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ABSTRACT

The décollement zone of the Lesser Antilles Volcanic Arc, drilled during Ocean Drilling Program Leg 156, contains s
radiolarian-bearing clayey lithologies. In the upper part of this zone, radiolarians are abundant; in the lower part, they are rare.
Radiolarian preservation ranges from excellent (Hole 949B) to moderate and highly recrystallized (Hole 948C). The radiola
faunas are of early Miocene age. The assemblages could be attributed to early early Miocene radiolarian zones (Lychnocanoma
elongata Zone and Cyrtocapsella tetrapera Zone) and late early Miocene zones (Stichocorys delmontensis Zone, Stichocorys
wolffii Zone, and Calocycletta costata Zone). In the lithologic column the radiolarian zones are separated by hiatuses associat
with color changes, breccia horizons, and shear zones that are represented by intervals with rich scaly fabric. Occas
reworking of Miocene through late Eocene radiolarians can be observed. At the top and in the middle of the décollement, 
olarians are diagenetically recrystallized. In these zones, abundance and diversity is strongly reduced. Diagenetically s
forms are orosperids (“fat rad zone”) and large nassellarians like Cyclampterium and Calocycletta. 
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INTRODUCTION

The décollement zone of the Lesser Antilles Volcanic Arc was
subject of the Ocean Drilling Program (ODP) Leg 156 drilli
project. The northern Barbados Ridge was previously drilled du
Deep Sea Drilling Project (DSDP) Leg 78A (Biju-Duval, Moore, 
al. 1984) and ODP Leg 110 (Mascle, Moore, et al., 1988). East o
studied area, Site 27 of DSDP Leg 4 (Bader, Gerard, et al., 1970)
etrated into the normal sedimentary sequence of the Atlantic Oc
Radiolarian investigations have been published by Renz (1984) 
Sites 541 and 543 of Leg 78A.

Radiolarians were recovered from Sites 948 and 949. The h
containing radiolarian-bearing sediments are Hole 948C and H
949B and 949C (Shipley, Ogawa, Blum, et al., 1995). The locatio
Holes 948A and 948C almost correspond to Hole 671B of Leg 1
Site 541 (Leg 78A) is about 1 km southeast of Site 949, represe
a different tectonic setting. Site 949 is situated about 2 km west o
deformation front. There is no previous drill site close to this a
Hole 675A (Leg 110) is about 1.5 km south of Site 949.

Leg 156 holes were drilled entirely in the area of the accretion
prism of the Lesser Antilles Volcanic Arc (Shipley, Ogawa, Blum
al., 1995). Main objectives were to investigate the rates, quant
and intervals of fluid migration and their effects in the sediment
environment and along the tectonic structures within the décollem
and the overlying accretionary prism. Therefore, biostratigraphic 
etition and biostratigraphic hiatuses formed by tectonic influe
were expected.

The most important purpose of the paleontologic work was to s
arate segments of biostratigraphic continuity and compare their
tical distribution with the pattern of shear zones. Because calcar
material is completely absent within the décollement zone, radio
ans became the most important fossils for dating sedimentary i
vals.

1Shipley, T.H., Ogawa, Y., Blum, P., and Bahr, J.M. (Eds.), 1997. Proc. ODP, Sci.
Results,156: College Station, TX (Ocean Drilling Program).
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The radiolarians of the décollement zone show specific feature
recrystallization and diagenesis. They are closely related to the 
stratigraphic hiatuses as well as to the tectonic shear zones (Stei
al., in press).

Locations of the Leg 156 drill sites are furnished below:

Hole Water depth Position Recovery Cores
(m) (m)

948C 4931.5 15°31.568′N, 58°43.935′W 171.46 19
949B 5004.7 15°32.214′N, 58°42.855′W 2.18 25

PROCEDURES

Dry samples averaging 20 cm3 in size were disaggregated with
hydrogen peroxide. The material was washed with distilled water and
cleaned in an ultrasonic bath several times to remove the clay. After
decanting, the sample was dried, then sieved and split into three
grain-size fractions. The fractions used are 0−63 µm, 63−250 µm,
and more than 250 µm.

Radiolarian analysis is based on the observation of strewn sli
The radiolarian skeletons are randomly strewn on a glass slide
fixed with an ultraviolet active glue, and covered with a cover gla

Quantities are estimated from the whole amount of radiolar
material compared to the entire sediment sample. The abundan
forms is calculated from the strewn slides. Quantitative categories
R = rare, F = few, and C = common.

The biostratigraphy zonation is based on the zonations of Rie
and Sanfilippo (1978) and Sanfilippo et al. (1985), and the comp
tion of Cenozoic radiolarian biostratigraphy for low and middle la
tudes of C. Nigrini and A. Sanfilippo (in press), mostly based 
Riedel and Sanfilippo (1978) and Sanfilippo et al. (1985) for Mi
cene taxa).

HOLE 948C

Lithologic Setting

The lithologies of Site 648 are composed of three main interv
The upper part (lithologic Units I through IID) consists of calcareo

ny.
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occur in Core 156-948C-1H (lithologic Unit I). Downcore, no radi-
olarians are present in the accretionary prism (lithologic Units IIA
through IID). Radiolarians start again in Section 156-948C-10X-1,
which is the uppermost part of the décollement zone (lithologic U
IIE). Pinkish and brownish gray claystones contain an early Mioc
to early middle Miocene fauna of varying abundances, diversity,
preservation. Radiolarians can be detected down to the base of th
collement zone (Core 156-948C-12X), which is composed of ol
brown and grayish brown claystones (lithologic Unit IIF) and ban
variegated claystones (lithologic Unit IIIA; see Shipboard Scient
Party, 1995).

Radiolarian Age and Zonation

Recognition of radiolarian zones depends on the completene
time-specific associations. Frequently, the strewn-slide analyse
dicate that numerous faunal compositions are mixed, containin
worked specimens. The sequence of radiolarian intervals sepa
by hiatuses shows that radiolarian associations of the Calocycletta
costata Zone alternate with assemblages of the Stichocorys wolffii
Zone. Only one section is composed of radiolarian of the Cyrto-
capsella tetrapera Zone and the Lychnocanoma elongata Zone in the
lower part of the décollement zone. This interval is located just ab
the so-called “fat rad zone,” which is dominated by strongly rec
tallized orospherid forms.

A second interval with recrystallized radiolarians is situated in
uppermost part of the décollement zone (see Steiger et al., in p
Between the zones where radiolarians are recrystallized, all fa
are well preserved. Abundances are high in the upper part of th
collement zone above the “fat rad zone.” In the lower part diver
and abundances decrease but preservation remains.

The radiolarian zonation of Hole 156-948C is composed as
lows (Fig. 1):

1. Recrystallized interval. Starting with Sample 156-948C-10X
1, 42−44 cm, through Sample 156-948C-10X-1, 143−145 cm,
radiolarians are extremely recrystallized. Only robust grow
forms and some genera could vaguely be determined. Ide
able forms are Calocycletta and Didymocyrtis. Therefore, this
interval probably is Miocene in age.

2. Interval containing transition from Stichocorys wolffii Zone to
Calocycletta costata Zone. This interval includes Sample 156
948C-10X-2, 69−71 cm, through Sample 156-948C-10X-
25−27 cm. The radiolarian assemblage is mostly compose
Cyrtocapsella cornuta, Liriospyris stauropora, Liriospyris
parkerae, Dorcadospyris dentata, and Stichocorys wolffii. Al-
though Calocycletta costata is missing, the fauna characteriz
es the transition between the Stichocorys wolffii Zone and the
Calocycletta costata Zone of late Miocene age.

3. Interval from upper to lower Stichocorys wolffi Zone. Be-
tween Sample 156-948C-10X-3, 37−39 cm, and Sample 156
948C-10X-5, 22−24 cm, radiolarians indicate the Stichocorys
wolffi Zone. Downsection, the transition from the upper par
the Stichocorys wolfii Zone to the lower part can be reco
nized. Stichocorys wolffii, Cyrtocapsella cornuta, Cyrto-
capsella tetrapera, Liriospyris stauropora, and Dorcadospyris
dentata characterize the younger part of the zone. In the m
dle of this interval, Calocycletta serrata occurs and seems t
be reworked. The older part of the Stichocorys wolffi Zone
contains Dorcadospyris ateuchus.

4. Interval from upper to lower Calocycletta costata Zone. From
Sample 156-948C-10X-5, 45−47 cm, through Sample 156
948C-10CC, 1−3 cm, Calocycletta costata is the most age-
diagnostic fossil. The upper part of the sequence containsLir-
iospyris parkerae, the lower part is further characterized b
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Lychnocanoma elongata, Didymocyrtis prismatica, and Calo-
cycletta serrata, the latter probably being reworked.

5. Interval containing the transition from Stichocorys wolffii
Zone to the Calocycletta costata Zone. Downcore from Sample
156-948C-10CC, 16−18 cm, through Sample 156-948C-11X
1, 2−4 cm, Calocycletta costata is not present. The rest of the
fauna is dominated by the occurrence of Stichocorys wolffii,
Dorcadospyris dentata, Didymocyrtis prismatica, Cyrto-
capsella cornuta, and Cyrtocapsella tetrapera.

6. Interval containing the upper Calocycletta costata Zone. Be-
low a breccia layer, radiolarians of the Calocycletta costata
Zone and abundant specimens of this species occur. The
semblage indicates the upper part of this zone because Liri-
ospyris parkerae is present. The interval embraces Samp
156-948C-11X-1, 8−9 cm, through Sample 156-948C-11X-2
2−4 cm. At the base of the sequence just above a major lit
logic break, Eocene radiolarians like Lithochytris vespertilio
are reworked.

7. Interval containing the Cyrtocapsella tetrapera Zone. Below a
tectonic structure characterized by a thick shear zone of sc
fabric and by manganese layers, radiolarian associations i
cate early early Miocene age. In the upper part of the seque
Cyrtocapsella tetrapera, Didymocyrtis prismatica, and Calo-
cycletta serrata are the most abundant species. The asse
blage of the Cyrtocapsella tetrapera Zone occurs from Sample
156-948C-11X-2, 11−13 cm, through Sample 156-948C-11X
2, 63−67 cm.

8. Interval containing Lychnocanoma elongata. From Sample
156-948C-11X-2, 79−81 cm, through Sample 156-948C-11X
2, 120−122 cm, Lychnocanoma elongata becomes more abun-
dant. In addition the presence of Dorcadospyris ateuchus indi-
cates earliest radiolarian zone of the Miocene. This inter
shows increasing intensity of radiolarian recrystallization a
reduction of species diversity.
The intervals containing radiolarians of the Cyrtocapsella tet-
rapera Zone and the Lychnocanoma elongata Zone are sepa-
rated by a thick zone of scaly fabric. The entire litholog
sequence of the early early Miocene contains numerous sh
zones of considerable thickness. All these zones probably 
ate minor biostratigraphic breaks.

9. Recrystallized interval: “Fat rad Zone.” Below a very thick
shear zone, a 3-m-thick, undisturbed section occurs. This in-
terval contains strongly recrystallized radiolarians. The radi-
olarians are only represented by large spheres belonging to
spumellarians of the Orosphaera type. The transition between
the “fat rad zone” and parts of the lower interval could not 
investigated because a whole-round sample was taken at
place.

10. Interval containing the Calocycletta costata Zone. From the
top of Section 156-948C-11X-5 downcore, radiolarians a
generally rare. They indicate the Calocycletta costata Zone of
late early Miocene. Below Sample 156-948C-12-3, 30−32 cm,
radiolarians could not be assigned to a Miocene radiolar
zone.

Vertical Distribution of Radiolarian Zones
and Comparison with Shear Zone Pattern

Radiolarian zones are vertically distributed as follows:

1. The top of the décollement contains a layer of pinkish gr
claystones with ash layers and brecciated intervals. Here r
olarians are strongly recrystallized.

2. Below the layer of strong recrystallization an interval of abu
dant well-preserved radiolarians occurs. The faunas are of 
early Miocene age. Internally, the section is divided into bi



MIOCENE RADIOLARIAN BIOSTRATIGRAPHY
Figure 1. Radiolarian zonation for Hole 948C compared with position and thicknesses of shear zones characterized by scaly fabric.
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stratigraphic levels ranging from the Stichocorys wolffii Zone
to the Calocycletta costata Zone. The assemblages indicate
uppermost early Miocene age but they apparently do not pass
the boundary to the middle Miocene. Most of the well-
preserved radiolarians of the upper part of the section are me-
chanically broken, which indicates internal brecciation of the
sediment.

3. The Stichocorys delmontensis Zone is missing, although some
specimens of this species occur. The radiolarian assemblages,
however, are more likely to belong to the Stichocorys wolffii
Zone.

4. The late early Miocene radiolarian zones are underlain by an
early early Miocene section composed of the Cyrtocapsella
tetrapera Zone and the Lychnocanoma elongata Zone. In this
part of the décollement the radiolarian tests are increasin
recrystallized downcore.

5. In the “fat rad zone,” only large spherical bodies of recrys
lized radiolarians are embedded in the grayish yellow
brown claystone. Maximum size of the tests is 2 mm. Th
forms can be attributed to orosphaerids, which also occu
samples with well-preserved radiolarians. In unrecrystalliz
faunas, orosphaerids are broken. In the “fat rad zone,” they
intact, because of an intense cementation and recrystalliza
of the tests into quartz (Steiger et al., in press).

6. The lower boundary of the “fat rad zone” is not document
because a whole-round sample for chemical research was
en in this interval. Below this zone radiolarians are again w
preserved. In contrast to the rich intervals above, radiolari
of the lower part of the décollement zone are not abundan

All biostratigraphic hiatuses can be attributed to shear zones
commonly appear in the lithologic column of the décollement zo
Major biostratigraphic gaps are accompanied by thicker zone
scaly fabric or by breccias (Table 1).

Sediments containing radiolarians of older biostratigraphic zo
(Cyrtocapsella tetrapera Zone and Lychnocanoma elongata Zone)
are intensely sheared. The contact with the “fat rad zone” is cha
terized by a very thick interval of scaly fabric of more than 20 c
The “fat rad zone” itself is undisturbed.

HOLES 949B AND 949C

Lithologic Setting

Site 949 is located 2 km west of the deformation front. The ho
were drilled in extremely soft sediments of the décollement zone.
covery, therefore, was very low. Radiolarians occur in Core 1
949B-19X through Core 156-949B-22X. Lithologies consist of lig
brownish gray to yellowish brown claystone (lithologic Unit IIE) an
mottled variegated claystone (lithologic Unit III). The boundary b
tween the lithologic Units IIE and III is located at 430.92 m in Co
156-949B-22X. In Cores 156-949B-20R and 156-949B-21X rec
ery is reduced to small fragments of material containing rich radio
ian faunas.

RADIOLARIAN AGE AND ZONATION

1. Normal sequence of late early Miocene age. In Core 1
949B-19X radiolarians are well preserved. In Sample 1
949B-19X-1, 12−16 cm, the association can be attributed 
the Calocycletta costata Zone. From Sample 156-949B-19X
1, 77−81 cm, to Sample 156-949B-19X, 97−81 cm, the fauna
assigned to the Stichocorys wolffii Zone. Sample 156-949B-
19X-3, 107−109 cm, to Sample 156-949B-21CC, biostra
graphic markers indicate the Stichocorys wolffii Zone. In
36
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Cores 156-949B-20X and 156-949B-21X, diversity is reduce
because of increasing diagenetic influence (Fig. 2).

2. Recrystallized interval. In Core 156-949B-22X, radiolarians
are recrystallized as in the “fat rad zone” of Hole 948C. Th
age of the recrystallized interval is unknown.

3. Below the recrystallized interval radiolarian are well-pre
served but rare. The amount of biostratigraphic markers is n
high enough to assign the fauna to a distinct radiolarian zon
The taxa that are sufficiently time specific indicate early Mio
cene age.

VERTICAL DISTRIBUTION
OF RADIOLARIAN ZONES

In contrast to Hole 948C, Holes 949B and 949C contained a thick-
er continuous interval of radiolarian zones. A biostratigraphic bre
or repetition is possibly present below the base of the recrystalliz
interval because of lithologic differences and changes in radiolari
preservation, abundance, and diversity. According to the intact b
stratigraphic sequence, shear zones are less frequent and bios
graphic hiatuses are not tied to intervals of scaly fabric (Table 2).

DISCUSSION

Renz (1984) reported first results about the faunal composition
the top part of the décollement zone. Here the biostratigraphic ran
comprised the Calocycletta costata Zone, and the Stichocorys del-
montensis Zone. Between these zones a dissolution zone is resp
sible for the absence of the Stichocorys wolffii Zone. As Site 541 is
about 1000 m southeast of Hole 948C, it is likely that the litholog
column differs considerably. With respect to the tectonic influenc
within the décollement zone, a change in the sequence of the hiatu
can be expected. The dissolution zone mentioned by Renz could 
respond to a tectonically active interval comparable to a shear zo

Preservation of the radiolarians depends on the porosity and 
content of pore water in the sediment. Hole 948C yielded a good 
covery of sediments not very rich in pore water. Here, radiolaria
are well preserved, but mostly fragmented. Mechanical shear and
terporous abrasion must be responsible for this. Hole 949B is char
terized by a poor recovery. The sediment is very soft and soupy. R
diolarian tests are well preserved and mechanical abrasion is wea

In this sense, locations near the deformation front are not very 
fected by shear movements. Biostratigraphic hiatuses, therefore,
not developed as in Hole 948C.

The recrystallized intervals seem to be a major diagenetic ph
nomenon. If these zones form a continuous layer between H
948C (“fat rad zone”) and Hole 949B, it would be an appropria
path for fluid transport (see scientific objectives of Leg 156 in Ship
ley, Ogawa, Blum et al., 1995), dipping upward about 80 m fro
west (Hole 948C) to east (Hole 949B). Radiolarians are affected
group-selective diagenesis characterized by a transformation fr
biogenic opal into zeolites (Steiger et al., in press).

SYSTEMATIC PALEONTOLOGY

Artophormis gracilis Riedel

Artophormis gracilis Riedel; Riedel, 1959, p. 300, pl. 2, figs. 12, 13.
Artophormis gracilis Riedel; Moore, 1971, pl. 5, figs. 10, 11.
Artophormis gracilis Riedel; Sanfilippo et al., 1973, pl. 4, fig. 4.
Artophormis gracilis Riedel; Sanfilippo, Westberg-Smith and Riedel, 1985,

p. 666, fig. 12, 2 a−c.

Remarks: Rare in the transition between the Stichocorys wolffii Zone and
Calocycletta costata Zone in Hole 949B.
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10-2, 69-71 m  f F F F F F
10-3, 8-10 m  f F F F ?R F F F F
10-3, 25-27 m  f F R R R F F F C F F F F F
10-3, 37-39 g   a F R R F F F F F
10-3, 68-70 g   a F R F F R R F R F F
10-4, 36-38 g   a R F R F R F F F F
10-4, 52-54 g   a R F R R R F F F F
10-4, 79-81 g   a F R R R F F R F F
10-4, 98-100 g   a F R F F F R F F F F
10-4, 117-119 g   a R F F F F F F F F
10-4, 147-149 g   a R F R F F R R ?R F F F
10-5, 0-2 g   a R F R F F R R F R F F
10-5, 22-24 g   a F R R F ?R R F F
10-5, 45-47 g   a C F R F F R R R R F F R F
10-5, 57-59 g   a C F R F C R R F F R
10-5, 66-67 g   a R F R R F F R R F F F
10-5, 67-69 g   a F R F R C F R R R F F R
10-5, 91-93 g   a F F R F C R R R
10-CC, 1-3 g   a C R F R R F C F R R R R F F
10-CC, 16-18 g   a F R R F C F R R F F F R
10-CC g   a C R F C F F F F R F F
11-1, 2-4 g   a C F C F F F F F
11-1, 8-9 g   a F F F C F F F F F
11-1, 13-15 g   a F C F C F R F F F F R
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11-1, 72-74 g   a F F R F F F R R R F R F R F R
11-1, 83-87 g   a F F R R F F R F F R F R F F R
11-1, 146-150 g   a C C F F R R R F R R R F F R F R
11-2, 2-4 g   a R C R F F F R R R R F R F F R
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11-4, 6-10 p   f
11-4, 14-18 p   f
11-4, 33-37 p   r
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11-5. 9-13 g   r F F F F F
11-5, 106-110 g   r C F F C F F
11-CC b
12-1, 41-43 g   r F F
12-1, 71-74 m   r F F
12-1, 112-114 m   r F
12-2, 8-10 p   r F
12-3, 30-32 p   r F
12-3, 144-146 b
12-4, 32-34 p   r
12-4, 70-72 b
12-4, 104-106 b
12-5, 0-2 b
12-CC, 17-19 p   r F
12-CC m   r F F F F F

Hole 948C

Epochs
Radiolarian

Zones

Sample
(Interval in 

cm)

Preservation
(poor, moderate, good)

Abundance
(abundant, frequent, rare)

Late early Miocene

Recrystallized
fossils

Transition 
C. costata Zone -

S. wolffii Zone

Upper S. wolffii Zone

Lower S. wolffii Zone

Upper C. costata Zone

Lower C. costata Zone

Transition 
C. costata Zone -

S. wolffii Zone

Upper C. costata Zone

Early early Miocene

Cyrtocapsella tetrapera 
Zone

Lychnocanoma 
elongata Zone

Not determined "Fat rad Zone"

Late early Miocene Calocycletta costata 
Zone

Not determinedNot determined

b = barren

Table 1. Radiolarian biostratigraphic data for Hole 948C.
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Figure 2. Radiolarian zonation for Hole 949B compared with position and thicknesses of shear zones characterized by scaly fabric.
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19-1, 77-81 g   a F F C R
19-1, 141-145 g   a R C C C R R
19-2, 13-17 g   a R C R C C R
19-2, 54-58 g   a C R R C C R R
19-3, 23-25 g   a R F R F C F
19-3, 79-81 g   a F F C F
19-3, 107-109 g   a R F F C F R
19-3, 138-140 g   a R F R R F C F R
19-4, 6-8 g   a R F R F C
19-4, 11-15 g   a R R C R C C R
19-4, 50-54 g   a R F F C R
19-4, 70-74 g   a R F F C F R
19-CC, 12-16 g   a R R F R F C R
19-CC g   a R F R F C R R
20-CC m   a R F R F C R R R
21-CC m   a R F R
22-1, 12-15 p   a
22-1, 73-76 p   a
22-1, 147-150 p   a
22-2, 35-38 p   a
22-2, 58-61 p   a
22-2, 94-97 p   a
22-3, 36-39 b
22-3, 93-96 b
22-3, 121-125 b
22-4, 15-18 g   r F F

Radiolarian
Zones

Sample
(Interval in cm)

Preservation
(poor, moderate, good)

Abundance
(abundant, frequent, rare)

Lower C. costata  Z.

Stichocorys wolffii Zone

Stichocorys 
delmontensis Zone

Recrystallized
fossils

(?)

b = barren

Table 2. Radiolarian biostratigraphic data for 
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Bathropyramis sp. indet.
(Pl. 4, Fig. 7)

Remarks: Rare, occurring as various morphotypes.

Calocycletta costata (Riedel)
(Pl. 1, Figs. 1, 2)

Calocyclas costata Riedel; Riedel,1959, p. 296, pl. 2, fig. 9.
Calocycletta costata (Riedel); Riedel and Sanfilippo, 1978, p. 66, pl. 3, fig. 9.
Calocycletta costata (Riedel); Renz, 1984, p. 455, fig. 9.

Remarks: This species co-occurs with Calocycletta virginis (Haeckel).
Most of the specimens have pronounced ridges between the pore rows. Rare
tests show typical longitudinal pore rows, but without costae. These are per-
haps transitional forms between Calocycletta costata (Riedel) and C. virginis
(Haeckel) as expected by Riedel (1959). At the base of the occurrence Calo-
cycletta serrata Moore is also present. Reasons for this may be reworking of
some tests of Calocycletta serrata Moore or a longer duration of the occur-
rence of this species.

Calocycletta serrata Moore
(Pl. 1, Figs. 3, 4)

Calocycletta serrata Moore; Moore,1972, p. 148, pl. 2, figs. 1−3.
Calocycletta serrata Moore; Riedel and Sanfilippo, 1978, p. 66, pl. 3, figs. 12.

Remarks: This species is common in the Cyrtocapsella tetrapera Zone.
In Sample 156-948C-11X-2, 63−67 cm, it seems to create an acme at the base
of the zone. The first occurrence of Calocycletta serrata Moore is reported by
Riedel and Sanfilippo (1978) from the beginning of the Cyrtocapsella tetrap-
era Zone. The first occurrence of the species is dated at 21.2 Ma (Theyer et
al., 1978).

Calocycletta virginis Haeckel
(Pl. 1, Figs. 5, 6)

Calocyclas (Calocycletta) virginis Haeckel; Haeckel, 1887, p. 1381, pl. 74,
fig. 4.

Calocycletta virginis Haeckel; Riedel and Sanfilippo, 1978, p. 66, pl.3, figs.
13, 14.

Remarks: One of the most common species in the Leg 156 material. Feet
are present or absent. Proportions of the abdomen occasionally tend to grade
into these of Calocycletta robusta Moore.

Carpocanopsis bramlettei Riedel and Sanfilippo

Carpocanopsis bramlettei Riedel and Sanfilippo; Riedel and Sanfilippo,
1971, p. 1597, pl. 2G, figs. 8−14; pl. 8, fig. 7.

Carpocanopsis bramlettei Riedel and Sanfilippo; Riedel and Sanfilippo,
1978, p. 67, pl. 4, fig. 6.

Remarks: Not very common in the late early Miocene radiolarian zones
of both sites.

Carpocanopsis cingulata Riedel and Sanfilippo

Carpocanopsis cingulata Riedel and Sanfilippo; Riedel and Sanfilippo, 1971,
p. 1597, pl. 2G, figs. 17−21; pl. 8, fig. 8.

Carpocanopsis cingulata Riedel and Sanfilippo; Riedel and Sanfilippo, 1978,
p. 67, pl. 4, fig. 4.

Remarks: Rare in the late early Miocene of both sites.

Centrobotrys petrushevskayae Sanfilippo and Riedel

Centrobotrys (?) sp. A Riedel and Sanfilippo; Riedel and Sanfilippo, 1971, p.
1602, pl. 3F, figs. 15, 16.

Centrobotrys petrushevskayae Sanfilippo and Riedel; Sanfilippo and Riedel,
1973, p. 532, pl. 36, figs. 12, 13.

Centrobotrys petrushevskayae Sanfilippo and Riedel; Nigrini and Lombari,
1984, p. N 205, pl. 33, fig. 2.
40
Remarks: Rare in the transition between the Stichocorys wolffii Zone to
Calocycletta costata Zone (late early Miocene).

Cornutella profunda Ehrenberg

Cornutella clathrata profunda Ehrenberg; Ehrenberg, 1854, p. 241.
Cornutella profunda Ehrenberg; Riedel, 1958, p. 232, pl. 3, figs. 1, 2.
Cornutella profunda Ehrenberg; Nigrini, 1967, p. 60, pl. 6, figs. 5a−c (with

synonymy).
Cornutella profunda Ehrenberg; Nigrini and Lombari, 1984, p. N93, pl. 22,

fig. 1.

Remarks: This Cenozoic long-range species is rare in the Leg 156 sam-
ples. Rare occurrence in early Miocene is reported in Nigrini and Lombari
(1984).

Cyclampterium leptetrum Sanfilippo and Riedel
(Pl. 3, Fig. 4)

Cyclampterium leptetrum Sanfilippo and Riedel; Sanfilippo and Riedel, 1970,
p. 456, pl. 2, figs. 11, 12.

Cyclampterium leptetrum Sanfilippo and Riedel; Riedel and Sanfilippo, 1978,
p. 67, p. 4, figs. 12−13.

Cyclampterium leptetrum Sanfilippo and Riedel; Renz, 1984, p. 457, pl. 1,
figs. 1−3.

Cyclampterium (?) leptetrum Sanfilippo and Riedel; Nigrini and Lombari,
1984, p. N95, pl. 22, figs. 2a, b.

Remarks: The species is frequent in all samples from the Cyrtocapsella
tetrapera Zone (top of Lychnocanoma elongata Zone?) to the Calocycletta
costata Zone. In general the skeletons are incomplete and comprise cephalis
and thorax. Skeletons with closed abdomen are rare. Occasionally single feet
protrude from the margin of the thorax without forming an abdomen. Pl. 4,
fig. 13 by Riedel and Sanfilippo (1978) shows similar feet fixed at the lower
margin of an open abdomen.

Cyrtocapsella cornuta Haeckel
(Pl. 3, Fig. 5)

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

Cyrtocapsella cornuta Haeckel; Riedel and Sanfilippo, 1978, p. 68, pl. 4, fig. 17.

Remarks: Abundant in late early Miocene radiolarian zones of both sites.

Cyrtocapsella japonica (Nakaseko)

Eusyringium japonicum Nakaseko; Nakaseko, 1963, p. 193, text figs. 20−21,
pl. 4, figs. 1−3.

Cyrtocapsella japonica (Nakaseko); Sanfilippo and Riedel, 1970, p. 452, pl.
1, figs. 13−15 (with synonymy).

Cyrtocapsella japonica (Nakaseko); Nigrini and Lombari, 1984, p. N 107, pl.
23, figs. 4a−c.

Remarks: Rare in the Calocycletta costata Zone of Hole 948C.

Cyrtocapsella tetrapera Haeckel
(Pl. 3, Fig. 3)

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

Cyrtocapsella tetrapera Haeckel; Sanfilippo and Riedel, 1970, p. 453, pl. 1,
figs. 16−18 (with synonymy).

Cyrtocapsella tetrapera Haeckel; Riedel and Sanfilippo, 1978, p. 68, pl. 4,
fig. 18.

Cyrtocapsella tetrapera Haeckel; Sanfilippo, Westberg-Smith and Riedel,
1985, p. 670, figs. 16.1a, b.

Remarks: Cyrtocapsella tetrapera Haeckel and Cyrtocapsella cornuta
Haeckel mostly occur together in the late early Miocene. In the Cyrtocapsella
tetrapera Zone Cyrtocapsella cornuta Haeckel is absent. Some specimens
possess a fifth closed segment. Intermediate forms between Cyrtocapsella tet-
rapera Haeckel and C. cornuta Haeckel are frequent.
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Dendrospyris bursa Sanfilippo and Riedel
(Pl. 2, Fig. 5)

Dendrospyris bursa Sanfilippo and Riedel; Sanfilippo et al., 1973, p. 217, pl.
2, figs. 9−13.

Dendrospyris bursa Sanfilippo and Riedel; Nigrini and Lombari, 1984, p. N
19, pl. 16, figs. 1a−f.

Remarks: Rare in early Miocene from the Cyrtocapsella tetrapera Zone
through the Calocycletta costata Zone.

Dendrospyris damaecornis (Haeckel)

Dendrospyris damaecornis (Haeckel); Goll, 1968, p. 1420, pl. 173, figs. 1−4;
text fig. 8.

Remarks: Rare in early Miocene from the Cyrtocapsella tetrapera Zone
through the Calocycletta costata Zone.

Didymocyrtis prismatica (Haeckel)
(Pl. 4, Fig. 5)

Pipettella prismatica Haeckel; Haeckel, 1887, p. 305, pl. 39, fig. 6.
Didymocyrtis prismatica (Haeckel); Sanfilippo and Riedel, 1980, p. 1010,

text fig. 1c.

Remarks: Rare in late early Miocene radiolarian zones. Common in the
Cyrtocapsella tetrapera Zone, forming a distinct assemblage together with
Calocycletta serrata Moore and Heliodiscus asteriscus Haeckel.

Didymocyrtis tubaria (Haeckel)

Pipettaria tubaria Haeckel; Haeckel, 1887, pl. 339, pl. 39, fig. 15.
Cannartus tubarius (Haeckel); Riedel, 1959, p. 289, pl. 1, fig. 2.
Didymocyrtis tubaria (Haeckel); Sanfilippo and Riedel, 1980, p. 1010.
Didymocyrtis tubaria (Haeckel); Nigrini and Lombari, 1984, S 47, pl. 6, fig. 4.

Remarks: Rare in the Calocycletta costata Zone of Hole 949B.

Didymocyrtis violina (Haeckel)
(Pl. 4, Fig. 6)

Cannartus violina Haeckel; Haeckel, 1887, p. 358, pl. 39, fig. 10.
Cannartus violina Haeckel; Riedel, 1959, p. 290, pl. 1, fig. 3 (with synonymy).
Didymocyrtis violina (Haeckel); Sanfilippo and Riedel, 1980, p. 1010.

Remarks: Generally rare in late early Miocene radiolarian zones.

Dorcadospyris ateuchus (Ehrenberg)
(Pl. 2, Fig. 3, 4)

Ceratospyris ateuchus Ehrenberg; Ehrenberg, 1873, p. 218.
Ceratospyris ateuchus Ehrenberg; Ehrenberg 1875, pl. 21, fig. 4.
Cantharospyris ateuchus (Ehrenberg); Haeckel, 1887, p. 1051.
Cantharospyris ateuchus (Ehrenberg); Riedel, 1959, p. 294, pl. 22, figs. 3, 4.
Dorcadospyris ateuchus (Ehrenberg); Riedel and Sanfilippo, 1970, pl. 15, fig. 4.
Dorcadospyris (?) or Petalospyris (?) ateuchus (Ehrenberg); Petrushevskaya

and Kozlova, 1972, p. 532.
Dorcadospyris ateuchus (Ehrenberg); Riedel and Sanfilippo, 1978, p. 68, pl.

5, fig. 3.

Remarks: Rare to common in samples from the Lychnocanoma elongata
Zone and the Cyrtocapsella tetrapera Zone of Hole 948C. Questionable
forms in the lower Stichocorys wolffii Zone.

Dorcadospyris dentata Haeckel
(Pl. 2, Fig. 1)

Dorcadospyris dentata Haeckel; Haeckel, 1887, p. 1040, pl. 85, fig. 6.
Dorcadospyris antilope Haeckel; Haeckel, 1887, p. 1041, pl. 85, fig. 5.
Dorcadospyris decussata Haeckel; Haeckel, 1887, p. 1041, pl. 85, fig. 7.
Dorcadospyris dentata Haeckel; Campbell, 1954, p. D112, fig. 54.11.
Dorcadospyris dentata Haeckel; Riedel, 1957, p. 79, pl. 1, fig. 4.
Dorcadospyris dentata Haeckel; Goll, 1969, p. 338, pl. 60, figs. 8, 10–13, tex
fig. 2.

Dorcadospyris dentata Haeckel; Riedel and Sanfilippo, 1971, p. pl. 2D, fig
2−3.

Dorcadospyris dentata Haeckel; Goll, 1972, p. 964, pl. 56, fig. 1−3, pl. 57,
fig. 1−3.

Dorcadospyris dentata Haeckel; Holdsworth, 1975, p. 529.
Dorcadospyris dentata Haeckel; Riedel and Sanfilippo, 1978, p. 68, pl. 5, fig. 4
Dorcadospyris dentata Haeckel; Sakai, 1980, p. 712, pl. 10, figs. 9, 10
Dorcadospyris dentata Haeckel; Nigrini and Lombari, 1984, N 29, pl. 17, fig. 2.
Dorcadospyris dentata Haeckel; Sanfilippo, Westberg-Smith and Riedel

1985, p. 663, figs. 10.6a, b.

Remarks: Dorcadospyris dentata Haeckel is present in all samples at-
tributed to the Stichocorys wolffii Zone and to the Calocycletta costata
Zone. All specimens are broken.

Dorcadospyris forcipata (Haeckel)
(Pl. 2, Fig. 2)

Dipodospyris forcipata Haeckel; Haeckel, 1887, p. 1037, pl. 85, fig. 1.
Dipodospyris forcipata Haeckel; Riedel, 1957, p. 79, pl. 1, fig. 3.
Dipodospyris forcipata Haeckel; Riedel, 1959, p. 293, pl. 1, fig. 9.
Dorcadospyris forcipata (Haeckel); Riedel and Sanfilippo, 1970, p. 523, pl

15, fig. 7.
Dorcadospyris forcipata (Haeckel); Riedel and Sanfilippo, 1971, p. 1590, p

2C, figs. 20−23, pl. 3A, fig. 8.
Dorcadospyris forcipata (Haeckel); Moore, 1971, p. 740, pl. 10.
Dorcadospyris forcipata (Haeckel); Goll, 1972, p. 964, pl. 54, fig. 1−2.
Dorcadospyris forcipata (Haeckel) Group; Holdsworth, 1975, p. 529.
Dorcadospyris forcipata (Haeckel); De Wever, 1981, p. 511, pl. 3, fig. 8.
Dorcadospyris forcipata (Haeckel); Sanfilippo, Westberg-Smith and Riedel

1985, p. 663, fig. 10.5a, b.

Remarks: Dorcadospyris forcipata (Haeckel) is common in samples at-
tributed to the Stichocorys wolffii Zone and to the Calocycletta costata Zone.
It occurs with Dorcadospyris dentata Haeckel.

Dorcadospyris praeforcipata Moore

Dorcadospyris praeforcipata Moore; Moore 1971, p. 738, pl. 9, fig. 4−7.

Remarks: Rare in the Cyrtocapsella tetrapera Zone.

Eucyrtidium diaphanes Sanfilippo and Riedel
(Pl. 3, Fig. 2)

Eucyrtidium diaphanes Sanfilippo and Riedel; Sanfilippo et al., 1973, p. 221
pl. 5, figs. 12−14.

Eucyrtidium diaphanes Sanfilippo and Riedel; Riedel and Sanfilippo, 1978
p. 68, pl. 5, fig. 5.

Remarks: This species is common in the late early Miocene.

Heliodiscus astericus Haeckel
(Pl. 4, Fig. 2)

Heliodiscus astericus Haeckel; Haeckel, 1887, p. 445, pl. 33, fig. 8.
Heliodiscus astericus Haeckel; Hays, 1965, p. 171, pl. 11, fig. 7.
Heliodiscus astericus Haeckel; Nigrini, 1967, p. 32, pl. 3, figs. 1a, b.
Heliodiscus astericus Haeckel; Nigrini and Moore, 1979, p. S73, pl. 9, figs. 1, 2
Heliodiscus astericus Haeckel; Nigrini and Lombari, 1984, p. S39, pl. 5, fig. 4

Remarks: The species is most abundant together with Calocycletta ser-
rata Moore in the Calocycletta tetrapera Zone.

Liriospyris geniculosa Goll

Liriospyris geniculosa Goll; Goll, 1968, p. 1427, pl. 175, figs. 21−24.
Liriospyris geniculosa Goll; Nigrini and Lombari, 1984, N 47, pl. 19, fig. 3.

Remarks: This species is common in early Miocene material from th
Cyrtocapsella tetrapera Zone through the Calocycletta costata Zone.
41
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Liriospyris mutuaria Goll

Liriospyris mutuaria Goll; Goll, 1968, p. 1428, figs. 6, 10, 11, 14; text fig. 9.
Liriospyris mutuaria Goll; De Wever, 1981, p. 511, pl. 2, fig. 1.

Remarks: This species is common in early Miocene material from the
Cyrtocapsella tetrapera Zone through the Calocycletta costata Zone.

Liriospyris parkerae Riedel and Sanfilippo

Liriospyris parkerae Riedel and Sanfilippo; Riedel and Sanfilippo, 1971, p.
1590, pl. 2C, fig. 15, pl. 5, fig. 4.

Liriospyris parkerae Riedel and Sanfilippo; De Wever, 1981, p. 511, pl. 1,
fig. 11.

Remarks: This species is common in the Calocycletta costata Zone and
in the transition between the Calocycletta costata Zone and the Stichocorys
wolffii Zone.

Liriospyris stauropora (Haeckel)
(Pl. 2, Fig. 7)

Trissocyclus stauropora Haeckel; Haeckel, 1887, p. 987, pl. 83, fig. 5.
Liriospyris stauropora (Haeckel); Goll, 1968, p. 1431, pl. 175, figs. 1−3, 7,

text fig. 9.
Liriospyris stauropora (Haeckel); Riedel and Sanfilippo, 1971, p. 1590, pl.

2C, figs. 16−19.
Liriospyris stauropora (Haeckel); De Wever, 1981, p. 511, pl. 1, figs. 12−13.
Liriospyris stauropora (Haeckel); Nigrini and Lombari, 1984, N 51, pl. 19,

fig. 5.

Remarks: Common to abundant in the late early Miocene sections of both
sites.

Lithochytris vespertilio Ehrenberg

Lithochytris vespertilio Ehrenberg; Ehrenberg, 1873, p. 239, no. 148.
Lithochytris vespertilio Ehrenberg; Ehrenberg, 1875, p. 76, pl. 4, fig. 10.
Lithochytris vespertilio Ehrenberg; Bütschli, 1882, p. 532, pl. 31, fig. 4.
Lithochytris vespertilio Ehrenberg; Haeckel, 1887, p. 1365.
Lithochytris vespertilio Ehrenberg; Riedel and Sanfilippo, 1970, pl. 9, fig. 8,
Lithochytris vespertilio Ehrenberg; Moore, 1971, p. 741, pl. 1, fig. 4
Lithochytris vespertilio Ehrenberg; Nigrini, 1974, pl. 1G, figs. 4−6.
Lithochytris vespertilio Ehrenberg; Ling, 1975, p. 726, pl. 10, figs. 1−3.
Lithochytris vespertilio Ehrenberg; Kling, 1978, p. 234, fig. 14.

Remarks: This is an Eocene species reworked in Sample 156-948C-
2, 16−19 cm. The normal fauna is assigned to the Cyrtocapsella tetrapera
Zone.

Lychnocanoma elongata (Vinassa)
(Pl. 4, Fig. 4)

Tetrahedrina elongata Vinassa de Regny; Vinassa de Regny, 1900, p. 243
2, fig. 31.

Lychnocanoma elongata (Vinassa); Riedel and Sanfilippo, 1978, p. 70, pl. 
fig. 4. 

Remarks: Rare throughout the cores.

Lychnocanoma sp.

Theoperid gen. et sp. indet.; Sanfilippo, Westberg-Smith and Riedel, 1
figs. 19, 4−6.

Remarks: Lychnocanoma possessing three feet. Occurs with Lychnoca-
noma elongata Vinassa de Regny.

Orodapis spongiosa Friend and Riedel

Orodapis spongiosa Friend and Riedel; Friend and Riedel, 1967, p. 222, pl.
fig. 7−10.

Remarks: This orospherid species constitutes the largest intact radiol
an tests recovered from the Leg 156 sediments. Well-preserved skeleton
42
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cur in Core 949B-19X and have diameters greater than 2 mm. The
radiolarians represent the “fat rads” in the recrystallized zone of Hole 948
Orodapis spinosa Friend and Riedel is known from early Oligocene to earl
early Miocene (Friend and Riedel, 1967). According to the occurrence in 
transition Stichocorys wolffii Zone to Calocycletta costata Zone in Core
949B-19X, this species possibly has a longer range and is also common in
late early Miocene.

Oroscena carolae Friend and Riedel
(Pl. 4, Fig. 1)

Oroscena carolae Friend and Riedel; Friend and Riedel, 1967, p. 225, pl. 
figs. 9−10, pl. 3, figs. 1−2

Remarks: This large radiolarian species has more fragile skeletons 
Orodapis spongiosa Friend and Riedel. It is common but complete tests a
rare. They occur with Orodapis spongiosa Friend and Riedel in Core 949B-
19X.

Orospherids gen. indet.

Remains of orospherids are present in almost all samples of Leg 156. 
cause these delicate forms are usually fragmented they cannot be exactly
termined. The remains are similar to species of the genera Oroscena Haeckel
(1887) and Orodapis Friend and Riedel (1967). Because of intense recrysta
lization and transformation of the biogenic opal to quartz the orospherids 
come diagenetically more “stable”. These radiolarians are embedded
spongy spherical bodies in the soft claystones of the décollement zone w
diameters up to 2 mm.

Siphostichoartus praecorona Nigrini

Siphostichoartus praecorona Nigrini; Nigrini, 1977, p. 528, pl. 2, figs. 8−9.
Siphostichoartus praecorona Nigrini; De Wever, 1981, p. 512, pl. 4, fig. 4.

Remarks: Extremely rare. Occurs in Sample 156-949B-19X-1, 141−145
cm, of the transition Stichocorys wolffii Zone to Calocycletta costata Zone.

Siphostichoartus corona (Haeckel)

Cryptophormis (Acanthocyrtis) corona Haeckel; Haeckel, 1887, p. 1462, pl.
77, fig. 15.

Siphostichoartus corona (Haeckel); Nigrini, 1977, p. 257, pl. 2, figs. 5−7.
Phormostichoartus corona (Haeckel); Riedel and Sanfilippo, 1978, p. 71, pl

7, fig. 12.
Siphostichoartus corona (Haeckel); De Wever, 1981, p. 512, pl. 4, fig. 3.

Remarks: Rare in all radiolarian zones.

Stichocorys delmontensis (Campbell and Clark)

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

Stichocorys delmontensis (Campbell and Clark); Riedel and Sanfilippo, 1978
p. 74, pl. 9, fig. 10.

Stichocorys delmontensis (Campbell and Clark); Nigrini and Lombari, 1984,
p. N 129, pl. 25, fig. 4.

Stichocorys delmontensis (Campbell and Clark); Sanfilippo, Westberg-Smith
and Riedel, 1985, p. 681, figs 23.1a, b.

Remarks: Stichocorys delmontensis (Campbell and Clark) is rare in the
Leg 156 cores. The species is part of the radiolarian assemblage of the Calo-
cycletta costata Zone. Why it is not detected in the upper décollement sampl
is a problem. A possible reason is the similarity to Stichocorys wolffii (Haeck-
el) and the fragmentation of the Stichocorys tests in this interval. Stichocorys
wolffii tests seem to be more stable against mechanical breaking than S. del-
montensis tests.

Stichocorys wolffii (Haeckel)
(Pl. 3, Fig. 1)

Stichocorys wolffii Haeckel; Haeckel, 1887, p. 1479, pl. 80, fig. 10.
Stichocorys wolffii Haeckel; Riedel and Sanfilippo, 1971, pl. 2E, figs. 8, 9.
Stichocorys wolffii Haeckel; Riedel and Sanfilippo, 1978, pl. 1, fig. 3, pl. 9

fig. 12.
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Stichocorys wolffii Haeckel, Nigrini and Lombari, 1984, p. N 135, pl. 25, fig.
7 (with synonymy).

Stichocorys wolffii Haeckel; Sanfilippo, Westberg-Smith and Riedel, 1985, p.
682, figs 23.3a, b.

Remarks: Complete specimens are rare. Proximal parts comprising ceph-
alis, thorax and abdomen are more common.

Stylatractus universus Hays Group

Stylatractus universus Hays; Hays, 1970, p. 215, pl. 1 figs. 1, 2.
Stylatractus universus Hays; Nigrini and Lombari, 1984, p. 215, pl. 1, figs. 1, 2.

Remarks: According to the discussion in Nigrini and Lombari (1984),
Stylatractus universus Hays is seen to be conspecific with Axoprunum ange-
linum (Campbell and Clark). The morphotype occurs throughout the radiolar-
ian-bearing sediments of the décollement with medium frequency. 
biostratigraphically significant tendency in vertical distribution is obvious.

Stylodictya aculeata Jørgensen

Stylodictya aculeata Jørgensen; Jørgensen,1905, p. 119, pl. 10, fig. 41.
Stylodictya aculeata Jørgensen; Petrushevskaya, 1967, p. 35, pl. 17, figs. 1−3.
Stylodictya aculeata Jørgensen; Nigrini and Moore, 1979, p. S 101, pl. 1

figs. 3, 4.
Stylodictya aculeata Jørgensen; Nigrini and Lombari, 1984, p. S 69, pl. 1

figs. 1a, b.

Remarks: Relatively rare in the late early Miocene close to the Calocy-
cletta costata Zone.

Tholospyris anthophora (Haeckel)
(Pl. 2, Fig. 6)

Dictyospyris anthophora Haeckel; Haeckel, 1887, p. 1076, pl. 89, fig. 8.
? Dictyospyris distoma Haeckel; Haeckel, 1887, p. 1073, pl. 89, figs. 11, 1
Tholospyris anthophora (Haeckel); Goll, 1969, p. 324, pl. 55, figs. 1−4, text

fig. 1.
Tholospyris anthophora (Haeckel); Nigrini and Lombari, 1984, N69, pl. 20

fig. 1.

Remarks: Tholospyris anthophora (Haeckel) is the most common spyrid
in the Leg 156 samples.

Tholospyris kantiana (Haeckel)
(Pl. 2, Fig. 8)

Tricolospyris kantiana Haeckel; Haeckel, 1887, p. 1098, pl. 88, fig. 10.
Tholospyris kantiana (Haeckel); Goll, 1969, p. 327, pl. 58, figs. 17−19, 23;

text fig. 1.
Tholospyris kantiana (Haeckel); De Wever 1981, p. 512, pl. 2, fig. 6.
Tholospyris kantiana (Haeckel); Nigrini and Lombari, 1984, p. N 71, pl. 20

figs. 2a−c.

Remarks: This species is very difficult to determine from the literatur
The skeletons found in the Leg 156 represent the central parts of T. kantiana
(Haeckel) including the sagittal ring and the lattice shell. The lattice ext
sions documented by Goll (1969) were not observed. In the cores the sp
is present in the late early Miocene radiolarian zones.

Tholospyris mammillaris (Haeckel)
(Pl. 2, Fig. 10)

Dictyospyris mammillaris Haeckel; Haeckel, 1887, p. 1076, pl. 89, figs. 9, 1
Tholospyris mammillaris (Haeckel); Goll, 1969, p. 327, pl. 55, figs. 5, 6; tex

fig. 1.
Tholospyris mammillaris (Haeckel); De Wever, 1981, p. 512, pl. 1, fig. 6.
Tholospyris mammillaris (Haeckel); Nigrini and Lombari, 1984, p. N 73, pl

20, figs. 3a, b.

Remarks: This species is one of the most abundant spyrids in the Leg 
samples. Except for the Lychnocanoma elongata Zone Tholospyris mammill-
aris (Haeckel) occurs in all radiolarian zones of the early Miocene.
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Tympanidium binoctonum Haeckel
(Pl. 2, Fig. 9)

Tympanidium binoctonum Haeckel; Haeckel, 1887, p. 1004, pl. 94, fig. 18.
Tympanomma binoctonum (Haeckel); Petrushevskaya and Kozlova, 1972, p

533, pl 39, figs. 23, 24.
Tympanidium binoctonum Haeckel; Nigrini and Lombari, 1984, p. N 77, pl.

20, fig. 4.

Remarks: In Leg 156 cores, Tympanidium binoctonum Haeckel is abun-
dant starting from the base of the Cyrtocapsella tetrapera Zone through the
Calocycletta costata Zone.

Zygocircus productus (Hertwig)

Lithocircus productus Hertwig; Hertwig, 1879, p. 69, pl. 7, fig. 4.
Zygocircus productus (Hertwig); Haeckel, 1887, p. 948.
Zygocircus productus (Hertwig) tricarinatus Goll; Goll 1979, p. 380, pl. 1,

figs. 1−2, 5−15 (with synonymy).
Zygocircus productus (Hertwig) tricarinatus Goll; Nigrini and Lombari,

1984, p. N3, pl. 15, figs. 2 a, b.

Remarks: Morphotypes of Zygocircus productus (Hertwig) are abundant
in all well preserved and slightly recrystallized samples. Most of them can
determined as the subspecies tricarinatus described by Goll (1979).

Nigrini and Lombari note that this subspecies is most frequent in late ea
and early middle Miocene.
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Plate 1. 1. Calocycletta costata (Riedel), Sample 156-948C-10X-CC; 165×. 2. Calocycletta costata (Riedel), detail of abdominal surface, Sample 156-948C-
10X-CC; 1315×. 3. Calocycletta virginis Haeckel, Sample 156-948C-11X-1, 146–150 cm; 165×. 4. Calocycletta virginis Haeckel, details of abdominal sur-
face, Sample 156-984C-11XZ-1, 146–150 cm; 1315×. 5. Calocycletta serrata Moore, sample 156-948C-11X-2, 63–67 cm; 165×. 6. Calocycletta serrata
Moore, details of abdominal surface, Sample 156-948C-11X-2, 63–67 cm; 1315×. 
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T. STEIGER
Plate 2. 1. Dorcadospyris dentata Haeckel, Sample 156-948C-10X-4, 52–56 cm; 145×. 2. Dorcadospyris forcipata (Haeckel), Sample 156-949B19X-4, 68 cm;
90×. 3. Dorcadospyris ateuchus (Ehrenberg), Sample 156-948C-11X-2, 101–103 cm; 250×. 4. Dorcadospyris ateuchus (Ehrenberg), Sample 156-949B-19X-3,
138–140 cm; 100×. 5. Dendrospyris bursa Sanfilippo and Riedel, Sample 156-949B-19X-2, 13–17 cm; 205×. 6. Tholosypris anthophora (Haeckel), Sample
156-949B-19X-CC; 300×. 7. Liriospyris stauropora (Haeckel), Sample 156-949B-19X-CC; 260×. 8. Tholosypris kantiana (Haeckel), Sample 156-949B-10X-
CC; 200×. 9. Tympanidium binoctonum Haeckel, Sample 156-949V-19X-CC; 330×. 10. Tholospyris mammillaris (Haeckel), Sample 156-949B-19X-CC; 410×.
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MIOCENE RADIOLARIAN BIOSTRATIGRAPHY

,
Plate 3. 1. Stichocorys wolffii (Haeckel), Sample 156-949B-19X-4, 6–8 cm; 410×. 2. Eucyrtidium diaphanes Sanfilippo and Riedel, Sample 156-948C-10X-5
45–47 cm; 410×. 3. Cyrtocapsella tetrapera Haeckel, Sample 156-938C-11X-2, 16–19 cm; 250×. 4. Cyclampterium leptetrum Sanfilippo and Riedel, Sample
156-949B-19X-CC; 165×. 5. Cyrtocapsella cornuta Haeckel, Sample 156-948-11X-2, 16–19 cm; 410×.
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Plate 4. 1. Oroscena carolae Friend and Riedel, Sample 156-949B-19X-3, 79-81 cm; 41×. 2. Heliodiscus asteriscus Haeckel, Sample 156-948C-11X-2, 16–19
cm; 205×. 3. Zygocircus productus (Hertwig) tricariantus Goll, Sample 156-949B-19X-CC; 370×. 4. Lychnocanoma elongata (Vinassa), Sample 156-948C-
11X-2, 16–19 cm; 250×. 5. Didymocyrtis prismatica (Haeckel), Sample 156-949B-19X-3, 79–81 cm; 205×. 6. Didymocyrtis violina (Haeckel), Sample 156-
949B-19X-CC; 205×. 7. Bathropyramis sp., Sample 156-949B-19X-CC; 260×.
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