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Abstract: A marine geological survey was conducted by YKO07-14 cruise in the continental slope region off Kushiro,
castern Hokkaido to study sedimentation and tectonic evolution of the forearc-trench system. Rock samples were
collected from the submarine outcrops along the Kushiro Canyon during the submariner Shinkai #1032, #1033 and
#1035 dives operated by the cruise. From these samples radiolarians were extracted to determine the depositional
ages of the sedimentary bodies of the forearc basin and the outer high. Samples taken from the outer high yielded
radiolarians indicative of the Late Eocene-Early Oligocene, Early Miocene and early Middle Miocene ages. This
result supports a seismic profile-based interpretation that the outer high consists of accretionary prism. Radiolarians

from the forearc sediment samples suggest Pliocene or younger ages.
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Fig.1  Topograhic map around the Shinkai #1032, #1033
and #1035 dive areas.
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Fig.2  Bathymetric chart of the Shinkai #1032 dive area.
R1-R6 are the rock sampling sites. Bloken line
indicates the seismic survey line (line number 42) of
GHO3 Cruise (TuZino, in press). See Fig. 1 for
location.
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Fig.3  Bathymetric chart of the Shinkai #1033/#1035 dive
area. R1-R5 are the rock sampling sites in #1033
dive. 1035R1 is the site in #1035 dive. See Fig. 1 for
location.
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Table 1. Sample list.
H1E AB—-ER

Sample no. Latitude Longitude Water depth Description

#1032-R1 42-29.2069'N 144-343110E 1791 m Semiconsolidated dark olive grey siltstone
#1032-R2 42-28.5972'N 144-34.6419'E 1580 m Semiconsolidated olive grey mudstone

#1032-R3 42-28.5814'N 144-349162'E 1554 m Semiconsolidated dark olive siltstone

#1032-R4 42-28.2025'N 144-349162'E 1410 m Semiconsolidated greyish olive siltstone
#1032-R5 42-28.1989'N 144-34.9639'E 1386 m Semiconsolidated dark greenish grey mudstone
#1032-R6 42-28.1989'N 144-349639'E 1387 m Unconsolidated greyish olive claystone

#1033-R1 42-03.5449'N 145-09.6931'E 3762 m Consolidated olive grey siltstone

#1033-R2 42-03.5506'N 145-09.6689'E 3715 m Consolidated grey siltsone, olive grey siltstone, and sandstone
#1033-R3 42-03.7127N  145-09.3847'E 3514 m Consolidated grey siltsone and olive grey siltstone
#1033-R4 42-03.6802'N 145-09.3067'E 3391 m Semiconsolidated dark greyish sandy claystone
#1033-R5 42-04.3773'N 145-09.0772'E 3363 m Semiconsolidated dark greyish sandy claystone
#1035-R1 42-03.6720'N 145-09.5679'E 3672 m Consolidated grey siltstone

Va2 B0, #1035 ALK 3889 m D AEIZH
KL= 5 W AEIm 28 -7 CE1K, % 3KX). {iE:
IEAEH 5K 3400 m F THMIZE A T TR EIRRE
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Table 2. Radiolarian occurrence list. Asterisks (*) indicate occurrence in a second slide. Abbreviation of radiolarian zones: 1C.sak. =
lower Cycladophora sakaii Zone, uC.sak. = upper Cycladophora sakaii Zone, S.py. = Spongurus pylomaticus Zone, S.un.
= Stylatractus universus Zone, E.asa. = Eucyrtidium asanoi Zone, L.sub. = Lithocampe subligata Zone, uRP14 = upper
RP14 Zone of Hollis (1997), RP15 = RP15 Zone of Hollis (1997).

2k EERE 72TV () W2HREADZ T A FiZki R ERT.

Dive no. #1032 #1032 #1032 #1032 #1032 #1032 #1033 #1033 #1033 #1033 #1033 #1035

Sample no. R1 R2 R3 R4 RS R6 R1 R2 R3 R4 RS R1
Acrosphaera arktios 1 1
Collosphaera sp. A of Reynolds (1980) 4 2
Collosphaera sp. ___________ | o] L e
Actinomma leptoderma 5 3
Actinomma medianum *
Amphistylus angelinis 2
Druppatractus hastatus
Druppatractus irregularis 28 1
Pentactinosphaera hokurikuensis 48
Stylacontarium bispiculum
Stylatradtus neptunus 1 * 1 2
Stylatractus s. santaeannae * 1 *
Stylatractus universus 1
Stylosphaera ? magnaporulosa 1
Stylosphaera aff. ulosa 9
Styptosphaera ? spumacea 2
Thecosphaera akitaensis 2
Thecosphaera japonica 1
Thecosphaera pseudojaponica
Acti .

Amphirhopalum ypsilon 1

Amphymenium amphistylium * * 1

Stylochlamydium venustum 1 * 2 4 7

Stylodictya aculeata 1 1

Stylodictya validispina 3 2 2 1 1 1 2 1 4

Porodiscidaespp. ____________ | .1 _____ R, R SRS . SR S S

Dictyocoryne sp.

Spongopyle osculosa 2 * 1 1

Spongotrochus glacialis 1

Spongodiscidae spp.

Pyloni

“Larcopyle buetschlii

Larcopyle hayesi

Larcopyle polyacantha 3 2 * *

Larcopyle weddellium 2 1 1 4 2 1 3

Lithelius minor 1 2

Lithocarpium titan 24

Spirema sp. of Kling (1973) 2 *

Spongurus pylomaticus *

Lithelidaespp. | 1431110 C R S ¢ ST U LA ¢ SO (1

Arachnocorys ? dubius *

Ceratocyrtis sp. *

Gondwanaria campanulaeformis *

Lipmanella dictyoceras 1

Lipmanella pilva *

Lipmanella redondoensis

Pseudodictyophimus gracilipes 1 2 2 4

Plagoniidae spp. 4 11 11 10 23 * * 8

Cinclopyramis sp. [ T e

Cornutella profunda * 3 3 1

Cycladophora cornutoides 5 2 3 2

Cycladophora cosma cosma *

Cycladophora bicornis bicornis *

Cycladophora davisiana 1 17 9 36 21 3

Cycladophora ochotica *

Cycladophora sakaii 11

Cycladophora spp. * 1 1

Cyrtocapsella tetrapera * 1 *

Cyrtolagena sp. 1 * * *

Dictyophimus hirundo 2 *

Dictyophimus sp. 1

Eucyrtidium asanoi

Eucyrtidium calvertense

Eucyrtidium cienkowskii

Eucyrtidium hexastichum 1

Eucyrtidium teuscheri * 1

Lithopera neotera *

Peripyramis circumtexta 1 *

Pterocanium korotnevi 1

Pterocanium korotnevi ? 2

Stichocorys peregrina 1

Theoperidae spp. 1 * * 5 *
7 :

Dictyoprora nigriniae

Phormostichoartus corbula *
Siphocampe arachnea 1 6 1 1 *
Artostrobiidae spp. 4 2 * 1 2 *

Ceratospyris borealis

Phormospyris stabilis group *

Spyrida spp. 2 1 4 4 4 5 * 2

total specimens counted 62 22 100 90 41 100 100 100 100 100 82 100
Radiolarian zone IC.sak. uC.sak.-3.py.-S.un. uC.sak.- uC.sak.- uC.sak.- E.asa.  -L.sub. E.asa. uC.sak- uC.sak.- uRPI14-RP15
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Time Mag.| Radiolarian .
Epoch | Chron| adiolariz S a 5
((;vra) P Pol. Zone Radiolarian Events (Age in Ma) Samples
o [ Botryostrobus E
= GC, g aquilonaris — L Stylatractus universus (0.43) —_ #1 032_R2 £
Is) Stylatractus - F
L[ .]¢1 universus . . #1032-R4 E
X £ — L Eucyrtidium matuyamai (1.03) #1 032_R5 E
= O i} Eucyrtidium =
o matuyamai #1 032_R6 E
24 co — F Eucyrtidium matuyamai (1.98) #1033-R4 F
| [0} - E
w1 | FC Cycladophora davisiana (2.7) #1 033 R5 £
3 4o — L Thecosphaera akitaensis (2.7) F
) qC) Cycladophora E
C2A sakaii E
-4 O - E
g F Thecosphaera akitaensis (3.9, 4.3) #1 032 R1 E
440 L Dictyophimus bullatus (3.9, 4.3) F
= E
E 8 é)‘ futhiia F Dictyophimus bullatus (4.5) #1032-R E
pongurus - £
5 c3 pylomaticus 03 3 —
— F Spongurus pylomaticus (5.2) i E
4 Axoprunum =
acquilonium F
6 — — L Lychnocanoma parallelipes (6.0) =
Lithelius E
E G3A barbatus E
— RI Lithelius barbatus (6.8) F
7 Lychnocatoma B
parallelipes E
E csB — F Lychnocanoma parallelipes (7.3) F
88— Q@ c4 Lipmanella ;_
1 S redondoensis f_
99— — LC Lychnocanoma magnacornuta (9.0) ~
C4A E
104 — L Cyrtocapsella japonica (9.9) E_
Lychnocanoma E
E magnacornuta E
11 c5 E
F Lyc g magnacornuta (11.7) ;
12— b =
= Cba — RD Cyrtocapsella tetrapera (12.5) E
134 Eucyrtidium E—
) CSAA inflatum a E
- 5 (C5AB 3
1 o | 2lcsac L Eucyrtidium asanoi (13.9) E
GC) = E
4 0 (C5AD FC Eucyrtidium inflatum (~14.5) =
§ Eucyrtidium #1033-R1 E
15— asanoi =
F Eucyrtidium inflatum (15.3) #1 033'R3 E
= cs8 Dendrospyris? F Eucyrtidium asanoi (15.3) F
sakaii F
16— —
3 — — F Dendrospyris? sakaii F
C5C F
174 Lithocampe subligata F
— L Cenosphaera coronataformis £
C5D Cenosphaera g
18— coronataformis E
3 o #1033-R2 E
19 2 =
Ll‘g (—F Cenosphaera coronataformis F
c6 E
20— =
21 C6A Cenosphaera B
22_: CBAA coronata :_
— CéB —
24— C6C -
| [o7d — F Cenosphaera coronata -
J © =
26— ° E c8 UNZONED —
ZRE GC) c9 — L Axoprunum irregularis (27.5) Z
3 8 [ |cio < =
-1 Q Axoprunum —
4 2 c11 i i F
] C_) > irregularis =
»g  |d|c12 (RP19) #1035-R1 o
— F Eucyrtidium antiquum (33.0) —
34— C13 Eucyrtidium —
3 o DINOS: -
— QC) = il spinosum =
36— @ | = | C16 (RP14) —
4 0 L . =
— — ———————1—F Eucyrtidium s X 37.0, —
e LB 5|17 Zealithapium ucyrtidium spinosum (. ) E
— = mitra (RP13) =

9% 4 RO B AR, MR SRR AUR 13 Berggren ef al. (1995) 1CHEL 2. MECRLESIE, PRI >
WML (1988), Al - Al (1998), Kamikuri ef al. (2004, 2007) & Motoyama et al. (2004), Hiifirdh#riitiz>
W CIE Shilov (1995), &~ 12D Tid Takemura and Ling (1997) & Hollis (1997) 123&5< .

Fig. 4. Radiolarian age control for the samples. Magnetic polarity time scale after Berggren et al. (1995). Middle Miocene to
Pleistocene radiolarian zones after Funayama (1988), Motoyama and Maruyama (1998), Kamikuri et al. (2004, 2007) and
Motoyama et al. (2004). Early Miocene zones after Shilov (1995). Eocene to Oligocene zones after Takemura and Ling
(1997) and Hollis (1997).
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#1032 VMO 6 GURE A & PEMY U 22t did, A ClERT
HMLARREDERER L7 (B 4X). #1032-R1 2 5EEH L
T2 RECREFEENL, Cyeladophora sakaii D % 36 % Fiff & L
C Thecosphaera akitaensis % ¥:5 Z & » &, C. sakaii
T8 (4.3 ~2.7Ma) #77. #1032-R2, #1032-R4,
#1032-R5, #1032-R6 D 4 ik Kt &, Cycladophora
davisiana DFEH # R L T2 206, C sakaii Hr E3H
~BIE (27~0Ma) 12725 LELE5NS. Eucyrti-
dium matuyamai (" A7 1.98 ~ 1.03 Ma) X Lychno-
canoma nipponica sakaii ("EATHARM 1.7 ~ 0.05 Ma) O
WMrRDEhE N b, C sakaii BB (2.7 ~
1.98 Ma) (ZFRE XN B WHEMES & 5 28, BEMEEE S
Higntz (& <2 #1032-R2 & #1032-R5), ffEfS 345
T, #1032-R3 O B HRIE Spongurus pylomaticus &
Stylatractus universus % &30 Z & h 5, S. pylomaticus
~ 8. universus Hy (5.2 ~ 0.43 Ma) %R, C. davisiana
EoEanwZ L E2BHMT 5 LS pylomaticus i~ C.
sakaii wr T8 (5.2 ~2.7Ma) IZIRETZ 2528 Lk
WA, C sakaii & FEHT L 280 22T & 200

#1033 o> 5 B0k 3 BRHERTH] - Hh TR I o 4F
RERL, 230N EEFT I DI OER AR L7z GE4X).
#1033-R1 & #1033-R3 D 2 ik kHZE, E. asanoi #PET 5
M E. inflatum % /R < Z 12k, fvih (1988) D E.
asanoi fir (15.3 ~%9 14.5Ma) IZHIYS§T 2L E L 5N 5.
#1033-R2 X, C. tetrapera % PEH, U, Pentactinosphaera
hokurikuensis % % B 9 % 72 ¥, Shilov (1995) @
Lithocampe subligata %% 1L & O O ETHIH 1224 72
5B 6NB. P hokurikuensis D% PEIZ & O Rty
b BRI, WK O®  ERE - PR (19 ~17.5
Ma) (717, 1995) R =HO —FEJGHE (piHIEH,
1982) & DOIEMUENFT DT, % 5< 20 ~ 17 Ma <
SVWOFNERTEELSNS. #1033-R4 & #1033-R5
D 2k kHE, C. davisiana DFERERETH I &0 5,
C. sakaii it FE8~BE (2.7 ~0Ma) IZ4725LE25
N3, E matuyamai (FAFHIE 1.98 ~ 1.03 Ma) % L.
nipponica sakaii (‘EAFHAR 1.7 ~ 0.05 Ma) O pEH 2352
WENBNZ NS, C sakaii w FE (2.7 ~ 1.98 Ma)
IZPRE SN A TTRENE R & 5 723, EIVIAARE D D T 72,
S IR TR,

#1035-R1 2> 5 1%, A & T & % A Dictyoprora
nigriniae 23 PENY U 72, Z OFEIZ DSDP Leg 29 Hole 280
MO E N TH D, Hollis (1997) DREATF-FEK
WA D Eucyrtidium spinosum 4% (RP14 47, 37 ~
33 Ma) D L8~ Axoprunum irregularis 4 (RP15 47, 33
~ 275 Ma) 2 SREEHDHIS N, EEXEIE EEBIEHT
~TEBMiH L XT3 (0 Connor, 2000). ZNDZ
&2 KD #1035-R1 O HERGAEAUI 1% H01 46 8 1~ i 40 i
MoHEANEZEZ NS B4K). ZoOFRITEE &
% Sanfilippo and Nigrini (1998) O{K#&E R A

® RP19 ~ RP20 IZAH244 % A%, #1035-R1 A 5 13K
b DRI & & A FHIZED S e 5 7=,

42 3k

R AR RSO R = RISOVWTIE, ZThET
120 D) DIREHALAFEF AT 5 Eh T 0
T, TNH EDRIIZONTEIMBNRTH Z 720, i
J7 B EHIE O P HAR KN - AEAEHTRE - KBEIZ DWW T
IF R (1986) & AHII (1993) 12k A% H 0, 4
{EHE» & E. inflatum OFERRHE S T\5  (KRH,
1986). L7=M-7T, & E. asanoi it & & 7= #1033-
R1 & #1033-R3 ® 2 §kHE, EfEE RO N0 K)IIfE
IR E NS 3 GE4RIEARIL, 1999 D fig.2 & RN
5 &7 0R9). BH (1986) &#AHII (1993) i,
-5 M SRR O - RN HUSRIZ O W T ERETL, Th
2k B L, E bR O YR RBP4 72 B
BRI - JENRE - ASEEICERE S h b, SHEE Shi:
HEREAFEAR I LD 11 1E, #1032-R1 ~ R6 & #1033-R4, R5
D 8 sARHZ FESEERT AL iR LS 9 2 FTREM: 8
» 1, #1033-R1 ~ R3 O 3 GBHE T~ P dffi o
AR - A3y NPJEICHY T2 2 E L5150, KAl
&y X S ITHRELR O PE R Y 5 22 D R
HEDK AT HZ LT TER Y. 2L, HitdhiEs
(1982) 12 & D H:ED Actinocyclus ingens Wil & < h
il (EPIEhEE ENB) 25 P hokurikuensis D%
FEEDRHE XN T30 T, #1033-R21&7 D REUEIZ 4 L
WEETH 5. THEMAERIC I 5 IR [+ 5
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Appendix. Species list.

Family Collosphaeridae

Acrosphaera arktios (Nigrini). Motoyama and Nishimura,
2005, p. 110, fig. 7.1.

Collosphaera sp. A Reynolds, 1980, p. 761, pl. 1, figs. 1-4
(Plate 1, fig. 15).

Family Actinommidae

Actinomma leptoderma (Jorgensen) (Plate 1, figs. 14a, b).
Motoyama and Nishimura, 2005, p. 110, figs. 7.18-20.

Actinomma medianum Nigrini. Nigrini and Moore, 1979, p.
S31, pl. 3, figs. 5, 6.

Actinomma popofskii (Petrushevskaya)? (Plate 1, figs. 11a, b).
Morley and Nigrini, 1995, p. 81, pl. 1, figs. 4, 5. This
species is herein counted under the Actinommidae spp.

Actinommidae sp. A (Plate 1, figs. 7a-c). This species is
herein counted under the Actinommidae spp.

Amphistylus angelinus (Campbell and Clark) (Plate 2, fig. 7).
Chen, 1975, p. 453, pl. 21, figs. 3, 4.

Druppatractus hastatus Blueford, 1982, p. 206, pl. 6, figs, 3,
4 (Plate 2, fig. 5).

Druppatractus irregularis Popofsky (Plate 2, fig. 6).
Boltovskoy and Riedel, 1987, p. 97, pl. 1, fig. 21.

Hexacontium sp. A (Plate 1, figs. 8a-10b). This species is
herein counted under the Actinommidae spp.

Hexalonche sp. (Plate 1, figs. 13a, b). This species is herein
counted under the Actinommidae spp.

Pentactinosphaera hokurikuensis (Nakaseko) (Plate 1, figs.
la-3). Nakaseko et al., 1983, p. 33, pl. 1, figs. 1-3.

Stylacontarium bispiculum Popofsky. Kling, 1973, pl. 15,
figs. 11-14; Stylacontarium sp. aff. S. bispiculum
Popofsky. Kling, 1973, p. 634, pl. 6, figs. 19-23, pl. 14,
figs. 5-8.

Stylatractus neptunus Haeckel, 1887, p. 328, pl. 17, fig. 6
(Plate 2, figs. 1a, b).

Stylatractus santaeannae santaeannae (Campbell and Clark)
(Plate 2, fig. 2). Lazarus, 1992, p. 796, pl. 4, figs. 6-8.

Stylatractus universus Hays, 1970, p. 215, pl. 1, figs. 1, 2
(Plate 2, figs. 8a-9b).

Stylatractus sp. (Plate 2, figs. 4a, b). This species is herein
counted under the Actinommidae spp.

Stylosphaera? magnaporulosa (Clark and Campbell) (Plate 2,
figs. 3a, b). Sugiyama and Furutani, 1992, p. 202, pl. 12,
figs. 5-7, 10; pl. 15, figs. 3,4, 6, 7.

Styptosphaera? spumacea Haeckel (Plate 1, figs. 4a-5).
Nigrini and Moore, 1979, p. S71, pl. 8, figs. 6a, 6b.
Thecosphaera akitaensis Nakaseko (Plate 1, figs. 6a, b).

Sakai, 1980, p. 704, pl. 2, figs. 6a, 6b.
Thecosphaera japonica Nakaseko, 1971, p. 61, pl. 1, figs. 3a,

3b.

Thecosphaera pseudojaponica Nakaseko, 1971, p. 62, pl. 1,
fig. 8.

Thecosphaera sp. (Plate 1, figs. 12a, b). This species is herein
counted under the Actinommidae spp.

Family Coccodiscidae

Didymocyrtis laticonus (Riedel) (Plate 2, fig. 13). Sanfilippo
etal., 1985, p. 658, figs. 8.5a, b.

Didymocyrtis mammifera (Haeckel). Sanfilippo et al., 1985,
p. 658, fig. 8.4.

Didymocyrtis sp. (Plate 2, figs. 11, 12).

Family Phacodiscidae

Prunulum japonicum Nakaseko and Nishimura, 1974, p. 52,
pl. 3, figs. 6a-7b; pl. 4, figs. 2a, 2b (Plate 2, figs. 10a, b).

Family Porodiscidae

Amphirhopalum ypsilon Haeckel. Nigrini and Moore, 1979, p.
S75, pl. 10, figs. 1la-1e.

Amphymenium amphistylium Haeckel (Plate 2, fig. 15).
Morley and Nigrini, 1995, p. 78, pl. 1, figs. 8, 9.

Stylochlamydium venustum (Bailey). Ling et al., 1971, p. 711,
pl. 1, figs. 7, 8; Spongotrochus (?) venustum (Bailey).
Nigrini and Moore, 1979, p. S119, pl. 15, figs. 3a, 3b.

Stylodictya aculeata Jorgensen (Plate 2, fig. 19). Nigrini and
Lombari, 1984, p. S69, pl. 10, figs 1a, 1b.

Stylodictya validispina Jergensen (Plate 2, fig. 18). Nigrini
and Moore, 1979, p. S103, pl. 13, figs. 5a, 5b.

Family Spongodiscidae

Dictyocoryne sp. (Plate 2, fig. 14).

Spongopyle osculosa Dreyer (Plate 2, fig. 17). Nigrini and
Moore, 1979, p. S115, pl. 15, fig. 1.

Spongotrochus glacialis Popofsky. Petrushevskaya, 1967, p.
43, figs. 21.1-7, figs. 22.1-7, fig. 26.2

Spongodiscidae spp. (Plate 2, fig. 16).

Family Litheliidae

Larcopyle buetschlii Dreyer (Plate 2, fig. 24). Nigrini and
Moore, 1979, p. S131, pl. 17, figs. 1a, 1b.

Larcopyle hayesi (Chen) (Plate 2, fig. 21). Lazarus et al.,
2005, p. 97, pl. 11, figs. 1-21.

Larcopyle polyacantha (Campbell and Clark) (Plate 2, figs.
27, 28). Lazarus et al., 2005, p. 106, pl. 2, figs. 1-17; pl.
3, figs. 1-12; pl. 4, figs. 1-10.

Larcopyle weddellium Lazarus, Faust and Popova-Goll, 2005,
p. 117, pl. 10, figs. 1-14.

Lithelius minor Jorgensen. Nigrini and Lombari, 1984, p.
S95, pl. 14, figs. 1a, 1b.

Lithocarpium titan (Campbell and Clark) (Plate 2, figs. 25-
26b). Shilov, 1995, p. 108, pl. 1, figs. 1, 2.

Spirema sp. Kling, 1973, p. 635, pl. 7, figs. 23-25 (Plate 2,
fig. 20).
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Spongurus pylomaticus Riedel (Plate 2, figs. 22, 23). Nigrini
and Moore, 1979, p. S65, pl. 8, figs. 3a, 3b.

Litheliidae spp. (Plate 3, figs. 32, 33)

Order Nassellaria

Family Plagoniidae

Arachnocorys? dubius Dogiel (Plate 3, fig. 1). ?Mitrocalpis
araneafera Popofsky. Nigrini, 1970, p. 169, pl. 3, figs.
1, 2; Arachnocorys ? dubius Dogiel. Ling et al., 1971, p.
712, pl. 1, figs. 9-10.

Ceratocyrtis sp. (Plate 3, fig. 3).

Gondwanaria campanulaeformis (Campbell and Clark) (Plate
3, fig. 5). Funakawa, 2000, p. 100, pl. 1, figs. la-d; pl. 7,
figs. 1a, 1b; text-fig. 4.

Lipmanella pilva Vitukhin, 1993, p. 85, pl. 29, figs. 6, 7, 15.

Lipmanella redondoensis (Campbell and Clark) (Plate 3, fig.
4). Funakawa, 2000, p. 108, pl. 4, figs. 2, 3; pl. 7, fig. 6;
text-fig. 8.

Lipmanella dictyoceras (Haeckel). Kling, 1973, p. 636, pl. 4,
figs. 24-26.

Pseudodictyophimus gracilipes (Bailey) (Plate 3, fig. 2).
Petrushevskaya, 1971, p. 93, figs. 47-49.

Family Theoperidae

Cornutella profunda Ehrenberg (Plate 3, fig. 6). Nigrini,
1967, p. 60, pl. 6, figs. 5a-5c¢.

Cycladophora cornutoides Kling (Plate 3, fig. 11). Motoyama,
1997, p. 56, pl. 1, figs. 1-3.

Cycladophora cosma cosma Lombari and Lazarus, 1988, p.
104, pl. 1, figs. 1-6 (Plate 3, fig. 12).

Cycladophora bicornis bicornis (Popofsky). Lombari and
Lazarus, 1988, p. 106, pl. 5, figs. 9-12.

Cycladophora davisiana Ehrenberg (Plate 3, figs. 9, 10).
Motoyama, 1997, p. 60, pl. 1, figs. 4-10.

Cycladophora ochotica Vitukhin, 1993, p. 81, pl. 26, figs. 1,
2; pl. 28, fig. 13 (Plate 3, figs. 13-15).

Cycladophora sakaii Motoyama. Motoyama, 1997, p. 60, pl.
1, figs. 15-25.

Cyrtocapsella tetrapera (Haeckel) (Plate 3, figs. 16, 17).
Sanfilippo and Riedel, 1970, p. 453, pl. 1, figs. 16-18.

Cyrtolagena sp. (Plate 3, fig. 8).

Dictyophimus hirundo (Haeckel) group. Motoyama, 1996, p.
256, pl. 6, figs. 6, 7.

Eucyrtidium asanoi Sakai, 1980, p. 709, pl. 7, figs. 12-14
(Plate 3, figs. 20, 21).

Eucyrtidium calvertense Martin (Plate 3, fig. 19). Hays, 1970,
p. 213, pl. 1, fig. 6.

Eucyrtidium cienkowskii Haeckel group. Sakai, 1980, p. 710,
pl. 7, figs. 8-10.

Eucyrtidium hexastichum (Haeckel). Renz, 1976, p. 132, pl.
5, fig. 9.

Eucyrtidium teuscheri Haeckel, 1887, p. 1491, pl. 77, fig. 5
(Plate 3, fig. 18)

Lithopera neotera Sanfilippo and Riedel, 1970, p. 454, pl. 1,
figs. 24-26, 28 (Plate 3, fig. 22).

Peripyramis circumtexta Haeckel (Plate 3, fig. 7). Nigrini and
Moore, 1979, p. N29, pl. 21, figs. 4a, 4b.

Pterocanium korotnevi (Dogiel). Nigrini and Moore, 1979, p.
N39, pl. 23, figs. 1a, 1b.

Stichocorys peregrina (Riedel). Sanfilippo and Riedel, 1970,
p. 451, pl. 1, fig. 10.

Theoperidae sp. A (Plate 3, figs. 23-25). This species is herein
counted under the Theoperidae spp.

Family Carpocaniidae

Dictyocryphalus papillosus (Ehrenberg). Renz, 1976, p. 139,
pl. 6, fig. 9.

Family Artostrobiidae

Dictyoprora nigriniae O’ Connor, 2000, p. 198, pl. 2, figs.
1a-8b; pl. 3, figs. 1a-8 (Plate 3, figs. 26a, b).

Phormostichoartus corbula (Harting) (Plate 3, fig. 28).
Nigrini and Moore, 1979, p. N103, pl. 27, fig. 3.

Siphocampe arachnea (Ehrenberg) group (Plate 3, fig. 27).
Nigrini, 1977, p. 255, pl. 3, figs. 7, 8.

Family Cannobotrythidae

Botryopyle sp. (Plate 3, fig. 29). Botryopyle cf. cribrosa
(Popofsky) group. Nakaseko and Nishimura, 1974, p.
57, pl. 7, figs. 6-9b.

Suborder Spyrida

Ceratospyris borealis Bailey. Nigrini and Moore, 1979, p.
N9, pl. 19, figs. 1la-1d.

Phormospyris stabilis (Goll) group (Plate 3, fig. 30).
Phormospyris stabilis stabilis (Goll). Goll, 1976, p. 390,
pl. 1, figs. 1-13; pl. 2, figs. 7-14.

Spyrida spp. (Plate 3, figs. 31a, b).
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Plate 1. Photograph of radiolarians.
1-3. Pentactinosphaera hokurikuensis (Nakaseko). 1, #1033-R2, sl. 1, M41/2; 2, #1033-R2, sl. 1, W45/0; 3, #1033-R2, sl.
1, Q24/0.
4, 5. Styptosphaera? spumacea Haeckel. 4, #1033-R1, sl. 1, U21/3; 5, #1033-R3, sl. 1, M49/2.
6. Thecosphaera akitaensis Nakaseko. #1032-R1, sl. 1, Y31/2.
7. Actinommidae sp. A. #1032-R6, sl. 1, H23/4.
8-10. Hexacontium sp. A. 8, #1033-R3, sl. 1, P55/3; 9, #1033-R3, sl. 1, W38/1; 10, #1033-R3, sl. 1, Z38/0.
11. Actinomma popofskii (Petrushevskaya)?. #1033-R1, sl. 1, F26/3.
12. Thecosphaera sp. #1033-R3, sl. 1, H45/3.
13. Hexalonche sp. #1033-R3, sl. 1, J36/3.
14. Actinomma leptoderma Jorgensen. #1032-R3, sl. 1, L42/0.
15. Collosphaera sp. A of Reynolds (1980), #1033-R1, sl. 1, W31/1.
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Plate 2. Photograph of radiolarians
1. Stylatractus neptunus Haeckel. #1033-R1, sl. 1, 027/0.
2. Stylatractus santaeannae santaeannae (Campbell and Clark). #1032-R3, sl. 1, T53/2.
3. Stylosphaera? magnaporulosa (Clark and Campbell). #1035-R1, sl. 2, B23/4.
4. Stylatractus sp. #1033-R3, sl. 1, E36/0.
5. Druppatractus hastatus Blueford. #1033-R2, sl. 1, U23/2.
6. Druppatractus irregularis Popofsky. #1032-R3, sl. 1, T53/1.
7. Amphistylus angelinus (Campbell and Clark). #1035-R1, sl. 3, N52/1
8, 9. Stylatractus universus Hays. 8, #1033-R3, sl. 1, Q29/4; 9, #1033-R1, sl. 1, Z30/1.
10. Prunulum japonicum Nakaseko and Nishimura. #1033-R3, sl. 1, J34/0.
11, 12. Didymocyrtis sp. 11, #1033-R1, sl. 1, X36/0; 12, #1033- RI1, Sl 1, M39/0.
3. Didymocyrtis laticonus (Rledel) #1033- R3 sl 1 S48/0.
14. Dictyocoryne sp., #1033-R1, sl. 1, X20/0.
15. Amphymenium amphistylium. #1033—R3, sl. 1, Z223/2.
16. Spongodiscidae sp. #1033-R2, sl. 1, F44/2.
17. Spongopyle osculosa Dreyer. #1033-R1, sl. 1, M46/1.
18. Stylodictya validispina Jergensen. #1033-R3, sl. 1, F50/4.
19. Stylodictya aculeata Jorgensen. #1033-R3, sl. 1, D51/2.
20. Spirema sp. of Kling (1973). #1033-R1, sl. 1, N21/2.
21. Larcopyle hayesi (Chen). #1033-R3, sl. 1, Y38/3.
22, 23. Spongurus pylomaticus (Riedel). 22, #1032-R3, sl. 1, M39/4; 23, #1032-R3, sl. 1, A41/0.
24. Larcopyle buetschlii Dreyer. #1032-R3, sl. 1, D26/0.
25, 26. Lithocarpium titan (Campbell and Clark). 25, #1035-R1, sl. 1, J19/3; 26, #1035-R1, sl. 1, R23/0.
27, 28. Larcopyle polyacantha (Campbell and Clark). 27, #1035-R1, sl. 1, C40/4; 28, #1033-R3, sl. 1, K54/1.
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Plate 3. Photograph of radiolarians
1. Arachnocorys? dubius Dogiel. #1032-R6, sl. 1, B33/0.
2. Pseudodictyophimus gracilipes (Bailey). #1032-R6, sl. 1, X46/2.
. Ceratocyrtis sp. #1032-R3, sl. 1, N53/2.
. Lipmanella redondoensis (Campbell and Clark). #1033-R1, sl. 1, W30/3.
. Gondwanaria campanulaeformis (Campbell and Clark). #1032-R3, sl. 1, C42/0.
. Cornutella profunda Ehrenberg. #1033-R1, sl. 1, D41/3.
. Peripyramis circumtexta Haeckel. #1032-R6, sl. 1, A34/4.
. Cyrtolagena sp. #1033-R1, sl. 1, T29/0.
, 10. Cycladophora davisiana Ehrenberg. 9, #1032-R6, sl. 1, G36/2; 10, #1032-R6, sl. 1, A35/3.
11. Cycladophora cornutoides Kling. #1032-R3, sl. 1, X35/0.
12. Cycladophora cosma cosma Lombari and Lazarus, #1033-R3, sl. 1, B26/2.
13-15. Cycladophora ochotica Vitukhin, 13, #1033-R3, sl. 1, H43/0; 14, #1033-R3, sl. 1, Q30/2; 15, #1033-R3, sl. 1, S52/2.
16, 17. Cyrtocapsella tetrapera Haeckel. 16, #1033-R2, sl. 1, H37/2; 17, #1033-R2, sl. 1, B21/1.
18. Eucyrtidium teuscheri Haeckel. #1032-R3, sl. 1, W38/4.
19. Eudyrtidium calvertense Martin. #1033-R3, sl. 1, U43/3.
20, 21. Eucyrtidium asanoi Sakai. 20, #1033-R1, sl. 1, Q37/0; 21, #1033-R3, sl. 1, C34/0.
22. Lithopera neotera Sanfilippo and Riedel, #1033-R3, sl. 1, R30/4.
23-25. Theoperidae sp. A. 23, #1033-R1, sl. 1, A31/0; 24, #1033-R3, sl. 1, B42/3; 25, #1033-R3, sl. 1, Q22/1.
26. Dictyoprora nigriniae O’Connor. #1035-R1, sl. 1, Y29/0
27. Siphocampe arachnea (Ehrenberg). #1032-R3, sl. 1, Z25/0.
28. Phormostichoartus corbula (Harting). #1033-R3, sl. 1, K38/0.
29. Botryopyle sp. #1033-R1, sl. 1, M43/0.
30. Phormospyris stabilis group. #1033-R3, sl. 1, B26/3.
31. Spyrida sp. #1032-R6, sl. 1, Q30/4.
32, 33. Litheliidae spp. 32, #1033-R1, sl. 1, D25/3; 33, #1032-R1, sl. 1, T41/1.
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