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ABSTRACT

Eocene to Pliocene silicoflagellates from the Rockall Plateau are sparse to moderately abundant and include assem-
blages at the upper and lower boundaries of the Miocene Series. Relative paleotemperature values for silicoflagellates
from the upper Miocene and lower Pliocene at DSDP Hole 552A based on quantitative data are cooler than are those
from equatorial Pacific Sites 503 and 504, but show a matching warm peak at the Miocene/Pliocene boundary and a
major cooling in the lower Pliocene.

Five new taxa of silicoflagellates are defined from Rockall Plateau assemblages: Corbisβma panda Bukry, n. sp.,
Dictyochapulchella var. inflata Bukry, n. van, Distephanus xenus Bukry, n. sp., Mesocena apiculata evexa Bukry, n.
subsp., and Naviculopsis pacifica pansa Bukry, n. subsp.

INTRODUCTION

Cenozoic silicoflagellates occur in 34 of 66 samples
processed from DSDP Leg 81 at Rockall Plateau in the
North Atlantic. The best silicoflagellate assemblages bracket
the Miocene/Pliocene boundary at Deep Sea Drilling
Project (DSDP) Hole 552A and provide a relative paleo-
temperature curve for Cores 11 to 30, which correlates
with the curves for tropical eastern Pacific upwelling
areas at DSDP Holes 503A and 504. The similarity in
paleotemperature trends between these assemblages in-
dicates an oceanwide response, instead of local upwell-
ing patterns. Even though the occurrence patterns of
Distephanus jimlingii (Bukry) and D. speculum minutus
(Bachmann) are similar between North Atlantic DSDP
Holes 5 52A and 408, the coeval assemblages at DSDP
Site 408 have distinctly lower relative paleotemperature
values. The first Atlantic occurrences of two newly de-
scribed, short-ranged, Pacific silicoflagellates—Dictyo-
cha concinna Bukry and D. neonautica Bukry—are
noted in Hole 552A in their expected sequence.

Other silicoflagellate occurrences for Leg 81 include:
early and middle Eocene at DSDP Hole 553A, late Mio-
cene at DSDP Holes 554 and 554A, and middle and late
Miocene at DSDP Hole 555. DSDP Leg 48, which
cored the Rockall Plateau in July of 1976, obtained sili-
coflagellates from Site 403 (lower Miocene) just east of
Site 553 and from Site 406 (upper Eocene, upper Oligo-
cene, and lower Miocene) south of the Leg 81 sites (Fig.
1); these are reported for the first time.

The zonation applied to the Rockall Plateau silicoflagel-
late assemblages is from Bukry (1981b and in press). Al-
though some cosmopolitan or low-latitude zonal guide spe-
cies, such as Dictyocha angulata Bukry, are missing, many
others, such as Corbisema triacantha (Ehrenberg), Dic-
tyocha hexacantha Schulz, D. neonautica Bukry, D. pul-

58°

55

Roberts, D. G., Schnitker, D., et al., lnit. Repts. DSDP, 81: Washington (U.S. Govt.
Printing Office).

2 Address: U.S. Geological Survey, Scripps Institution of Oceanography, La Jolla, CA
92093.

Figure 1. Location of Deep Sea Drilling Project Leg 81 Sites 552 to
555 and Leg 48 Sites 403 to 406 at Rockall Plateau, west of Scot-
land. Depths contoured in fathoms.

chella Bukry, Distephanus speculum haliomma (Ehren-
berg), D. stauracanthus (Ehrenberg), Naviculopsis biapicu-
lata (Lemmermann), and N. foliacea Deflandre, do permit
recognition of low- to middle-latitude zones (Fig. 2). The as-
semblages lack the restricted cold-water species described
from more northerly areas of the Atlantic (Perch-Nielsen,
1976; Bukry, 1976b; and Martini and Müller, 1976).

RELATIVE PALEOTEMPERATURE VALUES
The relative paleotemperature values (7s) calculated

from generic and morphological abundance data of sili-
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Figure 2. Zonal and geologic age assignment of DSDP cores from Rockall Plateau in the North Atlantic,
as indicated by silicoflagellates in examined samples. The range of zones identified from Leg 48 and
Leg 81 is shown by cross-hatching.

coflagellates (Bukry, 1981a, and in press) have been de-
termined and plotted for Hole 552A of Leg 81 (Fig. 3).
The shape of the curve across the Miocene/Pliocene
boundary has the same trends as Holes 5O3A and 504
from the eastern equatorial Pacific. A general warming
trend for the uppermost Miocene is punctuated by a mi-
nor cooling just below the Miocene/Pliocene boundary.
The culmination of this warming trend just above the
boundary is followed by a strong decline in paleotem-
perature values to about 4.1 Ma in Holes 503A and 504
and about 4.0 to 4.5 Ma in Hole 552A, in which D. pul-
chellα disappears at all three sites. The following warm
peak at about 3.4 to 3.8 Ma gives higher 75 values than
the Miocene/Pliocene boundary warm peak at all three
sites. The agreement between relative paleotemperature
trends in the Atlantic and Pacific oceans shows that
fluctuations in silico flagellate paleotemperature indica-
tors reflect oceanwide events, not local upwelling.

The 75 numeric values in Hole 552A for the Mio-
cene/Pliocene boundary warm peak have a maximum
of 75 = 66, which is lower than the 75 = 86 in Hole
503A and the Ts = 85 in Hole 504. Similarly the lower
Pliocene cool trough is cooler (75 = 30) at the higher
latitude Hole 552A than at the equatorial Hole 503A
(75 = 68) and Hole 504 (Ts = 42). Even though the Ts
values show the difference in latitude between Leg 81
and equatorial Pacific assemblages, the broad paleotem-
perature trends for the oceanic photic zone were quite
similar during the latest Miocene and early Pliocene in
these areas.

CORONATID DISTEPHANUS FLUCTUATIONS

The occurrence of coronatid specimens (six distal pikes
on apical ring) of both Distephanus speculum minutus and,
to a greater degree, D. speculum speculum in Hole 552A
permits a comparison to relative paleotemperature values
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Figure 3. Silicoflagellate relative paleotemperature values (Ts) plotted
for core-sample depths below the seafloor at DSDP Hole 552A.
The curve shows a warm peak at the Miocene/Pliocene boundary
(approx. 110 m) which declines into a cool trough in the lower Pli-
ocene (between 83 and 98 m). This pattern also occurs in the equa-
torial Pacific at DSDP Holes 503A and 504 for coeval assem-
blages. Five diatom reference events (Baldauf, this volume) are
shown for correlation. See Table 3 for silicoflagellate reference
events. Diatom events: (1) first Thαlαssiosirα prαeconvβxα. (2) first
T. convexα, (3) last T. miocenicα, (4) first T. oestrupii, and (5) first
Nitzschiα jouseαe.

(Ts) (Table 1) to determine whether the accessory structure
has any correlation to paleotemperature. The proportion
of specimens of Distephαnus with apical pikes fluctuates
through Cores 11 to 30 in Hole 552A, with the ratios of
normal to coronatid specimens ranging from 0.1 to 75.0.
There is no consistent pattern of fluctuations that matches
changes in 75. Equally low normal/coronatid ratio values
of 0.9 to 0.7 in Cores 14 and 15 correspond to a high Ts =

Table 1. Ratios of normal to coronatid specimens of Distephαnus
fluctuate independently from relative paleotemperature values
(Ts) for Miocene and Pliocene strata at DSDP Hole 552A. Cor-
onatid data from Table 3.

Sample
(depth in cm)

Hole 552A

11-3, 145-146
12-3, 135-136
14-3, 110-111
15-3, 110-111
16-1, 136-137
18-1, 95-97
20-2, 95-97
21-2, 104-106
22-2, 104-106
23-3, 98-99
24-3, 98-99
25-2, 67-68
26-3, 92-93
27-2, 110-111
28-2, 120-121
29-3, 60-61
30-2, 36-37

D. speculum
minutus

ratio:
normal/

coronatid

1.0
0.5
0.0
0.1
0.5
0.0

<0.5
4.0
2.8
1.0
8.0
0.1

18.0
<40.0

1.0
<0.3
<5.0

D. speculum
speculum

ratio:
normal/

coronatid

75.0
2.9
0.9
0.8
3.0
1.9
5.3
3.5
7.0
2.4

18.0
3.0

16.0
4.8

10.0
7.0

14.5

Total
ratio:

normal/
coronatid

38.0
2.6
0.9
0.7
2.4
1.9
1.2
3.6
4.2
2.3

17.0
1.0

34.0
9.9
3.2
4.7

16.0

Ts

13
10
71
27
66
32
30
38
63
59
60
45
55
12
16
19
30

71 in Core 14 and a low Ts = 27 in Core 15. Also, Cores 23
and 24 have nearly equal Ts values (59 and 60, respectively),
but the normal/coronatid ratios of 2.3 and 17.0 are widely
disparate. The abundance of coronatid specimens of Dis-
tephαnus is not a function of relative paleotemperature in
the Leg 81 cores. Distephαnus speculum var. bispicαtus,
cruxoid Distephαnus mesophthαlmus, and D. crux bispino-
sus developed apical pikes in the late Miocene, which may
have been a structural adaptation to increased upwelling
or predation, a relation previously suggested by Kitchell
(1979) for certain Paleogene specimens with elongate basal-
ring spines. Elongate specimens of Dictyochα, such as D.
neonαuticα, D. trαnsennα, elongate variants of D. brevi-
spinα, and very long-spined specimens of the Distephαnus
speculum group, also occur in the late Miocene, support-
ing the upwelling hypothesis. Production of coronatid
specimens might have been a seasonal effect, leading to
larger randomness in the abundance values for coronatid
specimens.

SITE 552

(56°02.56'N, 23°13.39'W, depth 2311-2315 m)

Site 552 is just oceanward of the southwest corner of
Hatton-Edoras Bank. Miocene and Pliocene silicoflag-
ellates were studied from Cores 3 to 5 and 11A to 31 A,
recovered between 53 and 145 m sub-bottom (Tables 2,
3). The assemblages are common to abundant and di-
verse, with both warm- and cool-water taxa present. A
new succession of Miocene to Pliocene zones and sub-
zones from the equatorial eastern Pacific (Bukry, in
press) can be recognized, in part, at Site 552, suggesting
a warm-water connection between the Pacific and At-
lantic through a central American seaway.

The Dictyochα fibula Zone/Zλ brevispina Zone boun-
dary is tentatively drawn below Sample 552A-28-2, 120-121
cm (131 m) because of the lowest occurrence of auxiliary
guide species Dictyocha longa var. paxilla Bukry, which is
related to the new zonal guide species D. longa (Bukry, in
press). The presence of Dictyocha neonautica Bukry in
higher samples in Cores 552A-24-3 and 27 (112 to 117 m)
supports this boundary location. The old zonal criterion,
the asperoid/fibuloid (A/F) dominance reversal in genus
Dictyocha, occurs much higher in the lower Pliocene be-
tween Cores 16 and 18 (73 to 83 m). But the original Hole
552 shows an isolated fibuloid dominance much lower in
Core 5 (129 m). Although several short-term reversals in
A/F dominance are tabulated for Site 503, the broad bio-
geographic pattern of dominance has shown that fibuloid
taxa became dominant earlier, in the late Miocene, at low
latitudes, but achieved dominance only later in the early
Pliocene at mid latitudes, Sites 310 and 464 (Bukry, 1982a),
similar to that observed in Site 552.

The lower Pliocene or upper Miocene Dictyocha pul-
chella Subzone and upper Miocene Dictyocha neonauti-
ca Subzone are identified by their name-giving boundary
species for Hole 552A, showing the same stratigraphic suc-
cession as recorded in DSDP Holes 5O3A and 504 in the
eastern equatorial Pacific Ocean. Another similarity with
the Pacific for Hole 552A is the corresponding paleoceano-
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Table 2. Late Miocene silicoflagellate biostratigraphy and relative paleotemperature values (Ts) for Cores 3 to 6 of
DSDP Hole 552. Abundances shown as percents. Presence of opal phytoliths noted by X. Preparations from
Core-Sections 12-2, 12-6, 13-1, 14-2, 16-1, and 18-1 are barren.

Age

Miocene

Zone

Dictyocha
fibula

Dictyocha
brevispina

—

Sample
(interval in cm)

3-2, 123-125
3-6, 123-125
4-3, 130-132
5-2, 85-87
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graphic changes indicated by parallel trends for silicoflagel-
late relative paleotemperatures (Bukry, 1981a, in press).

The silicoflagellate Miocene/Pliocene boundary is not
well established because of ecologically variable assemblages
and limited reference localities. Events for several species
near the boundary could be identified in Hole 552A assem-
blages, including an uppermost Miocene HOS (highest oc-
currence surface) for Dictyocha neonautica Bukry (Bukry,
1981b, in press), a lower lower Pliocene HOS or last com-
mon occurrence for Dictyocha pulchella (Bukry, in press),
and a lower lower Pliocene LOS (lowest occurrence surface)
for Distephanus jimlingii (Bukry) (Barron, 1976, 1980; Bu-
kry, 1979a). The absence of D. neonautica Bukry above
Sample 552A-24-3, 98-99 cm was selected because of its
proximity to the calcareous nannofossil Miocene/Pliocene
boundary and restricted natural range in the Pacific.

The interval from Cores 552A-11 to 16 (53 m to 73 m)
above the lower lower Dictyocha pulchella Subzone has
some samples with cool relative paleotemperatures; however
the two warmer samples with Ts = 66 and 71 have
abundant Dictyocha concinna Bukry which did not ap-
pear at eastern equatorial Pacific Sites 503 and 504 until
late Pliocene. Relatively warmer paleotemperatures, as
indicated by 75 values and by lower abundances of Dis-
tephanus speculum and Mesocena circulus, favor D.
concinna at high latitude. The younger occurrences in
lower latitudes are not as directly related to paleotem-
perature peaks. The early Pliocene Dictyocha angulata
Subzone is not identified at Site 552 because of the ab-
sence of the guide species D. angulata Bukry. Cool-wa-
ter Distephanus dominate the uppermost silicoflagel-
late-bearing samples from Cores 552A-11 and 12 (53 to
58 m).

Site 552 samples which were processed and examined
for silicoflagellates, but which are barren, include: Sam-
ples 552-6-2, 38-40 cm; 552-12-2, 78-80 cm; 552-12-6,
96-98 cm; 552-13-1, 108-110 cm; 552-14-2, 89-91 cm;
552-16-1, 23-25 cm; 552A-8,CC, 21-22 cm; 552-38A-1,
125-126 cm; and 552A-38-3, 10-11 cm.

SITE 553

(56°05.32'N, 23°20.61'W, depth 2338-2339 m)

Site 553 is just oceanward of Site 552, southwest of
Hatton-Edoras Bank. No silicoflagellates occur in the
Rocella-nch samples available from Cores 553A-8 and 9
(222 to 235 m). Sparse to common Eocene silicoflagel-
lates occur in Cores 553A-9 to 11 (235 to 252 m). Two
samples from Core 11 are assigned to the early Eocene
Naviculopsis constricta Zone on the basis of the joint
occurrence of Dictyocha deflandrei deflandrei s. ampl.,
Naviculopsis constricta (Schulz), and N. minor (Schulz),
without the younger species in Cores 553A-9 and 10. Al-
so, one specimen of D. deflandrei lobata Bukry, which
typified the early to middle Eocene assemblages at North
Atlantic Site 385 (Bukry, 1978c) was recorded from Sam-
ple 553A-11-5, 7-8 cm, after the counts were completed.
This supports a maximum age of early Eocene for Core
553A-11. The presence of Naviculopsis foliacea De-
flandre, Mesocena oamaruensis Schulz, and M. occi-
dentalis Hanna ex Bukry in the assemblage from Cores
553A-9 and 10 indicates the younger middle Eocene part
of the Naviculopsis foliacea Zone. A larger proportion
of the silicoflagellates from Cores 553A-9 to 11 belong
to Naviculopsis than to Corbisema, which is thought to
reflect relatively cool conditions in Eocene assemblages
(Barron et al., in press). Although the species composi-
tion of the assemblages changes between cores, the ge-
neric ratio of Corbisema to Naviculopsis remains below
one (Table 4).

SITE 554

(56°17.41'N, 23°31.69'W, depth 2584 m)

Site 554 is on the outer high, oceanward of Sites 552
and 553, that separates Hatton-Edoras Bank structures
from normal oceanic crust to the west. Silicoflagellates
were recovered in two of the seven samples examined
from this site (Table 5). Both belong to the upper Mio-
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Table 3. Miocene and Pliocene silicoflagellate biostratigraphy and relative paleotemperature values
(Ts) for Cores 11 to 31 of Hole 552A. Abundances shown as percents. Taxa recorded after the
counts noted by A. Occurrences of taxa in assemblages too sparse for useful percents are noted
by X, with the dominant taxon circled.

Age

Zone

Subzone

Depth (m)

^ ^ ~ \ ^ Sample
^ \ ^ ^ (interval in cm)

Taxa ^ ^ \ ^

Dictyocha aspera aspera
D. aspera clinata s. ampl.
D. brevispina
D. sp. cf. D. calida ampliata
D. concinna

D. constricta
D. fibula s. ampl.
D. longa var. paxilla
D. neonautica
D. sp. aff. D. perfecta

D. perlaevis flexatella
D. perlaevis perlaevis
D. pulchella
D. sp. aff. D. pulchella (angular)
D. sp. cf. D. stapedia aspinosa

D. sp. cf. D. stapedia stapedia
D. varia s. ampl.
D. spp.
Distephanus boliviensis
D. crux bispinosus

D. crux crux
D. frugalis
D. jimlingii
D. polyactis
D. pseudofibula

D. quinquangellus
D. speculum bispicatus
D. speculum f. coronata
D. speculum minutus
D. speculum minutus (coronatid)

D. speculum speculum
D. speculum speculum (spineless)
D. speculum triommata
D. sulcatus
D. sp. (cannopilean)

D. xenus
Mesocena circulus
M. diodon nodosa
M. quadrangula
M. triangula

Total specimens
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Table 4. Eocene silicoflagellate biostratigraphy of Cores 9 to 11 for Hole DSDP 553A. Abundances shown as percents. The Corbisema/Naviculopsis
ratio (C/N) is less than one, suggesting relatively cool conditions in Eocene assemblages. Barren samples examined from Hole 553A included
Core-Sections 8,CC, 8-4, 9-1, 9-4, and 9-5.

Age

Middle
Eocene

?
Early
Eocene
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(interval in cm)
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Depth
(m)

235
238
244
252
252

Total
specimens

45
92
0

200
150

C/N

0.26
0.44
—

0.22
0.53
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Table 5. Late Miocene silicoflagellate biostratigraphy and relative pa-
leotemperature values (Ts) for DSDP Site 554. Abundances shown
as percents. Presence of reworked taxa noted by R.

Age

Zone

Depth (m)

^ - . Sample
^ \ . (interval in cm)

Taxa ^ \

Cannopilus sp.
Corbisema hastata hastata
Dictyocha aspera aspera
D. brevispina
D. fibula

D. pulchella
D. spp.
Distephanus boliviensis
D. crux crux (large)
D. frugalis s. ampl.

D. quinquangellus
D. speculum f. coronata
D. speculum minutus
D. speculum minutus (coronatid)
D. speculum speculum

D. sp. cf. D. stradneri
Mesocena circulus
M. diodon nodosa
M. triodon
Naviculopsis constricta

Total specimens

Relative paleotemperature value
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cene Dictyocha brevispina Zone, but cool-water condi-
tions are implied by the high abundances of Distepha-
nus. Sample 554A-1-1, 34-36 cm contains reworked
specimens of Paleogene species.

SITE 555

(56°33.70'N, 20°46.93'W, depth 1669 m)
Site 555 is between Hatton Bank and Edoras Bank,

east of Sites 552 to 554. The goal of the coring was to
compare subsidence history of the banks to the flank
sites. Silicoflagellates of Miocene age occur in only 6 of
the 17 samples examined (Table 6). The three deepest
samples in Cores 18 to 21 (198 to 226 m) contain abun-
dant specimens assigned to the middle Miocene Dis-
tephanus stauracanthus Subzone, based on the presence
of sparse Corbisema triacantha triacantha (Ehrenberg)
and Distephanus stauracanthus (Ehrenberg). The upper
three samples in Cores 5 to 8 (42 to 71 m) overlie a sili-
coflagellate-barren interval exceeding 100 m. These sam-
ples are dominated by Distephanus speculum speculum
(Ehrenberg) and asperoid Dictyocha, indicating assign-
ment to the upper Miocene Dictyocha brevispina Zone.
Ts values from the 20s to the 40s for the D. brevispina
Zone at Site 555 are similar to those recorded for 552
and 554, suggesting moderately cool conditions.

SITE 406

(55°15.50'N, 22°05.41'W, 2907 m depth)
Site 406 of Leg 48 was cored just south of the east-

west-trending transform fault which demarcates part of
southwest margin of the Rockall Plateau area. Silico-
flagellates were studied from 16 samples in Cores 1 to 40
between 0 and 720 m for possible correlation to the as-
semblages recovered to the north during Leg 81. Aside
from lower Pliocene DSDP Sample 406-4-1, 70-71 cm
(215 m), which correlates very closely to DSDP Sample
552A-18-1, 95-97 cm (83 m), all of the other silicoflagel-
late assemblages from Site 406 were not recognized from
Leg 81 cores. These include the unzoned lower Miocene
from Cores 25 to 30, upper Oligocene Naviculopsis
biapiculata Zone from Cores 31 to 33, and the upper
Eocene Dictyocha hexacantha Zone from Cores 39 to 40
(Table 7).
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Table 6. Miocene silicoflagellate biostratigraphy and relative paleotemperature values (7s) for
Cores 5 to 22 of DSDP Site 555. Abundances shown as percents.

Age Late Miocene Middle Miocene

D. brevispina i C. thacantha

Subzone D. stauracanthus

Depth (m) 92 183 198 207 215 226 235

lax;,

Cannopilus sp.
Corbisema triacantha triacanlha
Dictyocha aspera aspera
D. sp. cf. D. aspera clinata
D. brevispina

D. brevispina (naviculopsid)
D. brevispina (small-portal giant)
D. fibula
D. pulchella
D. pulchella var. inflata

2 1
1

19 11

1
41

5

< l
17
2

< 1
9
1

32
1

< l

10
1

1

2
1

D. spp.
Distephanus boliviensis
D. crux crux s. ampl.
D. crux parvus
D. crux scutulatus

D. sp. aff. D. frugalis (small)
D. longispinus
D. polyactis
D. quinquangellus
D. speculum bispicatus

speculum f. coronata
speculum diommata
speculum giganteus s. ampl.
speculum haliomma
speculum minutus

< l
1

< l

D. speculum minutus (coronatid)
D. speculum patulus
D. speculum speculum
D. speculum speculum (short spines)
D. speculum triommata

49 39
2

1

stauracanthus
stauracanthus (bar)
staurodon
stradneri
xenus

< l
2

Macrora Stella
Mesocena apiculata curvata
M. apiculata glabra
M. circulus
M. sp. cf. M. diodon nodosa

M. quadrangula
M. triangula
M. triodon

2 2
1

< l
2
1

16
1

< l < l

Total specimens 200 0 100 200 0 0 0 0 0 0 0 0 300 300 0 300 0

Relative paleotemperature value 4 2 — 2 1 3 4 — — — — — — — — 64 50 — 38

The lower Pliocene silicoflagellate assemblage of
Sample 406-4-1, 70-71 cm has most species in common
with Sample 552A-18-1, 95-97 cm, at similar abun-
dances (see Table 3). The local ranges of certain ecologi-
cally sensitive species, such as Distephanus polyactis,
Mesocena circulus, and M. quadrangula, help to key the
correlation. A stratigraphic position in the lower Plio-
cene, somewhat above the Pliocene/Miocene boundary
is indicated by the occurrence of Distephanus jimlingii
and Dictyocha concinna without D. pulchella. A fur-
ther similarity is the slightly greater abundance of aspe-
roid over fibuloid Dictyocha. The Dictyocha/Distepha-
nus ratios of 0.9 for Hole 406 and 0.5 for Hole 552A
could suggest warmer conditions at Hole 406. But the
calculated relative paleotemperature values (Bukry, 1981a
and in press) are Ts = 46 for Hole 406 and Ts = 32 for
Hole 552A, which can represent within-zone fluctua-
tion. Based on a count of 200 specimens, the assem-

blage of Sample 406-4-1, 70-71 cm contains: Dictyocha
brevispina 21%, D. concinna 15%, D. longa 2%, D.
longa var. paxilla 2%, Zλ perlaevisperlaevis 1%, Zλ va-
ria \°/o, D. sp. (fibuloid) 2%, Distephanus boliviensis
1%, D. frugalis 5°7o, D. frugalis (triommatid) 5%, D.
frugalis (cannopilean) 3%, D. jimlingii 6%, Zλ polyac-
tis 1%, Zλ quinquangellus 2°/o, D. speculum f. coronata
4% D. speculum speculum 18%, Zλ sp. (cannopilean)
3%, D. sp. (cruxoid) 1%, Mesocena circulus 10%, and
M. quadrangula 2%.

Upper Eocene Dictyocha hexacantha Zone assem-
blages in Cores 39 and 40 of Hole 406 from the Rockall
Plateau area have common Corbisema apiculata, Dic-
tyocha hexacantha, Mesocena apiculata apiculata, and
Naviculopsis constricta s. ampl. The Corbisema/Navi-
culopsis ratio (C/N), which appears to indicate warmer
paleotemperatures for values greater than one (Barron et
al., in press), is C/N = 0.83 for Core 39 and C/N = 1.0
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Table 7. Eocene to Miocene silicoflagellate biostratigraphy for Cores
25 to 40 of DSDP Hole 406. Abundances shown as percents. Oc-
currences of taxa in assemblages too sparse for useful percents are
noted by X, with dominant taxa circled. (Occurrence of diatom
Rocella gelida is shown: * = present, A = acme.)

Age

Zone

Subzone

Depth (m)

^ ^ ^ ^ Sample
^ ^ ^ . (interval in cm)

Taxa ^ ^ ^ ^

Corbisema apiculata
C. archangelskiana
C. flexuosa
C. hastata hastata
C. hastata miranda

C. katharinae
C. recta
C. regina
C. triacantha mediana
C. triacantha triacantha

Dictyocha sp. cf. D. brevispina
D. sp. aff. D. byronalis
D. deflandrei deflandrei
D. hexacantha
D. sp.

Distephanus crux crux s. ampl.
D. crux darwinii
D. hannai s. ampl.
D. speculum haliomma
D. speculum hemisphaericus

D. speculum patulus
D. sp. (cannopilean, large)
Lyramula? sp.
Macrora Stella
Mesocena apiculata apiculata

M. apiculata apiculata (spineless)
M. apiculata curvata
M. apiculata evexa
M. apiculata glabra
M. oamaruensis?

M. occidentalis
M. sp.
Naviculopsis biapiculata
N. constricta s. ampl.
N. eobiapiculata

N. foliacea
N. sp. cf. N. lata (narrow)
N. pacifica pansa
N. sp.

Total specimens

Diatom: Rocella gelida

Early Miocene1

-

-

566
70

-7
2

•
»

585

30
-3

1
27

-1

594

30
-3

2
28

-1

604

30
-3

2
29

-1

615

80
-8

2
30

-2

X
X 6 15

X

β
 

×

X

X

X

20

X
X

X

X

X

X

27

X

X

X

X
X

22

26

1

1
4

4
10

2
9

20
6

8
1

80

9

4

2
2

1
35

3
4

12

5
7

100

*

Late Oligocene

N. biapiculata

D. speculum
haliomma

624

10
5-

10
6

31
-1

635

18
-2

0
32

-3

643

90
-9

1

ú

1

X 9

X

X

X

X

X
X

30 9
6
1
8 1
2 3

2
2 2

1
2
3 8

2
1

2

29 34
3

40

19 100 175

* A

Late Eocene

_

695

11
0-

11
1

38
-4

X

X

X

X

X

X

•

X

26

D. hexa-
cantha

-

705

70
-7

2
39

-5

12

3
1

1

2

1
31

1

710

46
-4

8
40

-2

17
2

2

2

2

17

7
6

1

24 14

2

21
2

7

18

2

5

200 65

for Core 40. This suggests some cooling for upper Eo-
cene assemblages here, when considered with the C/N
= 0.25 value calculated for unzoned Core 38. These val-
ues are similar to those from the Kellogg Shale and Krey-
enhagen Formation of California, which also contains
D. hexacantha Zone silicoflagellates. The effectiveness
of the C/N ratio for middle and upper Eocene paleo-
temperature trends is still being tested (Barron et al., in
press).

The upper Oligocene assemblages of Cores 31 to 33
from Hole 406 are assigned to the Distephanus specu-
lum haliomma Subzone, which was not recovered by
Leg 81 coring. A distinctive new subspecies, Mesocena
apiculata evexa, first occurs in this interval with the ac-
me of diatom Rocella gelida, just below the Oligocene/
Miocene boundary. The ratio of /toce//α/silicoflagel-
lates is 19.0 in the acme Sample 406-33-1, 90-91 cm (643
m). This is a high value relative to a /?oce//σ/silicoflagel-

late ratio of 18.7 for the much more strongly dissolved
coeval assemblage from western North Atlantic Site
385, because Rocella is very resistant to dissolution. The
presence of reworked Lyramula, a Cretaceous silicoflag-
ellate, in this sample duplicates the occurrence in DSDP
Site 385, Cores 2 and 3, in the western North Atlantic
(Bukry, 1978c).

Silicoflagellates in the unzoned lower Miocene inter-
val of Cores 25 to 30 from Hole 406 are probably quite
low in the lower Miocene because they are just above the
diatom Rocella acme and contain an abundance of old-
er taxa, such as Mesocena apiculata apiculata and Navi-
culopsis biapiculata. In addition, N. pacifica pansa,
having flared cylindrical spines, is common in Core 30.
This species has previously been illustrated from the
North Atlantic in DSDP Sample 369A-13-5, 71-72 cm
(163 m), which was correlated at the Oligocene/Miocene
boundary in the lower Triquetrorhabdulus carinatus
Zone of coccoliths (Bukry, 1978a). A new taxon, Meso-
cena apiculata evexa, occurs through Cores 25 to 30 at
DSDP 406, and with the presence of Naviculopsis sp.
cf. N. lata (narrow), probably an early form derived
from N. biapiculata, shows a close correlation to DSDP
Sample 403-26-2, 50-52 cm (235 m) (56°08.31'N, 23°
17.64'W, 2317 m) from the western margin of Rockall
Plateau where Site 552 was cored by Leg 81. An uncon-
formity at 173 m depth at Site 552 juxtaposes middle
Miocene above upper Oligocene, so no continuous bio-
siliceous Oligocene/Miocene boundary interval is pre-
served in Leg 81 sites. The lower lower Miocene assem-
blage of Sample 403-26-2, 50-52 cm includes: Corbise-
ma triacantha mediana 3%, C. triacantha triacantha
10%, Distephanus crux crux s. ampl. 21%, D. crux
darwinii 2%, D. speculum hemisphaericus 3%, D. spe-
culum patulus 6°7o, D. staurodon 4%, D. sp. (large, sev-
en-spined) 3%, Macrora Stella 4%, Mesocena apiculata
apiculata 1%, M. apiculata curvata 4%, M. apiculata
evexa 17%, Naviculopsis biapiculata 13%, N. constric-
ta s. ampl. 1%, N. eobiapiculata 2%, TV. sp. cf. N lata
(narrow) 5%, and TV. sp. 1%.

CONCLUSIONS

Neogene silicoflagellate assemblages from the Rock-
all Plateau region show many species and range rela-
tions which have also been recorded from the eastern
equatorial Pacific. For instance, the temporal sequence
from last Dictyocha neonautica to last common D. pul-
chella, to first D. stapedia aspinosa occurs in both re-
gions. Also, an angular variant of D. pulchella only oc-
curs in the lower part of the Dictyocha pulchella Sub-
zone at both Sites 504 and 552. But the upper Miocene
and lower Pliocene assemblages of DSDP Sites 552, 554,
and 555 contain more cool-water Distephanus, such as
Distephanus jimlingii, which is missing at equatorial
Pacific Sites 503 and 504.

The additional numbers of Distephanus are evident
in the 75 values, which are cooler for coeval zones and
subzones at Rockall Plateau. Also, reversals in the rela-
tive abundances of species common to both regions is
shown by comparing Distephanus speculum bispicatus
and D. speculum f. coronata between Holes 504 and
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552A. Even though Rockall assemblages are cooler, the
major cool and warm trends of lower latitudes appear to
be represented in the silicoflagellate assemblages.

The absence of a DSDP siliceous Miocene/Pliocene
boundary sequence from the tropical Atlantic hinders
silicoflagellate paleotemperature comparisons for this
interval. Instead, the eastern equatorial Pacific, with
both oxygen-isotope records (Keigwin, 1979) and quan-
titative silicoflagellate data (Bukry, in press) showing
similar trends, provides a comparison for the Rockall
Plateau climate, which was much cooler during cold
pulses (Ts values less than half as high), but only slightly
cooler during warm periods (Ts values approximately
two-thirds as high). A postulated gradual emergence of
the Central American land bridge from late Miocene to
early Pliocene (Kaneps, 1979) did not cause major dif-
ferences to develop in the silicoflagellate assemblages
compared. Of 30 taxa identified from the Dictyocha
pulchella Subzone of equatorial Pacific Site DSDP 504,
53% occur in coeval samples from Hole 552A. The ab-
sence of Dictyocha angulata in the Dictyocha fibula
Zone in Hole 552A is as likely the result of thermal ex-
clusion as isolation by a land bridge.

As quantitative silicoflagellate data become available
from more biogeographically diverse sites, paleoecolog-
ic interpretations can be tested and improved. The
present array of data and sites, however, permits recog-
nition of consistent differences and similarities between
North Atlantic Rockall Plateau assemblages and those
of the eastern equatorial Pacific.

SYSTEMATIC PALEONTOLOGY

Genus CANNOPILUS Haeckel, 1887
Cannopilus sp.

Remarks: làxonomically indeterminate specimens of helmet-
shaped silicoflagellates are included here.

Genus CORBISEMA Hanna, 1928
Corbisema apiculata (Lemmermann)

Dictyocha triacantha apiculata Lemmermann, 1901, p. 259, pi. 10,
figs. 19, 20.

Corbisema archangelskiana (Schulz)

Dictyocha triacantha archangelskiana Schulz, 1928, p. 250, fig. 33a-c.

Corbisema flexuosa (Stradner)

Corbisema triacantha vox. flexuosa Stradner, 1961, p. 89, figs. 1-8;
fig. 1C.

Corbisema flexuosa (Stradner) Perch-Nielsen, 1975, p. 685, pi. 3, fig. 10.

Corbisema hastata globulata Bukry

Corbisema hastata globulata Bukry, 1976a, p. 892, pi. 4, figs. 1-8.

Corbisema hastata hastata (Lemmermann)

Dictyocha triacantha var. hastata Lemmermann, 1901, p. 259, pi. 10,
figs. 16, 17.

Corbisema hastata miranda Bukry

Corbisema hastata minor (Schulz) Bukry, 1975b, p. 854, pi. 1, fig. 10.
Corbisema hastata miranda Bukry, in Barron, Bukry, and Poore, in

press.

Corbisema katharinae Bukry

Corbisema katharinae Bukry, 1976b, p. 848, pi. 1, figs. 1-6.

Corbisema panda Bukry, n. sp.
(Plate 1, Figs. 1-3)

Corbisema bukry (Jousé) in Dzinoridze, R. N., et al , 1979 (in part),
p. 366, pi. 11, fig. 11 (not fig. 10).
Description: Corbisema panda has rounded apices and inter-apex

areas. The star-shaped ring is pentagonal with the two-segment apical
bar connected to the ring by struts from the inter-apex areas. Project-
ing structures, such as spines, pikes, or spires, are absent. The apical
structure has little or no elevation above the ring.

Remarks: Corbisema panda is distinguished from large, pentago-
nal Dictyocha challenged Martini et Müller (see Martini and Müller,
1976) by the absence of spines and pikes, and by nonsulcate inter-apex
areas. Possibly, C. panda was derived from C. inermis inermis, which
was also spineless, but possessed pikes. The portals of C. archangel-
skiana are too elongate, but that species showed a propensity to pro-
duce nontrigonal variations, thus suggesting the generic assignment
for spineless C. panda. The quadrate specimens of Hannaites quadria
Mandra ( = Dictyocha quadria (Mandra) Martini et Müller) from the
Norwegian Sea that lack bulbs, spines, and pikes (see Martini and
Müller, 1976) would resemble C. panda if they were in a pentagonal
mode. But the elongate portals of those specimens suggest closer af-
finity with the C. archangelskiana plexus.

Occurrence: Corbisema panda is sparse in middle Eocene sample
DSDP 553A-1O-1, 140-142 cm (238 m) which is assigned to the Navi-
culopsis foliacea Zone. The synonymy specimen of Dzinoridze et al.
(1979) is from the middle or upper Eocene DSDP Sample 338-29-3,
35-37 cm (278 m) from the Vòring Plateau, west of Norway.

Size: Maximum internal diameter 80 to 100 µm (holotype 88 µm).
Holotype: USNM 358905 (Plate 1, Figs. 1, 2).
Isotype: USNM 358906.
Type locality: Eastern North Atlantic Ocean, DSDP Sample 553A-

10-1, 140-142 cm.

Corbisema recta (Schulz)

Dictyocha triacantha var. recta Schulz, 1928, p. 250, fig. 32a, b.

Corbisema regina Bukry

Corbisema triacantha var. minor (Schulz), Ling, 1972 (in part), p. 158,
pi. 24, figs. 20-23.

Corbisema regina Bukry, in Barron, Bukry, and Poore, in press.

Corbisema triacantha mediana Bukry

Corbisema triacantha mediana Bukry, 1978a, p. 696, pi. 1, figs. 8-12.

Corbisema triacantha triacantha (Ehrenberg)

Dictyocha triacantha Ehrenberg, 1844a, p. 80.

Genus DICTYOCHA Ehrenberg, 1837
Dictyocha angulata Bukry

Dictyocha angulata Bukry, 1982a, p. 431, pi. 1, figs. 9-12; pi. 2, fig.
1.

Dictyocha aspera aspera (Lemmermann)

Dictyocha fibula var. aspera Lemmermann, 1901, p. 260, pi. 10, figs.
27, 28.

Dictyocha aspera (Lemmermann) Bukry et Foster, 1973 (in part), p.
826, pi. 2, figs. 4, 6.

Dictyocha aspera clinata Bukry

Dictyocha aspera clinata Bukry, 1975a, p. 695, pi. 1, figs. 1-5.

Dictyocha brevispina (Lemmermann)

Dictyocha fibula var. brevispina Lemmermann, 1901, p. 260; Ehren-
berg, 1854 (in part), pi. 21, fig. 42b; pi. 22, fig. 42a, b.
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Dictyocha byronalis Bukry

Dictyocha byronalis Bukry, in Barron, Bukry, and Poore, in press.

Dictyocha calida ampliata Bukry

Dictyocha calida ampliata Bukry, 1979b, p. 982, pi. 2, figs. 1, 2, 9.

Dictyocha concavata Dumitricà

Dictyocha concavata Dumitricà, 1978, p. 212, pi. 3, figs. 1-4.

Dictyocha concinna Bukry

Dictyocha concinna Bukry, in press, pi. 2, figs. 5-11.

Dictyocha constricta (Schulz)

Dictyocha fibula fa. constricta Schulz, 1928, p. 253, fig. 35a, b.

Dictyocha deßandrei deflandrei Frenguelli ex Glezer

Dictyocha deflandrei Frenguelli, 1940 (in part), p. 65, fig. 14a, d.
Dictyocha deflandrei deflandrei Frenguelli, Glezer, 1966, p. 262, pi.

12, figs. 13, 16; pi. 32, fig. 4.

Dictyocha deflandrei lobata Bukry

Dictyocha deflandrei lobata Bukry, 1978c, p. 785, pi. 1, figs. 11-17.

Dictyocha fibula Ehrenberg

Dictyocha fibula Ehrenberg, 1839, fide Loeblich et al., 1968, p. 90, pi.
9, figs. 7-12.

Dictyocha frenguellü Deflandre

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

Dictyocha hexacantha Schulz

Dictyocha hexacantha Schulz, 1928, p. 255, fig. 43.
Dictyocha hexacantha Schulz, Bukry, 1975b, p. 855, pi. 4, figs. 1, 2.

Dictyocha longa Bukry

Dictyocha longa Bukry, 1982a, p. 432, pi. 2, figs. 8-13; pi. 3, figs. 1,
2.

Dictyocha longa var. paxilla Bukry

Dictyocha longa Bukry var. paxilla Bukry, 1982a, p. 432, pi. 3, figs.
3-8.

Dictyocha neonautica Bukry

Dictyocha navicula Ehrenberg, Bukry et Foster, 1973 (in part), p. 827,
pi. 3, figs. 6, 7.

Dictyocha neonautica Bukry, 1981b, p. 442.

Dictyocha pentagona (Schulz)

Dictyocha fibula var. pentagona Schulz, 1928, p. 225, fig. 41a, b .

Dictyocha perfecta Bukry

Dictyochaperfecta Bukry, 1982b, p. 315, pi. 3, figs. 5-10.

Dictyocha perlaevis flexatella Bukry

Dictyochaperlaevis flexatella Bukry, 1979b, p. 984, pi. 3, figs. 1-3.
Dictyocha perlaevis flexatella Bukry, 1979a, p. 561, pi. 2, figs. 7-10.

Dictyocha perlaevis perlaevis Frenguelli

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

Dictyocha pulchella Bukry

Dictyocha pulchella Bukry, 1975a, p. 687, pi. 4, figs. 1-3.
Dictyocha pulchella Bukry, Bukry, 1981a, p. 549, pi. 3, figs. 5, 6.

Dictyocha pulchella Bukry var. inflata Bukry, n. var.
(Plate 1, Figs. 4-7)

Description: Dictyocha pulchella var. inflata has a rounded, non-
sulcate basal ring with nearly equant minor and major axes and prom-
inent basal pikes. The apical bar is moderate to long and is aligned
with the minor axis. Spines are short.

Remarks: Dictyocha pulchella var. inflata is distinguished from D.
pulchella by the rounded, nonsulcate ring outline and more nearly
equant axes. It is distinguished from D. varia by longer bar and less
sulcate, more equant ring, and from D. brevispina ausonia by larger
side portals and rounder ring.

Occurrence: Dictyocha pulchella var. inflata occurs in the middle
Miocene Distephanus stauracanthus Subzone of Cores 18 to 21 at
DSDP Site 555 between Hatton Bank and Edoras Bank. It is a minor
variety (1 to 5%), numerically dominated by Dictyocha pulchella in
these cores.

Size: Maximum internal length 27 to 35 µm (holotype 33 µm).
Holotype: USNM 358907 (Plate 1, Figs. 4, 5).
Isotypes: USNM 358908 and 358909.
Type locality: Rockall Plateau, eastern North Atlantic, DSDP

Sample 555-18-2, 73-75 cm.

Dictyocha rotundata secta (Glezer) n. comb.

Dictyocha rotundata var. secta Glezer, 1962, p . 152, fig. 5a-k.
Dictyocha rotundata secta Glezer, Bukry, 1976b, p. 848, pi. 1, figs. 7-10.

Dictyocha stapedia aspinosa Bukry

Dictyocha stapedia aspinosa Bukry, 1976c, p. 724, pi. 2, figs. 6-9.

Dictyocha stapedia stapedia Haeckel

Dictyocha stapedia Haeckel, 1887, p. 1561, pi. 101, figs. 10-12.
Dictyocha stapedia stapedia Haeckel, Bukry, 1979b, p . 984.
Dictyocha stapedia stapediaHaeckel, Bukry, 1976c, p. 724, pi. 3, figs.

1-7.

Dictyocha varia Locker

Dictyocha varia Locker, 1975, p. 99, text-figs. 1 and 3.

Dictyocha spp.

Remarks: This category includes miscellaneous specimens not as-
signable to described taxa, usually because of tilting, obstruction, or
breakage of the specimens.

Genus DISTEPHANUS Stöhr, 1880
Distephanus boliviensis (Frenguelli)

Dictyocha boliviensis Frenguelli, 1940, p. 44, fig. 4.
Distephanus boliviensis (Frenguelli) Bukry et Foster, 1973, p. 827, pi.

4, figs. 1-3.

Distephanus crux bispinosus Dumitricà

Distephanus crux spp. bispinosus Dumitricà, 1973, p. 850, pi. 6, figs.
3, 6, 7.

Distephanus crux bispinosus Dumitricà, Bukry, in press, pi. 7, fig. 2.

Distephanus crux crux (Ehrenberg)

Dictyocha crux Ehrenberg, 1840, p. 207; Ehrenberg, 1854, pi. 18, fig.
56; pi. 20 (1), fig. 46; pi. 33 (15), fig. 9; pi. 33 (16), fig. 9; pi. 33
(17), fig. 5.

Distephanus crux (Ehrenberg), Bukry, 1982a, p . 430.

Distephanus crux darwinii Bukry

Distephanus crux darwinii Bukry, 1976a, p. 895, pi. 7, figs. 4-13.

Distephanus frugatis (Bukry)

Distephanus boliviensis frugalis Bukry, 1975a, p. 688, pi. 2, figs. 2-7.
Distephanus frugalis (Bukry) Bukry, 1979a, p. 561, pi. 3, figs. 5, 6.

Distephanus hannai (Bukry)

Distephanus crux hannai Bukry, 1975b, p. 855, pi. 4, figs. 4-6.
Distephanus hannai (Bukry) Bukry, 1979a, p. 561.
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Distephanus jimlingii (Bukry)

Distephanus boliviensis jimlingii Bukry, 1975a, p. 688, pi. 1, figs. 6,
7; pi. 2, fig. 1.

Distephanus jimlingii (Bukry) Bukry, 1979a, p. 561. pi. 3, figs. 7-12.

Distephanus polyactis (Ehrenberg)
(Plate 3, Figs. 8, 9)

Dictyocha polyactis Ehrenberg, 1839, p. 129; Ehrenberg, 1854, pi. 22,
fig. 50.

Distephanus polyactis (Ehrenberg) Deflandre, Bukry et Foster, 1973,
p. 828, pi. 5, figs. 6, 7.

Distephanus pseudofibula (Schulz)

Dictyocha speculum f. pseudofibula Schulz, 1928, p. 262, fig. 51a, b.
Distephanus pseudofibula (Schulz) Bukry, 1976b, p. 848.

Distephanus quinquangellus Bukry et Foster

Distephanus quinquangellus Bukry et Foster, 1973, p. 828, pi. 5, fig. 4.

Distephanus speculum bispicatus Bukry

Distephanus speculum (Ehrenberg) Haeckel subsp. bispicatus Bukry,
1982b, p. 315, pi. 6, figs. 2-4.

Distephanus speculum f. coronata Schulz

Distephanus speculum f. coronata Schulz, 1928, p. 262, fig. 50.

Distephanus speculum diommata (Ehrenberg)

Dictyocha diommata Ehrenberg, 1845, p. 56, 76; Ehrenberg, 1854, pi
33 (17), fig. 6.

Distephanus speculum diommata (Ehrenberg) Bukry, 1979a, p. 562.

Distephanus speculum giganteus Bukry

Distephanus speculum giganteus Bukry, 1976b, p. 848, pi. 1, fig. 19;
pi. 2, figs. 1, 2.

Distephanus speculum giganteus Bukry, Bukry, 1981a, p. 550, pi. 4,
figs. 1, 2.

Distephanus speculum haliomma (Ehrenberg)

Dictyocha haliomma Ehrenberg, 1844a, p. 64, 80; ?Ehrenberg, 1854,
pi. 21, fig. 46.

Distephanus speculum haliomma (Ehrenberg) Bukry, 1978a, p. 697,
pi. 2, fig. 10.

Distephanus speculum hemisphaericus (Ehrenberg)

Dictyocha hemisphaerica Ehrenberg, 1844b, p. 258, 266; Lemmer-
mann, 1901, pi. 11, fig. 21 (fide Loeblich et al., 1968).

Distephanus speculum hemisphaericus (Ehrenberg) Bukry, 1975b, p.
855, pi. 4, fig. 8.

Distephanus speculum minutus (Bachmann) emend. Bukry

Dictyocha speculum f. minuta Bachmann in Ichikawa et al., 1967, p.
161, pi. 7, figs. 12-15.

Distephanus speculum minutus (Bachmann) emended, Bukry, 1981a,
p. 550.

Distephanus speculum patulus Bukry

Distephanus speculum (Ehrenberg) Haeckel subsp. patulus Bukry,
1982a, p. 433, pi. 5, figs. 7-10.

Distephanus speculum speculum (Ehrenberg)

Dictyocha speculum Ehrenberg, 1839, p. 150; Ehrenberg, 1854, pi. 18,
fig. 57; pi. 19, fig. 41; pi. 21, fig. 44; pi. 22, fig. 47.

Distephanus speculum (Ehrenberg) Haeckel, 1887, p. 1565.

Distephanus speculum triommata (Ehrenberg)

Dictyocha triommata Ehrenberg, 1845, p. 56, 76; Ehrenberg, 1854, pi.
33(15), fig. 11.

Dictyocha triommata Ehrenberg, Locker, 1974, p. 643, pi. 4, fig. 5
(holotype figured).

Distephanus speculum triommata (Ehrenberg) Bukry, 1976a, p. 896.

Distephanus stradneri (Jerkovic)

Dictyocha schauinslandü stradneri Jerkovic, 1965, p. 3, pi. 2, fig. 2;
Stradner, 1961, fig. 60.

Distephanus stradneri (Jerkovic) Bukry, 1978a, p. 698.

Distephanus stauracanthus (Ehrenberg)

Dictyocha stauracanthus Ehrenberg, 1845, p. 56, 57, 76; Ehrenberg,
1854, pi. 33 (14), fig. 5; pi. 33 (15), fig. 10.

Distephanus stauracanthus (Ehrenberg), Dumitrica, 1973, p. 850, pi.
6, figs. 14, 15.

Distephanus staurodon (Ehrenberg)

Dictyocha staurodon Ehrenberg, 1844a, p. 80; Ehrenberg, 1854, pi.
18, fig. 58.

Dictyocha staurodon Ehrenberg, Locker, 1974, p. 637, pi. 3, fig. 10.
Distephanus staurodon (Ehrenberg) Bukry, 1978a, p. 697.

Distephanus sulcatus Bukry

Distephanus sulcatus Bukry, 1979a, p. 562, pi. 4, figs. 4-12.

Distephanus xenus Bukry, n. sp.
(Plate 1, Figs. 11, 12; Plate 2, Figs. 1-8)

Description: Distephanus xenus has a polygonal basal ring with
smooth spineless apices, or apices with only minute, equant, vestigial
spines. Prominent basal pikes are longer than the vestigial spines. To-
tally spineless specimens have rounded apices. The number of apices is
typically five to eight, and the sides of the basal ring are slightly con-
cave. The apical structure is a variable complex of polygonal apical
openings that are somewhat nonsymmetric.

Remarks: Distephanus xenus is distinguished from Distephanus
speculum var. brevispinus Lemmermann by smaller or nonexistent
spines and by larger apical ring structures. It is distinguished from
Cannopilus tholus Dumitrica by shorter or nonexistent spines and less
angular basal-ring apices. The apical structure is larger than either
Dictyocha heptacantha Ehrenberg or Cannopilus antarcticus Ciesiel-
ski. The combination of large apical structure, typically divided, and
nonexistent or extremely small vestigial spines on the basal ring which
are shorter than basal-ring pikes helps to distinguish D. xenus.

Occurrence: Distephanus xenus occurs in Cores 3 to 5 at DSDP
Site 552 in the upper Miocene Dictyocha brevispina Zone and D. fibu-
la Zone. At DSDP Hole 552A it occurs in Cores 22 to 30 assigned to
the same zones, in the lower Pliocene and upper Miocene, at similar
abundances of 1 to 3%. At DSDP Site 555, also on the Rockall Pla-
teau, it occurs in Cores 5 and 7 assigned to the upper Miocene D.
brevispina Zone at abundances of 3 to 11%.

Size: Maximum internal diameter 24 to 30 µm (holotype 24 µm).
Holotype: USNM 358913 (Plate 1, Figs. 11, 12).
Isotypes: USNM 358914 to 358917.
Type locality: Rockall Plateau, eastern North Atlantic, DSDP

Sample 552-3-2, 123-125 cm.

Distephanus spp.

Remarks: No specimens of Leg 81 Distephanus with multiply-di-
vided apical rings (cannopilean) were found to have apical pikes (cor-
onatid). Cannopilean or coronatid structural variations can occur in
different species of Distephanus which, however, retain their species
identity by their ring and spine proportions. For Leg 81 populations
of Distephanus it was noted that normal and long-spined forms of D.
speculum speculum can have cannopilean or coronatid variations,
whereas normal and long-spined D. speculum minutus has only cor-
onatid variations.

Genus LYRAMULA Hanna, 1928
Lyramula sp.

Remarks: Fragmented specimens, probably derived from Lyramula
furcula Hanna, the most common and ubiquitous species of this typi-
cal Cretaceous genus.
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Genus MESOCENA Ehrenberg, 1843
Mesocena apiculata apiculata Schulz

(Plate 3, Fig. 6)

Mesocena oamaruensis var. apiculata Schulz, 1928, p. 240, fig. 11.
Mesocena apiculata (Schulz), Bukry, 1978c, p. 786, pi. 2, fig. 19.

Remarks: Mesocena apiculata apiculata specimens in DSDP Sec-
tion 406-38-4, are septate but lack spines.

Mesocena apiculata curvata Bukry
(Plate 3, Fig. 7)

Mesocena apiculata curvata Bukry, 1976b, p. 849, pi. 2, figs. 15, 16.

Mesocena apiculata evexa Bukry, n. subsp.
(Plate 2, Figs. 9-11; Plate 3, Figs. 1-5).

Mesocena apiculata (Schulz), Martini and Müller, 1976 (in part), p.
872, pi. 11, fig. 12.
Description: Mesocena apiculata evexa has a large, rounded, equi-

lateral, triangular ring with short spines at the apices. The apices are
broad and rounded, generally septate, and the sides are moderately
convex. A few specimens have one nearly straight side. There are no
basal pikes, but very small surface nodes and ornamentation occur.

Remarks: Mesocena apiculata evexa is distinguished from M. api-
culata apiculata by broad rounded apices, instead of acute apices and
by a rounder ring outline because of convex sides. It is distinguished
from M. apiculata inflata by larger size and relatively shorter spines,
from M. pappii by broader apices and single apex spines, from M.
triangula by smaller surface ornamentation and generally septate api-
ces. A few specimens have swirled spines (Plate 3, Fig. 2).

Occurrence: Mesocena apiculata evexa is prominent (1 to 17%) in
the upper Oligocene and lowermost Miocene of DSDP Sites 403 and
406 on the western and southern margins of the Rockall Plateau. It is
associated with the acme of diatom Rocella gelida at DSDP 406, and a
specimen is recorded with R. gelida from DSDP Sample 385-3-3, 60-
61 cm from the western North Atlantic. All the occurrences are in or
approximate to the Naviculopsis biapiculata Zone.

Size: Maximum internal diameter 50 to 90 µm (holotype 85 µm).
Holotype: USNM 358918 (Plate 3, Fig. 5).
Isotypes: USNM 358919 to 358925.
Type locality: Rockall Plateau, eastern North Atlantic DSDP Sam-

ple 406-30-2, 80-82 cm.

Mesocena apiculata glabra (Schulz)

Mesocena polymorpha var. triangula Lemmermann fa. glabra Schulz,
1928, p. 237 fig. ?3b, 3c.

Mesocena apiculata glabra (Schulz) Bukry, 1978a, p. 698, pi. 2, figs.
14, 15.

Mesocena circulus (Ehrenberg)

Dictyocha (Mesocena) circulus Ehrenberg, 1840, p. 208; Ehrenberg,
1854, pi. 19, fig. 44 as Mesocena.

Mesocena circulus (Ehrenberg), Bukry, 1979a, p. 562, pi. 4, figs. 14,
15.

Mesocena diodon nodosa Bukry

Mesocena diodon nodosa Bukry, 1978b (in part), p. 818, pi. 5, figs.
14, 15; pi. 6, figs. 1-3 (not figs. 4, 5).

Mesocena diodon nodosa Bukry, Bukry, 1981a, p. 550, pi. 5, fig. 3.

Mesocena oamaruensis Schulz

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

Mesocena occidentalis Hanna ex Bukry

Mesocena occidentalis Hanna, 1931, p. 200, pi. E., fig. 1.
Mesocena occidentalis Hanna ex Bukry, Bukry, 1977, p. 834.

Mesocena quadrangula Ebrenberg ex Haeckel.

Mesocena quadrangula Ehrenberg ex Haeckel, 1887, p. 1556; Lem-
mermann, 1901, pi. 10, figs. 5-7; fide Loeblich et al., 1968, p. 57.

Mesocena quadrangula Ehrenberg ex Haeckel, Bukry, 1980, p. 553,
pi. 7, figs. 9-17; pi. 8, figs. 1-10.

Mesocena triangula (Ehrenberg)

Dictyocha triangula Ehrenberg, 1839, p. 139; Ehrenberg, 1854, pi. 22,
figs. 41 as Mesocena.

Mesocena triangula (Ehrenberg) Ehrenberg, Bukry et Foster, 1973, p.
829, pi. 6, figs. 9-10.

Mesocena triodon Bukry

Mesocena triodon Bukry, 1973a, p. 860, pi. 2, fig. 11.

Mesocena sp.

Remarks: Fragmented, obscured, indeterminate specimens are tab-
ulated in this category.

Genus NAVICULOPSIS Frenguelli, 1940
Naviculopsis aspera (Schulz)

Dictyocha navicula var. aspera Schulz, 1928, p. 246, fig. 20a, b.
Naviculopsis aspera (Schulz), Bukry, 1976a, p. 896, pi. 8, figs. 11, 12.
Naviculopsis aspera (Schulz) Perch-Nielsen, 1976, p . 35, figs. 8, 9, 31,

34, 35.

Naviculopsis biapiculata (Lemmermann)

Dictyocha navicula var. biapiculata Lemmermann, 1901, p. 258, pi.
10, figs. 14?, 15.

Naviculopsis biapiculata (Lemmermann), Ling, 1972 (in part), p. 181,
pi. 30, figs. 1, 2 (not figs. 3, 4).

Naviculopsis biapiculata (Lemmermann), Bukry, 1975b (in part), p.
856, pi. 6, figs. 5, 7, 8 (not fig. 6).
Remarks: Some specimens of Naviculopsis biapiculata in DSDP

Section 406-32-3, have curved spines.

Naviculopsis constricta (Schulz) Bukry emend.

Dictyocha navicula var. biapiculata fa. constricta Schulz, 1928, p.
246, fig. 21.

Naviculopsis constricta (Schulz) Bukry emend., in Barron, Bukry, and
Poore, in press.

Naviculopsis eobiapiculata Bukry

Naviculopsis eobiapiculata Bukry, 1978c, p. 787, pi. 4, figs. 9-16.

Naviculopsis foliacea Deflandre

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

Naviculopsis lata (Deflandre)

Dictyocha biapiculata var. lata Deflandre, 1932, p. 500, figs. 30, 31.
Naviculopsis lata (Deflandre), Bukry, 1982a, p. 431, pi. 7, figs. 11-14.

Naviculopsis minor (Schulz)

Dictyocha navicula E. var. minor n. v. Schulz, 1928, p. 246, fig. 22.
Naviculopsis minor (Schulz 1928) Frenguelli 1940, Martini, 1981, p.

282, pi. 1, figs. 8, 9a, b .
Naviculopsis minor (Schulz) Bukry, in Barron, Bukry, and Poore, in

press.

Naviculopsis pacifica pacifica (Dumitricá) Bukry, n. comb.

Naviculopsis quadrata ssp. pacifica Dumitricá, 1973, p. 846, pi. 1,
figs. 12-14.
Remarks: Naviculopsis quadrata (Ehrenberg) (see Loeblich et al.

1968; Ling, 1973; and Locker, 1974) has short pointed conical spines,
and broad, nearly straight ring ends. The spine is less than half the
ring width (Bukry, 1978a). Naviculopsis pacifica pacifica (Dumitricá)
is distinguished by long, cylindrical spines with rounded ends, and
more curved ring ends. Similar long cylindrical spines with round ends
are unusual, but occurred in Eocene Mesocena occidentalis Hanna ex
Bukry, suggesting the change is a response to an unusual environmen-
tal factor. Spine form appears to have been genetically conservative in
the silicoflagellate record.

Naviculopsis pacifica pacifica occurs commonly in DSDP Sample
206-35.CC, which is assigned to Coccolith Zone CNla, very near the
Oligocene/Miocene boundary, with diatom Rocella gelida (see Dumi-
tricá, 1973, and Bukry, 1973b).
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Naviculopsis pacifica pansa Bukry, n. subsp.
(Plate 1, Figs. 8-10)

Naviculopsis quadrata (Ehrenberg), Bukry, 1978b (in part), p. 706, pi.
3, figs. 7, 8.
Description: Naviculopsis pacifica pansa has an oblong ring with

an apical bar along the minor axis and two spines which flare and end
bluntly, instead of in points. The unusual spines are longer than half
of the minor axis length. In width, the spines, bar, and ring are about
equal. The minor axis equals about 40% of the major axis length.

Remarks: Naviculopsis pacifica pansa is distinguished from N. pa-
cifica pacifica by the flaring of the spines, their blunt termination,
and the slightly more quadrate ring shape. It is distinguished from
Naviculopsis quadrata by the long spines and their flared, blunt termi-
nations. The younger, Miocene, minor genus, Deflandryocha (Jerko-
vic, 1963) has flared spines similar to N. pacifica pansa.

Occurrence: Naviculopsis pacifica pansa occurs in Cores 29 and 30
of DSDP Site 406, at or slightly above the Oligocene/Miocene bound-
ary on Rockall Plateau. It has also been illustrated from Core 13 of
DSDP Hole 369A off northwestern Africa. Both occurrences were as-
signed to uppermost Oligocene Zone CP19 or CNla by coccoliths,
indicating potential usefulness for locating the Miocene/Oligocene
boundary in the North Atlantic.

Size: Maximum internal length 40 to 60 µm (holotype 60 µm).
Holotype: USNM 358910 (Plate 1, Fig. 8).
Isotypes: USNM 358911 and 358912.
Type locality: Rockall Plateau, eastern North Atlantic Ocean,

DSDP Sample 406-30-2, 80-82 cm.

Naviculopsis sp.

Remarks: Indeterminate or obscured specimens are assigned to this
category.

Incertae Sedis Genus MACRORA Hanna, 1932
Macrora Stella (Azpeitia)

Pyxidicula(V.) Stella Azpeitia, 1911, p. 150, 152, 213, pi. 1, fig. 1.
Macrora Stella (Azpeita) Hanna, 1932, p. 196, pi. 12, fig. 7.
Macrora Stella (Azpeita), Bukry, 1978c, p. 788, pi. 4, figs. 20, 21.
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8 11 12

Plate 1. Silicoflagellates from the Rockall Plateau. (Scale bar for Figs. 1-3 equals 20 µm, for Figs. 4-7, 11, 12 equals 10 µm, and for Figs 8-10
equals 20 µm.) 1-3. Corbisemapanda Bukry, n. sp. DSDP Sample 553A-10-1, 140-142 cm. (1, 2) Holotype, USNM 358905, high and low fo-
cus; (3) USNM 358906, fragment. 4-7. Dictyocha pulchella Bukry var. inflata Bukry, n. var. (4, 5) Holotype, USNM 358907, DSDP Sample
555-18-2, 73-75 cm, high and low focus; (6) USNM 358908, DSDP Sample 555-19-2, 80-82 cm; (7) USNM 358909, DSDP Sample 555-21-2,
80-82 cm. 8-10. Naviculopsis pacifica Dumitrica subsp. pansa Bukry, n. subsp. DSDP Sample 406-30-2, 80-82 cm. (8) Holotype, USNM
358910; (9) USNM 358911; (10) USNM 358912. 11, 12. Distephanus xenus Bukry, n. sp. Sample 552-3-2, 123-125 cm. Holotype, USNM
358913, high and low focus.
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Plate 2. Silicoflagellates from Rockall Plateau. (Scale bar for Figs. 1-8 equals 10 µm, for Figs. 9 and 10 equals 20 µm, and for Fig. 11 equals 20
µm.) 1-8. Distephanus xenus Bukry, n. sp. (1, 2) USNM 358914, DSDP Sample 552-4-3, 130-132 cm, high and low focus; (3, 4) USNM
358915, DSDP Sample 552-4-3, 130-132 cm; (5, 6) USNM 358916, DSDP Sample 552-3-2, 123-125 cm; (7, 8) USNM 358917, DSDP Sample
552-3-2, 123-125 cm. 9-11. Mesocena apiculata (Schulz) subsp. evexa Bukry, n. subsp. (9) USNM 358919, DSDP Sample 406-25-1, 70-72 cm;
(10) USNM 358920, DSDP Sample 406-29-1, 30-32 cm; (11) USNM 358921, DSDP Sample 406-33-1, 90-91 cm.
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Plate 3. Silicoflagellates from Rockall Plateau. (Scale bar for Figs. 1, 3-9 equals 20 µm, and for Fig. 2 equals 10 µm.) 1-5. Mesocena apiculata
(Schulz) subsp. evexa Bukry, n. subsp. (1) USNM 358922, DSDP Sample 406-27-1, 30-31 cm; (2) USNM 358923, DSDP Sample 406-25-1, 70-72
cm; (3) USNM 358924, DSDP Sample 406-30-2, 80-82 cm; (4) USNM 358925, DSDP Sample 406-31-1, 105-105 cm; (5) Holotype, USNM
358918, DSDP Sample 406-30-2, 80-82 cm. 6. Mesocena apiculata apiculata Schulz. DSDP Sample 403-26-2, 50-52 cm. 7. Mesocena apicu-
lata curvata Bukry. DSDP Sample 406-30-2, 80-82 cm. 8, 9. Distephanus polyactis (Ehrenberg) DSDP Sample 552A-18-1, 95-97 cm. (8) Nor-
mal; (9) Incomplete symmetry.
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