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Abstract

Poorly preserved radiolarians of early Late Cretaceous age have
been recovered from International Ocean Discovery Program
(IODP) Hole U1520C, which was drilled as part of IODP Expedition
375 (Hikurangi Subduction Margin Coring, Logging, and Observa-
tories). Seven radiolarian-rich samples from Cores 375-U1520C-
42R and 43R (1027.8—-1037.5 meters below seafloor) contain a rela-
tively uniform assemblage that includes species indicative of a mid-
dle Cenomanian age (~97 Ma).

Introduction

During International Ocean Discovery Program (IODP) Expedi-
tion 375, shipboard analysis of cores from Site U1520 identified
black siltstone intervals rich in organic matter in a unit of mixed
volcaniclastic and terrigenous lithologies (Barnes et al., 2019). Pre-
liminary biostratigraphic analysis of these sediments indicated a
mid-Cretaceous age (Albian to Turonian). This suggested that the
organic-rich interval might correspond to Oceanic Anoxic Event 2
(OAE2), which coincides with the Cenomanian/Turonian boundary
(Jenkyns, 2010). Because radiolarians were noted during shipboard
analysis, this study was undertaken to determine if radiolarian bio-
stratigraphy could be used to refine the age control of the sediments
and confirm the correlation with OAE2. Radiolarian biostratigraphy
is relatively well resolved in the mid-Cretaceous following extensive
studies of onshore sections in Europe, Japan, and North America
and offshore studies in the low-latitude Pacific, Indian, and Atlantic
Oceans (Sanfilippo and Riedel, 1985; O’Dogherty, 1994). However,
there have been very few studies of radiolarian assemblages of this
age from the southwest Pacific region (e.g., George, 1993).

Methods and materials

Radiolarian samples were processed in the Earth Science Labo-
ratory at GNS Science. The samples were ~5 cm? splits of quarter-
round wedges that were selected for foraminiferal and nannofossil
study. Samples were dried and crushed into 5 mm chips, leached in
a solution of 10% hydrochloric acid until reaction ceased, immersed
in a solution of 10% hydrogen peroxide and dilute Calgon, heated on
a hot plate for 2 h, and sieved through a 63 um screen. The fine frac-
tion was not retained. Three highly siliceous samples did not break
down with this treatment and therefore were leached in 5% hydro-
fluoric acid for 1 h, followed by decanting the spent acid, wet-siev-
ing, and cleaning with the hydrogen peroxide and Calgon solution.
The >63 pm fraction (i.e., residue) was dried in an oven at 60°C. The
dry residue for each radiolarian-bearing sample was mounted on
two glass slides using Norland mounting medium. Radiolarians
were identified and photographed using a Leitz Ortholux transmit-
ted-light microscope fitted with an Opticom digital camera. Age as-
signments are based mainly on the unitary associations (UA)
identified by O’'Dogherty (1994) and, to a lesser extent, the zonal
schemes established by Pessagno (1976), Taketani (1982) and Fore-
man (1975, as revised by Sanfilippo and Riedel, 1985). Unless noted
otherwise, depths cited in the text are the midpoint within the sam-
pled interval expressed as meters below seafloor (mbsf) (equivalent
to core depth below seafloor, Method B [CSE-B]).

Results

Of the 19 samples processed from Cores 375-U1520C-41R
through 43R, the uppermost two samples and lowermost two sam-
ples were barren of radiolarians (Table T1). Radiolarians were abun-
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Table T1. Samples processed for radiolarians, Hole U1520C.
Download table in CSV format.

Table T2. Cretaceous radiolarians, Hole U1520C.
Download table in CSV format.

dant to rare and of moderately poor to very poor preservation over
a 20 m interval from 1017.7 to 1037.53 mbsf (Samples 42R-2, 49-54
cm, to 43R-2, 114-118 cm). In the lower 10 m of this interval
(1027.78-1037.53 mbsf), seven samples contain radiolarians of suf-
ficient abundance and preservation for biostratigraphic study (Table
T2). However, preservation is consistently poor, and taxonomic
identification is hampered by the tests being recrystallized, infilled,
and/or incomplete.

The radiolarian assemblages in this interval are similar to mid-
dle Cretaceous assemblages described from California (Pessagno,
1976, 1977), central Pacific Ocean (Schaaf, 1981), Hokkaido (Ta-
ketani, 1982), and central Tethyan localities in Italy and Spain
(O’Dogherty, 1994). The radiolarian assemblages include a rela-
tively uniform group of index species that indicate a middle Ceno-
manian age (~97 Ma) (UA17-UA18 of O’Dogherty, 1994). The
primary index species are Crucella messinae (middle to late Ceno-
manian), Theocapsomma fossilis (Aptian to middle Cenomanian),
Theocapsomma rara (Albian to middle Cenomanian), Obesacap-
sula somphedia (early to middle Cenomanian), and Orbiculiforma
cachensis (early Cenomanian). More information on the age ranges
of these and other species encountered in this study are provided in
the Appendix. The absence of Turonian index species such as Alie-
vium superbum (Squinabol), Dictyomitra undata (Squinabol), and
Crucella cachensis Pessagno provides further support for a Ceno-
manian age.

Little is known of the paleobiogeography of Cenomanian radio-
larians. The assemblage described here has several species in com-
mon with several low- to mid-latitude regions, suggesting that these
species are cosmopolitan. Some genera commonly reported from
low-latitude and Northern Hemisphere assemblages (e.g., Pessagno,
1976; Taketani, 1982; O'Dogherty, 1994) such as Acaeniotyle, Pseu-
dodictyomitra, and Thanarla are absent from this assemblage,
whereas some of the species differ slightly from their Northern
Hemisphere relatives. This suggests that the assemblage may repre-
sent a distinct southern mid-latitude biogeographic zone. This topic
warrants further study.
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Appendix
Taxonomic notes

Brief notes are provided on the illustrated species (Plates P1, P2,
P3, P4). These include remarks on the distinguishing taxonomic
features of the species and comments on the established age range.
Selected synonymy lists and references are provided to clarify the
species concept applied here and the basis of age ranges.

Amphipyndax stocki (Campbell and Clark)
(Plate P3, figures 12, 13)

Amphipyndax stocki (Campbell and Clark), Foreman, 1968, p. 78,

pl. 8, figs. 12a—12¢; Hollis, 1997, p. 66, pl. 15, fig. 5-11.
Stichomitra stocki (Campbell and Clark), O’'Dogherty, 1994, p. 147,

pl. 18, figs. 9-15.

Remarks: Narrowly conical to bullet-shaped test of 5 or more
segments, with or without constricted joints. Distinctive cephalis
with internal partition may be a raised knob with a constricted neck
or partly encased in the thorax. One specimen encountered in this
study is uncertainly ascribed to A. stocki because the pore frames in
the upper 3-4 postthoracic segments bear short thorns (A. aff.
stocki; Plate P4, figures 1a, 1b).

Age range: Late Cenomanian (UA18-UA21; O’Dogherty, 1994)
to late Paleocene (Zones RKA9-RPAG6; Hollis, 1997, 2002).

Archaeodictyomitra squinaboli Pessagno
(Plate P4, figures 4a—6)

Archaeodictyomitra squinaboli Pessagno, 1976, p. 50, pl. 5, fig. 2—8.
Remarks: Narrowly conical to bullet-shaped test of 7-9 seg-
ments; ~11 widely spaced costae in lateral view.
Age range: Albian to early Campanian (Pessagno, 1976).

Crucella messinae Pessagno
(Plate P1, figures 2, 3)

Crucella messinae Pessagno, 1971, p. 56, pl. 6, figs. 1-3; 1976, p. 32,

pl, 1, fig. 4; 1977, p. 27, pl. 1, figs. 3, 4, 13; Taketani, 1982, p. 50,

pl. 9, fig. 17.

Remarks: Distinguished from the Turonian species C. cachensis
by lacking central depression (lacuna) and by rays bearing promi-
nent triradiate spines (when complete). Both species develop pata-
gium of the type evident in the specimens illustrated here.

Age range: Middle to late Cenomanian (Pessagno, 1976).

Cryptamphorella conara (Foreman)
(Plate P1, figures 7a, 7b)

Hemicryptocapsa conara Foreman, 1968, p. 35, pl. 4, figs. 11a, 11b.
Cryptamphorella conara (Foreman), Sanfilippo and Riedel, 1985, p.

613, figs. 12.1a-12.1c.

Remarks: Three-segmented test, with small spherical cephalis,
short and narrow thorax, which is partly encased in the abdomen;
large spheroidal abdomen without a basal aperture.

Age range: Albian to Maastrichtian.

Dictyomitra multicostata Zittel
(Plate P4, figure 2)

Dictyomitra multicostata Zittel, p. 81, pl. 2, figs. 2—4; O’Dogherty,
1994, p. 82, pl. 4, figs. 17—-19; Hollis, 1997, p. 69, pl. 16, figs. 6—
10.
Remarks: Multisegmented, narrowly conical test with segments
increasing regularly in width until the last 2—-3 segments, which are
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of uniform width. Costae are well developed and lack the dimples or
waviness that typify species such as Dictyomitra andersoni and Dic-
tyomitra urakawaensis; distinct constrictions at joints resulting in a
weakly crenulated outline.

Age range: According to O’Dogherty (1994), this species first
appears in the Turonian (from UA21), possibly evolving from Dicty-
omitra _formosa. However, very similar morphotypes occur from at
least the Aptian and cannot easily be differentiated from this spe-
cies when preservation is moderate to poor. Hollis (1997) found the
species ranged into the late Paleocene in the southwest Pacific.

Dictyomitra urakawaensis Taketani
(Plate P4, figure 3)

Dictyomitra urakawaensis Taketani, 1982, p. 59, pl. 4, figs. 8a, 8b; pl.

11, fig. 16.

Remarks: Multisegmented, narrowly conical test with segments
increasing regularly in width until the last 2—3 segments, which are
of uniform width. Costae are well developed; relict pores in longitu-
dinal intercostal rows give costae a dimpled or wavy appearance as
is also seen in D. andersoni; well-developed constrictions at joints
resulting in a crenulated outline. Distinguished from D. andersoni
by having segments that increase regularly in size.

Age range: Cenomanian-Turonian in Hokkaido (Taketani,
1982).

Distylocapsa veneta (Squinabol)
(Plate P3, figures 6-7b)

Eusyringium venetum Squinabol, 1904, p. 235, pl. 10, fig. 10.

Stichomitra foraminosa Taketani, 1982, p. 55, pl. 3, figs. 5a, 5b, 6a,
6b).

Distylocapsa veneta (Squinabol), O’'Dogherty, 1994, p. 186, p. 28,

figs. 10-15.

Remarks: Spindle-shaped test of 4-5 segments; small cephalis
with short apical horn; subsequent segments increase gradually in
width; last segment hemispherical, terminates in a short antapical
spine; test wall thick, densely perforate.

Age range: Late Albian to late Cenomanian in the Tethys
(UA13-UA18; O’Dogherty, 1994), possibly ranging into Coniacian
in Hokkaido (Taketani, 1982).

Dorypyle cf. elliptica Squinabol
(Plate P1, figures 6a, 6b)

cf. Dorypyle elliptica Squinabol, O’Dogherty, 1994, p. 206, pl. 33,

figs. 8—15.

Remarks: Differs slightly from the specimens illustrated by
O’Dogherty (1994) by the upper thorax becoming weakly conical
around a small apical spine; cephalis fully encased in thorax.

Age range: D. elliptica is restricted to the middle to late Albian
(UA11-UA13; O’'Dogherty, 1994).

Hiscocapsa cf. asseni (Tan)
(Plate P1, figures 14a, 14b)

cf. Tricolocapsa spinosa Tan Sin Hok, 1927, p. 49, pl. 9, fig. 62.
cf. Cyrtocapsa asseni Tan Sin Hok, 1927, p. 67, pl. 14, figs. 118, 119.
cf. Sethocapsa simplex Taketani, 1982, p. 63, pl. 5, figs. 8a—8¢; pl. 13,
fig. 1.
cf. Hiscocapsa asseni (Tan), O’'Dogherty, 1994, p. 200, pl. 31, figs. 7—
13.
Remarks: Generic assignment follows the definition of O’'Dogh-
erty (1994; p. 197). Test of 3—4 segments with the first 2-3 seg-
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ments small and conical and the final segment globose and open at
the base. Cephalis small and spheroidal without an apical spine.
The illustrated specimen appears to have only 3 segments as in T¥i-
colocapsa spinosa. However, in other respects it closely resembles
the 4-segmented species listed above and synonymized as H. asseni
by O’Dogherty (1994).

Age range: According to O'Dogherty (1994), H. asseni is re-
stricted to the Early Cretaceous (Barremian—early Albian, UA1-
UA10), However, Taketani (1982) described S. simplex from the
Cenomanian—Turonian Middle Yezo Group of Hokkaido. The latter
range is more in line with other species encountered in this study.

Lithocampe wharanui Hollis
(Plate P3, figures 4, 5)

Stichomitra manifesta Foreman, Taketani, 1982, p. 55, pl. 3, figs. 8a,

8b; pl. 11, figs. 7, 8 (non Foreman, 1978).

Lithocampe wharanui Hollis, 1997, p. 76, pl. 18, figs. 8-10.
Lithocampe aff. subligata Stohr, Hollis, 1997, p. 77, pl. 18, figs. 11,

12.

Remarks: Distinctive test of 5 or more inflated segments with
well-developed constrictions at joints; a dimpled spherical cephalis
without an apical spine; large hemispherical thorax; abdomen and
subsequent 2—4 segments increase regularly in size; final segment is
narrower and tapers to a short tube. This species differs from S.
manifesta Foreman by having inflated postthoracic segments that
increase in size.

Age range: This appears to be a long-ranging Late Cretaceous—
Paleocene species with a latest Turonian—early Campanian range in
Hokkaido, Japan (Taketani, 1982) and a Maastrichtian—middle Pa-
leocene in the southwest Pacific (Hollis, 1997).

Mita gracilis (Squinabol)
(Plate P4, figures 7a, 7b, ?8)

Sethoconus gracilis Squinabol, 1903, p. 131, pl. 10, fig. 13.
Mita gracilis (Squinabol), Taketani, 1982, p. 60, pl. 5, figs. 2a, 2b; pl.

12, fig. 3
Dictyomitra gracilis (Squinabol), O’'Dogherty, 1994, p. 73, pl. 1, figs.

12-25.

Remarks: Distinguished from Mita regina by a sharply pointed
cephalis, usually bearing a short apical spine, and a narrowly conical
upper test with a globose lower test. Specimens in which the lower
part of the test is missing are uncertainly referred to M. gracilis
(Plate P4, figure 8).

Age range: Early Albian to middle Cenomanian (UA10-UA17;
O’Dogherty, 1994).

Obesacapsula somphedia (Foreman)
(Plate P3, figures 1a—3b)

Dictyomitra somphedia Foreman, 1973, p. 264, pl. 14, fig. 18; Fore-
man, 1975, p. 614, pl. 7, figs. 11-13.

Obesacapsula somphedia (Foreman), Schaaf, 1981, p. 435, pl. 4, figs.
6-9; pl. 20, figs. 1a—2; Sanfilippo and Riedel, 1985, p. 609, figs.
10.4a-10.4c.

non Xitus spinosus (Squinabol), O’'Dogherty, 1994, p. 129, pl. 12,
figs. 1-13.

Remarks: Large test, tending to be gourd-shaped; cephalis partly
encased in thorax; small thorax of similar length to thorax; posttho-
racic segments either subcylindrical, ellipsoidal, or gourd-shaped
with segmentation variable; distal part of test spongy, tapering with
a constricted aperture. The postthoracic test in specimens encoun-
tered in this study tends to comprise 2—3 lobate segments increas-
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ing in size distally, with the cephalothorax encased in the first
segment and the final segment tapering to a constricted aperture or
antapical spine. A specimen in which the postabdominal segment is
cylindrical and narrower than the abdomen (Plate P3, figures 3a,
3b) is provisionally included here. O’'Dogherty (1994) synonymizes
this species with X. spinosus, but the rationale for this is not ex-
plained and the specimens illustrated bear little resemblance to O.
somphedia. See discussion under X. spinosus.

Age range: Early to middle Cenomanian (Sanfilippo and Riedel,
1985).

Orbiculiforma cachensis Pessagno
(Plate P1, figure 5)

Orbiculiforma cachensis Pessagno, 1976, p. 34, pl. 1, figs. 13, 15.

Remarks: Distinguished by a polygonal outline and short trira-
diate spines at the polygon vertices. O’'Dogherty (1994) treats this
species as a junior synonym of Dactyliosphaera acutispina
(Squinabol). The species may be closely related, but the peripheral
spines are much longer in D. acutispina, almost as long as the diam-
eter of the central disc. For this reason, the species are not syn-
onymized here.

Age range: O. cachensis is restricted to the early Cenomanian in
California (Pessagno, 1976). D. acutispina has a longer range that
extends from middle Albian to earliest Cenomanian (UA11-UA15;
O’Dogherty, 1994).

Orbiculiforma cf. renillaeformis (Campbell and Clark)
(Plate P1, figure 4)

cf. Spongodiscus renillaeformis Campbell and Clark, 1944, p. 18, pl.
6, figs. 5, 6, 8, 10.
cf. Orbiculiforma renillaeformis (Campbell and Clark), Pessagno,
1976, p. 36, pl. 11, fig. 11; Hollis, 1997, p. 50, pl. 9, figs. 1-7.
Remarks: Differs from O. renillaeformis s.s. by having short
spines distributed evenly around the periphery rather than re-
stricted to the marginal notch. Similar to the much larger species
Orbiculiforma maxima (Pessagno).
Age range: O. renillaeformis ranges from the late Campanian to
Paleocene (Hollis, 1997).

Solenotryma cf. dacryodes Foreman
(Plate P1, figure 13)

cf. Solenotryma dacryodes Foreman, 1968, p. 33, pl. 4, fig. 8; San-
filippo and Riedel, 1985, p. 622, fig. 14.5 (s.L.).
?Solenotryma cf. dacryodes Foreman, 1968, p. 33, pl. 4, fig. 7.
Remarks: The species encountered in this study has 3 segments
with a large and spheroidal abdomen bearing an antapical spine. Its
flask-shaped test is reminiscent of Eusyringium woodsidensis Hollis
but its finely perforate and thin-walled test suggests a closer rela-
tionship to S. dacryodes.
Age range: S. dacryodes s.l. ranges from the Albian to the Cam-
panian (Sanfilippo and Riedel, 1985).

Stichomitra carnegiense (Campbell and Clark)
(Plate P3, figures 9a—10b)

Eucyrtidium carnegiense Campbell and Clark, 1944, p. 42, pl. 8, figs.
36, 37.

Stichomitra warzigita (Empson-Morin), Taketani, 1982, p. 56, pl. 3,
figs. 10a, 10b; pl. 11, fig. 9 (non Empson-Morin, 1981).

Stichomitra carnegiense (Campbell and Clark), Hollis, 1997, p. 78,
pl 19, figs. 7-12.
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Age range: Cenomanian to middle Paleocene (Taketani, 1982;
Hollis, 1997).

Stichomitra communis Squinabol
(Plate P3, figures 8a, 8b)

Stichomitra communis Squinabol, 1903, p. 141, pl. 8, fig. 40; Ta-
ketani, p. 54, pl. 3, fig. 9; pl. 11, fig. 5; O'Dogherty, 1994, pl. 17,
figs. 6-16.

Remarks: See the extensive synonymy list in O’'Dogherty (1994).
Age range: Aptian to Coniacian (Taketani, 1982; O'Dogherty,
1994 [UA5-UA21)).

Theocapsomma erdnussa (Empson-Morin)
(Plate P1, figures 10a—11)

Novodiacanthocapsa erdnussa Empson-Morin, 1981, p. 270, pl. 10,
figs. la—1c.
Theocapsomma erdnussa (Empson-Morin), Hollis, 1997, p. 65, pl.
14 figs. 14-21 (722, 23).
Remarks: Theocapsomma is considered to be the senior syn-
onym of Diacanthocapsa and Novodiacanthocapsa (Hollis, 1997).
Age range: This species has not been previously recorded from
sediments older than late Campanian. It ranges into the middle Pa-
leocene in the southwest Pacific (Zone RPA5; Hollis, 1997; Hollis et
al., 2020).

Theocapsomma aff. euganea (Squinabol)
(Plate P1, figures 15a—17)

Diacanthocapsa euganea Squinabol, 1903, p. 133, pl. 8, fig. 26; Ta-
ketani, 1982, p. 68, pl. 8, figs. 2a—3b; pl. 12, fig. 15; O'Dogherty,
1994, p. 218, pl. 36, figs. 19-21.

Remarks: Three segments with cephalis mainly encased in
hemispherical thorax; conical apical spine; abdomen inflated dis-
tally, tapering to a constricted aperture or enclosed with a small an-
tapical spine. The specimens encountered in this study differ from
T. euganea by having a cephalis that is not completely encased in
the thorax and tends to be surrounded by a circlet of small upward-
directed thorns in addition to bearing a sturdy apical spine.

Age range: T. euganea is restricted to the middle to late Ceno-
manian in the Tethys (UA17-UA19; O’Dogherty, 1994), perhaps
ranging into the late Turonian in Japan (Taketani, 1982).

Theocapsomma fossilis (Squinabol)
(Plate P1, figures 8—-9b)

Dicolocapsa fossilis Squinabol, 1904, p. 218, pl. 7, fig. 19 (?fig. 13);

O’Dogherty, 1994, p. 217, pl. 36, figs. 8—11.

Remarks: Three segments with cephalis mainly encased in tho-
rax; thorax hemispherical to campanulate; abdomen larger than
thorax, distinctly trilobate in cross section, constricted basally
forming a small aperture. Pores on thorax are arranged quincun-
cially with hexagonal pore frames. Pores on abdomen are smaller
and more numerous and lack pore frames. The specimens encoun-
tered in this study range between those with typical pore arrange-
ments (Plate P1, figure 8) and those in which the abdominal pores
are similar in size or larger than those on the abdomen (Plate P1,
figures 9a, 9b).

Age range: Late Aptian to middle Cenomanian (UA9-UA17;
O’Dogherty, 1994).
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Theocapsomma rara (Squinabol)
(Plate P2, figures 9a—10b)

Dicolocapsa rara Squinabol, 1904, p. 218, pl. 7, fig. 17; O’Dogherty,

1994, p. 218, pl. 36, figs. 12-18.

Remarks: Spindle shaped test of three segments; cephalis en-
cased in thorax but bears a strong three-bladed apical spine. Thorax
may also be partly encased in abdomen; abdomen terminates in a
tapering conical tube; abdomen tends to be trilobate in cross sec-
tion.

Age range: Late Albian to middle Cenomanian (UA13-UA17;
O’Dogherty, 1994).

Theocapsomma? cf. matsumotoi (Taketani)
(Plate P2, figures 1a—8)

cf. Eucyrtidium? matsumotoi Taketani, 1982, p. 57, pl. 4, figs. 1a—3b;

pl. 11, figs. 11, 12.
non Diacanthocapsa matsumotoi (Taketani), O’Dogherty, 1994, p.

219, pl. 36, figs. 22—24.

Remarks: Four segments with cephalis partly encased in hemi-
spherical to trapezoidal thorax; prominent apical spine; abdomen
inflated medially or slightly distally; fourth segment globose to in-
verted conical, terminates in a prominent antapical spine (e.g., Plate
P2, figures 4a—5b) or short tube (Plate P2, figures 6a—8). In the
specimens illustrated by O’'Dogherty, the cephalis is enclosed in the
thorax and therefore the assignment to Theocapsomma (Diacan-
thocapsa sensu O’Dogherty, 1994) seems justified; they seem
closely related to the type species of Diacanthocapsa, T. euganea
(see above). However, the cephalis is only partly encased in the tho-
rax in the species described and illustrated by Taketani and quite
distinct from the specimens identified as 7. euganea by Taketani.
This explains Taketani’s tentative placement of his species in Eu-
cyrtidium. The specimens encountered in the present study are
similar to Taketani’s species in this respect and so tentative assign-
ment to Eucyrtidium is retained. They differ from E.? matsumotoi
by lacking a distinctly trilobed fourth segment. As with the species
uncertainly ascribed to T. euganea here, the cephalis is sometimes
surrounded by a circlet of small thorns.

Age range: Eucyrtidium? matsumotoi of Taketani (1982) ranges
from the Coniacian to the Campanian in Hokkaido, whereas the
species referred to D. matsumotoi by O'Dogherty (1994) is re-
stricted to the late Cenomanian in the Tethys (UA18—UA19). The
species encountered in this study may have evolved into E.? matsu-
motoi s.s., but it may not be closely related to the species reported
by O’Dogherty (1994).

Xitus spinosus (Squinabol)
(Plate P3, figure 11)

Theocorys spinosa Squinabol, 1904, p. 222, pl. 8, fig. 9.

Xitus spinosus (Squinabol), O'Dogherty, 1994, p. 129, pl. 12, figs. 1—
13 (in part).

Xitus takayanagii Taketani, 1982, p. 62, pl. 5, figs. 5a, 5b; pl. 12, fig.
14.

?Stichomitra asymbatos Foreman, 1968, p. 73, pl. 8, figs. 10a—10c.

?Stichomitra grandis (Campbell and Clark), Hollis, 1997, p. 78, pl.
19, figs. 1-4.

non Dictyomitra somphedia Foreman, 1973, p. 264. pl. 14, fig. 18.

non Obesacapsula somphedia (Foreman), Sanfilippo and Riedel,
1985, p. 609, figs. 10.4a—10.4c.
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Remarks: Multisegmented test with thickened pore frames and
spinose tubercles. O’'Dogherty (1994) synonymized O. somphedia
with this species, apparently based on the holotype illustrated by
Foreman (1973; pl. 14, fig. 18). However, although this specimen re-
sembles X. spinosus superficially, it is described as having a test in
which the lower portion has a thickened spongy wall (hence the
species name, which means spongy base). This is diagnostic of the
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Spongocapsulidae (Pessagno, 1977) and is consistent with subse-
quent illustrations of the species that formed the basis for ascribing
the species to the spongocapsulid genus Obesacapsula. For this rea-
son, O. somphedia is not synonymized with X. spinosus here.

Age range: Early Albian to upper Cenomanian in the Tethys
(UA10-UA18; O’Dogherty, 1994) although it appears to range into
the Campanian in Hokkaido (Taketani, 1982).
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Plate P1. Selected radiolarians, Hole U1520C. Scale bars = 100 pm. Location of specimen on slide (A or B) is given by England Finder coordinates. 1. Archeospon-
goprunum sp. (42R-4, 36-39 cm) (A-E28/1). 2, 3. Crucella messinae (42R-4, 36-39 cm); (2) B-X49/0, (3) A-S61/2. 4. Orbiculiforma cf. renillaeformis (42R-4, 36-39
cm) (A-D62/0). 5. Orbiculiforma cachensis (42R-4, 36-39 cm) (A-H33/3). 6a, 6b. Dorypyle cf. elliptica (43R-1, 128-131 cm) (A-K44/3). 7a, 7b. Cryptamphorella
conara (43R-1, 128-131 cm) (A-M29/1). 8-9b. Theocapsomma fossilis; (8) A-K51/0 (42R-4, 36-39 cm), (9a, 9b) A-E51/0 (43R-1, 128-131 cm). 10a-11. Theocap-
somma erdnussa; (10a, 10b) A-J60/4 (43R-1, 128-131 cm), (11) B-T28/0 (43R-2, 114-118 cm). 12. Theocapsomma sp. (43R-1, 128-131 cm) (A-E58/0). 13. Soleno-
tryma cf. dacryodes (43R-1, 128-131 cm) (A-X52/20). 14a, 14b. Hiscocapsa cf. asseni (43R-1, 128-131 cm) (A-Q59/2). 15a-17. Theocapsomma cf. euganea (43R-1,
128-131 cm); (15a, 15b) A-F54/3, (16a, 16b) A-J55/1, (17) A-F52/3.
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Plate P2. Selected radiolarians, Hole U1520C. Scale bars = 100 um. Location of specimen on slide (A or B) is given by England Finder coordinates. 1a-8. Theocap-

somma? cf. matsumotoi; 42R-4, 36-39 cm: (1a, 1b) A-J27/1, (2a, 2b) A-G31/4, (4a-4c) A-D40/0, (5a, 5b) A-D43/4, (6a, 6b) A-G37/4; 42R-3, 56-59 cm: (3) AG43/4;
43R-2, 114-118 cm: (7) A-V57/4, (8) A-P56/2. 9a-10b. Theocapsomma rara; (9a, 9b) A-K45/3 (43R-1,128-131 cm), (10a, 10b) A-G39/0 (42R-3, 56-59 cm).
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Plate P3. Selected radiolarians, Hole U1520C. Scale bars = 100 um. Location of specimen on slide (A or B) is given by England Finder coordinates. 1a-3b. Obesa-
capsula somphedia; (1a, 1b) A-T41/0 (42R-4, 36-39 cm), (2) A-E54/3 (42R-3, 56-59 cm), (3a, 3b) A-T37/0 (43R-1, 128-131 cm). 4, 5. Lithocampe manifesta (43R-2,
114-118 cm); (4) B-S34/2, (5) A-K56/2. 6-7b. Distylocapsa veneta; (6) A-E62/1 (42R-4, 36-39 cm), (7a, 7b) A-E61/0 (43R-1, 128-131 cm). 8a, 8b. Stichomitra com-
munis (42R-3,56-59 cm) (A-F51/2). 9a-10b. Stichomitra carnegiense (42R-4, 36-39 cm); (93, 9b) A-U30/1, (10a, 10b) A-G34/3. 11. Xitus spinosus (42R-4, 36-39 cm)
(A-D50/0). 12, 13. Amphipyndax stocki; (12) A-Q45/0 (43R-2, 114-118 cm), (13) A-E39/2 (42R-4, 36-39 cm).
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Plate P4. Selected radiolarians, Hole U1520C. Scale bars = 100 um. Location of specimen on slide (A or B) is given by England Finder coordinates. 1a, 1b. Amphi-
pyndax aff. stocki. (43R-1, 128-131 cm) (A-K42/1). 2. Dictyomitra multicostata (43R-1, 128-131 cm) (A-R53/0). 3. Dictyomitra urakawaensis (42R-4, 36-39 cm) (A-
G37/0). 4a-6. Archaeodictyomitra squinaboli; 42R-4, 36-39 cm: (4a, 4b) B-Q31/0, (5) A-U39/2; 43R-1, 128-131 cm: (6) A-G52/0. 7a, 7b. Mita gracilis (42R-4, 36-39
cm) (A-G33/0). 8. Mita gracilis? (43R-2, 114-118 cm) (A-X54/3). 9. Mita sp. (43R-2, 114-118 cm) (A-R32/1). 10. Lithomelissa cf. hoplites (42R-4, 36-39 cm) (A-
H32/1).
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