Haeckel, 1887, p. 445, pl. 33, fig. 8; Nigrini,
1967, p. 32. pl. 3, figs, la, lb; Nigrini and Moore, 1979, p. S73,
pl. 9, figs. 1, 2.

Family SPONGODISCIDAE Haeckel 1862, emend. Riedel 1967b
Genus EUCHITONIA Ehrenberg 1860, emend. Nigrini 1967

Euchitonia sp.
(Plate 2, Fig. 3)

Euchitonia elegans (Ehrenberg), Nigrini, 1967, p. 39, pl. 4, figs. 2a,
2b; Nigrini and Moore, 1979, p. S83, pl. 11, figs, la, lb.
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Euchitonia furcata Ehrenberg, 1872a, p. 289, pl. IV, fig. 6; Ling and
Anikouchine, 1967, p. 1484, pl. 189, figs. 1, 2, 5-7, pl. 190, figs.
1, 2, 5-7; Nigrini and Moore, 1979, p. S85, pl. 11, figs. 2a, 2b.
Remarks: Most specimens present were Euchitonia furcata, with

only very rare occurrences of Euchitonia elegans.

Genus SPONGASTER Ehrenberg 1860, emend. Riedel and
Sanfilippo, 1971

Spongaster tetras irregularis Nigrini
(Plate 3, Fig. 5)

Spongaster tetras irregularis Nigrini, 1967, p. 43, pl. 5, fig. 2; Fore-
man, 1975, p. 619, pl. 9, fig. 27; Sakai, 1980, p. 709, pl. 6, fig. 2.

Genus SPONGOPYLE Dreyer 1889

Spongopyle osculosa Dreyer
(Plate 3, Fig. 2)

Spongopyle osculosa Dreyer, 1889, p. 42, pl. 11, figs. 99, 100; Nigrini
and Moore, 1979, p. S115, pl. 15, fig. 1.

Genus SPONGOTROCHUS Haeckel 1860

SpongotrochusΦ venustum (Bailey)
(Plate 2, Figs. 1A, IB)

Perichlamydium venustum Bailey, 1856, p. 5, pl. 1, figs. 16, 17.
Stylochlamydium venustum (Bailey), Haeckel, 1887, p. 515; Ling, 1973,

p. 778, pl. 1, fig. 8.
SpongotrochusC!) venustum (Bailey), Nigrini and Moore, 1979, p. S119,

pl. 15, figs. 3a, 3b.
Spongotrochus(7) glacialis Popofsky, Riedel, 1958, p. 227, pl. 2, figs.

1, 2; Kung, 1973, p. 635, pl. 2, figs. 4-6.
Remarks: Included all the above forms in the counts of Spongo-

trochus(l) venustum.

Family SPONGURIDAE Haeckel 1862, emend.
Petrushevskaya 1975

Genus SPONGOCORE Haeckel 1887

Spongocore puella Haeckel
(Plate 2, Fig. 5)

Spongocore puella Haeckel, 1887, p. 347, pl. 48, fig. 6; Benson, 1964,
pl. 1, fig. 21; Kling, 1973, p. 635, pl. 7, figs. 18-22; Nigrini and
Moore, 1979, p. S69, pl. 8, figs. 5a-5c.

Genus SPONGURUS Haeckel 1860

Spongurus pylomaticus Riedel
(Plate 2, Fig. 4)

Spongurus pylomaticus Riedel, 1958, p. 226, pl. 1, figs. 10, 11; Pe-
trushevskaya, 1967, p. 32, figs. 161, 1611; Nigrini and Moore,
1979, p. S65, pl. 8, figs. 3a, 3b.

Spongurusf?) pylomaticus Riedel, Petrushevskaya, 1975, p. 577, pl. 7,
fig. 4, pl. 37, fig. 7.

ORDER NASSELLARIA Ehrenberg 1875
Suborder CYRTIDA Haeckel 1862, emend. Petrushevskaya 1971

Family ARTOSTROBIIDAE Riedel 1967a, emend. Foreman 1973b
Genus BOTRYOSTROBUS Haeckel 1887, emend. Nigrini 1977

Botryostrobus aquilonaris (Bailey)
(Plate 1, Fig. 1)

Eucyrtidium aquilonaris Bailey, 1856, p. 4, pl. 1, fig. 9.
Eucyrtidium tumidulum Bailey(?), Kling, 1971, pl. 1, fig. 2.
Botryostrobus aquilonaris (Bailey), Nigrini, 1977, p. 246, pl. 1, fig. 1;

Nigrini and Moore, 1979, p. N99, pl. 27, fig. 1.

Genus PHORMOSTICHOARTUS Campbell 1951, emend.
Nigrini 1977

Phormostichoartus corbula (Harting)
(Plate 3, Fig. 6)

Lithocampe corbula Harting, 1863, p. 12, pl. 1, fig. 21.
Siphocampe corbula (Harting), Nigrini, 1967, p. 85, pl. 8, fig. 5, pl. 9,

fig. 3.

Phormostichoartus corbula (Harting), Nigrini, 1977, p. 252, pl. 1. fig.
10; Nigrini and Moore, 1979, p. N103, pl. 27, fig. 3.

Family CARPOCANIIDAE Haeckel 1881, emend. Riedel 1967b
Genus CARPOCANISTRUM Haeckel 1887, emend. Riedel and

Sanfilippo, 1971

Carpocanistrum spp.
(Plate 3, Fig. 7)

Carpocanium petalospyris Benson, 1966, p. 434, pl. 29, figs. 9, 10,
25.

Carpocanium spp. Nigrini, 1970, p. 171, pl. 4, figs. 4-6.
Carpocanistrum spp. Riedel and Sanfilippo, 1971, p. 1596, pl. 1G,

figs. 1-6, 8-13, pl. 2F, figs. 5, 6, pl. 3D, figs. 1, 2, 6, 7, 9; Nigrini
and Moore, 1979, p. N23, pl. 21, figs, la-lc.

Family PTEROCORYIDAE Haeckel 1881, emend. Riedel 1967b
Genus LAMPROCYCLAS Haeckel 1881, emend. Petrushevskaya

and Kozlova, 1972

Lamprocyclas maritalis
(Plate 3, Fig. 3)

Lamprocyclas maritalis Haeckel, 1887, p. 1390, pl. 74, figs. 13, 14.
Lamprocyclas maritalis maritalis Haeckel, Nigrini, 1967, p. 74, pl. 7,

fig. 5; Nigrini and Moore, 1979, p. N75, pl. 25, fig. 4.
Lamprocyclas maritalispolypora Nigrini, 1967. p. 76, pl. 7, fig. 6; Ni-

grini and Moore, 1979, p. N77, pl. 25, fig. 5.
Remarks: Counts of these two subspecies of Lamprocyclas marita-

lis {maritalis and polypora) were combined in this study.

Genus LAMPROCYRTIS Kling 1973

Lamprocyrtis heteroporos (Hays)
(Plate 6, Figs. 3A, 3B)

Lamprocyclas heteroporos Hays, 1965, p. 179, pl. 3, fig. 1.
Lamprocyrtis heteroporos (Hays), Kling, 1973, p. 639, pl. 5, figs. 19,

20; Foreman, 1975, p. 620, pl. 9, fig. 21; Sakai, 1980, p. 711, pl. 9,
figs. 9, 10, l la , l ib .

Lamprocyrtis neoheteroporos Kling
(Plate 6, Fig. 2)

Lamprocyrtis neoheteroporos Kling, 1973, p. 639, pl. 5, figs. 17, 18,
pl. 15, figs. 4, 5; Foreman, 1975, p. 620, pl. 9, fig. 12; Sakai, 1980,
p. 711, pl. 9, figs. 9a, 9b.

Lamprocyrtis nigriniae (Caulet)
(Plate 6, Fig. 1)

Conarchnium nigriniae Caulet, 1971, p. 3, pl. 3, figs. 1-4, pl. 4, figs.
1-4.

Lamprocyrtis haysi Kling, 1973, p. 639, pl. 5, figs. 15, 16, pl. 15, figs.
1-3; Foreman, 1975, p. 620, pl. 9, fig. 22; Sakai, 1980, p. 711, pl.
7, figs. 8a, 8b.

Lamprocyrtis nigriniae (Caulet), Nigrini and Moore, 1979, p. N81, pl.
25, fig. 7.

Genus PTEROCORYS Haeckel 1881

Pterocorys zancleus (Müller)
(Plate 3, Fig. 4)

Eucyrtidium zanclaeum Müller, 1858, p. 41, pl. 6, figs. 1-3.
Theoconus zancleus (Müller), Benson, 1966, p. 482, pl. 33, fig. 4; Kl-

ing, 1973, p. 639, pl. 5, figs. 9-11.
Pterocorys zancleus (Müller), Nigrini and Moore, 1979, p. N89, pl.

25, figs, l l a , l i b .

Genus THEOCORYTHIUM Haeckel

Theocorythium trachelium dianae (Haeckel)
(Plate 5, Fig. 1)

Theocorys dianae Haeckel, 1887, p . 1416, pl. 69, fig. 11.
Theocorythium trachelium dianae (Haeckel), Nigrini, 1967, p. 77, pl.

8, figs, la, lb, pl. 9, figs, la, lb; Foreman, 1975, p. 620, pl. 9, fig.
13; Sakai, 1980, p. 711, pl. 10, figs, la, lb.
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Theocorythium trachelium trachelium (Ehrenberg)
(Plate 5, Fig. 2)

Eucyrtidium trachelius Ehrenberg, 1872b, p. 312.
Theorcorythium trachelium trachelium (Ehrenberg), Nigrini, 1967, p.

79, pl. 8, fig. 2, pl. 9, fig. 2; Foreman, 1975, p. 620, pl. 9, fig. 12;
Sakai, 1980, p. 711, pl. 10, figs. 2a, 2b.

Family THEOPERIDAE Haeckel 1881, emend. Riedel 1967b
Genus CLATHROCYCLAS Haeckel 1881

Clathrocyclas spp.
(Plate 1, Figs. 5A, 5B)

Remarks: The description by Kling (1973) for this group was followed
in this study.

Genus CORNUTELLA Ehrenberg 1838

Cornutella profunda Ehrenberg
(Plate 1, Fig. 3)

Cornutella clathrata ß profunda Ehrenberg, 1856, pl. 35B, fig. 21;
Bailey, 1856, p. 2, pl. 1, fig. 23.

Cornutella profunda Ehrenberg, 1858, p. 31; Riedel, 1958, p. 232, pl.
3, figs. 1, 2; Nigrini, 1967, p. 60, pl. 6, figs. 5a-5c; Kling, 1973, p.
635, pl. 3, figs. 1-4, pl. 9, figs. 8-17.

Genus CYCLADOPHORA Ehrenberg 1847

Cycladophora davisiana Ehrenberg
(Plate 1, Figs. 6A, 6B)

Cycladophoraf?) davisiana Ehrenberg, 1861, p. 297.
Theocalyptra davisiana (Ehrenberg), Riedel, 1958, p. 239, pl. 4, figs.

2, 3; Kling, 1973, p. 638, pl. 3, figs. 9-12; Nigrini and Moore,
1979, p. N59, pl. 24, figs. 2a, 2b.

Cycladophora davisiana Ehrenberg, Petrushevskaya, 1967, p. 122, pl.
69, figs. I-VII; Ling, 1973, p. 780, pl. 2, fig. 2; Sakai, 1980, p.
709, pl. 6, figs. 6, 7a, 7b, 8a, 8b.

Cycladophora davisiana var. cornutoides Petrushevskaya
(Plate 2, Figs. 2A, 2B)

Cycladophora davisiana var. cornutoides Petrushevskaya, 1967, p.
124, pl. 71, figs. M i l ; Ling, 1973, p. 780, pl. 2, fig. 3.

Genus CYRTOCAPSELLA Haeckel 1887, emend. Sanfilippo and
Riedel 1970

Cyrtocapsella cornuta Haeckel
(Plate 8, Fig. 8)

Cyrtocapsa (Cyrtocapsella) cornuta Haeckel, 1887, p. 1513, pl. 78,
fig. 9.

Cyrtocapsella cornuta Haeckel, Sanfilippo and Riedel, 1970, p. 453,
pl. 1, figs. 19, 20; Kling, 1973, p. 636, pl. 11, figs. 16-18; Fore-
man, 1975, p. 620, pl. 8. fig. 8; Sakai, 1980, p. 709, pl. 8, figs. 8a,
8b.

Cyrtocapsella japonica (Nakaseko)
(Plate 8, Fig. 7)

Eusyringium japonicum Nakaseko, 1963, p. 193, pl. 4, figs. 1-3.
Cyrtocapsella japonica (Nakaseko), Sanfilippo and Riedel, 1970, p .

452, pl. 1, figs. 13-15; Kling, 1973, p. 636, pl. 11, figs. 19, 20;
Foreman, 1975, p. 620, pl. 8, fig. 7; Sakai, 1980, p. 709, pl. 8, figs.
7a, 7b.

Cyrtocapsella tetrapera Haeckel
(Plate 8, Fig. 6)

Cyrtocapsa (Cyrtocapsella) tetrapera Haeckel, 1887, p. 1512, pl. 78,
fig. 5.

Cyrtocapsella tetrapera Haeckel, Sanfilippo and Riedel, 1970, p. 453,
pl. 1, figs. 16-18; Kling, 1973, p. 636, pl. 11, figs. 12-15; Ling,
1973, p. 780, pl. 2, fig. 4; Sakai, 1980, p. 709, pl. 8, figs. 5, 6.

Genus EUCYRTIDIUM Ehrenberg 1847, emend. Nigrini 1967

Eucyrtidium acuminatum (Ehrenberg)
(Plate 5, Fig. 5)

Lithocampe acuminatum Ehrenberg, 1844, p. 84.
Eucyrtidium acuminatum (Ehrenberg), Nigrini, 1967, p. 81, pl. 8,

figs. 3a, 3b; Kling, 1973, p. 636, pl. 4, figs. 20-23; Nigrini and
Moore, 1979, p. N61, pl. 24, figs. 3a, 3b.

Eucyrtidium calvertense Martin
(Plate 5, Fig. 6)

Eucyrtidium calvertense Martin, 1904, p. 450, pl. 130, fig. 5; Kling,
1973, p. 636, pl. 4, figs. 16, 18, 19, pl. 11, figs. 1-5; Foreman,
1975, p. 620, pl. 9, fig. 14.

Eucyrtidium matuyamai Hays
(Plate 5, Figs. 7A, 7B)

Eucyrtidium matuyamai Hays, 1970, p. 213, pl. 1, figs. 7-9; Kling,
1971, p. 1088, pl. 1, fig. 4; Kling, 1973, p. 636, pl. 4, fig. 17; Ling,
1973, p. 780, pl. 2, figs. 5, 6; Foreman, 1975, p. 620, pl. 9, fig. 15;
Sakai, 1980, p. 710, pl. 7, figs, la, lb.

Genus LYCHNOCANOMA Haeckel 1887, emend. Foreman 1973b

Lychnocanoma grande (Campbell and Clark)
(Plate 6, Figs. 4A, 4B)

Lychnocanoma grande Campbell and Clark, 1944, p. 42, pl. 6, figs.
3-6; Kling, 1973, p. 637, pl. 10, figs. 10-14.

Genus PTEROCANIUM Ehrenberg 1847

Pterocanium prismatium Riedel
(Plate 7, Figs. 3A, 3B)

Pterocanium prismatium Riedel, 1957, p. 87, pl. 3, figs. 4, 5; Sakai,
1980, p. 711, pl. 8, figs. 15a, 15b.

Genus STICHOCORYS Haeckel 1881

Stichocorys delmontensis (Campbell and Clark)
(Plate 7, Fig. 2)

Eucyrtidium delmontense Campbell and Clark, 1944, p. 56, pl. 7,
figs. 19, 20.

Stichocorys delmontensis (Campbell and Clark), Sanfilippo and Rie-
del, 1970, p. 451, pl. 1, fig. 9; Kling, 1973, p. 638, pl. 11, figs. 8-
10; Ling, 1973, p. 781, pl. 2, fig. 12; Foreman, 1975, p. 622, pl. 9,
figs. 5-7; Sakai, 1980, p. 711, pl. 8. fig. 3.

Stichocorys peregrina Riedel)
(Plate 7, Figs. 1A, IB)

Eucyrtidium elongatum peregrinum Riedel, 1953, p. 812, pl. 85, fig.
2.

Stichocorys peregrina (Riedel), Sanfilippo and Riedel, 1970, p. 451,
pl. 1, fig. 10; Kling, 1973, p. 638, pl. 4, fig. 27, pl. 11, fig. 29, pl.
13, figs. 9, 10; Foreman, 1975, p. 622, pl. 9, figs. 1-4; Sakai, 1980,
p. 711, pl. 8, figs. 1, 2.
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2A

4A

5A 6B

Plate 1. 1. Botryostrobus aquilonaris (Bailey), Sample 577-1-1, 5-6 cm. 2A. Didymocyrtis tetrathalamus (Haeckel), Sample 577-1-1, 5-6 cm.
2B. Didymocyrtis tetrathalamus (Haeckel), Sample 578-7-1, 100-102 cm. 3. Cornutella profunda Ehrenberg, Sample 580-11,CC (20-22 cm).
4A. Actinomma medianum Nigrini, Sample 578-1-1, 10-11 cm. 4B. Actinomma medianum Nigrini, Sample 578-7-1, 100-102 cm. 5A.
Clathrocyclas spp., Sample 577-1-1, 5-6 cm. 5B. Clathrocyclas spp., Sample 578-7-1, 100-102 cm. 6A. Cycladophora davisiana Ehrenberg,
Sample 579A-1.CC (17-19 cm). 6B. Cycladophora davisiana Ehrenberg, Sample 578-7-1, 100-102 cm. (Scale bar equals 100 µm; magnifica-
tions are × 200.)
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Plate 2. 1A. Spongotrochus{l) venustum (Bailey), Sample 58O-1O.CC (35-37 cm). IB. Spongotrochus(7) venustum Bailey, Sample 578-7-1, 100-
102 cm. 2A. Cycladophora davisiana var. cornutoides Petrushevskaya, Sample 581-3-1, 70-72 cm. 2B. Cycladophora davisiana var. cornu-
toides Petrushevskaya, Sample 577-1-1, 5-6 cm. 3. Euchitonia sp., Sample 579A-1.CC (17-19 cm). 4. Spongurus pylomaticus Riedel, Sample
579-2,CC (11-13 cm). 5. Spongocorepuella Haeckel, Sample 578-12-1, 15-17 cm. (Scale bar equals 100 µm; magnifications are ×200.)

416



RADIOLARIANS

Plate 3. 1. Saturnalis circularis Haeckel, Sample 579-2.CC (11-13 cm). 2. Spongopyle osculosa Dreyer, Sample 578-7-1, 100-102 cm. 3. Lam-
procyclas maritalis, Sample 578-7-1, 100-102 cm. 4. Pterocorys zancleus (Müller), Sample 577-1-1, 5-6 cm. 5. Spongaster tetras irregularis
Nigrini, Sample 578-1-1, 10-11 cm. 6. Phormostichoartus corbula (Harting), Sample 581-8-1, 70-72 cm. 7. Carpocanistrum spp., Sample
578-7-1, 100-102 cm. 8. Heliodiscus asteriscus Haeckel, Sample 577-1-1, 5-6 cm. 9. Larcospira quadrangula Haeckel, Sample 577-1-1, 5-6
cm. (Scale bar equals 100 µm; magnifications are ×200.)
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1B

2B

Plate 4. 1A. Druppatractus acquilonius Hays, Sample 580-3-6, 105-107 cm. IB. Druppatractus acquilonius Hays, Sample 580-3-6, 105-107
cm. 2A. Stylatractus universus Hays, Sample 578-7-1, 100-102 cm. 2B. Stylatractus universus Hays, Sample 579A-4.CC (10-12 cm). (Scale
bar equals 100 µm; magnifications are ×200.)
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3B

7B

Plate 5. 1. Theocorythium trachelium dianae (Haeckel), Sample 577-1-1, 5-6 cm. 2. Theocorythium trachelium trachelium (Ehrenberg), Sample
578-7-1, 100-102 cm. 3A. Sphaeropyle langii Dreyer, Sample 579A-1 ,CC (17-19 cm). 3B. Sphaeropyle langii Dreyer, Sample 579-2.CC (11-13
cm). 4A. Sphaeropyle robusta Kling, Sample 579A-7-6, 70-72 cm. 4B. Sphaeropyle robusta Kling, Sample 579A-7-6, 70-72 cm. 5. Eucyrti-
dium acuminatum (Ehrenberg), Sample 578-1-1, 10-11 cm. 6. Eucyrtidium calvertense Martin, Sample 578-6.CC. 7A. Eucyrtidium matuya-
mai Hays, Sample 579A-4.CC (10-12 cm). 7B. Eucyrtidium matuyamai Hays, Sample 579A-4.CC (10-12 cm). (Scale bar equals 100 µm; mag-
nifications are × 200.)
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Plate 6. 1. Lamprocyrtis nigriniae (Caulet), Sample 579A-1.CC (17-19 cm). 2. Lamprocyrtis neoheteroporos Kling, Sample 579A-4.CC (10-12
cm). 3A. Lamprocyrtis heteroporos (Hays), Sample 579A-7-6, 70-72 cm. 3B. Lamprocyrtis heteroporos (Hays), Sample 580-11,CC (20-22
cm). 4A. Lychnocanoma grande (Campbell and Clark), Sample 580-3-6, 105-107 cm. 4B. Lychnocanoma grande (Campbell and Clark),
Sample 580-3-6, 105-107 cm. (Scale bar equals 100 µm; magnifications are ×200.)
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1A 1B

3A 3B

Plate 7. 1A. Stichocorys peregrina (Riedel), Sample 578-11-1, 15-17 cm. IB. Stichocorys peregrina (Riedel), Sample 581-3-1, 70-72 cm. 2. Sti-
chocorys delmontensis (Campbell and Clark), Sample 581-7-1, 60-62 cm. 3A. Pterocanium prismatium Riedel, Sample 578-7-1, 100-102
cm. 3B. Pterocanium prismatium Riedel, Sample 578-7-1, 100-102 cm. (Scale bar equals 100 µm; magnifications are ×200.)
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Plate 8. 1. Didymocyrtispenultima (Riedel), Sample 581-6-1, 70-72 cm. 2. Didymocyrtis antepenultima (Riedel and Sanfilippo), Sample 581-7-
1, 60-62 cm. 3A. Diartus hughesi (Campbell and Clark), Sample 581-8-1, 70-72 cm. 3B. Diartus hughesi (Campbell and Clark), Sample 581-
7-1, 60-62 cm. 4A. Diartus petterssoni (Riedel and Sanfilippo), Sample 581-8-1, 70-72 cm. 4B. Diartus petterssoni (Riedel and Sanfilippo),
Sample 581-8-1, 70-72 cm. 5. Didymocyrtis laticonus (Riedel), Sample 581-8-1, 70-72 cm. 6. Cyrtocapsella tetrapera Haeckel, Sample 581-9-
1, 40-42 cm. 7. Cyrtocapsella japonica (Nakaseko), Sample 581-8-1, 70-72 cm. 8. Cyrtocapsella cornuta Haeckel, Sample 581-9-1, 40-42 cm.
(Scale bar equals 100 µm; magnifications are × 200.)
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