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Preliminary report on the radiolarian age of the Upper Cretaceous Matoya Group (Shimanto belt) in the Toba
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Cover figure

Radiolarian fossils and detrital zircon constraining the depositional age of the Mesozoic in the Shima
Peninsula, Mie Prefecture

The Shima Peninsula, Mie Prefecture, is famous for pearl- and oyster-farming places in Japan, in addition to scenic
spots formed by the ria shoreline. The peninsula is geotectonically divided into the Sambagawa, the Chichibu
Composite (further subdivided into the Northern Chichibu, Middle Chichibu (or Kurosegawa), and Southern Chichibu
belts) and the Shimanto belts from the north. Radiolarian fossils from the Southern Chichibu and Shimanto belts, and
U-Pb ages of detrital zircon from the Sambagawa and Northern Chichibu belts were reported in this special issue.
On a base map of the Seamless Digital Geological Map of Japan (1:200,000), the fossil and the zircon dating locations
are indicated with blue, green and pink tacks. In addition, pictures of the typical radiolarian fossil species and zircon
were collaged to the map. The radiolarian fossil species (background color: blue) from the Southern Chichibu Belt are
Kilinora spilalis, Striatojaponocapsa conexa sensu Hatakeda et al. (2007) and Loopus primitivus, and those
(background color: green) from the Shimanto Belt are Pseudodictyomitra tiara, Theocampe salillum and
Amphipyndax tylotus in descending order.

(Figure and Caption by Takayuki Uchino and Satoshi Nakae)
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Takayuki Uchino (2017) Special issue on the depositional ages from the Toba District (Quadrangle series
1:50,000). Bull. Geol. Surv. Japan, vol. 68 (2), p. 23-24, 1 fig.
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Fig. 1 Geotectonic division of the Shima Peninsula and area of the Toba District (red dotted line)
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Takayuki Uchino and Naoto Ishida (2017) Middle and Late Jurassic radiolarian fossils from mudstone
in the Southern Chichibu Belt in the Toba District (Quadrangle series 1:50,000), Shima Peninsula, Mie
Prefecture, Southwest Japan. Bull. Geol. Surv. Japan, vol. 68 (2), p. 25-39, 8 figs, 1 table.

Abstract: The Tsuiji Group (Middle to Late Jurassic accretionary complex) and the Imaura Group (Middle
Jurassic to Early Cretaceous shallow-marine deposit) are distributed in the Southern Chichibu Belt,
Shima Peninsula, Mie Prefecture. During a geological survey on the Toba District (Quadrangle series
1:50,000), we discovered Middle and Late Jurassic radiolarian fossils from mudstone of both groups and
decided depositional ages in detail based on many radiolarian fossil species. A mudstone sample from
the Tsuiji Group indicates early to middle Callovian, and mudstone samples from the Imaura Group are
concentrated in three age groups: middle Bathonian to late Callovian, late Callovian to middle Oxfordian,
and early Tithonian. The ages fall within the ranges of those that previous works reported.

Keywords: Middle Jurassic, Late Jurassic, radiolarian fossil, Tsuiji Group, accretionary complex,
Imaura Group, shallow-marine deposit, Southern Chichibu Belt, Shima Peninsula, Mie Prefecture
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Fig.3  Route maps around the Jurassic radiolarian fossil locations. (a) T1 and 11, northwest of Takekochi River. (b) 12, west
of Aonomine mountain road (Isobe Route). (c) 13, north of Itajiki River.

3. 3 EH{EARLEEFR

HECHRAE G O LG, RISk 0 AR D,
Matsuoka (1995a) % T U 72 #8 1f (2007) 12 5€ > 7. &
7z, INTERRAD Jurassic-Cretaceous Working Group (1995)
Cf#i ] & 11 B Unitary Associations Zones (UAZ) & D1t
i - BREUR B IX Baumgartner e al. (1995)DFigure 13 & O
Matsuoka (1995a) DFigure 3 1ZFED N7z,

3. 3.1 T1ihs= (SEHEE)

TR DY a » 5 1%, FL XL TRHE Sz
gk b & LT, Archaeodictyomitra aff. apiarium,
Archaeospongoprunum imlayi, Cinguloturris carpatica,

Crucella cf. theokaftensis, Emiluvia salensis, FEucyrtidiellum cf.

ptvctum, Gongylothorax favosus oviformis, Homoeoparonaella
aff. elegans sensu Baumgartner et al. (1995), Hsuum
brevicostatum, Orbiculiforma? heliotropica, Paronaella
aff. pygmaea, Podobursa cf. spinosa, Pseudodictyomitra?
sp. D sensu Matsuoka and Yao (1985), Stichocapsa robusta,
Stichomitra annibill sensu Suzuki and Gawlick (2003),
Striatojaponocapsa conexa sensu Hatakeda et al. (2007),
Striatojaponocapsa synconexa sensu Hatakeda et al. (2007),
Tricolocapsa tetragona, Tritrabs rhododactylus, Triversus cf.
hexagonatus, Williriedellum carpathicum, Williriedellum cf.
marcucciae, Zhamoidellum ovum»> B X 7= CE4X 5 5B
12%). Zofth, JBL XL TRIE X728 D& L TEoxitus
sp., Napora sp.X°Xitus sp.7s ENd 5.
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Z DEEEX Striatojaponocapsa conexa% G AT D, AN
T o pE 1 R % 7R U 7zMatsuoka (1995b) & 5 & 12§
% &, KBEHE ORI M E Striatojaponocapsa conexa
i 2 b Kilinora spiralisty (2R 5 L ¥IWrT& 5. % 7=,
Striatojaponocapsa synconexa |3 FECHIRIIZ & pET % & &
M (Hatakeda et al., 2007), Striatojaponocapsa synconexa
NWHAGFT B Z &8, KREED Striatojaponocapsa conexa
i ~ Kilinora spiralistg \IZfHM4 45 Z & & FJH L .
Aita (1987) R V4 (1996) I &k % &, AWEIZEEN D
Cinguloturris carpaticald, Aita (1987) D Pseudoristola
tsunoensis (JR ML TIZ Amphipyndax tsunoensis) [ fr
(Striatojaponocapsa conexair FERIZHIYS) & 5 W I P4
(1996) D Stichomitra? tairai M (J6B) > & Y U I #
5. Stichomitra? tairai Aita DY ) = LT & 5 Stichomitra
annibill (Suzuki and Gawlick, 2003) i%, Aita (1987) D
Pseudoristola tsunoensis [Ffgir (Striatojaponocapsa conexa
ar EERIZH YY) A & Zhamoidellum mikamenseay i I 1k
(Hsuum maxwelli stz Pl 1203 CTEEH T 5 (Aita,
1987). —J5, ARBEH:ZIZ, Kilinora spiralists \ZPE$ 5
Kilinora spiralis% 3 C 8 & § 5 Kilinora g =X, [6lHr 1Z#]
LA A S B Loopus primitivus, Solenotryma? ichikawai,
Guexella nudata, Stichocapsa naradaniensis 75 £ 3 & £
T, bbb, KB Kilinora spiralis iy %8
fthaza&Esn.

YLE&y, KRB Striatojaponocapsa conexa it
OEFHICHYS T 5 h v 7 v RPE~ R EO W EEE AR
7.

& Z AT, Tricolocapsa tetragona & Williriedellum
carpathicum {22 TUE, fERHS T B4R &
DHEPRDENDS 20, —F & B4 5. Tricolocapsa
tetragonad, H AKIZ I\ TStriatojaponocapsa plicarum
i LB A 6 Striatojaponocapsa conexaiy WP U 12
FEH RIS LT B (Il 21E, Matsuoka, 1983 5 Aita,
1987 5 Wi, 1996). % 72, Matsuoka (1986) IZ & % &,
Williriedellum carpathicum (J ML CliZ Tricolocapsa yaoi)
I3 Kilinora spiralis'tiy @ _E ¥ % #) FE H R HE & L T W
%. L»L—JT, Suzuki and Gawlick (2003) i & % &,
Tricolocapsa tetragonald Kilinora spiralis s HPFE$ 5 Z
&M, F72, Baumgartner et al. (1995) ®Beccaro (2006) 12
& % L, Williriedellum carpathicumZ Kilinora spiralis %
KD ETHOREHEPSENT S Z A RES TV 3.
ZDZ &I, ZN5 2fdA Striatojaponocapsa conexa iy I
WTEREMLEDLILE2RETEEDTHIH, Thb
DFED A7 I & AREE & OIAFBIHRICONTIESHE
BHMEABETH B,

3.3. 2 NS (SHER
NHS DOV EH» 513, FEL <L TEE X L7 ko
{t4a & LT, Archaeodictyomitra aff. rigida, Bistarkum

cf. irazuense, Cinguloturris carpatica, Gongylothorax
favosus oviformis, Loopus doliolum, Loopus primitivus,
Paronaella cf. bronnimanni, Paronaella cf. mulleri,
Pseudodictyomitra? sp. D sensu Matsuoka and Yao (1985),
Pseudoristola cf. tsunoensis, Tritrabs zealis, Triversus aff.
Japonicus, Xitus aff. pulcher sensu Baumgartner et al. (1995),
Zhamoidellum ovum?’, JELV N TClRIEE N7z D L L
“CHsuum sp., Napora sp., Pantanellium sp., Podobursa sp.,
Praeparvicingula sp., Xitus sp. 78 ENH 5 (FSK; H1K).
Z DFEHITIE, Loopus primitivus g D IGIEEME T & 5
Loopus primitivus i & £ 5. Z OFE O] pE 1 g 4e 13
Kilinora spiralisty T & ) (Hori et al., 2002 ; Ishida, 2008),
A% P g UE LS Pseudodictyomitra carpaticayiyr D N TH
% (Matsuoka, 1992). Z OBEIZ & £ N 5 Cinguloturris
carpatica® §) PE My Je O fe A% PE MY g B3, T h Eh
Striatojaponocapsa conexa it (WalH, 1996), ¥ 2 7R
R R A AHE (Baumgartner et al., 1995) & S TE
D, Hori (1999) 12Xk % &, Pseudodictyomitra carpatica it
CREMAMEN TS, Zh b 2fOHARGR,? S,
Z OFEHX Kilinora spiralisiiit 5 & Pseudodictyomitra carpatica
O TEICEHDBIRE &b, £z, Striatojaponocapsa
plicarum 45 L5872 & Hsuum maxwelli w2 E A1 % HD
Hsuum maxwelli gr. (Matsuoka, 1995b) } U Pseudodictyomitra
carpaticatii 7 5 pEN, LIRY 5 Pseudodictyomitra carpatica
nEEhsnZ e ol 5L, ORI Loopus
primitivus {5 > HEET 5 DIZPRETE, F b =7 VWi
FORENE &R
—77, Aita (19872 XK % &, Pseudoristola tsunoensisid.,

Pseudoristola tsunoensis [Blfr (Striatojaponocapsa conexa

(p.31—)

HAK FHHEHEOHKTIORE» 5/Ro N a7 v
SRR~ rh g oD B A R LR o0 A - B T S 5.

Fig. 4  Scanning electron microscope images of early—middle
Callovian radiolarians extracted from mudstone at the
location T1, the Tsuiji Group.

1: Archaeodictyomitra aff. apiarium (Riist), 2-9: Archaeodictyomitra spp., 10:
Pseudodictyomitra? sp. D sensu Matsuoka and Yao (1985), 11-12: Cinguloturris
carpatica Dumitrica, 13: Cinguloturris sp., 14: Stichomitra annibill Kocher
sensu Suzuki and Gawlick (2003), 15-16: Xitus spp., 17: Eoxitus sp., 18:
Triversus cf. hexagonatus (Heitzer), 19: Hsuum brevicostatum (Ozvoldova),
20: Wrangellium? sp., 21-25: Tetracapsa spp., 26: Tetracapsa? sp., 27:
Stichocapsa robusta Matsuoka, 28: Zhamoidellum sp., 29: Zhamoidellum ovum
Dumitrica, 30: Williriedellum cf. marcucciae Cortese, 31: Williriedellum sp., 32:
Williriedellum carpathicum Dumitrica, 33: Gongylothorax favosus oviformis
Suzuki and Gawlick, 34-35: Striatojaponocapsa synconexa O’ Dogherty et al.
sensu Hatakeda et al. (2007), 36-37: Striatojaponocapsa conexa (Matsuoka)
sensu Hatakeda et al. (2007), 38: Tricolocapsa tetragona Matsuoka, 39:
Helvetocapsa? sp., 40: Eucyrtidiellum cf. ptyctum (Riedel and Sanfilippo), 41:
Spongurus sp., 42: Napora sp., 43: Podobursa cf. spinosa (Ozvoldova), 44:
Podobursa sp., 45-46: Spongotripus sp., 47: Archaeospongoprunum imlayi
Pessagno, 48: Archaeospongoprunum sp., 49: Homoeoparonaella aff. elegans
(Pessagno) sensu Baumgartner et al. (1995), 50: Paronaella aff. pygmaea
Baumgartner, 51: Emiluvia salensis Pessagno, 52: Orbiculiforma? heliotropica
Baumgartner, 53: Crucella cf. theokaftensis Baumgartner, 54-56: Tritrabs
rhododactylus Baumgartner.
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Fig.5  Scanning electron microscope images of early Tithonian radiolarians extracted from mudstone at the I1 location, the Imaura Group.

1: Droltus sp., 2: Archaeodictyomitra aff. rigida Pessagno, 3—4: Archaeodictyomitra spp., 5: Hsuum sp., 6: Triversus aff. japonicus Takemura, 7: Cinguloturris
carpatica Dumitrica, 8: Loopus doliolum Dumitrica, 9—11: Loopus primitivus (Matsuoka and Yao), 12: Loopus? sp., 13: Wrangellium? sp., 14: Dictyomitrella? sp.,
15-16: Pseudodictyomitra? sp. D sensu Matsuoka and Yao (1985), 17: Pseudoristola cf. tsunoensis (Aita), 18: Xitus aff. pulcher Pessagno sensu Baumgartner et al.
(1995), 19: Xitus sp., 20: Xitus? sp., 21-26: Nassellaria gen. et sp. indet., 27: Napora sp., 28: Orbiculiforma? sp., 29: Zhamoidellum sp., 30: Gongylothorax cf. favosus
oviformis Suzuki and Gawlick, 31-32: Zhamoidellum ovum Dumitrica, 33: Tetracapsa sp., 34: Spongurus sp., 35: Archicapsa? sp., 36: Spumellaria gen. et sp. indet.,
37: Pantanellium sp., 38: Actinomma sp., 39: Podobursa sp., 40: Tritrabs zealis (Ozvoldova), 41-42: Paronaella cf. bronnimanni Pessagno, 43: Paronaella cf. mulleri
Pessagno, 44: Bistarkum cf. irazuense (Aita).
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Fig. 6  Scanning electron microscope images of middle Bathonian to late Callovian radiolarians extracted from mudstone at the 12

location, the Imaura Group.

1-2: Tethysetta spp., 3: Triversus hungaricus (Kozur), 4. Triversus aff. schardti O’Dogherty et al., 5: Triversus sp., 6: Hsuum sp., 7: Spongocapsula sp., 8:
Hiscocapsa? sp., 9: Pseudodictyomitra sp., 10-12: Archaeodictyomitra spp., 13: Kilinora? sp., 14-15: Williriedellum dierschei Suzuki and Gawlick, 16:
Williriedellum sp., 17: Striatojaponocapsa synconexa O’Dogherty et al. sensu Hatakeda et al. (2007), 18-19: Striatojaponocapsa conexa (Matsuoka) sensu
Hatakeda et al. (2007), 20-21: Nassellaria gen. et sp. indet., 22: Eucyrtidiellum cf. ptyctum (Riedel and Sanfilippo), 23: Spumellaria gen. et sp. indet., 24: Tritrabs

exotica (Pessagno).

i

A EEBIZAHY) A2 & Gongylothorax sakawaensis it (Kilinora
spiralist WK ) IZPEST B & &b, T bbb AR
&, BAEO MR TEARR OB (Loopus primitivus
i) K0 HOERERT 20, AMEOA TN & AR
HFLEORFRBRIIOVWTIISHRELIMFAVPLETH
5. %72, Aita (1987) Ti2, Bistarkum irazuense (JF#LC
\& Amphibrachium irazuense) & Pseudoristola tsunoensis &
[ CpEH A 2R3 & LT3 %, INTERRAD Jurassic-
Cretaceous Working Group (1995) TIZUAZ 14 ~ 21 (Fi¥H
i D Pseudodictyomitra carpaticair b3~ Acanthocircus
carinatus i \ZFY) IZET 5 L LTH D, KEOEHI
BRIz b7z 2 e 5 5.

3.3.3 R (SHERN

RHEDOVRE D 51, FEL ~L % CRE & ki b
f1& UT, Eucyrtidiellum cf. ptyctum, Striatojaponocapsa conexa
sensu Hatakeda et al. (2007), Striatojaponocapsa synconexa sensu
Hatakeda et al. (2007), Tritrabs exotica, Triversus hungaricus,
Triversus aff. schardti, Williriedellum dierschei 7, &L LT
[Fl%E & 1728 D & L T Archaeodictyomitra sp., Hsuum sp.,

Kilinora? sp., Pseudodictyomitra sp., Tethysetta sp.’s & 5 &
% (el 1K),

Z DOFEHIZIZ Striatojaponocapsa conexa & Striatojaponocapsa
synconexa e ENBH, Z D 2D A7 R I3 Hatakeda
et al. (2007) 12 & 1 Striatojaponocapsa conexati iz I o
» & Kilinora spiralisiy 12727 THIS LT\ 3. Kilinora
spiralisid Kilinora spiralisiy 58I A7 B 23 5 5 2
(il 21, Matsuoka, 1986), Z DFEIZIZEFTh TV
vy, 72, Kilinora spiralisii P TORER IS 5
Loopus primitivus X° Solenotryma? ichikawai, Stichocapsa
naradaniensis (5l %2 1%, Matsuoka, 1986 ; INTERRAD
Jurassic-Cretaceous Working Group, 1995) & & 23 & £ h
TWZ e 5L T, ZDRHEIL Striatojaponocapsa
conexa i HHETHEDICHYTIEELONS. Tk
bHB, KROERII NN P =7 Y HhE~ A o e 7
BEOFREMED B 5.

3.3.4 13E(SHER
BSOS HiER OS2 513, L~ F THE
SN E R b fa & U T, Archaeodictyomitra cellulata,
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Cinguloturris cf. carpatica, Dictyomitrella? kamoensis,
Eucyrtidiellum nodosum, Helvetocapsa? cf. prealpina,
Hsuum aff. baloghi, Hsuum brevicostatum, Hsuum
maxwelli, Kilinora spiralis, Obesacapsula magniglobosa,
Parahsuum carpathicum, Paronaella kotura, Paronaella
pyvgmaea, Plicaforacapsa catenarum, Praewilliriedellum
cephalospinosum, Praewilliriedellum spinosum, Protunuma?
ochiensis, Pseudoeucyrtis cf. firmus, Pseudoristola
nova, Pseudoristola tsunoensis sensu O’ Dogherty et
al. (2006), Sethocapsa aitai, Stichocapsa aff. magnipora,
Striatojaponocapsa synconexa sensu Hatakeda et al. (2007),
Triversus japonicus St &z, F72, @@L L CRIE
XNz D& L Tethysetta sp /s ENdH 5 (EETIX; 1
%).

KB (X Kilinora spiralis i O {8 ¥SFH T & 3 Kilinora
spiralis% &3>, 2 OFHED W) PE W F@ & 13 Kilinora spiralis
ORI ZEFR L, AR FAEEBIZ s 5 (A
¥, Matsuoka, 1986). =7z, Plicaforacapsa catenarum
1%, Kilinora spiralis & 1FIZ R CAAFHAM % 78 3 (Matsuoka,
1986). Sethocapsa aitai 1%, Chiari et al. (2002) 12 &
D7 AN=TIEEO I F 4 &4 Mirdita) * 7 4 + 5
A L OERE» S BRSO I
UAZ 6 ~ 7 (Kilinora spiralis i 1ZfY) & &N T\ 5.
Archaeodictyomitra cellulata, Helvetocapsa? prealpina,
Pseudoristola tsunoensis sensu O’ Dogherty et al. (2006) 13,
O’ Dogherty et al. (20060) IZL >TT LT ADT v Y F v 7
LIS HiE A 5 WA S M =FT, 2 ORI UAZ 6
T (Kilinora spiralis & FEPIZAHY) /R4 & STV 3.

L7222 ->7T, ZOHEDORNTERIZKilinora spiralis i
THHICHLE T AT VIR~ 0 2 2T+ —
T4 T VHHRETS 5.

4. £ =

S R OGS HEEOTRE 725 ZhETRONK
LA AEREEL, SHOTF— 2 L A5bETHER
FEFPIX &R L7z GESIXD) . i, BERMEMES OB
T 5720, A TH 2 8EHERFIZEL TEY 2
FHLEDTF -2 2R L ThD. KT, SHELH
TR LGS, T FhoMERIZ W THOERIC
Wil s.

4.1 EEHER

SEHb RE BT, EIRIE A (1980) 23 E P A AT 4
OB DM GO F v — b (Fl 21F, ME67:k
B IR DR 26, h~H%HY 2 F DR
LG E#E L 2O SUIERELEED 500 TR
HIEEAWE L 22BN 2 e O TH 55, YFIEE 7
Y 2 7RO EHALE O 5 R O LA X 5 Ao i

e X Tk o728, EFEHBNIZED < Bk
ENIBRA D B - 7=, EEE 2 (1980) DX I 5L &

N7=ME6T il Bt O i At B B 2 FRRGEF L 7z & 2 5,
Diacanthocapsa? sp. (E¥FIZA*, 1980 DPlate 3 DFig. 2) IF
Striatojaponocapsa synconexalZ, Hsuum? sp. ([dlPlate 4 D

Fig. 5) (& Hsuum brevicostatum|Z, Parvicingula hsui ([G]Plate
4 DFig. 7) & Tethysetta elongatusiZ, Tricolocapsa sp. A ([fl
Plate 3 DFig. 3) & Praezhamoidellum aff. yaoi |2 [F] % T ¥,
Z N5 2N A Striatojaponocapsa (JF WML Tl3 Tricolocapsali)

plicarum, Hsuum maxwelli, Tricolocapsa cf. riisti’s & D&
FNTBZENE, Zh6 DM THK SN BREIR
FIEUE, BUED A TIZ Striatojaponocapsa plicarum i
#~ Striatojaponocapsa conexay (V5 s =7 Y H~F v

AT A =T AT VP ISRET B LATE D,

W T (1988) 1%, & P v i AT W] AR VB o g
R0 W L FE A O B LE IR WIS B THE M R o U8
aroimiftas AR L, 2hosolbhafE» S
RBRORAEDFHY 2 THBFE~BMY 2 7 &Y
YA (Stratiojaponocapsa conexaxy) & # MW ¥ 2 F #d mi 2k
(Kilinora spiralis wy~ Hsuum maxwellit T3) 02D DI
fR&R$ & L7 H7aAIZ, Ohbaand Adachi (1995) 135
P55 6 Kilinora spiralisTIRE M B2 %Y 2 T
Wi¥ (Kilinora spiralis#y) %~ HEEAE 2 R LTW35.
¥, PO XD AR (B8 1X) & D Kilinora spiralis
EELBMY 2 7 &0 (Kilinora spiralisiit) % 7N §Jers
AR, ZhafEmosoLtErz. LrL, Z
DYeE Y o 7 i~ wi A ORI A © 7 B A
FEREHE (LLER, 1957) kK 0Lz L, SRR & Sl
WOV 2 FAUTIR GFIERTE) ISZ06NENETH B
728, Kiinn o134 5.

FHERE OV A 5 i R A 2 W U2 - TR
(1988) Tid, MEHYLADAGEIZBIR S W TAn,
AR TIE, BELUAMOBEEZIDNL, FHRERFO
TEIZOWTHr ey YHEE~hEHE WS 2 KD K
EOEOHEREER AL 2295 Z LN TE 2 (EESK).
ZLT, ZorUE, Y 2 FkdhE~%EY 2 78
A &0 - T (1988) 291 L 72 4R 5 — & D #ipH 1=
INE 5.

4.2 SHBEH

SRR OHERAEAUIC B L Tig, BEEAAIRE KO
AHROERICEDE, ZThETHRBY 2 I7LEEAON
Tz (AL, ERE 2, 197950 0F 2, 1979). BIAIE,
e ofdohiz7 v EF A MUARHREY 2 7/K0
FUA) VT VB ~F P =7 VHIEFEA R LT
% (PefiE A, 2005).

L2rL, 3 TR (1988) 1, mFHE4HT 51T O3 bk
VG B8 0 X i) X0 i R T REOR S D Je s A S Ik R b A &
i U, Striatojaponocapsa plicarum & Japonocapsa
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Fig.7  Scanning electron microscope images of late Callovian to middle Oxfordian radiolarians extracted from mudstone at the 13
location, the Imaura Group.

1: Archaeodictyomitra cellulata O’Dogherty et al., 2-5: Archaeodictyomitra spp., 6: Parahsuum aff. carpathicum Widz and De Wever, 7: Parahsuum carpathicum, 8:
Dictyomitrella? kamoensis Mizutani and Kido, 9: Loopus? sp., 10-12: Hsuum maxwelli Pessagno, 13: Hsuum aff. baloghi Grill and Kozur, 14: Hsuum brevicostatum
(Ozvoldova), 15: Hsuum sp., 16: Pseudoeucyrtis cf. firmus Hull, 17: Dictyomitrella? sp., 18: Tethysetta sp., 19: Tethysetta? sp., 20: Pseudoristola tsunoensis (Aita) sensu
O’Dogherty et al. (2006), 21: Triversus sp., 22: Triversus japonicus Takemura, 23: Obesacapsula magniglobosa Aita, 24: Cinguloturris cf. carpatica Dumitrica, 25:
Sethocapsa aitai Chiari et al., 26: Eucyrtidiellum nodosum Wakita, 27: Helvetocapsa? cf. prealpina O’Dogherty et al., 28: Spongurus sp., 29: Protunuma? ochiensis
Matsuoka, 30: Plicaforacapsa catenarum (Matsuoka), 31-32: Striatojaponocapsa synconexa O’Dogherty et al. sensu Hatakeda et al. (2007), 33: Kilinora spiralis
(Matsuoka), 34: Tetracapsa sp., 35: Tetracapsa? sp., 36: Stichocapsa aft. magnipora Chiari et al., 37: Praewilliriedellum spinosum Kozur, 38: Praewilliriedellum
cephalospinosum Kozur, 39: Pseudoristola nova Yang and Wang, 40: Paronaella pygmaea Baumgartner, 41: Paronaella kotura Baumgartner.



WEFHAMIZEHE 2017 4 B 68%& H2H

W1k EHEREROSHRER A 515 5 M idEtan ) 2 b,

Table 1  List of the radiolarian fossils extracted from the Tsuiji and Imaura groups.

Location T1 11 12 13

Group|  Tsuiji Imaura Imaura Imaura

Actinomma_sp. *

Archaeodictyomitra apiarium (Riist) aff.

Archaeodictyomitra cellulata O’'Dogherty et al. *

Archaeodictyomitra rigida Pessagno aff.

Archaeodictyomitra sp.

Arch. unum imlayi Pessagno

Arch unum sp.

Archic Sp. ?

Bistarkum ir (Aita) cf.

Cinguloturris carpatica Dumitrica * * cf.

Cinguloturris sp.

Crucella theokaftensis Baumgartner cf.

Crucella sp.

Dictyomitrella? kamoensis Mizutani and Kido

Dictyomitrella sp. ? 9

Droltus sp.

Emiluvia salensis Pessagno

Foxitus sp.

Eucyrtidiellum nodosum Wakita

Eucyrtidiellum ptyctum (Riedel and Sanfilippo) cf. cf.

Gongylothorax favosus oviformis Suzuki and Gawlick * cf.

Hel ? prealpina O’Dogherty et al. cf.

Hel sp. ?

Hiscocapsa sp. ?

He onaella elegans (Pessagno) sensu Baumgartner et al. (1995) aff.

Hsuum baloghi Grill and Kozur aff.

Hsuum brevicostatum (Ozvoldova)

Hsuum maxwelli Pessagno

Hsuum sp.

%
*
BEIEIES

Kilinora spiralis (Matsuoka)

Kilinora sp.

Loopus doliolum Dumitrica

Loopus primitivus (Matsuoka and Yao)

Loopus sp.

|| | %
)

Napora sp.

Ob. 12 macniclob. Aita *

Orbiculiforma? heliotropica Baumgartner

Orbiculiforma sp. ?

Pantanellium sp.

Parahsuum carpathicum Widz and De Wever *, aff.
= -
Par

Ila br / Pessagno cf.
Pa lla kotura Baumgartner

Paronaella mulleri Pessagno cf.

Paronaella pygmaea Baumgartner aff.

Plicaforacapsa catenarum (Matsuoka)

Podobursa_spi) (Ozvoldov4) cf.

Podobursa sp.

hal
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Takayuki Uchino (2017) U-Pb ages of detrital zircon grains from sandstones of the Northern Chichibu
Belt and psammitic schists of the Sambagawa Belt in the Toba District (Quadrangle series 1:50,000),
Shima Peninsula, Mie Prefecture, Southwest Japan. Bull. Geol. Surv. Japan, vol. 68 (2), p. 41-56, 4 figs,
6 tables, 3 appendixes.

Abstract: The Geological Survey of Japan is now making a geological map and its explanatory text of
geology of the Toba District (Quadrangle series 1:50,000), Shima Peninsula, Mie Prefecture. During its
study, detrital zircon U-Pb ages from sandstone in the Northern Chichibu Belt and from psammitic schist
in the Sambagawa Belt were measured in order to reveal accretion ages of the accretionary complexes in
the both belts.

The peak ages of the youngest clusters of the detrital zircon grains from the Osakatoge Complex and the
Kochi Complex in the Northern Chichibu Belt are 204.4 &= 4.0 Ma and 183.4 & 2.9 Ma, respectively.
These ages are consistent to the depositional ages (Early and Middle Jurassic) of terrigenous deposits
assumed from radiolarian fossils by a previous work.

The peak ages of the youngest clusters of the detrital zircon grains from two samples in the Miyakawa
Formation in the Sambagawa Belt are 177.1 &= 1.6 Ma and 95.5 = 2.5 Ma. The latter is acceptable
according to 99-83 Ma phengite K-Ar ages (metamorphic or cooling age on a subduction zone) from
psammitic schist shown by a previous work in the Ise District (west of the Toba District). On the other
hand, the former is much older than the latter although the both samples may belong to a same unit.
Therefore, more data such as phengite K-Ar ages or additional detrital zircon U-Pb ages are necessary to
verify the scientific validity of the former (Early Jurassic age).

Keywords: U-Pb age, detrital zircon, Jurassic, Cretaceous, Osakatoge Complex, Kochi Complex,
Miyakawa Formation, Northern Chichibu Belt, Sambagawa Belt, Shima Peninsula, Mie Prefecture
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3, FEHRHEAGHEAPIRL TOEWD, Fv— 25
Albaillella sp. % oertlispongids D HLE RO &2 R L, Z
D E TN T AR ROCHH =B e F 2 Tn
5. F72, %5 13V88E » 5 Bagotum sp., Lupherium sp.,
Pantanellium sp. Jx UF Stichocapsa sp. D ECHR{LA % R L,
ZORREFIHY 2 7/ EFE AL TS,

2.2 HW:>7D/7X%?$%%%)

AR FA AL OALE IS0 2 (BB 11X) . Bl
i iitﬁfﬁiﬁf;h LA bs-pa v L ctarh A o dt
H BV FFdER 2N KR, BIE, Ty — b, s,
W, BAE &2 TR E L, 50 1 VB X CRAE
HERT. KA - F v — PAKROREBE S~ RS
DPEH TR T 5 5.

AE A B, | O 458 O 5 S HAE A S0 iR
fLarn®E T3 (HTE - 58, 19585 ILES
W, 1967). #BEE - JUFE(2006) 1F, PEH R AT H
R L TOWAEWD, F v — b » Sdlbaillella sp. &
Pseudostylosphaera sp.J% U Triassocampe sp. DR
ZRINLTHD, fiEzaLF v — F ORI E L4
o, BoFHEELF v — PO ERH =B EEZAT
W5, F7z, 55 IXJeE A 5 Stichocapsa fusiformis Hinde,
Parvicingula sp., Dictyomitrella sp. DRI % RHT L,
ZOWRRAHRHY 2 T EE LT 5.

2.3 BRI
TERE#FEARE L, W8BERE, AKERS, HE
e, WERSEMORMASEEECES . EHEEDd 50
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AR, PP R e USRS e A 1 A
AL, Wb foltd 5 0 iEmER &R, ST
&5 Tid20 ~ 30° DIKAER 2R THIRE & RO 5N 5.
Nakamura (1971) T h T3 k512, KM
IR PR O TS R A RO TS RS A T

PP (1992) 2 _EBF (2001) 12 & 2 A Hiudsk v [ (543
TOMFETHICHIR N T 5 K512, RBOLREIZ
DU ] geiiB =3 1 s O fe A KR A M 4 5. &7
PrEidthisk T, Tomiyoshi and Takasu (2010) 12k - C,
ff ik S S AR I E T 2B S A 5 99.1 £2.5,
97124 % 1°932+23 Ma (R I M ACHITH), %7
M iR S O E T 2R A2 5 842121
&£ 83.6 2.1 Ma (BIFHAHE) D7 = vV v 4 FK-Ar
FRPME IR TS,

3. RUBES LT U-Pb ERHEIRE

3.1 REG#E

BERIET Y TV 7 20 5 13 ERIEIL GERERS b~ %
JU AP EARH TTE ) (34° 247 53.627 N, 136° 457 46.00”
E)D 1K, WMNay 7Fvy 2 205613800 2 boS—
2 (AR 3RER) (34° 277 04.627 N, 136° 497 16.54”
E) D 1R, B IRE 2 610308 » & 11 (Fhiis) (34° 287
07.13” N, 136° 47" 17.17" E) K URFE (E#R) (34° 29’
25.62" N, 136° 51’ 41.32"” E) OaF 250k 2 FRELL 7= (552
). WIhZ O R ~HR 2 BB OME H %
WIIWER A TH B.

3.2 AMFFE

SHTEHASHITE 7 4 v ay - P Ty ZITRGEL
7o PRI O 72 B AR SR R oA B B B 2 R
B L2 S OB S R S O B ICR T K UMY
HMAGEATEE T 7 X~ B (ICP-MS) iETH 1,
L—HF—=T7TL—=Va VOEODAFLF YRV T =
LML =¥ =2 2T 4 EHFIL T B (Yokoyama et
al, 2011 ; Sakata et al., 2014 ; Maruyama et al., 2016).
ERNZ VLT Y RIDOFTGRART 5720127 v ay
M) ==V ERLEZ V-GN L T, A
HYRENE AT T LT Y RFORLTEIH - 7.
L — ¥ — WG oREFRERZEKR T2 VL a v R
(Bd) DPEMEEEE X112, 72, L —¥—HH&
VICP-MSDOGMAAEF 1R EF2RITRL 2.

ks, HAGHERS RO MM 2 5§ 5 72912, 2%
FEHEEURH0) 33 Ma DOD-3 (5 ¥FIE4>, 2012 5 Iwano et al.,
2013 ; Lukacs et al., 2015) U337 Ma®Plesovice (Slama
etal., 2008) & M7 L 7= (421, 2). Z&HIURE! ICP-MS
TEE CHIE L 720D-3 2 UF Plesovice®D ¥ — 7 4R (NI EE
Vafl) 132 2 32.97 +0.63 Ma (#%7£20) (mean square
weight deviation:MSWD=1.4), 329.9 +3.4 Ma (%% 20)

(MSWD=1.18) T, %7z, PUEMmA ICP-MS & THlE
L 72 OD-3 J2 U} Plesovice® ¥ — & 454X (& F-¥aMi) 1% %
N ZF132.66+0.80 Ma (%2£20) (MSWD=0.51), 3383
+3.2 Ma (#3%20) (MSWD=0.119) TH b, WFhd?2
YAERELRL D ST 2> 5 2% LINDOFHITINE 5 T 3.

3.3 FERP/IHER

WE L7220 a vk B2 4SO 8RB & 6018 T
b5, BRABPHIBIT B Y00y ORI, *Pb/ PUE
RE P/ PUSER E B3R ~BeRITRT. WM v
TV 7 20O VR Z2BRWT, TRTOR T2
ava—-Fy4 THERERLTWS., Kk, 2va—-FV
b DF Z PO/ U AAEB Ma (A @ U1, B:
260 2), P/ PUF M AICED Ma (C @ AU, D:
26D FRE) & LT, P/UHAR A P/ UFE R & D &
W<, R (M) B D D84, 2 L7/ UFAR
APhAPUER & D <, A2 (FED) 2SR D L2554
Aava—gy EAE LT

(A+B)—(C-D)

" X 100> 0 X (D

@B)-CD) 100 <0 = (2)

ElBovravRiyroarya—-7F4 7TRED
pp U AXNIZ DN T, B E L D & D % 5
SN, ZPINDLDEFAKNIR L. Zhs DRI,
BT 4 vy ay - b7y oI kB HER GE3&R~%
6F) BRI, w40y 7 MEDOEEEY T L Excel
HO7 K4 V&Y 2 — L TdH SIsoplot/Ex 4.15 (Ludwig,
2008) ZHWTER L 7=, £ =4 o#EHICIE, *Pb™ U
FRE D GREEDO/N NP/ UFER AR L 72,

3. 3.1 ERIEIEDOFSE [HFno. 2014072213 (BRI
A& GSJ R109160)] (B BHidH&ERIEI> 7
Ly &)

Heh v 7)) THRO YL VIZRRB 5, $9370 Ma
HE Iz 2 R 4R GE2 M), $9260 Ma iz
T 5K 8N GEsefE), Z L TH200 Mafhitic g
BR N GE2E) 2580 64, K260 Ma Tl fdg
BRiTH—FL W (E3Xa, b). —FHVHEM (no. 18 &
no. 50) DIMEF¥ % A — 7 FER & LG, Z0OfE
132044+ 4.0 Ma (R%20) TH 5. &k, RAOWEN
TV (no. 18) DAEARIZ203.1 243 MaTH B (553 %).

3.3.2 BRLXMN—=7EOBAEERN0. 20140722
L1-1 (B$EXEZES : GSJ R109161)] (X BHits
FAROaCTLy T R)

SeH v TN TEROY LT VIZEED S5 NT, #9400 Ma
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WMV L 2 Y OU-PHERIINE A b 7z ik L (a) BEAC T AL e i 2
VIV oy o Z ORERE S GUORES £ 2014072213) . SR, [E b PR
D HEPEFEREIX] (http://maps.gsi.go.jp/#18/34.415102/136.762793/) Z (I,  (b) B S
deimN T v 7Ly 2 2 OERIUE R GURHES  20140722L1-1). BFL Z b
8= 2. HEEBEHX] (http://maps.gsi.go.jp/#18/34.415102/136.821163/) & ], (c)
=W g O WE B PREUb A GUBHR S < 2014052113). WG & )11. M BRpE
HuX| (http://maps.gsi.go.jp/#18/34.468813/136.788284/) ZAHifH. (d) =3I/ =1 G D
W A PREGHE i GRRHE 5+ 20140522L5) . FE. BRI (http://maps. gsi.
20.jp/#18/34.490508/136.861608/) % fi4i Ffl.

Locations of samples for detrital zircon U-Pb dating. (a) Sandstone (sample no.
20140722L3) location from the Osakatoge Complex in the Northern Chichibu Belt,
north of the Osaka Pass. Topographic map is from the GIS map (http://maps.gsi.go.
jp/#18/34.415102/136.762793/) of the Geospatial Information Authority of Japan. (b)
Sandstone (sample no. 20140722L1-1) location from the Kochi Complex in the Northern
Chichibu Belt, south of the Toba Rest Park. Topographic map is from the GIS map (http://
maps.gsi.go.jp/#18/34.451394/136.821163/). (¢) Psammitic schist (sample no. 20140521L3)
location from the Miyakawa Formation in the Sambagawa Belt, Narugadani River.
Topographic map is from the GIS map (http://maps.gsi.go.jp/#18/34.468813/136.788284/).
(d) Psammitic schist (sample no. 20140522L5) location from the Miyakawa Formation in
the Sambagawa Belt, Sakate Island. Topographic map is from the GIS map (http://maps.gsi.
20.jp/#18/34.490508/136.861608)/).
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B1# 2014052113 Uk, 2014052215 &k &% 1820140722111
B ARE L 72L = =T T =¥ g v THEIRE
OB T T X~ BRI E O &M

Table 1 LA-ICP-MS instrumentation using a double-focusing

sector field mass spectrometer for the sample nos.
20140521L3, 2014052215 and 20140722L1-1.

Laser ablation

Model New Wave Research NWR Femto
Laser type Femtosecond

Energy density 2.0 Jiem®

Spot size 15 pm

Repetition rate S5Hz

Duration of laser ablation 20 s

Carrier gas (He) 0.5 L min™"

ICP-MS

Model Nu Instruments AttoM
ICP-MS type Magnetic sector field
Scanning (Operation) mode Deflector jump
Forward power 1300 W

Carrier gas (Ar) 0.76 L min™'
ThO'/Th (oxide ratio) <1%

Data acquisition protocol ~ Batch
28 5 (20 s gas blank, 8 s ablation)
2:)2Hg, Wipy, W6py, Wipp, W8py Bapy 38y

Data acquisition

Monitor isotopes

Dwell time 0.1 s for each
< Ll
Primary standard Nancy 91500
Secondary standard 0D-3 S 3 Plc-§0vicc‘(5

*1: Wiedenbeck et al. (1995); *2: Iwano et al. (2012); *3: Iwano
et al. (2013); *4: Lukacs et al. (2015); *5: Slama et al. (2008).

hE k7 (1ff), $9360 Mafsh¥E kv (1), #9260
Ma fH iz 4 2 R4 M G 451) 2 UTR 180 Mafst
LI AR T G 2) 2580 50, EIRiEL
DR & AR IZHY 260 MafhiEiZtEh 3 2 K208 —&F %
W(EE3Ke, d). HOWERIOS 5, Rk FEHhLEL
T RS 30 AR B ML T 2545, 1
KFAEEENIZY L GB4K), Thoo—Z4A0m
HEEME) 13 183.4£2.9 Ma (77520) TH 5. Ak, W
FAEMR AR THEME Y L 3 ¥ (no. 46) 12174.0 £10.2 Ma
Thb.

3. 3.3 BraAlloMERSE[EHHno. 20140521L3 (&
$MEAEE : GSJR109162)] (ZRIIIH=IIIE)

eH v T THROD LIV RSEAD SR, 2300
Mafs3, 1800 ~ 1500 Ma, 1300 Ma {sHiE D4R A 7R 4k
TOEAET 5. SERTIE, 59360 Maffit, #9260 Ma
fH3E, 180 MafihiEiz ¥ — 7 2 ok T M 23588 5 h,
%9260 Ma& 180 MafiHiEiZHEH 3 2 K23 % W (554 [Xa,
b). FOWEMD S 5, RFNTE2HD & L ERGREH

24 20140722L3 AR E|IE L 2L —F =T T L — v 3
v MBS SR T 7 X~ B o i O 4 F.

Table 2 LA-ICP-MS instrumentation using a quadrupole mass
spectrometer for the sample no. 20140722L3.

Laser ablation

Model New Wave Research NWR-193
Laser type (wave length) Excimer ArF (193 nm)

Energy density 3.3 Jem®

Spot size 25 um

Repetition rate 5Hz

Duration of laser ablation 20 s

Carrier gas (He) 0.53 L min™'

ICP-MS

Model Thermo Fisher Scientific iCAP-Qc
ICP-MS type Quadrupole

Scanning (Operation) mode Standard mode (no collision gas was used)
Forward power 1400 W

Carrier gas (Ar) 0.80 L min '

ThO™/Th (oxide ratio) <1%

Time-resolved analysis

50 s (15 s gas blank, 35 s ablation)

Z@Si’ IUZHg’ ElHPb’ Zﬂﬁpb’ 207Pb, Z()Spb’ ZBZTh’ 238U
0.2 s for *® 2wa, 0.1 s for others

Nancy 91500 "
*2,3,4

Data acquisition protocol
Data acquisition
Monitor isotopes

Dwell time

Primary standard

Secondary standard oD-3 . P]egovice*5

*1: Wiedenbeck et al. (1995); *2: Twano et al. (2012); *3: Iwano
et al. (2013); *4: Lukécs et al. (2015); *5: Slama et al. (2008).

FH 30 CHN D FEUE % ZR T 72354, 18K A L HEN
ML (BB, 2o o — 24N NEEEM)
177.1£ 1.6 Ma (22520) Th 5. k&, WmaDOWEMEY
2 (no. 16) DFARIF157.9+ 88 MaTh 5.

3. 3. 4 RFEOBERSA[FEFIno. 20140522L5 (&R
EAXES : GSJ R109163)] (ZRIIIE=IIE)

Kn v 7 THROVILI Y BLERD 5h, 2300
Maf3E, 1800 ~ 1400 Ma, 1200 MafsHiE, 1000 Ma fif 3T
DFERERTRFAFET S, BHAERTIE, 260 Ma
fHE, #9180 MafdiT, 100 Maf¥iiz ¥ — & % >k 1
(KN RZRB S, K- BN TEALNS X
S UK 180 MafhE Iz $Eh 4 2K 723 — & 2\ (B 4[Xd).
HOEMD S B, AR T %D E U2z FREREHP 30
TR D HAE A BT 728548, R TF- S HEUE 1235
L(E6%), Thony— 28R (NEFESHE) 12955+
25 Ma (iR3%520) TH 5. Lk, meaOBMEEY LY
(no. 2) DHFA1290.4 = 6.8 MaTH 5.
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F3k PRI HENRIE T~ TV oy 2 2O (2014072213 30K 5 EREL) OFEEY LT Vit 5L —F =7 T L —
v YINEBASE GRS T 7 X v B HiEEE IS K AU-PbANART — . s 3R EER O v — 2 S5 (e T-21E)
A ENAZY LT Y &R

Table 3 U-Pb isotopic data determined by LA-ICP-MS using a quadrupole mass spectrometer for detrital zircon from sandstone (sample no.

20140722L3) in the Osakatoge Complex, north of the Osaka Pass, Northern Chichibu Belt.
The asterisks indicate the zircon adopted for the peak age (weighted mean) of the youngest cluster.

Grain Isotopic ratios Age (Ma) Th/U  Remarks
no. 27py, Error 206py, Error 27py Error 206py, Error 27p Error
206py, 2% 2385 26 235 26 238 26 2357 26
1 0.0512 +0.0109 0.0437 +0.0025 0.3087 +0.0802 275.8 £16.3 273.1 +78.3 0.23
2 0.0515 +0.0040 0.0422 +0.0015 0.2995 +0.0303 266.4 +9.7 266.0 +30.4 0.79
3 0.0500 +0.0058 0.0408 +0.0017 0.2807 +0.0403 257.5 +£10.7 251.2 +40.1 0.66
4 0.0439 +0.0096 0.0458 +0.0026 0.2770 +0.0728 288.7 +16.6 2483 +71.4 0.31
5 0.0537 £0.0073 0.0408 +0.0018 0.3020 +0.0507 2575 +£11.7 268.0 +50.2 0.51
6  0.0521 +0.0054 0.0448 +0.0018 0.3216 +0.0424 282.5 +£11.3 283.1 +42.2 0.37
7 0.0530 +0.0041 0.0382 +0.0014 0.2795 +0.0277 241.8 +8.8 250.3 +27.8 0.45
8  0.0512 +0.0090 0.0427 +0.0022 0.3016 +0.0643 2694 +13.9 267.6 +63.3 0.58
9 0.0547 £0.0114 0.0389 +0.0023 0.2936 +0.0739 246.2 +14.6 2614 +72.4 0.47
10 0.0521 +0.0033 0.0396 +0.0014 0.2847 +0.0245 250.3 +8.8 2544 +24.6 0.59
11 0.0533 +0.0034 0.0407 +0.0014 0.2993 +0.0257 2573 +£9.0 265.9 +25.8 0.40
12 0.0541 +0.0050 0.0389 +0.0015 0.2904 +0.0337 2462 +9.5 258.8 +33.7 0.66
13 0.0501 +0.0054 0.0409 +0.0016 0.2826 +0.0379 258.7 +10.4 252.7 +37.8 0.56
14 0.0509 +0.0068 0.0405 +0.0018 0.2839 +0.0463 2559 +11.3 253.8 +45.9 0.77
15 0.0497 +0.0067 0.0392 +0.0013 0.2689 +0.0420 2479 +8.5 241.8 +41.8 0.92
16 0.0575 +0.0069 0.0576 +0.0019 0.4575 +0.0691 361.3 +12.1 382.5 +67.8 0.50
17 0.0463 +0.0089 0.0408 +0.0018 0.2608 +0.0580 257.8 +£11.7 2353 +57.3 0.52
18 0.0515 +0.0033 0.0320 +0.0007 0.2273 +0.0162 203.1 +4.3 208.0 +£16.3 0.30 *
19  0.0491 +0.0054 0.0425 +0.0012 0.2875 +0.0367 268.1 +7.9 256.6 +36.6 0.63
20 0.0560 +0.0070 0.0406 +0.0013 0.3140 +0.0464 256.7 +8.7 277.3 +46.0 0.77
21 0.0548 +0.0061 0.0404 +0.0012 0.3056 + 0.0400 2554 +7.8 270.8 +39.8 0.51
22 0.0603 +0.0127 0.0402 +0.0022 0.3346 +0.0848 2542 +14.0 293.1 +82.7 0.30
23 0.0597 +0.0077 0.0394 +0.0014 0.3249 +0.0494 2494 +8.8 285.7 +48.9 0.46
24 0.0543 +0.0095 0.0422 +0.0018 0.3161 +0.0657 266.7 +11.8 278.9 +64.6 0.48
25 0.0561 +0.0071 0.0407 +0.0014 0.3151 +0.0468 257.5 +8.7 278.2 +46.4 0.78
26  0.0493 +0.0041 0.0423 +0.0010 0.2877 +0.0277 2672 +£6.5 256.7 +£27.7 0.65
27 0.0543 +0.0047 0.0444 +0.0011 0.3324 +0.0333 279.9 +7.1 2914 +33.3 0.58
28  0.0538 +0.0043 0.0412 +0.0010 0.3056 +0.0279 260.2 +£6.2 270.8 +27.9 0.75
29 0.0561 +0.0040 0.0599 +0.0013 0.4629 +0.0392 374.8 +£8.6 386.3 +39.1 0.62
30 0.0533 +0.0057 0.0412 +0.0012 0.3032 +0.0381 260.3 +7.7 268.9 +38.0 0.41
31 0.0527 +0.0075 0.0416 +0.0019 0.3020 +0.0512 262.6 +12.3 267.9 +50.7 0.69
32 0.0491 +0.0045 0.0408 +0.0016 0.2763 +0.0302 257.5 +£10.0 247.7 +30.2 0.42
33 0.0512 +0.0039 0.0404 +0.0015 0.2851 +0.0259 255.1 +9.5 254.7 +26.0 0.51
34 0.0481 +0.0068 0.0438 +0.0020 0.2906 =+ 0.0493 276.6 +12.8 259.0 +48.9 0.44
35 0.0511 +0.0028 0.0398 +0.0014 0.2809 +0.0183 251.8 +8.8 251.4 +18.4 0.03
36 0.0494 +0.0045 0.0418 +0.0016 0.2845 +0.0308 263.8 +10.3 2542 +30.8 0.65
37 0.0498 +0.0046 0.0402 +0.0015 0.2757 +0.0301 2539 +9.9 2472 +30.2 0.56
38 0.0523 +0.0097 0.0416 +0.0022 0.3001 +0.0668 263.0 +14.4 266.5 +65.6 0.61
39 0.0466 +0.0044 0.0398 +0.0015 0.2561 +0.0286 251.7 +9.8 231.5 +28.6 0.35
40  0.0509 +0.0036 0.0406 +0.0015 0.2850 +0.0244 256.6 +9.4 254.6 +24.4 0.58
41 0.0494 +0.0039 0.0406 +0.0015 0.2767 +0.0257 256.7 9.6 248.0 +25.8 0.64
42 0.0525 +0.0041 0.0409 +0.0015 0.2963 +0.0280 258.5 +9.7 263.5 +28.1 0.22
43 0.0528 +0.0109 0.0415 +0.0024 0.3021 +0.0749 262.1 +£15.5 268.1 +73.3 0.37
44 0.0539 +0.0070 0.0400 +0.0018 0.2978 +0.0462 253.1 £11.4 264.7 +£45.9 0.83
45 0.0527 +0.0075 0.0418 +0.0019 0.3037 +0.0518 264.1 +£12.4 269.3 +51.3 0.49
46 0.0509 +0.0036 0.0398 +0.0021 0.2796 +0.0280 251.6 +13.8 250.3 +28.0 0.47
47 0.0499 +0.0048 0.0420 +0.0023 0.2892 +0.0364 2652 +15.1 258.0 +36.3 0.60
48  0.0526 +0.0033 0.0394 +0.0021 0.2856 +0.0264 249.1 +13.5 255.1 +£26.5 0.51
49 0.0572 £0.0077 0.0432 +0.0026 0.3407 +0.0585 272.7 +£16.9 297.7 +57.7 0.58
50  0.0498 +0.0046 0.0339 +0.0019 0.2326 +0.0277 214.8 +12.1 2124 +27.7 0.46 *
51 0.0519 +0.0070 0.0444 +0.0027 0.3177 +0.0542 280.0 +17.1 280.1 +53.6 0.76
52 0.0543 +0.0073 0.0412 +0.0025 0.3081 +0.0523 260.0 +16.0 272.7 +£51.8 0.60
53 0.0539 +0.0048 0.0401 +0.0022 0.2983 +0.0354 253.7 +14.3 265.1 +£35.3 0.91
54 0.0523 +0.0079 0.0414 +0.0026 0.2988 +0.0562 261.5 +£16.5 265.5 +55.5 0.51
55 0.0508 +0.0077 0.0400 +0.0025 0.2799 +0.0521 252.8 +£15.9 250.6 +51.6 0.66
56  0.0560 +0.0059 0.0403 +0.0023 0.3113 +0.0429 254.8 +14.8 2752 +42.7 0.59
57  0.0552 +0.0042 0.0391 +0.0021 0.2973 +0.0311 247.1 +£13.7 264.3 +31.1 0.48
58  0.0499 +0.0057 0.0383 +0.0022 0.2633 +0.0381 2422 +14.2 2373 +£37.9 0.62
59  0.0512 +0.0088 0.0405 +0.0026 0.2858 +0.0604 2559 +16.9 2552 +59.5 0.72
60  0.0554 +0.0062 0.0396 +0.0023 0.3022 +0.0435 250.2 +14.7 268.1 +43.2 0.69
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HaF BRCENALNG v 7Ly 7 204 (201407221 1-1 308 s BFIL 2 boS—= M) OfEEY v a vk 3 L — 4 —
77V =Y g v THPCRURETEE Y 7 X B ESIEREIZ K SU-PblEN AT — 5. ZiEERUEM O B - 2R
(IEPEfE) ISR S =D v a v &R,

Table 4 U-Pb isotopic data determined by LA-ICP-MS using a double-focusing sector field mass spectrometer for detrital zircon from

sandstone (sample no. 20140722L1-1) in the Kochi Complex, south of the Toba Rest Park, Northern Chichibu Belt.
The asterisks indicate the zircon adopted for the peak age (weighted mean) of the youngest cluster.

Grain  Isotopic ratios Age (Ma) Th/U  Remarks
no. 207py, Error 206py, Error 207py, Error 206py, Error 207py, Error
206py, 2 2385 2 2355 2% 23875 2% 2355 26

1 0.0598 £0.0110 0.0413 +0.0027 0.3405 +0.0681 260.6 +17.4 297.5 +£66.9 0.37

2 0.0706 +0.0157 0.0394 +0.0030 0.3833 £0.0929 248.9 +£19.1 329.5 £90.2 0.45

3 0.0501 +£0.0120 0.0449 +0.0032 0.3106 =+ 0.0802 283.4 £209 274.6 +78.3 0.39

4 0.0567 £0.0118 0.0404 =+0.0028 0.3159 +0.0707 2552 £17.9 278.7 +£69.4 0.47

5 0.0464 +0.0078 0.0382 +0.0023 0.2448 +0.0440 2419 +£14.9 222.3 +43.7 0.39

6 0.0517 +0.0069 0.0391 +0.0022 0.2793 +0.0407 2475 +14.4 250.1 +40.5 0.51

7 0.0538 £0.0121 0.0396 = 0.0028 0.2944 £0.0708 250.6 +18.1 262.0 £69.4 0.92

8 0.0518 +0.0084 0.0454 +0.0028 0.3242 +£0.0572 286.2 £17.7 285.1 +56.5 0.45

9 0.0499 +0.0059 0.0404 +0.0022 0.2783 +0.0360 2553 +£143 2493 +£359 0.35

10 0.0522 +0.0051 0.0303 +0.0016 0.2182 +0.0233 192.5 £10.3 2004 +£234 0.37 *
11 0.0530 +0.0105 0.0408 +0.0027 0.2977 +0.0636 257.6 +£17.4 264.6 +62.6 0.76

12 0.0474 £0.0075 0.0410 +0.0024 0.2683 £ 0.0455 259.1 £15.6 2413 £452 0.55

13 0.0558 +0.0103 0.0426 +0.0028 0.3280 +0.0656 268.8 +17.8 288.0 +64.5 0.61

14 0.0569 +0.0100 0.0400 =+ 0.0025 0.3134 +0.0599 252.6 +£16.4 276.8 +59.1 0.47

15 0.0443 +0.0161 0.0369 +0.0034 0.2253 +0.0864 2334 £21.6 2063 +84.2 0.44

16 0.0475 +0.0092 0.0421 +0.0027 0.2756 +0.0567 265.6 £17.6 247.1 +56.0 0.79

17 0.0514 £0.0043 0.0384 £0.0020 0.2719 £0.0243 2427 £13.0 2442 +24.4 0.49

18 0.0494 £0.0113 0.0281 +0.0020 0.1920 +0.0454 179.0 +£12.8 178.3 +£45.1 0.83 *
19 0.0611 +0.0119 0.0392 +0.0027 0.3306 +0.0691 248.1 £17.3 290.0 +67.8 0.53

20 0.0372 +0.0139 0.0446 =+ 0.0039 0.2291 +0.0903 281.4 +£25.3 209.5 +87.7 0.51

21 0.0541 £0.0158 0.0362 +0.0030 0.2706 +0.0834 229.5 £19.5 243.1 +£81.3 0.64

22 0.0576 £ 0.0092 0.0314 £0.0020 0.2494 +£0.0418 199.4 +12.6 226.0 £41.6 0.45 *
23 0.0574 £0.0049 0.0573 £0.0030 0.4536 +0.0425 3589 +£19.6 379.8 £42.2 0.39

24 0.0553 +0.0065 0.0282 +0.0016 0.2152 +0.0265 179.3 £10.2 197.9 +£26.5 0.45 *
25 0.0547 +0.0053 0.0401 +0.0022 0.3026 +0.0316 2535 +£14.0 268.4 +31.6 0.70

26 0.0398 +0.0071 0.0444 +0.0027 0.2438 +0.0461 280.2 £17.5 221.5 +45.8 0.45

27 0.0485 +0.0047 0.0423 £0.0023 0.2831 +0.0293 2673 +14.7 253.1 £29.3 0.25

28 0.0414 £0.0095 0.0428 +0.0029 0.2445 +0.0596 270.5 +18.9 2221 +£58.8 0.55

29 0.0584 +0.0071 0.0277 +0.0016 0.2235 +0.0285 176.4 +10.2 204.8 +£28.5 0.43 *
30 0.0492 +0.0110 0.0432 +0.0030 0.2932 +0.0698 272.5 £19.5 261.0 +68.5 0.77

31 0.0332 +£0.0114 0.0427 +0.0029 0.1953 +0.0694 269.6 +18.9 181.2 +68.2 0.66  discordant
32 0.0466 =+ 0.0086 0.0393 +0.0019 0.2527 +0.0483 248.7 +£12.2 228.7 +£47.9 0.62

33 0.0490 =+ 0.0050 0.0414 +£0.0014 0.2797 +0.0277 261.5 +£9.3 250.4 +£27.8 0.56

34 0.0363 +0.0095 0.0419 +0.0024 0.2099 +0.0572 264.8 +15.5 193.4 +£56.5 0.35

35 0.0559 +0.0093 0.0390 +0.0018 0.3010 +0.0515 246.9 +11.8 2672 £509 0.84

36 0.0580 +0.0074 0.0404 +0.0016 0.3229 +0.0417 255.1 £10.4 284.1 +41.5 0.47

37 0.0532 +0.0048 0.0473 +0.0016 0.3468 +0.0296 297.6 +10.1 302.3 +£29.6 0.14

38 0.0451 £0.0138 0.0429 +0.0030 0.2671 +0.0861 270.7 £19.5 2403 +83.9 0.61

39 0.0505 +0.0046 0.0385 +0.0013 0.2683 +0.0230 243.7 +8.3 2413 +£23.1 0.32

40 0.0506 =+ 0.0053 0.0289 +0.0010 0.2019 +0.0204 183.8 £6.6 186.7 +£20.5 0.39 *
41 0.0500 +0.0083 0.0420 +0.0019 0.2892 +0.0497 265.0 +12.3 258.0 £49.2 0.83

42 0.0466 =+ 0.0080 0.0409 +0.0019 0.2627 +0.0465 258.1 £12.0 236.9 +46.1 0.58

43 0.0495 £ 0.0060 0.0430 £0.0016 0.2936 +0.0358 2714 £10.5 261.4 £35.7 0.48

44 0.0474 +0.0062 0.0429 +0.0017 0.2802 +0.0369 270.7 +£10.8 250.8 +36.7 0.28

45 0.0483 +0.0132 0.0394 +0.0026 0.2626 +0.0753 249.1 £16.7 236.7 +73.7 0.61

46 0.0509 +0.0097 0.0274 +£0.0016 0.1922 +0.0392 174.0 £10.2 178.5 +£39.0 0.53 *
47 0.0499 =+ 0.0059 0.0636 +0.0030 0.4376 +0.0603 397.5 £19.2 368.6 +59.5 0.34

48 0.0463 =+ 0.0064 0.0278 +0.0014 0.1777 +0.0266 177.0 +8.8 166.1 +26.7 0.45 *
49 0.0559 +0.0071 0.0310 +0.0015 0.2387 +0.0336 196.7 +£9.7 217.4 £33.6 0.77 *
50 0.0810 +0.0222 0.0438 +0.0038 0.4887 +0.1498 276.2 +24.1 404.0 +141.8 0.40

51 0.0468 +0.0074 0.0401 +0.0021 0.2587 +0.0447 253.4 +£13.3 233.6 +44.4 0.57

52 0.0473 +0.0053 0.0330 +0.0015 0.2157 +0.0271 209.5 +9.7 198.3 +£27.1 0.38

53 0.0410 £0.0156 0.0455 +0.0040 0.2574 £0.1048 286.8 £25.5 232.6 £101.2 0.46

54 0.0778 +0.0245 0.0395 +0.0037 0.4242 £0.1472 250.0 +24.1 359.0 £139.4 0.51

55 0.0545 +0.0058 0.0392 +0.0018 0.2943 +0.0362 2477 £11.6 261.9 +36.1 0.70

56 0.0530 +0.0082 0.0283 +0.0015 0.2067 +0.0348 179.7 £9.6 190.8 +34.7 0.63 *
57 0.0568 +0.0072 0.0397 +0.0019 0.3105 +0.0442 250.8 +12.5 274.6 +43.9 0.46

58 0.0440 +0.0056 0.0420 +0.0020 0.2551 +0.0363 2654 £12.8 230.7 +36.2 0.52

59 0.0459 +0.0062 0.0290 +0.0014 0.1839 +0.0271 184.6 +9.1 1714 £27.2 0.49 *
60 0.0541 +0.0067 0.0405 +0.0019 0.3021 +0.0423 255.7 £12.5 268.0 +42.1 0.77




B P D AL R AL - =) IB OREME Y v a v U-Pb 448 (IWEF)

0.065 30
a) 20140722L3
L ( ) (Osakatoge Complex) (b) ) _
pra i Weighted mean age of grains
with the youngest cluster of
0055 g concordant U-Pb ages bl
B 204.4+4.0 Ma o
© 20t _ o
- o N=2 £
5 3
:-gf 0.045 E ik E
& £ g
El T
Z 0} =
| <
0035 [
youngest
T cluster
A / N = 60
— ; . : , { . . ” | . W -
018 022 026 030 034 038 042 046 050 100 200 300 400 500
207pp235 Age (Ma)
16
or | () 20140722111
007 1 (C) (Kochi Complex) .| (d)
Weighted mean age of grains
M with the youngest cluster of
0.06 | 2 121 n concordant U-Pb ages X
‘s 183.4£2.9 Ma 2
o) o0} N=11 =
=)
& 005 | S o
8 @ 81 = g
& a youngest cluster o
& E 1 g
004 [ & 3 61 i =2
<
41
003 |
2 L
N =59
0.02 . : 0 t ! P I\‘E\——
0.1 02 0.3 04 05 06 100 200 300 400 500
207Pp 235y Age (Ma)
I BB EOMEE YL T v D57 — 4. (@) 23 —F 4 TIITEL 722014072203 A8 G T
TV 2 Z) DAV VKT (60fH) OF — %, (o) MERBEMF LV 2 2T A TEL 22014072213 30RO
YA —=F 4 TERTYNLT KT (60f) D7 — 2. A FAOR TR Gt 813 2f) 0 ¥ — 2 £ (I 1)
1£204.4 + 4.0 Ma (#2413 20) #/89. (0) I YT —F 1 7R TEL7220140722L1-1:8K GAINT ¥ 7L v 2 Z) O
VN VR (60ff) DF — &, IKERFHETIZT 4 22 =42 7= 2 2R ¥, (d) MERHEIE R e 2 b
77 5T L 7220140722L1-1 5B 2 3 =7 4 7 &R d Vv a R (59fi) O 7 — & A EAOR SR O
ZUF 11LMH) D & — 2 B4 (M F-H1E) 13 183.4 + 2.9 Ma (43513 20) /87
Fig.3  Analytical data for detrital zircon grains from sandstones in the Northern Chichibu Belt. (a) Concordia diagram for all data
(N = 60) of the sample (no. 20140722L3) from the Osakatoge Complex. (b) Probability density plot and histogram for the
concordia data (N = 60) of the sample no. 20140722L3. Peak age (weighted mean) of grains with the youngest cluster (N =
2) is 204.4 % 4.0 Ma (20). (c) Concordia diagram for all data (N = 60) of the sample no. 20140722L1-1, Kochi Complex.
A dotted gray ellipse is the discordant data. (d) Probability density plot and histogram for the concordia data (N = 59) of the
sample no. 20140722L1-1. Peak age (weighted mean) of grains with the youngest cluster (N = 11) is 183.4 £ 2.9 Ma (20).
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Table 5 U-Pb isotopic data determined by LA-ICP-MS using a double-focusing sector field mass spectrometer for detrital zircon from

psammitic schist (sample no. 20140521L3) in the Miyakawa Formation, Narugadani River, Sambagawa Belt.
The asterisks indicate the zircon adopted for the peak age (weighted mean) of the youngest cluster.

Grain Isotopic ratios Age (Ma) Th/U  Remarks
no. 207py, Error 206py, Error 207py, Error 206py, Error 207py, Error
206py, 2% 238 26 235 2% 238 26 235 26
1 0.0606 +0.0112 0.0407 +0.0025 0.3452 +0.0684 2572 £16.3 301.1 £67.2 0.46
2 0.0563 +0.0071 0.0588 +0.0031 0.4629 +0.0631 368.4 +20.0 386.3 +£62.1 0.64
3 0.0513 +0.0156 0.0373 +0.0030 0.2677 +0.0860 236.0 £19.5 240.9 +83.8 0.56
4 0.0427 +0.0095 0.0398 =+ 0.0025 0.2378 +0.0558 251.6 +16.4 216.6 +55.1 0.75
5 0.0532 +0.0084 0.0415 +0.0024 0.3090 +0.0523 2624 +£15.2 2734 +51.8 0.61
6 0.0565 +0.0115 0.0406 =+ 0.0026 0.3211 +0.0697 256.6 +16.9 282.7 +68.4 0.64
7 0.0519 +0.0052 0.0397 +0.0020 0.2877 +0.0306 250.7 £12.6 256.7 +30.6 0.65
8 0.0446 +0.0088 0.0286 =+0.0017 0.1783 +0.0365 181.8 £11.2 166.6 +36.4 0.44 *
9 0.0536 +0.0084 0.0281 +0.0016 0.2106 +0.0346 178.6 +10.3 194.1 +34.6 0.30 *
10 0.0432 +0.0081 0.0268 +0.0016 0.1618 +0.0314 170.5 £10.2 1523 +£314 0.77 *
11 0.0516 =+ 0.0066 0.0305 +0.0016 0.2202 +0.0297 193.7 £10.3 202.1 +£29.7 0.53
12 0.0577 +0.0101 0.0387 +0.0023 0.3122 +£0.0583 2445 £15.0 2759 +£57.5 0.51
13 0.0451 +0.0058 0.0346 +0.0018 0.2183 +0.0299 219.1 £11.7 200.5 +£29.9 0.62
14 0.1658 +0.0162 0.4239 +0.0216 9.8329 +1.2983 22783 +£137.8 2419.2 +845.0 1.08
15 0.0534 £0.0116 0.0386 +0.0026 0.2883 +0.0668 2443 £16.5 2572 +65.7 0.68
16  0.0517 +0.0079 0.0248 +0.0014 0.1830 +0.0243 1579 +8.8 170.6 +24.4 0.40 *
17 0.0529 +0.0091 0.0350 +0.0020 0.2640 +0.0417 221.6 +13.1 2379 +41.5 0.75
18  0.0440 +0.0068 0.0344 +0.0019 0.2158 +0.0295 2179 £12.1 198.4 +£29.5 0.57
19 0.0467 +0.0088 0.0350 +0.0021 0.2332 £0.0412 2219 +£13.5 212.9 +£41.0 0.56
20  0.0470 +0.0102 0.0333 +0.0021 0.2231 +£0.0471 211.0 £13.8 204.5 +46.7 0.55
21 0.1105 £0.0142 0.2991 +0.0158 4.7157 +0.5557 1686.9 +100.8 1770.0 +448.7 0.20
22 0.0504 +0.0083 0.0387 +0.0022 0.2781 +0.0421 2447 £14.2 249.2 +41.9 0.64
23 0.0476 +0.0085 0.0283 +0.0017 0.1924 +£0.0319 179.9 +£10.7 178.7 £31.9 0.30 *
24 0.0493 +0.0121 0.0288 +0.0020 0.2029 =+0.0489 183.0 £12.9 187.5 +48.4 0.60 *
25 0.0461 =+ 0.0080 0.0266 +0.0015 0.1750 +£0.0277 169.3 £9.9 163.8 +27.8 0.41 *
26 0.0499 +0.0123 0.0298 +0.0021 0.2125 +0.0515 189.5 £13.5 195.7 £51.0 0.48 *
27  0.1072 £0.0134 0.2233 +0.0115 3.4155 +0.3450 1299.3 +73.8 1508.0 +300.9 0.07
28  0.0663 +0.0181 0.0281 +0.0023 0.2659 +0.0725 178.6 +14.6 2394 +71.1 0.89 *
29  0.0467 +0.0080 0.0398 +0.0023 0.2651 +0.0424 251.7 £14.7 238.8 +42.1 0.55
30 0.1125 £0.0142 0.2765 +0.0144 44392 +0.4816 1573.5 +£92.1 1719.7 +399.2 0.18
31 0.0511 £0.0098 0.0379 +0.0015 0.2674 +0.0539 240.0 +£9.8 240.6 +53.3 0.49
32 0.1124 £0.0106 0.3294 +0.0044 5.1082 +0.5299 1835.5 +28.1 1837.5 +431.8 0.42
33 0.0492 +0.0070 0.0253 +0.0007 0.1721 +0.0249 1613 £43 161.3 £25.0 0.34 *
34 0.0482 +0.0066 0.0396 +0.0010 0.2633 +0.0371 2504 +£6.3 2373 +£36.9 0.44
35 0.0547 £0.0136 0.0405 +0.0022 0.3059 =+ 0.0805 256.1 +14.5 271.0 +£78.6 0.53
36 0.0525 £0.0111 0.0325 +0.0015 0.2352 +£0.0519 2062 £9.5 2145 +£51.3 1.14
37 0.0511 £0.0127 0.0430 +0.0023 0.3026 +0.0801 2712 £15.0 268.4 +78.2 0.54
38 0.0498 +0.0069 0.0375 +0.0010 0.2574 +0.0369 2373 +£6.2 232.6 +36.8 0.37
39 0.0546 +0.0074 0.0283 +0.0007 0.2130 +0.0296 179.7 +£4.7 196.1 +£29.6 0.52 *
40  0.0487 +0.0087 0.0281 +0.0010 0.1889 +0.0347 178.8 +6.5 175.7 +34.7 0.52 *
41 0.1074 +0.0099 0.2937 +0.0033 43509 +0.4158 1659.8 +21.2 1703.1 +353.1 0.12
42 0.0460 +0.0055 0.0298 =+ 0.0006 0.1893 +0.0228 189.3 +£3.7 176.0 +£22.9 0.49 *
43 0.0455 +0.0063 0.0417 +0.0010 0.2617 +0.0378 263.3 +£6.7 236.1 +37.7 0.59
44 0.0437 +0.0071 0.0278 +0.0008 0.1678 +0.0280 1769 +54 157.5 £28.0 0.40 *
45 0.1126 +0.0106 0.2962 +0.0040 4.5988 +0.4755 1672.3 +25.5 1749.0 +395.0 0.08
46 0.0516 +0.0099 0.0292 +0.0014 0.2077 +0.0409 1855 +9.1 191.6 +40.7 0.57 *
47 0.0531 +0.0144 0.0402 +0.0027 0.2948 +0.0849 2542 £17.2 262.3 +82.8 0.49
48  0.0474 +0.0044 0.0286 +0.0008 0.1868 +0.0169 181.5 £5.5 1739 +£17.1 0.30 *
49 0.0494 +0.0058 0.0311 +0.0011 0.2117 +0.0253 1974 +£6.8 195.0 £253 0.63
50  0.0445 +0.0101 0.0403 +0.0021 0.2477 +0.0589 254.8 £13.8 2247 +58.1 0.61
51 0.0653 £0.0137 0.0566 +0.0033 0.5101 £0.1187 3549 +£21.0 418.5 £113.9 0.39
52 0.0450 +0.0051 0.0339 +0.0011 0.2105 +0.0242 2148 +£7.2 194.0 +24.3 0.54
53 0.0508 +0.0098 0.0270 +0.0013 0.1888 +0.0374 1714 £8.5 175.6 +£37.3 0.38 *
54 0.0495 +0.0083 0.0321 +0.0014 0.2189 +0.0380 203.5 £9.0 201.0 +£37.8 0.61
55 0.0439 +0.0050 0.0271 +0.0009 0.1639 +0.0185 1723 +£5.7 154.1 +£18.6 0.65 *
56  0.0533 £0.0153 0.0375 +0.0026 0.2758 +0.0836 2375 £16.9 2473 +81.5 1.06
57 0.0564 +0.0063 0.0403 +0.0014 0.3135 +£0.0358 254.6 +8.8 276.9 +35.7 0.87
58  0.0575 +£0.0082 0.0280 +0.0011 0.2223 +0.0323 1783 +£7.2 203.8 +32.2 0.42
59  0.0478 +0.0057 0.0296 +0.0010 0.1952 +0.0236 188.1 £6.5 181.1 +£23.7 0.85
60  0.0394 +£0.0142 0.0446 +0.0034 0.2422 +0.0918 281.1 £21.7 220.3 +89.1 0.73
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Table 6 U-Pb isotopic data determined by LA-ICP-MS using a double-focusing sector field mass spectrometer for detrital zircon from

sandstone (sample no. 20140522L5) in the Miyakawa Formation, Sakate Island, Sambagawa Belt. The asterisks indicate the zircon
adopted for the peak age (weighted mean) of the youngest cluster.

Grain Isotopic ratios Age (Ma) Th/U Remarks
no. & Error M’—Pb Error 207in Error M’—Pb Error 207—Pb Error
206py, 26 2385 2% 235 26 238 2% 2355 26
1 0.0623 +0.0132 0.0191 +0.0011 0.1644 +0.0345 122.1 £6.9 1545 £34.5 1.00
2 0.0517 +£0.0164 0.0141 £0.0011 0.1007 +0.0318 90.4 +6.8 97.4 £31.8 1.13 *
3 0.0475 +0.0067 0.0277 +0.0011 0.1815 +0.0248 176.1 £6.9 169.4 +£249 0.22
4 0.1134 +0.0091 0.3294 +0.0099 5.1530 +£0.4012 1835.6 +63.7 18449 +342.5 0.38
5 0.0381 +0.0177 0.0272 +0.0025 0.1431 +£0.0679 1729 +16.4 135.8 £66.7 091
6 0.0567 +£0.0104 0.0415 +0.0020 0.3244 £0.0616 261.9 +13.1 2853 +£60.6 0.55
7  0.1141 +£0.0093 0.3142 +0.0096 4.9444 +0.4073 1761.5 +61.7 1809.9 =+347.0 0.39
8  0.1052 +0.0082 0.3030 +0.0089 4.3976 +0.2900 1706.4 +56.9 17119 +258.6 0.03
9  0.1046 +0.0093 0.1752 £0.0057 2.5295 +0.2344 1040.8 +36.5 1280.5 +213.8 0.48
10 0.1233 +0.0099 0.1678 =+ 0.0050 2.8536 +0.2053 999.8 +32.4 1369.8 +189.6 0.12
11 0.1139 +0.0093 0.3102 =+ 0.0095 4.8723 +0.4094 1741.7 £61.2 1797.5 +348.4 0.35
12 0.0554 +0.0088 0.0349 =+0.0015 0.2671 +0.0427 2213 +9.8 2404 +42.4 0.96
13 0.0668 +0.0107 0.0212 £0.0010 0.1957 £0.0307 1355 £6.3 181.5 £30.7 0.95
14 0.0525 +0.0061 0.0249 +0.0009 0.1804 +0.0197 1585 £5.6 168.4 £19.8 0.30
15 0.0457 +0.0093 0.0256 +0.0013 0.1617 +0.0328 163.1 +£8.1 1522 £32.7 0.33
16 0.1148 +0.0066 0.2821 +0.0095 4.4667 +0.3636 1602.0 +60.7 1724.8 +314.9 0.21
17 0.1196 +0.0072 0.2982 +0.0102 49199 +0.4348 1682.3 +65.2 1805.7 +366.6 0.15
18 0.0477 +0.0120 0.0223 +£0.0014 0.1466 +0.0382 142.1 £89 138.9 +38.1 0.79
19  0.1154 +0.0075 0.2684 +0.0095 42700 +0.4259 1532.7 +60.7 1687.6 +360.3 0.28
20 0.1443 +0.0089 0.3267 £0.0114 6.5012 +0.6288 18223 +£72.9 2046.1 +495.3 0.13
21 0.0482 +0.0047 0.0240 =+ 0.0009 0.1598 +0.0177 153.1 £58 150.6 £17.8 0.34
22 0.0451 +0.0110 0.0154 +0.0009 0.0954 +0.0238 982 £58 92.6 £23.9 0.61 *
23 0.1128 +0.0084 0.3291 +£0.0123 5.1192 +£0.6362 1833.8 +78.8 1839.3 +500.0 0.55
24 0.0583 +0.0084 0.0274 £0.0012 0.2207 +0.0347 174.5 +£8.0 202.5 +34.6 0.43
25 0.0510 +0.0075 0.0285 +0.0013 0.2006 =+0.0321 181.3 £8.2 185.7 £32.1 0.35
26 0.0420 +0.0101 0.0152 +0.0009 0.0879 +0.0217 972 £5.6 85.5 +£21.8 1.16 *
27 0.0553 +0.0077 0.0343 +0.0015 0.2617 +0.0404 217.7 £9.8 236.1 £40.2 0.66
28  0.1131 +0.0072 0.3284 +£0.0114 5.1226 +0.5003 1830.4 +73.3 1839.9 +411.9 0.38
29  0.1554 +0.0093 0.4191 £0.0145 8.9771 +0.8729 22562 +92.8 2335.7 +637.1 0.88
30 0.1370 +0.0077 0.3310 £0.0110 6.2550 +0.4965 18432 +70.7 2012.2 +409.3 0.11
31 0.0502 +0.0099 0.0298 +0.0016 0.2061 +0.0427 189.0 £10.5 190.3 +£42.5 0.63
32 0.0459 +£0.0177 0.0152 +0.0013 0.0961 +0.0374 97.0 £8.6 932 £373 2.05 *
33 0.0492 +£0.0127 0.0284 +0.0019 0.1926 +0.0518 1804 +11.9 178.8 +51.2 0.51
34 0.0543 +£0.0101 0.0332 £0.0018 0.2489 +0.0489 210.6 +£11.5 2257 £48.5 0.54
35 0.0492 +0.0050 0.0269 +0.0011 0.1824 +£0.0197 170.9 £6.9 170.1 £19.8 0.22
36 0.0524 +0.0055 0.0279 +0.0011 0.2013 +0.0225 1773 £72 1862 £22.6 0.11
37 0.1227 +0.0098 0.3192 +£0.0122 5.4007 +0.5429 1786.1 +78.2 1885.0 +440.3 0.66
38 0.1143 +0.0086 0.2800 =+0.0104 44117 +0.3767 1591.3 +66.5 17145 +324.6 0.09
39 0.0508 +0.0069 0.0305 +£0.0014 0.2135 £0.0307 193.4 +£8.7 196.5 +30.7 0.94
40  0.1154 +0.0086 0.2869 +0.0106 4.5657 +0.3785 1625.8 +67.7 1743.0 +326.0 0.03
41 0.0444 +0.0078 0.0265 +0.0013 0.1621 +0.0296 168.6 +8.4 152.5 £29.6 0.71
42 0.1346 +0.0103 0.3140 £0.0118 5.8277 +0.5344 1760.2 +75.5 1950.5 +434.7 0.19
43 0.1126 +0.0094 0.2565 +0.0100 3.9847 +0.4218 1471.9 +64.0 1631.1 £3574 0.16
44 0.0604 +0.0241 0.0159 £0.0016 0.1323 +£0.0536 101.6 +10.3 126.2 £53.0 1.58 *
45 0.0518 +0.0084 0.0261 +0.0013 0.1864 +0.0316 166.0 +8.2 173.6 £31.6 0.21
46 0.1134 £0.0102 0.2922 £0.0110 4.5698 +0.5321 1652.4 +70.2 1743.8 +433.2 0.69
47 0.0460 +0.0054 0.0286 +0.0011 0.1812 +0.0234 181.6 £7.3 169.1 +23.5 0.33
48  0.1147 +0.0098 0.3070 £0.0111 4.8562 +0.5038 17262 +£71.2 1794.7 +£414.3 0.43
49  0.0452 +0.0049 0.0278 +0.0011 0.1737 +0.0207 177.0 £6.9 162.6 +20.8 0.20
50 0.1141 +0.0099 0.3062 £0.0112 4.8191 +0.5190 17222 +£71.8 1788.2 +424.5 0.37
51 0.1099 =+0.0094 0.3144 £0.0113 4.7662 +0.4890 17622 +£72.7 1779.0 +404.2 0.52
52 0.0482 +0.0082 0.0172 +0.0008 0.1144 +0.0205 109.9 £53 110.0 +20.6 0.62
53 0.1079 +0.0098 0.2090 =+0.0079 3.1115 +£0.3562 1223.7 +£50.5 1435.5 +309.3 0.08
54 0.0572 +0.0079 0.0305 +0.0013 0.2407 +0.0362 193.6 +8.7 219.0 +36.1 1.02
55 0.1632 +£0.0144 0.4481 £0.0168 10.0851 +1.2213 2386.7 +107.5 2442.6 +8104 1.14
56 0.1163 +£0.0101 0.2819 £0.0103 4.5202 +0.4847 1600.9 =+ 66.1 17347 £401.3 0.29
57 0.0527 +£0.0124 0.0320 =+ 0.0020 0.2329 +0.0583 2033 +£12.7 212.6 £57.5 0.70
58  0.0494 +0.0054 0.0284 +0.0011 0.1937 +0.0233 180.7 £7.1 179.8 +£23.4 0.13
59 0.0480 +0.0105 0.0300 =+0.0017 0.1990 =+ 0.0460 190.8 £11.0 1842 +45.7 0.89
60  0.0428 +0.0077 0.0146 =+ 0.0007 0.0861 +0.0161 934 +£4.5 83.9 +£16.2 0.31 *
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Analytical data for detrital zircon grains from psammitic schists in the Miyakawa Formation in the
Sambagawa Belt. (a) Concordia diagram for all data of the sample no. 20140521L3. (b) Probability density
plot and histogram for concordia data of the sample no. 20140521L3. Inset is probability density plot
and histogram for the Phanerozoic dataset. Peak age (weighted mean) of grains with the youngest cluster
(N =18)is 177.1 £ 1.6 Ma (20). (¢) Concordia diagram for all data of the sample no. 20140522L5.
(d) Probability density plot and histogram for concordia data of the sample no. 20140522L5. Inset is
probability density plot and histogram for the Phanerozoic dataset. Peak age (weighted mean) of grains with
the youngest cluster (N = 6) is 95.5 & 2.5 Ma (20).
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Zircon grains composing the youngest cluster of the sample no. 20140722L3, Osakatoge Complex

Laser spot diameter: 25 pm

Zircon grains composing the youngest cluster of the sample no. 20140722L1-1, Kochi Complex

Laser spot diameter: 15 pm

Zircon grains composing the youngest cluster of the sample no. 2014052113, Miyakawa Formation

Laser spot diameter: 15 pm

Zircon grains composing the youngest cluster of the sample no. 20140522L5, Miyakawa Formation

Laser spot diameter: 15 ym
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Figure A1 Photomicrographs of the zircon grains with laser radiation points composing the youngest cluster in each sample.
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&1 “HEMSEATULA-ICP-MS THIGE U 72 2 KEZFHERRL (OD-3 & UtPlesovice) D U-Pb [N (A 7 — 2.
Table A1  U-Pb isotopic data for secondary zircon standards determined by LA-ICP-MS using a double-focusing sector
field mass spectrometer.

Sample Isotopic ratios Age (Ma) U Th U
name 27py, Error 206py Error 27py, Error 208py, Error 206pyy Error 2’Pb Error 2%°Pb Error (ppm) (ppm)
206py, 2 2385 2% 2355 2 320y, 2% 2387 26 By 26 By 2%
Plesovice (337 Ma): Slamaet al . (2008)
PSV 1-1 0.0547 +0.0036 0.05086 =+0.00255  0.3894 +£0.0438 0.0159 +0.0015 320 +16 334 £43 319 +£31 812 119 0.15
PSV 1-2 0.0507 +0.0033 0.05242 +0.00263  0.3722 +£0.0424  0.0162 +0.0016 329 +£17 321 £42 324 +£32 758 118 0.16
PSV 2-1 0.0522 +£0.0031 0.05259 +0.00277  0.3772 £0.0429  0.0156 +0.0013 330 +£18 325 £43 313 £27 694 109 0.16
PSV 3-1 0.0527 +0.0048 0.05228 +0.00081  0.3602 +0.0387 0.0156 +0.0010 329 £5 312 £39 312 £21 724 110 0.15
PSV 4-1 0.0513 +£0.0027 0.05330 +0.00145  0.3643 +£0.0261  0.0155 +0.0017 335 £9 315 £26 311 £33 766 118  0.15
PSV 5-1 0.0529 +0.0041 0.05538 £0.00172  0.4006 +0.0331 0.0164 +0.0014 347 +£11 342 £33 330 +£27 730 102 0.14
PSV 6-1 0.0529 +0.0029 0.05200 +0.00182  0.3851 +£0.0357 0.0162 +0.0013 327 £12 331 £36 326 +25 705 85  0.12
PSV 7-1 0.0546 +0.0040 0.05204 =+0.00200  0.3926 +0.0384 0.0142 +0.0013 327 +£13 336 +38 286 +26 710 91 0.13
PSV 8-1 0.0558 +0.0047 0.05125 +0.00191  0.3849 +£0.0421  0.0163 +0.0014 322 £12 331 £42 327 +£28 771 110  0.14
PSV 8-2 0.0549 +0.0046 0.05142 +0.00192  0.3798 +£0.0418 0.0162 +0.0014 323 +£12 327 £42 325 +£28 748 103 0.14
PSV 10-1 0.0573 +£0.0028 0.05277 +0.00267  0.4049 +£0.0322 0.0163 +0.0015 332 +£17 345 £32 326 +31 787 116  0.15
PSV 11-1 0.0556 +0.0027 0.05324 +0.00277  0.3945 £0.0316 0.0148 +0.0014 334 +£18 338 £32 296 +£29 601 79  0.13
PSV 12-1 0.0536 +0.0036 0.05257 +0.00169  0.3787 +£0.0286  0.0157 +0.0014 330 +11 326 £29 315 £29 870 126 0.14
PSV 13-1  0.0555 +0.0032 0.05267 +0.00223  0.3926 +0.0363  0.0156 =+ 0.0009 331 +14 336 +36 313 +£19 842 120 0.14
PSV 14-1 0.0544 +0.0031 0.05252 +0.00222  0.3834 =£0.0358  0.0160 +0.0010 330 +14 330 £36 321 +£21 807 97  0.12
OD-3 (33 Ma): Iwano et al .(2012), Iwano ef al .(2013), Lukacs et al . (2015)
OD3 1-1 0.0498 +0.0032 0.00520 =+0.00044  0.0363 £0.0119 0.0017 +0.0002 33 £3 36 £12 34 +4 234 307 131
OD3 2-1 0.0445 +0.0026 0.00466 =+0.00033  0.0285 +0.0072  0.0014 +0.0001 30 £2 29 £7 29 +£3 501 607 1.21
OD3 2-2  0.0582 +0.0034 0.00506 =+0.00036 0.0405 +0.0090 0.0014 +0.0001 33 £2 40 +9 28 +3 475 576 121
OD3 3-1 0.0471 +0.0043 0.00490 =+0.00023  0.0302 +0.0071  0.0014 +0.0001 31 £2 30 £7 29 £2 484 611 126
OD3 4-1 0.0430 +0.0023 0.00526 =+0.00027  0.0301 +0.0066 0.0014 =+ 0.0002 34 £2 30 £7 28 +3 489 623 1.27
OD3 5-1 0.0522 +0.0040 0.00507 =+0.00027  0.0362 +0.0075 0.0015 +0.0001 33 £2 36 +£8 30 £3 504 601 1.19
OD3 6-1 0.0437 +£0.0024 0.00521 =+0.00028  0.0319 +0.0069 0.0016 = 0.0001 34 £2 32 £7 32 £3 548 676 1.23
OD3 7-1 0.0454 +0.0034 0.00501 =+0.00029 0.0314 +0.0072 0.0017 =+ 0.0002 32 £2 31 £7 34 +£3 489 589  1.20
OD3 8-1 0.0484 +0.0040 0.00522 +0.00029  0.0340 +0.0073  0.0016 +0.0001 34 £2 34 £7 32 +£3 523 656 1.26
OD3 10-1 0.0535 +0.0026 0.00544 =+0.00035  0.0390 +0.0075 0.0017 +0.0002 35 £2 39 £8 34 +4 522 644 1.23
OD3 10-2 0.0358 +£0.0018 0.00520 =+0.00033  0.0249 +0.0056 0.0016 =+ 0.0002 33 £2 25 £6 33 +£3 577 609 1.06
OD3 11-1 0.0481 +0.0023 0.00517 =+0.00034  0.0332 +£0.0068 0.0017 +0.0002 33 £2 33 +£7 34 +£3 557 564 1.01
OD3 12-1 0.0521 +0.0035 0.00519 =+0.00027  0.0363 +0.0072 0.0015 +0.0002 33 £2 36 £7 31 £3 545 551  1.01
OD3 13-1 0.0463 +0.0026 0.00525 =+0.00031  0.0326 +0.0071 0.0015 +0.0001 34 £2 33 £7 31 £3 540 552 1.02
OD3 14-1 0.0423 +0.0024 0.00524 +0.00030  0.0298 =+0.0063  0.0014 +0.0001 34 £2 30 £6 28 +2 640 683  1.07
fl#2  PUEMILA-ICP-MS THIE U 72 2 KEEHERURE (OD-3 & UtPlesovice) DU-Pb [z {A T — .
Table A2 U-Pb isotopic data for secondary zircon standards determined by LA-ICP-MS using a quadrupole mass
spectrometer.
Sample Isotopic ratios Age (Ma) U Th U
name 27pp Error 2%6pp Error 27pp Error 2%pp Error 2%6pp Error  *”Pb Error %Pb Error (ppm) (ppm)
206py, 2% 238 26 235 2% 320 26 238 26 By 26 By 26
Plesovice (337 Ma): Slamaet al . (2008)
PSV 1-1 0.0549 +0.0030 0.05322 £0.00179  0.4032 £0.0313  0.0174 =0.0008 334 +12 344 +31 349 *£16 1549 177  0.11
PSV 1-2 0.0527 +£0.0029 0.05356 +0.00180  0.3893 £0.0302 0.0179 =0.0008 336 £12 334 £30 359 =17 1577 180  0.11
PSV 2-1 0.0536 +0.0028 0.05383 £0.00102  0.3979 £0.0228 0.0164 =0.0018 338 £7 340 £23 329 £36 1057 150 0.14
PSV 2-2 0.0514 £0.0027 0.05417 £0.00102  0.3837 £0.0220 0.0167 +0.0018 340 £7 330 +22 334 +37 1072 146 0.14
PSV 3-1 0.0521 +£0.0025 0.05397 £0.00184  0.3879 £0.0233  0.0155 +0.0014 339 £12 333 +£23 311 +£28 1557 231  0.15
PSV 3-2 0.0543 +0.0027 0.05374 +£0.00183  0.4023 +£0.0245 0.0157 +0.0014 337 +12 343 +£25 314 +£28 1421 175  0.12
PSV 4-1 0.0543 +£0.0023 0.05396 +0.00282  0.4041 £0.0303 0.0159 +0.0016 339 +18 345 +£30 319 +33 1050 166 0.16
PSV 4-2 0.0541 +0.0023 0.05417 +0.00283  0.4044 +£0.0303 0.0155 +0.0016 340 +18 345 +£30 310 £32 1057 170  0.16
PSV 5-1 0.0535 +0.0023 0.05397 +0.00282  0.3983 £0.0299 0.0161 +0.0017 339 +18 340 +30 323 +34 1033 155 0.15
PSV 5-2 0.0548 +0.0023 0.05462 +0.00286  0.4125 £0.0310 0.0158 +0.0016 343 +18 351 +31 318 +33 1001 148 0.15
OD-3 (33 Ma): Iwano ef al .(2012), Iwano ef al .(2013), Lukacs et al . (2015)
OD3 1-1 0.0468 +0.0069 0.00509 =+ 0.00023  0.0329 +0.0051 0.0014 +0.0001 33 £1 33 +£5 28 +2 799 1149 144
OD3 2-1 0.0463 +0.0086 0.00495 +0.00021  0.0316 +0.0059 0.0015 =+ 0.0002 32 £1 32 £6 30 +4 317 309 098
OD3 3-1 0.0497 +0.0054 0.00517 +0.00021  0.0354 £0.0040 0.0016 = 0.0001 33 £1 35 +4 32 +£3 1276 1745 137
OD3 4-1 0.0470 +0.0051 0.00503 +0.00028  0.0327 +0.0040 0.0016 =+ 0.0002 32 £2 33 +4 33 +£3 898 1211 1.35
OD3 5-1 0.0428 +0.0056 0.00509 =+ 0.00021  0.0300 =+ 0.0040  0.0016 =+ 0.0001 33 £1 30 £4 32 +£3 675 785 1.16
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Preliminary report on the radiolarian age of the Upper Cretaceous Matoya Group
(Shimanto belt) in the Toba District, Mie Prefecture, Southwest Japan
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Abstract: A detailed field mapping and radiolarian dating in the Toba District, the Shima Peninsula (eastern
tip of the Kii Peninsula) have revealed Coniacian-Campanian mudstones of the Upper Cretaceous
Matoya Group. This group belongs to the Shimanto belt (northern subbelt) that formed along the plate
boundary where the Kula plate has been subducting beneath the paleo-Asian continent. Seven out of 51
radiolarian-bearing samples from different outcrops of mudstone yield relatively well-preserved radiolarian
assemblages, which are concentrated in three age-groups: (i) Early Coniacian, (ii) Early Campanian or
Middle Santonian-Middle Campanian, and (iii) Middle-Late Campanian. This evidence has a potential to
chronologically and stratigraphically divide the Matoya Group into several units.

Keywords: radiolaria, Upper Cretaceous, Matoya Group, Shimanto belt, Toba, Shima, Mie Prefecture,

Kii Peninsula, Southwest Japan

1. Introduction

The Matoya Group distributed in the eastern Kii
Peninsula is an Upper Cretaceous accretionary complex
in the Shimanto belt. Several previous studies on Albian
to Campanian radiolarians, which mentioned to constrain
the age of terrigenous clastic rocks of this group, have
been published (Nakaseko et al., 1979; Nakaseko and
Nishimura, 1981; Mizutani ef al., 1982; Mizugaki, 1987;
Obase, 1988; Tanabe and Kano, 1994; Yamanashi and
Kashiwagi, 2010; Ohta ef al., 2013). Nevertheless, in the
Shima Peninsula (eastern tip of the Kii Peninsula) where
the Toba District is located, the Matoya Group has been
poorly dated because Yamagiwa (1957) and Obase (1988)
did not list nor illustrate any radiolarians in their reports.

In this paper, the results of a biostratigraphical study on
Early Coniacian to Late Campanian radiolarian-bearing
mudstones in the Toba District is documented to provide
age data, and will be used for the next issue of the regional
stratigraphic investigation of the Matoya Group with
more precise age determination. During the field survey,
more than one hundred of rock sample for radiolarian
dating in the Toba District were collected, and seven out
of 51 radiolarian-bearing samples are treated for this
preliminary report.

2. Geological setting

The Toba District is located in the Shima Peninsula
(eastern tip of the Kii Peninsula), and occupies the area
including a southern part of Toba City and a northern
part of Shima City, Mie Prefecture (Fig. 1). In the Shima
Peninsula, a thick sedimentary sequence called the
Matoya Group (Yamagiwa, 1957) is dominated by
terrigenous clastic rocks such as mudstone and sandstone
associated with minor pelagic chert. This group formed
as an accretionary complex in the Shimanto belt: Late
Cretaceous subduction zone where the Kula plate has been
subducting beneath the paleo-Asian continent. This group
contacts with the Tsuiji Complex (Jurassic accretionary
complex in the Chichibu belt) by the Butsuzo Tectonic
Line to the northwest, and faces Ise Bay (Enshunada Sea)
to the southeast. The structure of this group is relatively
simple: NE-SW strike with moderate dip to NW.

3. Materials and method

The radiolarians examined in this study occur in
mudstones. The rock samples were crushed, individually
soaked in 5% HF solution for 10 to 15 hours, and washed
through a 62 um mesh sieve (235#). The resulting residue
was boiled with 30% HCI and HNO, admixture for more
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Fig. 1 Location map and geological sketch map of the Matoya Group in the Toba District.
The Toba District is located at the Shima Peninsula (eastern tip of the Kii Peninsula). The Matoya Group belonging to the
Shimanto belt, is distributed along the coastline of Enshunada Sea, and contacts with Jurassic complexes in the Chichibu belt
through the Butsuzo Tectonic Line. Detailed radiolarian localities with symbols are given in Fig. 2. Loc.: Locality.

than 20 minutes, sieved again and left to dry. The residue
of each processed sample was then examined under a
stereomicroscope and radiolarian remains were picked
by hand with an ink brush for examination by scanning
electronic microscope (SEM).

4. Localities and radiolarian assemblages

The sample localities (Locs. 1-7) are plotted on
topographic maps published on the website of the
Geospatial Information Authority of Japan (Fig. 2), and
their outcrops are shown in Fig. 3. Identified radiolarian
species are listed in Table 1 and given on Plates 1, 2 and
3. The outcrops are mostly composed of silty mudstones;
they are not only laminated but also locally intercalated
with sandstone beds. Well-preserved radiolarians are
rarely included in all examined samples (Fig. 3h). Below
is a description of the radiolarian assemblage of each
locality.

4.1. Locality 1 (Figs. 2a and 3a)
Location: 1.8 km southwest of Anori, Shima City.

(34°20°43.8” N/136°52'54.4" E)

Sample number: TB 31-06.

Lithology: Black, slaty foliated mudstone.

Assemblage: Dactyliosphaera sp. aff. D. silviae Squinabol,
Orbiculiforma sacramentoensis Pessagno, Pseudoaulophacus
praefloresensis Pessagno, Archaeospongoprunum hueyi
Pessagno, Patellula planoconvexa (Pessagno), Rhopalosyringium
magnificum Campbell and Clark, Cryptamphorella macropora
Dumitrica, Diacanthocapsa sp. cf. D. ovoidea Dumitrica,
Dictyomitra densicostata Pessagno, Amphipternis stocki
(Campbell and Clark), Stichomitra manifesta Foreman
(Plate 1).

4.2. Locality 2 (Figs. 2a and 3b)

Location: 900 m southwest of Anori, Shima City.
(34°20'59.0” N/136°53'31.2" E)

Sample number: TB 31-03.

Lithology: Dark gray, weakly slaty foliated, silty mudstone,
with fine-grained sandstone interbeds.

Assemblage: Orbiculiforma sp. cf. O. railensis Pessagno,
Alievium gallowayi (White), Pseudoaulophacus sp. cf. P
lenticulatus (White), Archaeospongoprunum hueyi Pessagno,
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Fig. 2 Radiolarian localities.

Topographic maps are downloaded from the website of Geospatial Information Authority of Japan.

URL of each map is as follows: (a) http:/

/maps.gsi.go.jp/#16/34.351488/136.888393/ &base=std

&ls=std&disp=1&vs=c1j010u0f1, (b) http://maps.gsi.go.jp/#16/34.348565/ 136.763424/&base=

std&ls=std&disp=1&vs=c1j010u0fl, (c)
e=std&ls=std&disp=1&vs=c1j010u0f1, (

ase=std&ls=std&disp=1&vs=c1j010u0f1.

Rhopalosyringium magnificum Campbell and Clark,
Cryptamphorella sphaerica (White), Cryptamphorella sp.
B sensu Bak (1996), Eastonerius sp. aff. E. acuminatus
(Dumitricd), Dictyomitra multicostata Zittel, Dictyomitra
densicostata Pessagno, Thanarla sp. aff. T. veneta
(Squinabol), Amphipternis stocki (Campbell and Clark),
Amphipyndax tylotus Foreman, Amphipyndax sp. cf. A.

http://maps.gsi.go.jp/#16/ 34.414690/136.922296/&bas
d) http://maps.gsi.go.jp/#17/34.444393/136.917077/&b
Loc.: Locality.

tylotus Foreman, Xitus spicularius (Aliev), (Plate 1).

4.3. Locality 3 (Figs. 2b and 3c¢)

Location: 780 m southwest of Hiyama, Shima City.
(34°20'37.9” N/136°45'34.6” E)

Sample number: TB 20-03.

Lithology: Dark to light gray, slaty foliated mudstone,
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Fig. 3 Outcrop of radiolarian localities and a thin section of the mudstone.
(a) Locality 1 (TB31-06): Black slaty mudstone, southwest of Anori, (b) Locality 2 (TB31-03): Dark gray silty mudstone
with fine-grained sandstone interbeds, southwest of Anori, (¢) Locality 3 (TB20-03): Dark to light gray slaty mudstone,
with planar lamination, southwest of Hiyama. (d) Locality 4 (TB20-02): Pale to dark gray silty mudstone, northeast of
Hiyama, (e) Locality 5 (TB05-12): Dark gray silty mudstone with fine-grained sandstone interbeds at Kuzaki, (f) Locality
6 (TB01-04): Black silty mudstone with sandstone interbeds, northwest of Ijika, (g) Locality 7 (TB01-02a): Dark gray
massive mudstone, southwest of Ijika, (h): Thin section of a representative silty mudstone, with radiolarian remains (arrows).
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Table 1 List of radiolarian species detected from the Matoya Group in the Toba District.

w1
EN
w

Locality Number (Loc.)

N
-

Radiolarian Species Sample Number

TBO1-02a [~

TB05-12

TB20-02

TB20-03

TB31-03

TB31-06

Spumellaria

Archaeocenosphaera? mellifera O'Dogherty 1994

+ | TBO1-04 |o

Conocaryomma universa (Pessagno 1976)

+

Conocaryomma californiaensis (Pessagno 1976)

+

Dactyliosphaera sp. aff. D. silviae Squinabol 1904

+

Orbiculiforma sacramentoensis Pessagno 1973

Orbiculiforma sp. cf. O. railensis Pessagno 1977

Alievium gallowayi (White 1928)

Alievium sp. cf. A. gallowayi (White 1928)

Alievium sp. cf. A. praegallowayi Pessagno 1972

Pseudoaulophacus lenticulatus (White 1928)

Pseudoaulophacus sp. cf. P. lenticulatus (White 1928)

Pseudoaulophacus praefloresensis Pessagno 1972

Pseudoaulophacus sp. cf. P. praefloresensis Pessagno 1972

Pseudoaulophacus floresensis Pessagno 1963

Pseudoaulophacus parqueraensis Pessagno 1963

Pseudoaulophacus sp. cf. P. parqueraensis Pessagno 1963

Archaeospongoprunum sp. cf. A. stocktonensis Pessagno 1973

Archaeospongoprunum sp. aff. A. andersoni Pessagno 1973

Archaeospongoprunum hueyi Pessagno 1973

Pyramispongia glascockensis Pessagno 1973

Patellula planoconvexa (Pessagno 1963)

Patellula verteroensis (Pessagno 1963)

Nassellaria

Rhopalosyringium magnificum Campbell and Clark 1944

Rhopalosyringium sp. A sensu Bandini et al. 2008

Cryptamphorella sphaerica (White 1928)

Cryptamphorella macropora Dumitricd 1970

Cryptamphorella sp. aff. C. gilkeyi (Dumitrica 1973)

Cryptamphorella wogiga Empson-Morin 1981

Cryptamphorella sp. B sensu Bak 1996

Hemicryptocapsa polyhedra Dumitrica 1970

Theocampe urna (Foreman 1971)

Theocampe salillum Foreman 1971

Diacanthocapsa ovoidea Dumitricd 1970

Diacanthocapsa sp. cf. D. ovoidea Dumitricd 1970

Diacanthocapsa sp. cf. D. ancus (Foreman 1968) sensu Dumitricd 1970

Eastonerius sp. aff. E. acuminatus (Dumitricd 1970)

Archaeodictyomitra squinaboli Pessagno 1976

Dictyomitra undata Squinabol 1904

Dictyomitra sp. cf. D. gracilis (Squinabol 1903)

Dictyomitra formosa Squinabol 1904

Dictyomitra duodecimcostata (Squinabol 1903) sensu Foreman (1975)

Dictyomitra multicostata Zittel 1876

Dictyomitra densicostata Pessagno 1976

Dictyomitra sp. aff. D. densicostata Pessagno 1976

Dictyomitra koslovae Foreman 1975

Dictyomitra andersoni (Campbell and Clark 1944)

Thanarla sp. aff. T. veneta (Squinabol 1903)

Amphipternis stocki (Campbell and Clark 1944)

Amphipyndax tylotus Foreman 1978

Amphipyndax sp. aff. A tylotus Foreman 1978

Xitus spicularius (Aliev 1965)

Y N

Torculum sp. aff. T. bastetani O’'Dogherty 1994

Pseudodictyomitra tiara (Holmes 1900)

Pseudoeucyrtis sp. cf. P. spinosa (Squinabol 1903)

Stichomitra communis Squinabol 1903

Stichomitra manifesta Foreman 1978

Stichomitra asymbatos Foreman 1968

||

Stichomitra sp. aff. S. asymbatos Foreman 1968

Stichomitra sp. cf. S. conicus (Nakaseko and Nishimura 1981)
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with planar lamination.

Assemblage: Pseudoaulophacus floresensis Pessagno,
Pseudoaulophacus sp. cf. P. pargueraensis Pessagno,
Archaeospongoprunum sp. cf. A. stocktonensis Pessagno,
Patellula verteroensis (Pessagno), Cryptamphorella
macropora Dumitrica, Theocampe salillum Foreman,
Diacanthocapsa ovoidea Dumitrica, Diacanthocapsa
sp. cf. D. ancus (Foreman) sensu Dumitricd (1970),
Dictyomitra multicostata Zittel, Dictyomitra koslovae
Foreman, Amphipternis stocki (Campbell and Clark),
Stichomitra sp. cf. S. asymbatos Foreman (Plate 2).

4. 4. Locality 4 (Figs. 2b and 3d)

Location: 280 m northeast of Hiyama, Shima City.
(34°2175.3” N/136°45"59.2” E)

Sample number: TB 20-02.

Lithology: Pale to dark gray, weakly slaty foliated, silty
mudstone.

Assemblage: Alievium sp. cf. A. gallowayi (White),
Pseudoaulophacus lenticulatus (White), Pseudoaulophacus
floresensis Pessagno, Patellula verteroensis (Pessagno),
Rhopalosyringium magnificum Campbell and Clark,
Cryptamphorella sphaerica (White), Theocampe salillum
Foreman, Dictyomitra densicostata Pessagno, Dictyomitra
koslovae Foreman, Amphipternis stocki (Campbell and
Clark), Stichomitra manifesta Foreman, Stichomitra
asymbatos Foreman, Stichomitra sp. cf. S. conicus
(Nakaseko and Nishimura) (Plate 2).

4.5. Locality 5 (Figs. 2c and 3e)

Location: Kuzaki, Toba City.

(34°24'46.3” N/136°55'31.9” E)

Sample number: TB 05-12.

Lithology: Dark gray, silty mudstone, with fine-grained
sandstone interbeds.

Assemblage: Alievium sp. cf. A. gallowayi (White),
Pseudoaulophacus lenticulatus (White), Pseudoaulophacus
floresensis Pessagno, Cryptamphorella wogiga Empson-
Morin, Theocampe urna (Foreman), Dictyomitra undata
Squinabol, Dictyomitra duodecimcostata (Squinabol),
Dictyomitra koslovae Foreman (Plate 2).

4. 6. Locality 6 (Figs. 2d and 3f)

Location: 520 m northwest of Ijika, Toba City.
(34°27°2.1” N/136°54'53.5" E)

Sample number: TB 01-04.

Lithology: Black, silty mudstone, with sandstone interbeds.
Assemblage: Archaeocenosphaera? mellifera O’ Dogherty,
Conocaryomma californiaensis (Pessagno), Alievium sp.
cf. A. praegallowayi Pessagno, Archaeospongoprunum
sp. aff. A. andersoni Pessagno, Patellula verteroensis
(Pessagno), Cryptamphorella sp. aff. C. gilkeyi (Dumitrica),
Hemicryptocapsa polyhedra Dumitrica, Dictyomitra
formosa Squinabol, Dictyomitra multicostata Zittel,
Amphipternis stocki (Campbell and Clark), Torculum sp.
aff. T. bastetani O’ Dogherty, Pseudodictyomitra tiara
(Holmes), (Plate 3).

4.7. Locality 7 (Figs. 2d and 3g)

Location: 910 m southwest of [jika, Toba City.
(34°26'25.4” N/136°54'42.3" E)

Sample number: TB 01-02a.

Lithology: Dark gray, massive mudstone.

Assemblage: Conocaryomma universa (Pessagno), Alievium
sp. cf. A. praegallowayi Pessagno, Pseudoaulophacus
sp. cf. P praefloresensis Pessagno, Pseudoaulophacus
pargueraensis Pessagno, Pyramispongia glascockensis
Pessagno, Patellula verteroensis (Pessagno), Rhopalosyringium
sp. Asensu Bandini ez al. (2008), Theocampe salillum Foreman,
Archaeodictyomitra squinaboli Pessagno, Dictyomitra sp. cf.
D. gracilis (Squinabol), Dictyomitra formosa Squinabol,
Dictyomitra multicostata Zittel, Dictyomitra sp. aff. D.
densicostata Pessagno, Dictyomitra andersoni (Campbell
and Clark), Amphipternis stocki (Campbell and Clark),
Pseudodictyomitra tiara (Holmes), Pseudoeucyrtis sp. cf.
P, spinosa (Squinabol), Stichomitra communis Squinabol,
Stichomitra manifesta Foreman, Stichomitra asymbatos
Foreman (Plate 3).

5. Age determination

In order to determine the age of radiolarian assemblages
extracted from the mudstone samples in the Toba District,
the biostratigraphic ranges of each species and the existing
Upper Cretaceous zonations (e.g., Dumitricd, 1970;
Foreman, 1975; Pessagno, 1976, 1977; Taketani, 1982;
Sanfilippo and Riedel, 1985; Thurow, 1988; Hollis and
Kimura, 2001; Hashimoto et al., 2015) are primarily
used. Nevertheless, there are considerable problem that
the ranges of some species are not compatible among the
above authors, as pointed out by Bandini et al. (2008).
For dating the radiolarian assemblages, this paper follows
essentially the same approach as Bandini ef al. (2008); a
maximum range of each species, which is obtained by
combining the ranges of each species from the above
authors, is established.

Consequently, an age of the radiolarian assemblage
from each sample can be determined based on the co-
occurrence of included species, which range from the
Coniacian to Campanian.

TB 31-06 (Locality 1)

Although several species having a wide range in age
from Cenomanian to Early Maastrichtian, the occurrence
of Orbiculiforma sacramentoensis gives a late Middle—
early Late Campanian age.

TB 31-03 (Locality 2)
The co-occurrence of Amphipyndax tylotus and Xitus
spicularius suggests a late Middle Campanian age.

TB 20-03 (Locality 3)

The co-occurrence of Pseudoaulophacus floresensis,
Patellula verteroensis and Diacanthocapsa ovoidea gives
a Middle Santonian—Early Campanian age.
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Table 2 Biostratigraphic ranges of radiolarian species from the Matoya Group in the Toba District.

Sample

Locality

Species

Lower Creta.

Upper Cretaceous

Cenomanian

Turonian Coniacian

Santonian

Campanian

Maastrichtian

Lower | Mid | Upper

Lower|

Middle | Upper | Lower

Mid|  Upper

M| Upper

Lower

Middle

Uppr

Lower

Upper

Paleogene

TB 01-02a

(Loc. 7)

Conocaryomma universa

Alicvium sp. cf. A. pracgallowayi

sp.cf. P.p

Pseudoaulophacus pargueraensis

Pyramispongia glascockensis

Patellula verteroensis

Rhopalosyringium sp. A sensu Bandini et al. 2008

Theocampe salillum Foreman

Archaeodictyomitra squinaboli

Dictyomitra sp. cf. D. gracilis

Dictyomitra formosa

Dictyomitra multicostata

Dictyomitra sp. aff. D. densicostata

Dictyomitra andersoni

Amphipternis stocki

Pseudodictyomitra tiara

Pseudoeucyrtis sp. cf. P.spinosa

Stichomitra communis

Stichomitra manifesta

Stichomitra asymbatos

TB 01-04

(Loc. 6)

Archacocenosphacra? mellifera

Conocaryomma californiaensis

Alievium sp. cf. A. praeg

Ar wnum sp. aff. A anders

Patellula verteroensis

Cryptamphorella sp. aff. C. gilkeyi

Hemicryptocapsa polyhedra

Dictyomitra formosa

Dictyomitra multicostata

Amphipternis stocki

Torculum sp. aff. T. bastetani

Pseudodictyomitra tiara

TB 05-12

(Loc. 5)

Alievium sp. cf. A. gallowayi

Pseudoaulophacus lenticulatus

Pseudoaulophacus floresensis

Cryptamphorella wogiga

Theocampe urna

Dictyomitra undata

Dictyomitra duodecimcostata sensu Foreman (1975)

Dictyomitra koslovae

TB 20-02

Alievium sp. cf. A. gallowayi

Pseud lenticulatus

Pseudoaulophacus floresensis

Patellula verteroensis

Rhopalosyringium magnificint

Cryplamphorella sphacrica

Theocampe salillum

Dictyomitra densicostata

Dictyomitra koslovae

Amphipternis stocki

Stichomitra manifesta

Stichomitra asymbatos

Stichomitra sp. cf. S. conicus

TB 20-03

Pseudoaulophacus floresensis

I us sp. cf. P. pargueracnsis

Arch unum sp. cf. A. stocktonensis

Patellula verteroensis

Cryplamphorella macropora

Theocampe salillum

Diacanthocapsa ovoidea

Diacanthocapsa sp. cf. D. ancus sensu Dumitrica 1970

Dictyomitra multicostata

Dictyomitra koslovae

Amphipternis stocki

Stichomitra sp. aff. S. asymbatos

TB 31-03

oc.

Orbiculiforma sp. cf. O. railensis

Alicvium gallowayi

I us sp. cf. P. lenticulatus

Archaeospongoprunum hueyi

Rhopalosyringium magnificum

Cryptamphorella sphacrica

Cryptamphorella sp. B sensu Bak 1996

Eastonerius sp. aff. E. ac

Dictyomitra multicostata

Dictyomitra densicostata

Thanarla sp. aff. T. veneta

Amphipternis stocki

Amphipyndax tylotus

Amphipyndax sp. aff. A. tylotus

Xitus spicularius

TB 31-06

Dactyliosphaera sp. aff. D. silviae

Orbiculiforma sac

Pseudoaulophacus praefloresensis

Archacospongoprunum hueyi

Patellula planoconvexa

Riiopalosyringium magnificum

Cryplamphorella macropora

Diacanthocapsa sp. ct. D. ovoidea

Dictyomitra densicostata

Amphipternis stocki

Stichomitra manifesta
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TB 20-02 (Locality 4)

The co-occurrence of Patellula verteroensis and
Rhopalosyringium magnificum suggests an Early Campanian
age.

TB 05-12 (Locality 5)

The co-occurrence of Pseudoaulophacus floresensis
and Theocampe urna suggests a Middle Santonian—
middle Middle Campanian age.

TB 01-04 (Locality 6)

The co-occurrence of Conocaryomma californiaensis
and Pseudodictyomitra tiara gives in an Early Coniacian
age.

TB 01-02a (Locality 7)

The co-occurrence of Pseudoaulophacus pargueraensis,
Theocampe salillum, Pseudodictyomitra tiara, Stichomitra
communis and Stichomitra manifesta gives an Early
Coniacian age.

The Matoya Group in the Toba District is currently
assumed to be Early Coniacian to Late Campanian in age,
and is probably divided into three age-groups: (i) Early
Coniacian, (ii) Early Campanian (or Middle Santonian—
middle Middle Campanian), and (iii) late Middle—early
Late Campanian (Table 2). On the basis of the comparison
between the sample localities and their age, it is revealed
that localities 6 (TB01-04) and 7 (TB01-02a) of the
oldest age-group (i) are situated at an upper horizon of
the Matoya Group, whereas localities 1 (TB 31-06) and
2 (TB 31-03) of the youngest age-group (iii) at a lower
horizon (See Fig. 1). This evidence has a potential to
chronologically and stratigraphically divide the Matoya
Group into several units.

6. Conclusion

This study preliminarily shows that the radiolarian
assemblages from the Matoya Group in the Toba
District are assigned in age to three age-groups: Early
Coniacian, Early Campanian (or Middle Santonian-Middle
Campanian) and Middle-Late Campanian. This result
associated with the sample localities is possible to provide
significant biostratigraphic and stratigraphic control in
the Matoya Group; it will be divided into several units in
a regional stratigraphic investigation in the near future.

7. Systematic Paleontology

Subclass RADIOLARIA Miiller 1858
Order SPUMELLARIA Ehrenberg 1875

Family XIPHOSTYLIDAE Haeckel 1881,
emend. De Wever et al. 2001

Genus Archaeocenosphaera Pessagno and Yang

in Pessagno et al. 1989

Archaeocenosphaera? mellifera O’ Dogherty 1994
(Plate 3, fig. 1)
1984 Cenosphaera? sp. A—Empson-Morin, pl. 1, fig. 6.
1988 Hemicryptocapsa polyhedra Dumitrica — Thurow,
p. 401, pl. 1, fig. 1.
1988 Hemicryptocapsa sp. cf. H. polyhedra Dumitrica
— Thurow, p. 401, pl. 5, fig. 2.
1992 Hemicryptocapsa sp. A.—Marcucci Passerini and
Gardin, fig. 3.1.
1994 Archaeocenosphaera? mellifera n. sp. — O’ Dogherty,
p. 375-376, pl. 67, figs. 1-5.
1997 Archaeocenosphaera? mellifera O’ Dogherty —
Sykora et al., pl. 111, fig. 5.
1998 Archaeocenosphaera? mellifera O’ Dogherty —
Salvini and Marcucci Passerini, fig. 7o.
2001 Archaeocenosphaera? mellifera O’ Dogherty —
Bragin et al., figs. 4.5-4.6.
2007 Archaeocenosphaera? mellifera O’ Dogherty —
Bragina et al., p. 318, pl. 1, fig. 7.
2011 Archaeocenosphaera mellifera O’ Dogherty —
Smreckova, pl. I, fig. 4.
2012 Archaeocenosphaera? mellifera O’ Dogherty —
Moez et al., pl. 4, fig. 12.
2015 Archaeocenosphaera? mellifera O’ Dogherty —
Bragina and Bragin, pl. I1I, fig. 12.
Remarks: Archaeocenosphaera? mellifera first described
by O’ Dogherty (1994) consists of spherical cortical shell
with symmetrical meshwork and a polygonal surface.

Family CONOCARYOMMIDAE Lipman 1969,
emend. De Wever et al. 2001

Genus Conocaryomma Lipman 1969

Conocaryomma universa (Pessagno 1976)

(Plate 3, fig. 13)

1976 Praeconocaryomma universa n. sp. — Pessagno,
p.- 42, pl. 6, figs. 14-16.

1981 Conocaryomma universa (Pessagno) — Empson-
Morin, p. 260, pl. 3, fig. 5.

1982 Praeconocaryomma universa Pessagno —
Taketani, p. 47, pl. 1, figs. 3a-3b, 4; pl. 9, fig. 4.

1982 Praeconocaryomma universa Pessagno—Mizutani
etal.,p.63,pl. 5, fig. 1.

1988 Conocaryomma universa (Pessagno) — Thurow,
p.- 169, pl. 3, fig. 7.

1988 Conocaryomma universum (Pessagno) — De
Wever et al., p. 398-399, pl. 2, fig. 18.

1992 Praeconocaryomma californiaensis Pessagno —
Okamura, pl. 35, fig. 20; pl. 39, fig. 11.

1994 Conocaryomma universa (Pessagno) — Yamasaki
and Tsujii, pl.IL, fig. 7.

2005 Praeconocaryomma universa Pessagno—Popova-
Goll et al., p. 20, pl. 1, figs. 19-20; pl. 6, fig. 14.

2008 Praeconocaryomma universa Pessagno— Bandini
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etal,p.17,pl. 1, figs. 8, 19; pl. 4, fig. 8.
2012 Praeconocaryomma universa Pessagno — Asis
and Jasin, pl. 3, fig. 1.
Remarks: Cortical shell of the obtained specimen is
composed of hemispherical nodes (mamma) and lattice
of pore frames. Each mamma is surrounded by small
circular pores.
Range: Coniacian to Middle Campanian (Pessagno, 1976),
Coniacian to Middle Santonian (Taketani, 1982), Turonian
to Upper Campanian (Thurow, 1988), and Coniacian? to
lowermost Maastrichtian (Hollis and Kimura, 2001).

Conocaryomma californiaensis (Pessagno 1976)
(Plate 3, figs. 2)
1976 Praeconocaryomma californiaensis n. sp. —
Pessagno, p. 41, pl. 7, figs. 1-8.
1982 Praeconocaryomma californiaensis Pessagno —
Taketani, p. 47, pl. 9, figs. 1-2.
1992 Praeconocaryomma californiaensis Pessagno —
Okamura, pl. 32, figs. 1-3.
Remarks: This specimen differs from Conocaryomma
universa by having large ellipsoidal pores surrounding
each mamma.
Range: Coniacian (Pessagno, 1976), Lower to Middle
Coniacian or to Lower Campanian? (Taketani, 1982).

Family DACTYLIOSPHAERIDAE Squinabol 1904
Genus Dactyliosphaera Squinabol 1904

Dactyliosphaera sp. aff. D. silviae Squinabol 1904
(Plate 1, fig. 2)

Remarks: The examined specimen consists of a large
circular disc-like test with pentagonal pore frames, and
possesses probably twelve short spines that radiate from the
periphery of the disc. But, it differs from Dactyliosphaera
silviae in having smaller central convex area.

Family HAGIASTRIDAE Riedel 1971
Genus Orbiculiforma Pessagno 1973

Orbiculiforma sacramentoensis Pessagno 1976
(Plate 1, fig. 1)
1976 Orbiculiforma sacramentoensis n. sp. — Pessagno,
p. 3637, pl. 11, fig. 8.
1986 Orbiculiforma sacramentoensis Pessagno —Iwata
and Tajika, pl. 5, figs. 6, 10.
1997 Orbiculiforma sp. — Yamasaki and Sakamoto,
pl. 111, fig. 12.
Remarks: This specimen consists of a disc-like test with
meshwork of tetragonal to pentagonal pore frame, and
possesses convex portion in the central area. It differs
from other species of Orbiculiforma by having hexagonal
outline.
Range: Upper Middle to lower Upper Campanian (Pessagno,
1976).

Orbiculiforma sp. cf. O. railensis Pessagno 1977

(Plate 1, fig. 14)

Remarks: The examined specimen is similar to
Orbiculiforma railensis in having a circular disc-like test
and central convex area surrounded by a narrow and deep
groove, but slightly different by more than six short spines
radiating from periphery of the test.

Family PSEUDOAULOPHACIDAE Riedel 1967,
emend. Dumitrica 1997

Genus Alievium Pessagno 1972

Alievium gallowayi (White 1928)
(Plate 1, fig. 16)
1928 Baculogypsina? gallowayi n. sp. — White, p. 305,
pl. 41, figs. 9-10.
1962 Aulophacus gallowayi (White). — Pessagno,
p. 364, pl. 3, figs. 5-6.
1963 Pseudoaulophacus gallowayi (White) —Pessagno,
p. 202, pl. 2, figs. 1, 3, 6; pl. 4, figs. 2, 5, 7;
pl. 7, figs. 2, 4.
1972 Alievium gallowayi (White) — Pessagno,
p- 299-300, pl. 25, figs. 4-6; pl. 26, fig. 5; pl. 31,
figs. 2-3.
1976 Alievium gallowayi (White) — Pessagno, p. 27,
pl. 8, figs. 13, 14; pl. 9, fig. 1.
1981 Alievium gallowayi (White) — Nakaseko and
Nishimura, p. 142, pl. 2, fig. 3.
1982 Alievium gallowayi (White) — Taketani, p. 50-51,
pl. 10, fig. 7.
1985 Alievium gallowayi (White) — Sanfilippo and
Riedel, p. 594, fig. 6.1.
1988 Alievium gallowayi (White) — Thurow, p. 396-397,
pl. 2, fig. 3.
1997 Alievium gallowayi (White) — Hashimoto and
Ishida, pl. 3, fig. 21.
1998 Alievium gallowayi (White) — Ishida and
Hashimoto, pl. 2, fig. 22.
2008 Alievium gallowayi (White) — Bandini et al., p. 16,
pl. 1, fig.1; pl. 2, fig. 7; pl. 3, figs. 9, 25.
2015 Alievium gallowayi (White) — Hashimoto et al.,
p. 43, pl. 2, fig. 25.
Range: Santonian to Upper Campanian (Pessagno,
1976), Middle Campanian to lowermost Maastrichtian
(Sanfilippo and Riedel, 1985), Campanian to Upper
Maastrichtian (Thurow, 1988), uppermost Santonian to
lowermost Maastrichtian (Hollis and Kimura, 2001),
and Middle Campanian? to lowermost Maastrichtian
(Hashimoto et al., 2015).

Alievium sp. cf. A. gallowayi (White 1928)

(Plate 2, figs. 15, 28)

Remarks: Although spines are lacked, the obtained
specimens are similar to Alievium gallowayi in having
subtriangular test with coarse meshwork.
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Alievium sp. cf. A. preagallowayi Pessagno 1972

(Plate 3, figs. 3, 14)

Remarks: The obtained specimens are composed of more
inflated subtriangular test than Alievium gallowayi, and
similar to Alievium praegallowayi in having the nodes
(situated at the vertices of triangular frames), which are
aligned in curved row.

Genus Pseudoaulophacus Pessagno 1963

Pseudoaulophacus lenticulatus (White 1928)
(Plate 2, figs. 16, 29)
1928 Baculogypsina? lenticulata n. sp. — White, p. 306,
pl. 41, figs. 9, 11.
1962 Aulophacus lenticulatus (White) — Pessagno,
p. 364, pl. 6, figs. 1-2.
1963 Pseudoaulophacus lenticulatus(White)—Pessagno,
p. 202, pl. 2, figs. 8-9.
1976 Pseudoaulophacus lenticulatus(White)—Pessagno,
p. 28, pl. 9, figs. 11-12.
1981 Pseudoaulophacus lenticulatus (White)—Nakaseko
and Nishimura, p. 158, pl. 2, figs. 7a—7b.
1982 Pseudoaulophacus lenticulatus (White) - Taketani,
p. 51, pl. 10, fig. 11.
1982 Pseudoaulophacus lenticulatus (White) — Mizutani
etal., p.59,pl. 7, figs. 7a—7b; pl. 8, fig. 3.
1985 Pseudoaulophacus lenticulatus(White)—Sanfilippo
and Riedel, p. 596, figs. 6.4a—6.4b.
1988 Pseudoaulophacus lenticulatus (White) — Thurow,
p. 404, pl. 2, fig. 6.
1988 Pseudoaulophacus lenticulatus(White)—De Wever
etal,p. 170, pl. 1, fig. 1.
1992 Pseudoaulophacus lenticulatus (White) — Iwata
etal.,pl 1, fig. 12.
1992 Pseudoaulophacus lenticulatus(White)—Okamura,
pl. 29, fig. 12.
1998 Pseudoaulophacus lenticulatus (White) — Salvini
and Marcucci Passerini, fig. 8.d.
2008 Pseudoaulophacus lenticulatus (White) — Bandini
etal.,p. 18, pl. 1, figs. 22-23.
2015 Pseudoaulophacus lenticulatus(White)—Hashimoto
etal., p.46,pl. 1, fig. 23.
2015 Pseudoaulophacus lenticulatus (White)—Kopaevich
etal,pl. VI, fig. 9.
Range: Coniacian to Upper Campanian (Pessagno, 1976),
Coniacian to Lower Campanian? (Taketani, 1982), Lower
to Middle Campanian (Sanfilippo and Riedel, 1985),
Uppermost Coniacian to Upper Campanian (Thurow,
1988), Coniacian? to lowermost Maastrichtian (Hollis
and Kimura, 2001), and Middle Campanian? to Lower
Maastrichtian (Hashimoto et al., 2015).

Pseudoaulophacus sp. cf. P. lenticulatus (White 1928)
(Plate 1, fig. 15)

Remarks: This specimen is similar to Pseudoaulophacus
lenticulatus in having a circular shell with central convex
portion, short spines which occur from periphery of the

shell.

Pseudoaulophacus preafloresensis Pessagno 1972
(Plate 1, fig. 3)
1972 Pseudoaulophacus preafloresensis n. sp. —
Pessagno, p. 309-310, pl. 27, figs. 2—6.
1982 Pseudoaulophacus preafloresensis Pessagno —
Yamauchi, pl. 3, fig. 5; pl. 4, fig. 17.
1994 Pseudoaulophacus floresensis Pessagno —
Yamasaki and Tsujii, pl. 11, fig. 9.
2007 Pseudoaulophacus preafloresensis Pessagno —
Bragina et al., pl. 11, fig. 1.
Remarks: This species is different from Pseudoaulophacus
lenticulatus by its subangular shell and from Pseudoaulophacus
floresensis by having a shell which is concave around its
central convex portion.
Range: Coniacian to Upper Campanian (Pessagno, 1976)
and Middle Santonian to lowermost Maastrichtian (Hollis
and Kimura, 2001).

Pseudoaulophacus sp. cf. P. preafloresensis Pessagno 1972
(Plate 3, fig. 15)

Remarks: This specimen resembles Pseudoaulophacus
preafloresensis in having a subtriangular shell and centreal
convex area surrounded by slight concave.

Pseudoaulophacus floresensis Pessagno 1963
(Plate 2, figs. 1, 17, 30)
1963 Pseudoaulophacus floresensis n. sp. — Pessagno,
p- 200, pl. 2, figs. 2, 5; pl. 4, fig. 6; pl. 7, figs. 1, 5.
1972 Pseudoaulophacus floresensis Pessagno—Pessagno,
p. 304, pl. 26, fig. 6; pl. 28, figs. 4-6; pl. 29, figs. 1-2;
pl. 31, fig. 1.
1976 Pseudoaulophacus floresensis Pessagno— Pessagno,
p- 28, pl. 9, fig. 6.
1981 Pseudoaulophacus floresensis Pessagno—Nakaseko
and Nishimura, p. 158, pl. 2, fig. 4.
1982 Pseudoaulophacus sp. cf. P. floresensis Pessagno
— Taketani, p. 51, pl. 10, figs. 10-11.
1982 Pseudoaulophacus floresensis Pessagno—Mizutani
etal.,p.60,pl 8, fig. 2; pl. 8, fig. 3.
1985 Pseudoaulophacus floresensis Pessagno—Sanfilippo
and Riedel, p. 595-596, figs. 6.3a—6.3b.
1988 Pseudoaulophacus floresensis Pessagno—Thurow,
p- 404, pl. 2, fig. 5.
1992 Pseudoaulophacus floresensis Pessagno — Iwata
etal,pl 1, fig. 11.
1992 Pseudoaulophacus floresensis Pessagno — Okamura,
pl. 33, figs. 8—10; pl. 36, figs. 3-5.
2005 Pseudoaulophacus floresensis Pessagno—Popova-
Goll et al., p. 22, pl. 1, fig. 13; pl. 8, fig. 11.
2008 Pseudoaulophacus floresensis Pessagno—Bandini
etal.,p. 18, pl. 1, figs. 20-21.
Range: Middle Santonian to Upper Campanian (Pessagno,
1976), Lower Campanian to lowermost Maastrichtian
(Sanfilippo and Riedel, 1985), Lower Campanian to
Upper Maastrichtian (Thurow, 1988), Middle Santonian
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to lowermost Maastrichtian (Hollis and Kimura, 2001),
and Lower Campanian to Lower Maastrichtian (Hashimoto
etal., 2015).

Pseudoaulophacus pargueraensis Pessagno 1963
(Plate 3, fig. 16)
1963 Pseudoaulophacus pargueraensis n. sp. — Pessagno,
p- 204, pl. 2, figs. 4, 7; pl.6, figs. 4-5.
1972 Pseudoaulophacus pargueraensis Pessagno —
Pessagno, p. 309, pl. 30, fig. 4.
1982 Pseudoaulophacus pargueraensis Pessagno —
Taketani, p. 51, pl. 10, fig. 12.
1981 Pseudoaulophacus pargueraensis Pessagno —
Nakaseko and Nishimura, p. 158 pl. 2, fig. 5.
1982 Pseudoaulophacus pargueraensis Pessagno —
Mizutani et al., p. 5960, pl. 7, fig. 8.
1982 Pseudoaulophacus pargueraensis Pessagno —
Yamauchi, pl. 3, fig. 8.
1985 Pseudoaulophacus pargueraensis Pessagno —
Sanfilippo and Riedel, p. 596, figs. 6.5a—6.5d.
1988 Pseudoaulophacus pargueraensis Pessagno —
Thurow, p. 404, pl. 2, fig. 7.
2008 Pseudoaulophacus pargueraensis Pessagno —
Bandini et al., p. 18, pl. 1, figs. 24-25.
Remarks: Pseudoaulophacus pargueraensis consists
of a circular shell with lobate periphery, which is a
most differentiated character from other species of
Pseudoaulophacus.
Range: Lower Santonian to Lower Campanian (Pessagno,
1972), Lower to Middle Campanian (Sanfilippo and
Riedel, 1985), Lower to Upper Campanian (Thurow,
1988), and Coniacian? to lowermost Maastrichtian (Hollis
and Kimura, 2001).

Pseudoaulophacus sp. cf. P. pargueraensis Pessagno 1963
(Plate 2, fig. 2)

Remarks: This poorly-preserved specimen is similar to
Pseudoaulophacus pargueraensis in having a weakly-
developed lobate periphery.

Family ARCHAEOSPONGOPRUNIDAE Pessagno 1973
Genus Archaeospongoprunum Pessagno 1973

Archaeospongoprunum sp. cf. A. stocktonensis Pessagno
1973

(Plate 2, fig. 4)

Remarks: This specimen consists of ellipsoidal shell with
two polar spines, one of which is broken. It is similar
to Archaeospongoprunum stocktonensis rather than
Archaeospongoprunum rumseyensis Pessagno based on
the outline of the shell.

Archaeospongoprunum sp. aff. A. andersoni Pessagno
1973

(Plate 3, fig. 4)

Remarks: This specimen resembles Archaeospongoprunum

andersoni by having an elongate cylindrical test with fine
meshwork comprised of tetragonal to pentagonal pore
frames, but differs from it by having three indistinct lobe.
Archaeospongoprunum bipartitum also consists of an
clongate cylindrical test with two lobes, but meshwork of
its test is much coarser than this specimen.

Archaeospongoprunum hueyi Pessagno 1973
(Plate 1, figs. 4, 17-18)
1973 Archaeospongoprunum hueyi n. sp. — Pessagno,
p. 61-62, pl. 13, fig. 1.
1976 Archaeospongoprunum hueyi Pessagno —Pessagno,
p- 33, pl. 11, fig. 5.
1992 Archaeospongoprunum hueyi Pessagno—Okamura,
pl. 34, figs. 5, 18.
1997 Archaeospongoprunum hueyi Pessagno—Hashimoto
and Ishida, pl. 3, fig. 25.
2015 Archaeospongoprunum hueyiPessagno—Hashimoto
etal.,p.44,pl 1, fig. 18.
Remarks: Test is elongate and ellipsoidal with two polar
spines and with spongy meshwork. Each spine consists of
four longitudinal grooves and ridges, which are arranged
not spirally but straight.
Range: Lower Campanian (Pessagno, 1973), lower upper
Campanian (Pessagno, 1976), Campanian to Lower
Maastrichtian (Hollis and Kimura, 2001), and Middle
Campanian to Upper Maastrichtian (Hashimoto et al.,
2015).

Family PYRAMISPONGIIDAE Kozur and Mostler 1978,
emend. De Wever et al. 2001

Genus Pyramispongia Pessagno 1973

Pyramispongia glascockensis Pessagno 1973
(Plate 3, fig. 17)
1973 Pyramispongia glascockensis n. sp. — Pessagno,
p. 79-80, pl. 21, figs. 2-5.
1976 Pyramispongia glascockensis Pessagno—Pessagno,
p.37,pl. 1, fig. 9.
1982 Pyramispongia glascockensis Pessagno—Taketani,
p- 51, pl. 10, fig. 12.
1982 Pyramispongia glascockensis Pessagno— Yamauchi,
pl. 2, fig. 9.
1988 Pyramispongia glascockensis Pessagno—Thurow,
p. 405, pl. 2, fig. 23.
1992 Pyramispongia glascockensis Pessagno—Marcucci
Passerini and Gardin, fig. 30.
1998 Pyramispongia glascockensis Pessagno — Salvini
and Marcucci Passerini, pl. 8, fig. i.
2004 Pyramispongia glascockensis Pessagno — Bak,
figs. 5.15-5.16.
Range: Cenomanian to Coniacian (Pessagno, 1976),
Middle Cenomanian to Lower Santonian (Taketani, 1982),
Lower Cenomanian to Middle Turonian (Thurow, 1988),
and Lower Cenomanian to Turonian? (O’ Dogherty, 1994).
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Family SPONGURIDAE Haeckel 1862

Genus Patellula Kozlova in Petrushevskaya and Kozlova
1972

Patellula planoconvexa (Pessagno 1963)
(Plate 1, fig. 5)
1963 Stylospongia planoconvexa n. sp. — Pessagno,
p- 199, pl. 3, figs. 4-6; pl. 6, fig. 1.
1972 Patellula planoconvexa(Pessagno)—Petrushevskaya
and Kozlova, p. 527, pl. 3, fig. 13.
1979 Patellula planoconvexa (Pessagno) — Nakaseko
etal,pl 8§, fig. 1.
1994 Patellula planoconvexa (Pessagno) — Yamasaki
and Tsujii, pl. 11, fig. 13.

Patellula verteroensis (Pessagno 1963)
(Plate 2, figs. 3, 18; Plate 3, figs. 5, 18)
1963 Stylospongia verteroensis n. sp. — Pessagno,
p- 199, pl. 3, figs. 1-3; pl. 6, figs. 2-3; pl. 7, figs. 3, 6.
1972 Patellulaverteroensis(Pessagno)—Petrushevskaya
and Kozlova, p. 527, pl. 3, figs. 8-9.
1981 Patellula verteroensis (Pessagno) — Empson-
Morin, p. 257, pl. 2, figs. 1-5.
1988 Patellula verteroensis (Pessagno) — Thurow,
p. 403, pl. 2, figs. 19-20.
1989 Patellula verteroensis (Pessagno) — Tumanda,
p. 3435, pl. 9, figs. 15-16.
1994 Patellula verteroensis (Pessagno) — O’ Dogherty,
p. 328-329, pl. 60, figs. 25-26.
1994 Patellula verteroensis (Pessagno) — Yamasaki and
Tsujii, pl. 11, fig. 14.
1998 Patellula verteroensis (Pessagno) — Erbacher,
p.- 370, pl. 1, fig. 24.
2004 Patellula verteroensis (Pessagno) — Bak, pl. 7,
fig. 13.
Range: Probably Lower Campanian (Pessagno, 1963), and
Middle Cenomanian to Lower Turonian? (O’ Dogherty,
1994).

Order NASSELLARIA Ehrenberg 1875
Family CANNOBOTRYIDAE Haeckel 1881
Genus Rhopalosyringium Campbell and Clark 1944

Rhopalosyringium magnificum Campbell and Clark 1944
(Plate 1, figs. 6, 19-20; Plate 2, fig. 19)
1944 Rhopalosyringium magnificum n. sp. — Campbell
and Clark, p. 30, pl. 7, figs. 16-17.
1968 Rhopalosyringium? magnificum Campbell and
Clark — Foreman, p. 55, pl. 6, figs. 7a—7b.
1981 Rhopalosyringium magnificum Campbell and
Clark — Empson-Morin, p. 265, pl. 8, figs. 1A—1D.
1982 Rhopalosyringium magnificum Campbell and
Clark — Yamauchi, pl. 5, fig. 1.
1992 Rhopalosyringium sp. — Okamura, pl. 38, fig. 23.

1998 Rhopalosyringium magnificum Campbell and
Clark — Ishida and Hashimoto, pl. 2, fig. 20.
2006 Rhopalosyringium magnificum Campbell and
Clark — Musavu-Moussavou and Danelian,
p. 154, pl. 2, figs. 3-5.
2015 Rhopalosyringium magnificumm Campbell and
Clark — Hashimoto et al., pl. 1, fig. 14.
Range: Campanian to Lower Maastrichtian (Hollis
and Kimura, 2001), and Middle? to Upper Campanian
(Hashimoto et al., 2015).

Rhopalosyringium sp. A sensu Bandini et al. 2008
(Plate 3, fig. 19)

2006 Rhopalosyringium? sp.—Denyer and Baumgartner,

fig. 7P.
2008 Rhopalosyringium sp. A — Bandini et al., pl. 1,
fig. 10; pl. 3, fig. 19.

Description: Test, lacking strictures, is spindle-shaped,
rounded apically, and is composed of two segments;
cephalis minute, hemispherical and thorax cylindrical
without aperture ring. Seven to eight edged costac are
visible in a lateral view, which arise near the apex and
extend distally on the thorax. Thoracic pores are arranged
longitudinally but irregularly, forming single or double
rows between adjacent costae.
Remarks: This species is similar to Rhopalosyringium
scissum, but distinguished from it in having edged costae
and lack of the cephlo-thoracic stricture.
Occurrence: Coniacian—Santonian chert of the Nicoya
Complex (Denyer and Baumgartner, 2006) and turbiditic
sequence of the Berrugate and Sabana Grande formations
(Bandini et al., 2008) in Costa Rica.

Family WILLIRIEDELLIDAE Dumitrica 1970
Genus Cryptamphorella Dumitrica 1970

Cryptamphorella sphaerica (White 1928)
(Plate 1, fig. 21; Plate 2, fig. 20)

1928 Baculogypsina? sphaerica n. sp. — White, p. 306,
pl. 41, figs. 12—-13.

1962 Aulonia sphaerica (White) — Pessagno, p. 366,
pl. 6, fig. 3.

1963 Holocryptocapsa? sphaerica (White) — Pessagno,
p. 206, pl. 1, fig. 3; pl. 5, figs. 1-2.

1970 Cryptamphorella sphaerica (White) — Dumitrica,
p- 82, pl. XII, figs. 73a—73b, 74a—74c, 75a—75b,
77; pl. XX, figs. 133a—133b.

1981 Cryptamphorella sphaerica (White) — Nakaseko
and Nishimura, p. 149, pl. 5, figs. 1-2.

1989 Cryptamphorella sphaerica (White) — Tumanda,
p. 36, pl. 7, fig. 18; pl. 10, fig. 15.

1998 Cryptamphorella sphaerica (White) — Ishida and
Hashimoto, fig. 3.20.

2005 Cryptamphorella sphaerica (White) — Popova-
Goll et al., p. 11-12, pl. 1, fig. 16; pl. 6, fig. 11.

2015 Cryptamphorella sphaerica (White) — Hashimoto
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etal., p. 4445, pl. 1, fig. 26.
Range: Middle Santonian to lowermost Maastrichtian

(Hollis and Kimura, 2001), and Campanian? to Lower

Maastrichtian (Hashimoto et al., 2015).

Cryptamphorella macropora Dumitrica 1970
(Plate 1, fig. 7; Plate 2, fig. 5)

1970 Cryptamphorella macropora n. sp. — Dumitrica,
p- 81, pl. X, figs. 64a—64b, 65; p. XI, figs. 67,
69-72a-72b; pl. XX, fig. 132; pl. XXI, figs. 137,
140a—140b, 141.

1981 Cryptamphorella macropora Dumitrica—Nakaseko
and Nishimura, p. 149, pl. 4, figs. 6-7; pl. 14, fig. 6.

1988 Cryptamphorella macropora Dumitrica —Thurow,
p- 400, pl. 1, fig. 3.

1997 Cryptamphorella macropora Dumitrica—Hashimoto
and Ishida, pl. 3, fig. 11.

1998 Cryptamphorella macropora Dumitrica — Ishida
and Hashimoto, pl. 2, fig. 18.

Range: Coniacian? to lowermost Maastrichtian (Hollis
and Kimura, 2001).

Cryptamphorella sp. aff. C. gilkeyi (Dumitrica 1973)
(Plate 3, fig. 6)

Remarks: This specimen is similar to Cryptamphorella
gilkeyi, which was originally described as Wiliriedellum?
gilkeyi by Dumitrica (1973), in its subspherical test with
three segments, third of which is completely covered
by triangular or polygonal depressions limited by sharp
crests. Nevertheless, it differs from Cryptamphorella
gilkeyi by lacking of a large sutural pore and having
six (or much more) small pores in each depression. The
radiolarian assemblage suggests a much younger age
(early Coniacian) is given to this specimen, whereas an
Aptian or Albian age was assigned to Cryptamphorella
gilkeyi by Dumitrica (1973) and O’ Dogherty (1994). On
the basis of these morphology and age, they seem to be
different species.

Cryptamphorella wogiga Empson-Morin 1981
(Plate 2, fig. 31)
1981 Cryptamphorella wogiga n. sp. — Empson-Morin,
p. 266, pl. 12, figs. 3A-3D.
Remarks: Pores on abdomen are recessed into ridged
pentagonal to hexagonal pore frames, which interlock to
form irregular polygonal network.

Cryptamphorella sp. B sensu Bak 1996
(Plate 1, fig. 22)

1996 Cryptamphorella sp. B — Bak, p. 100, fig. 9D.
Remarks: This specimen consists of three segments. It
differs from Cryptamphorella conara by having an oval
abdomen and from Cryptamphorella macropora by
lacking a large sutural pore.

Occurrence: The Macelowa Marl Member in the Pieniny
Klippen belt, Polish Carpathians (Bgk 1996).

Genus Hemicryptocapsa Tan 1927

Hemicryptocapsa polyhedra Dumitrica 1970
(Plate 3, fig. 7)
1970 Hemicryptocapsa polyhedra n. sp. — Dumitrica,
p- 72, pl. X1V, figs. 85a—85c.
1981 Hemicryptocapsa polyhedra Dumitrica—Nakaseko
and Nishimura, p. 153, pl. 4, fig. 2; pl. 14, fig. 5.
1992 Hemicryptocapsa polyhedra Dumitrica—Marcucci
Passerini and Gardin, fig. 3f.
2006 Hemicryptocapsa polyhedra Dumitrica — Denyer
and Baumgartner, fig. 7Q.
2008 Hemicryptocapsa polyhedra Dumitrica — Bandini
etal.,pl 1, fig. 17; p. 3, fig. 15.
Remarks: Hemicryptocapsa polyhedra is similar to
Hemicryptocapsa prepolyhedra in general features,
especially having a subspherical test with polygonal
facets, but is distinguished from it by lacking of perforate
ridges which limit polygonal facets.
Range: Lower Cenomanian to Middle Coniacian (Taketani,
1982).

Family ARTOSTROBIIDAE Riedel 1967
Genus Theocampe Haeckel 1887

Theocampe urna (Foreman 1971)
(Plate 2, fig. 32)
1970 Artostrobiid gen. et sp. indet — Kling, pl. 7, fig. 8.
1971 Artostrobiumurnan.sp.—Foreman, p. 1677-1678,
pl. 4, figs. 1-2.
1973b Theocampe urna (Foreman) — Foreman, pl. 15,
fig. 21.
1974 Artostrobium urna (Foreman) — Riedel and
Sanfilippo, p. 775, pl. 11, figs. 4, 6.
1981 Artostrobium urna Foreman — Nakaseko and
Nishimura, p. 148, pl. 17, fig. 10.
1982 Theocampe urna (Foreman) — Taketani, p. 53,
pl. 2, fig. 12.
1988 Theocampe tina (Foreman) — Thurow, p. 407,
pl. 1, fig. 6.
1985 Theocampe urna (Foreman) — Sanfilippo and
Riedel, p. 606, figs. 7a—7c.
1987 Artostrobium urna Foreman — Yamasaki, pl. 2,
fig. 16.
1992 Artostrobium tina Foreman — Okamura, pl. 39,
fig. 1.
1992 Artostrobium urna Foreman — Okamura, pl. 39,
fig. 2.
1998 Artostrobium urna Foreman—Ishida and Hashimoto,
pl. 1, fig. 21.
Remarks: This species has a wide range of variation in
the external form and ornamentation, and resembles to
Theocampe tina. However, this species is distinguished
from the latter by having a more constricted test and short
and inflated abdomen as pointed out by O’ Dogherty (1994)
and Hollis and Kimura (2001). The examined specimen
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also possesses a prominent apertural ring.

Range: Lower Coniacian to Lower Campanian? (Taketani,
1982), Middle Coniacian to Middle Campanian (Sanfilippo
and Riedel, 1985), Turonian to Middle Campanian
(Thurow, 1988), and Coniacian? to Middle Campanian
(Hollis and Kimura, 2001).

Theocampe salillum Foreman 1971
(Plate 2, figs. 6, 21; Plate 3, fig. 20)
1970 Theocampe salillum sp. — Kling, pl. 7, figs. 1, 5.
1971 Theocampe salillum n. sp. — Foreman, p. 1678—
1679, pl. 4, fig. 5.
1973a Theocampe salillum Foreman — Foreman, p. 430,
pl. 13, fig. 2.
1973b Theocampe salillum Foreman — Foreman, pl. 15,
fig. 12.
1974 Theocampe salillum Foreman — Riedel and
Sanfilippo, p. 780, pl. 11, figs. 8-10.
1981 Theocampe salillum Foreman — Empson-Morin,
p. 263, pl. 5, figs. 4A—-4C.
1981 Theocampe salillum Foreman — Nakaseko and
Nishimura, p. 164, pl. 13, figs. 4, 7.
1982 Theocampe salillum Foreman — Taketani, p. 53,
pl. 2, fig. 14.
1985 Theocampe salillum Foreman — Sanfilippo and
Riedel, p. 605, figs. 4a—4c.
1988 Theocampe salillum Foreman — De Wever et al.,
p. 171, pl. 1, fig. 8.
1998 Theocampe salillum Foreman — Ishida and
Hashimoto, pl. 1, fig. 17.
2012 Theocampe salillum Foreman — Asis and Jasin,
pl. 2, fig. 10.
Range: Santonian to Upper Campanian (Sanfilippo and
Riedel, 1985), and Lower Coniacian to Lower Campanian?
(Taketani, 1982).

Family CARPOCANIIDAE Haeckel 1881,
emend. De Wever et al. 2001

Genus Diacanthocapsa Squinabol 1903

Diacanthocapsa ovoidea Dumitrica 1970
(Plate 2, fig. 7)
1970 Diacanthocapsa ovoidea n. sp. — Dumitrica, p. 63,
pl. V, fig. 25a; pl. VI, figs. 26-28b.
1982 Diacanthocapsa ovoidea Dumitrica — Mizutani
etal.,p.72,pl. 5, fig. 6.
1987 Diacanthocapsa ovoidea Dumitrica — Yamasaki,
pl. 2, fig. 8.
1992 Diacanthocapsa ovoidea Dumitrica — Iwata et al.,
pl. 2, fig. 10; pl. 3, figs. 9-10.
1994 Diacanthocapsa ovoidea Dumitrici—O’ Dogherty,
p. 220, pl. 37, figs. 1-16
1998 Diacanthocapsa ovoidea Dumitrica — Salvini and
Marcucci Passerini, p. 269, fig. 9o.
2007 Diacanthocapsa ovoidea Dumitricd — Musavu-
Moussavou et al., p. 269, pl. 3, fig. 4.

Range: Middle Cenomanian to Lower Turonian?
(O’ Dogherty, 1994), and Lower Campanian (Dumitrici,
1970).

Diacanthocapsa sp. cf. D. ovoidea Dumitrica 1970
(Plate 1, fig. 8)

Remarks: This specimen is broken, but almost similar
to Diacanthocapsa ovoidea in having a lengthened-oval
outline and in having small circular pores on the test
surface, which are arranged irregularly in apical portion
and longitudinally in distal portion.

Diacanthocapsa sp. cf. D. ancus (Foreman 1968) sensu
Dumitrica 1970
(Plate 2, fig. 8)
1968 Theocapsomma ancus n. sp.—Foreman, p. 32-33,
pl. 4, fig. 3.
1970 Diacanthocapsa sp. cf. D. ancus (Foreman) —
Dumitrica, p. 64—65, pl. VI, figs. 35a-35b; pl. VII,
fig. 40; pl. XX, fig. 125.
1992 Diacanthocapsa sp. — Okamura, pl. 38, fig. 5.
1997 Diacanthocapsa sp. cf. D. ancus (Foreman) —
Hashimoto and Ishida, pl. 2, fig. 13.
1998 Diacanthocapsa sp. cf. D. ancus (Foreman) —
Ishida and Hashimoto, pl. 2, fig. 9.

Genus Eastonerius Empson-Morin 1981

Eastonerius sp. aff. E. acuminatus (Dumitrici 1970)
(Plate 1, fig. 23)
1982 Diacanthocapsa acuminata Dumitricd —
Matsuyama et al., pl. 1V, fig. 15.
1997 Diacanthocapsa acuminata Dumitricd —
Hashimoto and Ishida, pl. 3, fig. 22.
1998 Diacanthocapsa acuminata Dumitricd — Ishida
and Hashimoto, pl. 2, fig. 10.
Remarks: Eastonerius acuminatus, which was emended
from Diacanthocapsa acuminata by Empson-Morin
(1981), consists of oval three-segmented test with a
rounded apical end, and possesses a short inverted conical
abdomen. Although not always well-visible, sutural
pores are recognized. The present specimen is similar to
Eastonerius acuminatus in having oval test and external
ornamentations, but different from it by probably consisting
of four segments.

Family ARCHAEODICTYOMITRIDAE Pessagno 1976
Genus Archaeodictyomitra Pessagno 1976

Archaeodictyomitra squinaboli Pessagno 1976
(Plate 3, fig. 21)
1976 Archaeodictyomitra squinabolin. sp.—Pessagno,
p. 50, pl. 5, figs. 2-8.
1981 Archaeodictyomitra squinaboli Pessagno —
Nakaseko and Nishimura, p. 147, pl. 6, fig. 7;
pl. 15, fig. 1.
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1989 Archaeodictyomitra squinaboli Pessagno —
Tumanda, p. 36, pl. 7, fig. 7.
1992 Dictyomitra sp.— Okamura, pl. 37, fig. 6.
1997 Archaeodictyomitra squinaboli Pessagno —
Hashimoto and Ishida, pl. 1, fig. 4.
Remarks: This species consists of elongated conical
test with eight or nine segments and without distinct
constrictions. 11 to 12 longitudinal costae are visible
in a lateral view. Dictyomitra multicostata is similar to
Archaeodictyomitra squinaboli in their outline, which is
elongated conical, but different from the latter by having
shallow strictures between post-abdominal segments.
Range: Cenomanian? to Upper Campanian (Pessagno,
1976), and Campanian (Hollis and Kimura, 2001).

Genus Dictyomitra Zittel 1876, emend. Pessagno 1976

Dictyomitra undata Squinabol 1904
(Plate 2, fig. 34)
1904 Dictyomitra undata n. sp. — Squinabol, p. 231,
pl. 10, fig. 2.
1997 Dictyomitra undata Squinabol — Sykora et al.,
pLV, fig. 8.
2004 Dictyomitra undata Squinabol — Bak, fig. 4.3.
2008 Dictyomitra undata Squinabol — Bandini ef al.,
pl. 4, fig. 5.
2011 Archaeodictyomitra undata (Squinabol) — Bandini
etal., p.20,pl 11, fig. 1.

Dictyomitra sp. cf. D. gracilis (Squinabol 1903)

(Plate 3, fig. 22)

Remarks: This specimen resembles to Dictyomitra gracilis
in possessing a spindle-shape test with longitudinally
extending costae, but differs by possessing slightly intense
constriction.

Dictyomitra formosa Squinabol 1904
(Plate 3, figs. 8, 23)

1904 Dictyomitra formosa n. sp. — Squinabol, p. 232,
pl. 10, fig. 4.

1973a Dictyomitra torquata Foreman — Foreman,

p. 430, pl. 13, fig. 7.

1976 Dictyomitra formosa Squinabol — Pessagno,
p. 51-52, pl. 8, figs. 10-12.

1982 Dictyomitra formosa Squinabol — Mizutani et al.,
p. 66, pl. 9, fig. 1.

1982 Dictyomitra formosa Squinabol — Taketani, p. 58,
pl. 4, figs. 6a—6b; pl. 11, fig. 13.

1988 Dictyomitra formosa Squinabol — Thurow, p. 400,
pl. 1, fig. 23.

1992 Dictyomitra formosa Squinabol — Okamura,
pl. 28, fig. 2; pl. 36, fig. 33; pl. 37, figs. 2-3.

1992 Dictyomitra formosa Squinabol — Iwata ef al.,
pl. 5, fig. 5.

1994 Dictyomitra formosa Squinabol — O’ Dogherty,
p- 80-81, pl. 4, figs. 8—12.

1997 Dictyomitra formosa Squinabol — Hashimoto and

Ishida, pl. 2, fig. 15.
2008 Dictyomitra formosa Squinabol — Bandini ef al.,
p. 1617, pl. 2, fig. 23; pl. 3, fig. 13; pl. 4, fig. 3.
2009 Dictyomitra formosa Squinabol — Djeri¢ et al.,
fig. 8.11.
2011 Dictyomitra formosa Squinabol — Smreckova,
pl. 1, fig. 17.
2015 Dictyomitra formosa Squinabol — Hashimoto et
al.,p. 45, pl. 2, fig. 2.
Remarks: As mentioned by Pessagno (1976) and
O’ Dogherty (1994), test of this species is moderately or
markedly lobulate in outline with continuously arranged
longitudinal costae, and post-abdominal segments are
separated by relatively deep strictures. It is distinguished
from Dictyomitra duodecimcostata and Dictyomitra
multicostata as described below.
Range: Coniacian to Lower Campanian (Pessagno, 1976),
Coniacian to Santonian (Taketani, 1982), Middle Turonian
to Lower Campanian (Thurow, 1988), Upper Albian to
Lower Turonian? (O’ Dogherty, 1994), Middle Coniacian?
to Upper Campanian (Hollis and Kimura, 2001), and
Middle Coniacian? to Upper Campanian (Hashimoto et
al., 2015).

Dictyomitra duodecimcostata (Squinabol 1903) sensu
Foreman (1975)
(Plate 2, fig. 35)
1903 Lithostrobus duodecimcostatus n. sp.— Squinabol,
p. 438, pl. X, fig. 21.
1972 Dictyomitra duodecimcostata (Squinabol) group —
Petrushevskaya and Kozlova, p. 550, pl. 2, figs. 10
—115.
1973b Dictyomitra torquata Foreman— Foreman, pl. 15,
figs. 9-11.
1975 Dictyomitra duodecimcostata (Squinabol) —
Foreman, p. 614, pl. 1G, fig. 5; pl. 7, fig. 8.
1978 Dictyomitra duodecimcostata duodecimcostata
(Squinabol) — Foreman, p. 746, pl. 4, figs. 8-9.
1981 Dictyomitra formosa Squinabol — Nakaseko and
Nishimura, p. 150-151, pl. 8, figs. 7-8; pl. 16,
figs. 4, 11.
1997 Dictyomitra duodecimcostata (Squinabol) —
Yamasaki and Sakamoto, pl. 1, fig. 6.

2008 Dictyomitra formosa Squinabol — Bandini et al.,
p. 1617, pl. 1, figs. 5, 15; pl. 2, fig. 10.
Remarks: According to the original description by
Squinabol (1904), Dictyomitra duodecimcostata consists
of pyramidal test. Foreman (1975) also mentioned that the
expanded segments after the initial conical ones increase
distally in size. The obtained specimen of Dictyomitra
duodecimcostata is different from Dictyomitra formosa
in having the pyramidal-shaped test with discontinuous
costae, which are thicker than those of the latter species.
Test generally consists of eight segments. Post-abdominal
segments are inflated and separated by extremely deep

strictures.
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Dictyomitra multicostata Zittel 1876
(Plate 1, figs. 24; Plate 2, figs. 10-11; Plate 3, figs. 9, 24)
1876 Dictyomitra multicostatan. sp. — Zittel, p. 81, pl. 2,
figs. 2—4.
1944 Dictyomitra multicostata Zittel — Campbell and
Clark, p. 3940, pl. 8, figs. 22-24, 35-42.
1968 Dictyomitra multicostata Zittel — Foreman,
p. 63-65, pl. 7, figs. 4a—4b.
1968 Dictyomitra lamellicostata n. sp. — Foreman,
p. 6566, pl. 7, figs. 8a—8b.
1968 Dictyomitra sp. cf. D. multicostata Zittel —
Foreman, p. 63-65, pl. 7, figs. 9a—9b.
1973b Dictyomitra torquata Foreman — Foreman, pl. 10,
fig. 8c.
1976 Dictyomitra multicostata Zittel — Pessagno,
p. 52-53, pl. 14, figs. 4-9.
1981 Dictyomitra multicostata Zittel — Nakaseko and
Nishimura, p. 151, pl. 8, fig. 1; pl. 16, fig. 1.
1987 Dictyomitra multicostata Zittel — Yamasaki,
pl. 1, fig. 16.
1994 Dictyomitra multicostata Zittel — O’ Dogherty,
p. 82-83, pl. 4, figs. 17-19.
1997 Dictyomitra multicostata Zittel — Hashimoto and
Ishida, pl. 2, fig. 1.
2007 Dictyomitra multicostata Zittel — Musavu-
Moussavou et al., p. 267-268, pl. 2, figs. 12—13.
2008 Dictyomitra multicostata Zittel — Bandini et al.,
p. 17, pl. 4, fig. 4.
2015 Dictyomitra multicostata Zittel — Hashimoto et
al.,p.45,pl. 1, fig. 5.
Remarks: This species is similar to Dictyomitra formosa,
but different by having a slender spindle-shaped or
elongate mildly lobulate test with widely spaced costae
(Pessagno, 1976; O’ Dogherty, 1994).
Range: Middle Campanian to Lower Maastrichtian
(Pessagno, 1976), and Turonian to Maastrichtian (Thurow,
1988).

Dictyomitra densicostata Pessagno 1976
(Plate 1, figs. 9-10, 25; Plate 2, fig. 23)
1976 Dictyomitra densicostatan. sp. —Pessagno, p. 51,
pl. 14, figs. 10-14, 16.
1992 Dictyomitra formosa Squinabol —Okamura, pl. 31,
fig. 5.
1997 Dictyomitra densicostata Pessagno — Hashimoto
and Ishida, pl. 1, fig. 19; pl. 2, fig. 4.
1998 Dictyomitra densicostata Pessagno —Ishida and
Hashimoto, pl. 1, fig. 18.
2007 Dictyomitra sp. cf. D. densicostata Pessagno —
Musavu-Moussavou ef al., p. 268, pl. 2, figs. 14
-15.
2015 Dictyomitra densicostata Pessagno — Hashimoto
etal.,p.45,pl 1, fig. 6.
Remarks: Test of this species is distinctly lobulate with
finely costae throughout. It differs from Dictyomitra
multicostata by costae on post-abdominal segments which
are spaced closely than those of the latter species.

Range: Upper Coniacian to Campanian (Pessagno, 1976),
Middle Coniacian? to Lower Maastrichtian (Hollis and
Kimura, 2001), and Middle Campanian? to Lower
Maastrichtian (Hashimoto et al., 2015).

Dictyomitra sp. aff. D. densicostata Pessagno 1976
(Plate 3, fig. 26)

Remarks: This specimen resembles to Dictyomitra
densicostata, but slightly differs by its short test having
less post-abdominal segments than those of the latter
species.

Dictyomitra koslovae Foreman 1975
(Plate 2, figs. 9, 22, 33)
1971 Dictyomitra sp. — Foreman, p. 1677, pl. 3, fig. 5.
1975 Dictyomitra koslovae n. sp. — Foreman, p. 614,
pl. 7, fig. 4.
1978 Dictyomitra koslovae Foreman—Foreman, p. 746-747,
pl. 4, fig. 10.
1981 Dictyomitra koslovae Foreman — Nakaseko and
Nishimura, p. 151, pl. 8, figs. 2-5; pl. 16, figs. 2-3.
1982 Dictyomitra koslovae Foreman — Mizutani et al.,
p. 67-68, pl. 9, figs. 5-8.
1985 Dictyomitra koslovae Foreman — Sanfilippo and
Riedel, p. 599-600, figs. 7.4a—7.4b, 7.4d-7 4e.
1987 Dictyomitra koslovae Foreman — Yamasaki, pl. 1,
fig. 22.
1989 Dictyomitra koslovae Foreman — Iwata and
Tajika, pl. 2, fig. 7.
1992 Dictyomitra koslovae Foreman—Iwataetal.,pl. 1,
fig. 1.
1994 Dictyomitra koslovae Foreman — Yamasaki and
Tsujii, pl. 1, figs. 3-5.
2008 Dictyomitra koslovae Foreman — Bandini ef al.,
p-17,pl. 1, fig. 16; pl. 2, figs. 11, 24; pl. 3, fig. 14.
2009 Dictyomitra koslovae Foreman — Djeri¢ et al.,
fig. 8.6.
2015 Dictyomitra koslovae Foreman — Hashimoto et
al.,p. 45, pl. 1, fig. 3.
Remarks: Dictyomitra koslovae is distinctly different
from other species of Dictyomitra by having the fourth
segment which is markedly wider than the next one or
two segments (Foreman, 1975).
Range: Middle Coniacian to Lower Campanian?
(Taketani, 1982), Middle to Upper Campanian (Sanfilippo
and Riedel, 1985), Middle to Upper Campanian (Thurow,
1988), Upper Coniacian to Lower Maastrichtian (Hollis
and Kimura, 2001), and Middle? to Upper Campanian
(Hashimoto et al., 2015).

Dictyomitra andersoni (Campbell and Clark 1944)
(Plate 3, fig. 25)
1944 Lithocampe andersoni n. sp. — Campbell and
Clark, p. 42-43, pl. 8, fig. 25.
1968 Dictyomitra andersoni (Campbell and Clark) —
Foreman, p. 68, pl. 7, figs. 6a—6d.
1971 Dictyomitra andersoni (Campbell and Clark) —
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Foreman, p. 1677, pl. 3, fig. 8.
1978 Dictyomitra andersoni (Campbell and Clark) —
Foreman, p. 746, pl. 4, fig. 6.
1981 Dictyomitra sp. A — Nakaseko and Nishimura,
p- 151, pl. 8, fig. 6.
1982 Dictyomitra urakawensis n. sp. — Taketani, p. 59,
pl. 4, figs. 8a—8b; pl. 11, fig. 16.
1987 Dictyomitra tiara Campbell and Clark — Yamasaki,
pl. 1, fig. 18.
1989 Dictyomitra urakawensis Taketani — Tumanda,
p. 36, pl. 8, figs. 4-5.
1992 Dictyomitra urakawensis Taketani — Okamura,
pl. 35, fig. 5.
1997 Dictyomitra urakawensis Taketani — Hashimoto
and Ishida, pl. 1, fig. 21.
1997 Dictyomitra tiara Campbell and Clark — Hashimoto
and Ishida, pl. 2, fig. 2.
1997 Dictyomitra andersoni (Campbell and Clark) —
Hollis, p. 69, pl. 16, figs. 11-16.
2015 Dictyomitra andersoni (Campbell and Clark) —
Hashimoto et al., p. 45, pl. 1, fig. 4.
Remarks: As mentioned by Hollis (1997), Dictyomitra
urakawensis described by Taketani (1982) is a synonym
of this species.
Range: Middle Coniacian? to Lower Maastrichtian or
to Paleocene (Hollis and Kimura, 2001), and Middle
Campanian? to Maastrichtian or to Paleocene? (Hashimoto
etal., 2015).

Genus Thanarla Pessagno 1977

Thanarla sp. aff. T. veneta (Squinabol 1903)

(Plate 1, fig. 26)

Description: Test is elongate and conical to campanulate,
and is composed of seven segments; Cephalothorax is
conical and relatively short, inflated abdomen shows an
annular form. Post-abdominal segments is cylindrical,
narrower than proximal segments, gradually increasing
in width as added. Final post-abdominal segment is
slightly narrower. Constrictions are weakly developed,
but markedly distinct between the annular abdomen and
first post-abdominal segment. Edged costae are developed
throughout, converging apically and widely spaced on
the post-abdominal segments (ten costae are visible in
lateral view).

Remarks: The examined specimen is similar to Thanarla
veneta in general form, but distinguished by having an
clongate test with seven segments (Thanarla veneta
consists of four segments). Dictyomitra koslovae
resembles to this species, but differs by lacking costae on
its apical portion.

Family AMPHIPYNDACIDAE Riedel 1967
Genus Amphipternis Foreman 1973b

Amphipternis stocki (Campbell and Clark 1944)

(Plate 1, figs. 11-12, 28-29; Plate 2, figs. 1213, 24; Plate
3, figs. 11, 30)
1944 Stichocapsa? stockin. sp. — Campbell and Clark,
p. 44, pl. 8, figs. 31-33.
1968 Amphipyndax stocki (Campbell and Clark) —
Foreman, p. 78, pl. 8, figs. 12a—12c.
1972 Amphipyndax stocki (Campbell and Clark) —
Petrushevskaya and Kozlova, p. 545, pl. 8,
figs. 16-17.
1973a Amphipyndax stocki (Campbell and Clark) —
Foreman, p. 430, pl. 13, fig. 5.
1975 Amphipyndax stocki (Campbell and Clark) —
Pessagno, p. 1016, pl. 4, figs. 6-8.
1978 Amphipyndax stocki (Campbell and Clark) —
Foreman, p. 745, pl. 4, fig. 4.
1981 Amphipyndax stocki (Campbell and Clark) —
Nakaseko and Nishimura, p. 145, pl. 12, fig. 5.
1982 Amphipyndax stocki (Campbell and Clark) —
Taketani, p. 52, pl. 2, fig. 9a-9b; pl. 10,
figs. 13—-14.
1982 Protostichocapsa stocki (Campbell and Clark) —
Empson-Morin, p. 516-517, pl. 4, figs. 1-12.
1994 Stichomitra stocki (Campbell and Clark) —
O’ Dogherty, p. 147-150, pl. 18, figs. 9-15.
1998 Stichomitra stocki (Campbell and Clark) —
Erbacher, p. 370-371, pl. 2, fig. 1.
2006 Stichomitra stocki (Campbell and Clark) —
Musavu-Moussavou and Danelian, p. 155, pl. 2,
figs. 11-13.
2007 Stichomitra stocki (Campbell and Clark) —
Musavu-Moussavou et al., p. 273, pl. 4, figs. 9-12.
2015 Amphipyndax stocki (Campbell and Clark) —
Hashimoto et al., p. 43, pl. 1, fig. 10.
2016 Amphipternis stocki (Campbell and Clark 1944) —
Noda and Kurihara, pl. 1, figs. 6, 11, 18; pl. 2,
fig. 4.
Remarks: Amphipternis stocki shows a wide range of
morphological variation in the proximal portion of the
test (O’ Dogherty, 1994), and resembles to Stichomitra
mediocris. However, they are distinguishable;
Amphipternis stocki is composed of externally constricted
test with smaller pores, larger numbers of rows of pores
per segment, and is also marked by a large sutural pore
on first post-abdominal segment.
Range: Middle Cenomanian to Turonian? (O’ Dogherty,
1994), and Middle Coniacian? to Lower Maastrichtian
(Hollis and Kimura, 2001).

Genus Amphipyndax Foreman 1966

Amphipyndax tylotus Foreman 1978
(Plate 1, fig. 30)
1978 Amphipyndax tylotus n. sp. — Foreman, p. 745,
pl. 4, figs. 1-2.
1981 Amphipyndax tylotus Foreman — Nakaseko and
Nishimura, p. 145, pl. 12, figs. 11a—11b; pl. 17,
fig. 13.
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1982 Amphipyndax tylotus Foreman — Empson-Morin,
p. 512, pl. 3, figs. 1-7.
1985 Amphipyndax tylotus Foreman — Sanfilippo and
Riedel, p. 598, figs. 7.2a-7.2b.
1987 Amphipyndax tylotus Foreman — Yamasaki, pl. 1,
fig. 3.
1997 Amphipyndax tylotus Foreman — Hashimoto and
Ishida, pl. 3, fig. 8.
1998 Amphipyndax tylotus Foreman — Ishida and
Hashimoto, pl. 2, fig. 3.
2015 Amphipyndax tylotus Foreman — Hashimoto et
al.,p.43-44,pl. 1, fig. 9.
Remarks: This species was first described to belong to
genus Amphipyndax by Foreman (1978), whose sense has
been followed by numerous succeeding literatures.
Range: Middle Campanian to Maastrichtian (Sanfilippo
and Riedel, 1985; Thurow, 1988; Hashimoto et al.,2015),
and Middle Campanian to Lower Maastrichtian (Hollis
and Kimura, 2001).

Amphipyndax sp. aff. A. tylotus (Foreman 1978)

(Plate 1, figs. 31-32)

Remarks: The obtained specimens are similar to
Amphipyndax tylotus in general form. Nevertheless,
it is probably doubtful that these specimens belong to
genus Amphipyndax, because their cephalis are small and
conical, not knob-like.

Family XITIDAE Pessagno 1977
Genus Xitus Pessagno 1977

Xitus spicularius (Aliev 1965)
(Plate 1, fig. 27)
1965 Dictyomitra spicularia n. sp. — Aliev, p. 39, pl. 6,
fig. 9; pl. 14, fig. 4.
1977 Xitus antelopensis n. sp. — Pessagno, p. 55, pl. 9,
figs. 10, 20, 25; pl. 12, fig. 16.
1977 Xitus plenus n. sp.—Pessagno, p. 55, pl. 9, figs. 15,
21, 26; pl. 12, fig. 15.
1977 Xitus spicularius (Aliev) — Pessagno, p. 56, pl. 9,
fig. 7; pl. 10, fig. 5.
1986 Xitus? sp. B—Iwata and Tajika, p. 408, pl. 3, fig. 3.
1988 Xitus spicularius (Aliev) — Thurow, p. 408, pl. 3,
fig. 19; pl. 7, fig. 1.
1994 Xitus spicularius (Aliev) — O’ Dogherty, p. 127—
129, pl. 3, fig. 19; pl. 7, fig. 1.
2007 Xitus spicularius (Aliev) — Musavu-Moussavou
etal., p.275-276, pl. 4, figs. 17-18.
2008 Xitus spicularius (Aliev) — Bandini et al., p. 408,
pl. 3, fig. 24.

2012 Xitus spicularius (Aliev) — Asis and Jasin, pl. 1, fig. 15.
Range: Berriasian to Cenomanian (Thurow, 1988), and
Middle Coniacian to Middle Campanian (Hollis and
Kimura, 2001).

Genus Torculum O’ Dogherty 1994

Torculum sp. aff. T. bastetani O’ Dogherty 1994
(Plate 3, fig. 12)

2004 Stichomitra communis Squinabol — Bak, figs. 4.12—

4.13.

Description: Test is multi-segmented and large conical,
having seven post-abdominal segments with distinct
strictures. Cephalis is conical and smooth without apical
horn. Thorax and abdomen are trapezoidal and sparsely
perforated. Post-abdominal segments consist of circular
to polygonal pore frames, showing somewhat spongy
meshwork. First and second post-abdominal segments
are externally characterized by a ring of relatively large
tubercles. Remaining post-abdominal segments constantly
increase in width as added.
Remarks: Torculum bastetani proposed by O’ Dogherty
(1994) is more elongate conical to cylindrical in outline
and covered by somewhat spongy meshwork. Stichomitra
communis is similar to the examined specimen in having
circular to polygonal pore frames and relatively deep
strictures, but distinguished by lacking of large tubercles.

Family PSEUDODICTYOMITRIDAE Pessagno 1977
Genus Pseudodictyomitra Pessagno 1977

Pseudodictyomitra tiara (Holmes 1900)
(Plate 3, figs. 10, 27)
1900 Dictyomitra tiara n. sp. — Holmes, p. 701, pl. 38,
fig. 4.
1977 Pseudodictyomitra sp. B —Pessagno, p. 52, pl. 9,
fig. 3.
1982 Pseudodictyomitra nakasekoi n. sp. — Taketani,
p. 6061, pl. 12, figs. 4-6.
1982 Pseudodictyomitra nakasekoi Taketani — Mizutani
etal.,p.70,pl 4, figs. 8-9.
1989 Pseudodictyomitra nakasekoi Taketani — Tumanda,
p- 39, pl. 9, fig. 3.
1992 Pseudodictyomitra nakasekoi Taketani—Okamura,
pl. 25, fig. 3; pl. 27, figs. 2-3.
1994 Pseudodictyomitra tiara (Holmes) — O’ Dogherty,
p- 109-110, pl. 8, figs. 9-11.
1998 Pseudodictyomitra tiara (Holmes) — Salvini and
Marcucci Passerini, fig. 6n.
2006 Pseudodictyomitra nakasekoi Taketani — Bragina
and Bragin, pl. II, fig. 8.
2006 Pseudodictyomitra nakasekoi Taketani — Denyer
and Baumgartner, fig. 7T.
2007 Pseudodictyomitra tiara (Holmes) — Musavu-
Moussavou et al., p. 109-110, pl. 3, fig. 274.
Range: Middle Cenomanian to Lower Coniacian (Taketani,
1982), Cenomanian to Turonian (Thurow, 1988), and
Lower to Upper Cenomanian (O’ Dogherty, 1994).

Family EUCYRTIDIIDAE Ehrenberg 1847

Genus Pseudoeucyrtis Pessagno 1977
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Pseudoeucyrtis sp. cf. P. spinosa (Squinabol 1903)
(Plate 3, fig. 28)

Remarks: Test of this specimen consists of a large spherical
portion (post-abdominal segments) with a long robust
apical horn and a long terminal cylindrical tube, main part
of which is broken. On the basis of these external features,
it probably belongs to Pseudoeucyrtis spinosa, but slightly
different by lacking spines on the spherical portion.

Genus Stichomitra Cayeux 1897

Stichomitra communis Squinabol 1903
(Plate 3, fig. 29)
1903 Stichomitra communis n. sp. — Squinabol, p. 141,
pl. 8, fig. 40.
1981 Stichomitra communis Squinabol — Nakaseko and
Nishimura, p. 162, pl. 11, fig. 11; pl. 16, fig. 14.
1982 Stichomitra communis Squinabol — Taketani,
p. 54-55, pl. 3, fig. 9; pl. 11, fig. 5.
1989 Stichomitra communis Squinabol — Tumanda,
p. 40, pl. 7, fig. 7.
1992 Stichomitra communis Squinabol — Okamura,
pl. 37, fig. 28.
1994 Stichomitra communis Squinabol — O’ Dogherty,
p. 144-145, pl. 17, figs. 6-16.
1997 Stichomitra communis Squinabol — Hashimoto
and Ishida, pl. 1, fig. 3.
1997 Stichomitra communis Squinabol — Sykora et al.,
pl. V, fig. 7.
1998 Stichomitra communis Squinabol — Salvini and
Marcucci Passerini, fig. 8j.
1998 Stichomitra communis Squinabol — Erbacher, pl. 1,
fig. 12.
2001 Stichomitra communis Squinabol — Bragin et al.,
figs. 6.15-6.17.
2006 Stichomitra communis Squinabol — Musavu-
Moussavou and Danelian, p. 155, pl. 2, fig. 15.
2007 Stichomitra communis Squinabol — Musavu-
Moussavou et al, p. 271-272, pl. 4, figs. 7-8.
2012 Stichomitra communis Squinabol —Asin and Jasin,
pl. 2, fig. 2.
2015 Stichomitra compsa Foreman — Hashimoto et al.,
p.47,pl. 1, fig. 13.
Range: Lower Cenomanian? to Lower Coniacian
(Taketani, 1982), and Lower Aptian to Lower Turonian?
(O’ Dogherty, 1994).

Stichomitra manifesta Foreman 1978
(Plate 1, fig. 13; Plate 2, fig. 25; Plate 3, fig. 31)
1972 Diacanthocapsa sp. B — Petrushevskaya and
Kozlova, p. 536, pl. 7, fig. 5.
1978 Stichomitra manifesta n. sp. — Foreman, p. 748,
pl. 5, fig. 4.
1982 Stichomitra manifesta Foreman — Taketani,
p.- 55-56, pl. 3, figs. 8a—8b; pl. 11, figs. 7-8.
1992 Stichomitra manifesta Foreman — Iwata et al.,
pl. 3, fig. 9.

1997 Stichomitra manifesta Foreman — Hashimoto and
Ishida, pl. 3, fig. 2.
1998 Stichomitra manifesta Foreman — Ishida and
Hashimoto, pl. 2, fig. 7.
2008 Lithocampe manifesta (Foreman) —Bandini et al.,
pl. 3, fig. 16; pl. 4, fig. 6.
2012 Lithocampe manifesta (Foreman) — Asis and
Jasin, pl. 2, fig. 11.
Remarks: According to Foreman (1978), Stichomitra
manifesta is distinguished from other species of
Stichomitra by having a large hemispherical thorax greater
in length than the succeeding segments, and in the usual
case, test is composed of four or five segments, but rarely
of seven. The examined specimens possess four segments,
except for the specimen illustrated in plate 3, fig. 31 which
has seven segment.
Range: Coniacian to Lower Campanian? (Taketani, 1982),
and Middle Coniacian? to Lower Maastrichtian (Hollis
and Kimura, 2001).

Stichomitra asymbatos Foreman 1968
(Plate 2, fig. 27; Plate 3, fig. 32)
1968 Stichomitra asymbatos n. sp.—Foreman, p. 7375,
pl. 8, figs. 10a—10c.
1972 Stichocapsa asymbatos(Foreman) —Petrushevskaya
and Kozlova, p. 546, pl. 8, figs. 1-3.
1974 Stichomitra asymbatos Foreman group — Riedel
and Sanfilippo, p. 780, pl. 10, figs. 1-7.
1978 Stichomitra asymbatos Foreman group — Foreman,
p.- 748, pl. 4, fig. 15.
1982 Stichomitra asymbatos Foreman — Taketani, p. 54,
pl. 4, fig. 13; pl. 11, figs. 34.
1982 Stichomitra asymbatos Foreman— Yamauchi, pl. 5,

fig. 8.

1987 Stichomitra asymbatos Foreman — Yamasaki, pl. 1,
fig. 15.

1992 Stichomitra asymbatos Foreman — Iwata et al.,
pl. 5, fig. 9.

1997 Stichomitra asymbatos Foreman — Hashimoto and
Ishida, pl. 3, fig. 17.

1998 Stichomitra asymbatos Foreman — Ishida and
Hashimoto, pl. 2, fig. 4.

Stichomitra sp. aff. S. asymbatos Foreman 1968

(Plate 2, fig. 14)

Remarks: This specimen is probably different from
Stichomitra asymbatos by having a more inflated test with
five segments.

Stichomitra sp. cf. S. conicus (Nakaseko and Nishimura
1981)

(Plate 2, fig. 26)

Remarks: This specimen resembles to Stichomitra conicus
in having a test which is proximally conical and distally
subcylindrical shape, but slightly differs by having
transverse rows of pores which are smaller in size.
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Plate 1
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SEM images of Upper Cretaceous radiolarians from the Matoya Group in the Toba District.

TB31-06 (Locality 1, southwest of Anori, Shima City)
1: Orbiculiforma sacramentoensis Pessagno

2: Dactyliosphaera sp. aff. D. silviae Squinabol

3: Pseudoaulophacus praefloresensis Pessagno

4: Archaeospongoprunum hueyi Pessagno

5: Patellula planoconvexa (Pessagno)

6: Rhopalosyringium magnificum Campbell and Clark
7: Cryptamphorella macropora Dumitrica

8: Diacanthocapsa sp. cf. D. ovoidea Dumitrica

9,10: Dictyomitra densicostata Pessagno

11,12: Amphipternis stocki (Campbell and Clark)

13: Stichomitra manifesta Foreman

TB31-03 (Locality 2, southwest of Anori, Shima City)
14: Orbiculiforma sp. cf. O. railensis Pessagno

15: Pseudoaulophacus sp. cf. P. lenticulatus (White)
16: Alievium gallowayi (White)

17,18: Archaeospongoprunum hueyi Pessagno

19,20: Rhopalosyringium magnificum Campbell and Clark
21: Cryptamphorella sphaerica (White)

22: Cryptamphorella sp. B sensu Bak (1996)

23: Eastonerius sp. aff. E. acuminatus (Dumitrica)

24: Dictyomitra multicostata Zittel

25: Dictyomitra densicostata Pessagno

26: Thanarla sp. aff. T. veneta (Squinabol)

27: Xitus spicularius (Aliev)

28.29: Amphipternis stocki (Campbell and Clark)

30: Amphipyndax tylotus Foreman

31,32: Amphipyndax sp. aff. A. tylotus Foreman

All scale bars are equal to 0.1 mm.
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Plate2 ~ SEM images of Upper Cretaceous radiolarians from the Matoya Group in the Toba District.

TB20-03 (Locality 3, southwest of Hiyama, Shima City)

: Pseudoaulophacus floresensis Pessagno

: Pseudoaulophacus sp. cf. P. pargueraensis Pessagno

: Patellula verteroensis (Pessagno)

Archaeospongoprunum sp. cf. A. stocktonensis Pessagno

: Cryptamphorella macropora Dumitrica

: Theocampe salillum Foreman

: Diacanthocapsa ovoidea Dumitrica

: Diacanthocapsa sp. cf. D. ancus (Foreman) sensu Dumitrica (1970)

: Dictyomitra koslovae Foreman

10,11: Dictyomitra multicostata Zittel

12,13: Amphipternis stocki (Campbell and Clark)
14: Stichomitra sp. aff. S. asymbatos Foreman

TB20-02 (Locality 4, northeast of Hiyama, Shima City)
15: Alievium sp. cf. A. gallowayi (White)

16: Pseudoaulophacus lenticulatus (White)

17: Pseudoaulophacus floresensis Pessagno

18: Patellula verteroensis (Pessagno)

19: Rhopalosyringium magnificum Campbell and Clark
20: Cryptamphorella sphaerica (White)

21: Theocampe salillum Foreman

22: Dictyomitra koslovae Foreman

23: Dictyomitra densicostata Pessagno

24: Amphipternis stocki (Campbell and Clark)

25: Stichomitra manifesta Foreman

26: Stichomitra sp. cf. S. conicus (Nakaseko and Nishimura)

27: Stichomitra asymbatos Foreman

TB05-12 (Locality 5, Kuzaki, Toba City)

28: Alievium sp. cf. A. gallowayi (White)

29: Pseudoaulophacus lenticulatus (White)

30: Pseudoaulophacus floresensis Pessagno

31: Cryptamphorella wogiga Empson-Morin

32: Theocampe urna (Foreman)

33: Dictyomitra koslovae Foreman

34: Dictyomitra undata Squinabol

35: Dictyomitra duodecimcostata (Squinabol) sensu Foreman (1975)

All scale bars are equal to 0.1 mm.
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Plate3 ~ SEM images of Upper Cretaceous radiolarians from the Matoya Group in the Toba District.

TBO01-04 (Locality 6, northwest of Ijika, Toba City)

: Archaeocenosphaera? mellifera O’Dogherty

: Conocaryomma californiaensis (Pessagno)

: Alievium sp. cf. A. praegallowayi Pessagno

: Archaeospongoprunum sp. aff. A. andersoni Pessagno
: Patellula verteroensis (Pessagno)

: Cryptamphorella sp. aff. C. gilkeyi (Dumitrica)

: Hemicryptocapsa polyhedra Dumitrica

: Dictyomitra formosa Squinabol

O 0 3 N B W N~

: Dictyomitra multicostata Zittel

10: Pseudodictyomitra tiara (Holmes)

11: Amphipternis stocki (Campbell and Clark)
12: Torculum sp. aff. T. bastetani O’Dogherty

TB01-02a (Locality 7, southwest of Ijika, Toba City)
13: Conocaryomma universa (Pessagno)

14: Alievium sp. cf. A. praegallowayi Pessagno

15: Pseudoaulophacus sp. cf. P. praefloresensis Pessagno
16: Pseudoaulophacus pargueraensis Pessagno

17: Pyramispongia glascockensis Pessagno

18: Patellula verteroensis (Pessagno)

19: Rhopalosyringium sp. A sensu Bandini et al. (2008)
20: Theocampe salillum Foreman

21: Archaeodictyomitra squinaboli Pessagno

22: Dictyomitra sp. cf. D. gracilis (Squinabol)

23: Dictyomitra formosa Squinabol

24: Dictyomitra multicostata Zittel

25: Dictyomitra andersoni (Campbell and Clark)

26: Dictyomitra sp. aff. D. densicostata Pessagno

27: Pseudodictyomitra tiara (Holmes)

28: Pseudoeucyrtis sp. cf. P. spinosa (Squinabol)

29: Stichomitra communis Squinabol

30: Amphipternis stocki (Campbell and Clark)

31: Stichomitra manifesta Foreman

32: Stichomitra asymbatos Foreman

All scale bars are equal to 0.1 mm.
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