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Stratigraphy and radiolarian ages of the Sakashu Group, South Kurosegawa
Terrane (Sakashu Belt) in East Shikoku

ISHIDA Keisuke* and KOZAI Takeshi*

Abstract The post-Norian and pre-Hauterivian cover formation of the Permian accretionary complex is
investigated in the lithostratigraphy and radiolarian ages in the Sakashu Belt (South Kurosegawa Terrane),
East Shikoku. The cover formation, proved to be the Lower Jurassic-earliest Cretaceous fore-arc basin-deposits,
is newly named the Sakashu Group. The group is composed of the Lower Jurassic Hirose Formation (new
name), and the Middle Jurassic-earliest Cretaceous Kurisaka Formation (revised). The Hirose Formation
unconformably overlies the Carnian and Norian shallow-marine formations. The Kurisaka Formation is
unconformably overlain by the Shobu Formation of the Takegatani Group (brackish Hauterivian). The Hirose
Formation initiates in the radiolarian Parahsuum simplum Zone. The middle to upper part of the Kurisaka
Formation at least ranges from the Tricolocapsa conexa to the Pseudodictyomitra primitiva zones. The Sakashu
Group provably encircles the upper Lower Jurassic beds. Because the submarine-slide beds, being intercalated
in the Kurisaka Formation, contain the mudstone block of the Trillus elkhornensis Zone. The Sakashu Group
is correlative with the Kawamata and the Ashikita groups in Kyushu. The Naruho and Kagio formations in
West Shikoku, and the Nakanose and Birafu formations in Central Shikoku are correlative to the formations of
the Sakashu Group. The fore-arc basin-formations were formed on the Permian accretionary complex of the
Kurosegawa Terrane from earliest Jurassic to earliest Cretaceous. The sedimentation was after the deposition
of the Triassic shelf-deposits (Zohoin and Kochigatani groups), and before the initiation of Hauterivian delta-
sedimentation (Shobu Formation of the Takegatani Group).
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Fig. 1. Geological outline map of the Sakashu Group (Hirose and Kurisaka formations) with the index map. 1-11:

radiolarian localities.
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Age Zone & Assemblage
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Fig. 2. Stratigraphy of the Sakashu Belt.
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Fig. 3. Stratigraphic columns of the Sakashu Group (Hirose and Kurisaka formations).

Asterisks show the reworked fossils found in the sliding blocks.
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5 1%, Eomiodon matsumotoi, E. nipponicus, Hayamina
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Tricolocapsa plicarum Z X L 45 2 2 FEEHE £
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Fig. 4. Lithological features of the Hirose Formation at Hirose, Sakashu. A: a graded sandstone bed in the alternating
beds of sandstone and mudstone. B: convolute lamination in the turbiditic sandstone and mudstone. C: basal part of
the channel-fill sandstone beds with rip-up mudstone clasts. D: reef limestone (ls: Torinosu-type) block in the channel-
fill sandstone.
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A& (230§ 5 Pkt kg (Loe. 2: Fig. 3) &9,

Parahsuum simplum, Parahsuum ovale, Gigi sp., Bagotum sp.
RGN & ¥ 2 M B AT L (Fig. 5), Hori
(1990) @ Parahsuum simplum Assemblage Zone, & { |2
Subzone I {Zaf S 4. & 7-Matsuoka (1995a) @) Parahsuum
simplum Zone JR1) 2k &, FTY 25 R TEICET
H. ZOLYIZ, LR, TS LEMECTHTEHY 2
7 7% TR0 Parahsuum simplum Zone (Hori, 1990; Matsuoka,
1995a) (259 5,

2. BIRE

SRR DB 75 B A SR - - B i o 5 A iy ¢ R
LML, ARG FEORLOIRER (Fig. 3) 2 513, Hkh
FHH E N TR v, 7roEF 4 PRI ERLT VS,
S O il Kobayashi and Iwaya (1941) (2 & 2 4%
OHEXWTLHY, 7241 b O Ataxioceras kurisakense
EIETH LG, Kimmeridgian BT 2% 9 5 & B
& 41T v /2 (Kobayashi and Fukada, 1947; Sato, 1974). Ishida
(1997 13, HBAMOER 7 2 a ¥ (Loe. 3 I2BWT,

EERBOEBERIIE, ENEHORF & RERFK

Fig. 5. SEM photographs of Lower Jurassic radiolarians from the Hirose Formation (1-12) and the sliding mudstone-
block in the Kurisaka Formation (13-22). Scale bars (a-¢) indicate 100 e m. a: 1, 9. b: 2-6, 10-17, 21, 22.¢: 7, §,
18-20. 1-6: Parahsuum simplum Yao (1: Loc.1; 2-6: Loc.2): 7.8: Bagotum sp. (Loc.2); 9: Gigi sp. (Loc.2); 10-12:
Parahsuum ovale Hori and Yao (Loc.2); 13: Parahsuum ovale Hori and Yao (Loc.11); [4: Parahsuum takarazawaense
Sashida (Loc.11); 15: Broctus sp. (Loc.11); 16: Canoptum anulatum Pessagno and Poisson (Loc.11); 17: Parahsuum
kanyoense Sashida (Loc.11); 18: Bagorum sp. (Loc.11); 19: Archicapsa pachyderma (Tan Shin Hok) (Loc11); 20:
Parahsuum sp. (Loc.11); 21: Droltus hecatensis Pessagno and Whalen (Loc.11): 22: Noritus cf. lillihornensis
Pessagno and Whalen (Loc.11).
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conexa ii i - Kilinora spiralis 4if (Matsuoka, 1983) |2 I 4
L. HNINE A OMIN-H > FGETTC T, B o HR
M AE D HCH T HERUD I T QYRS AR A IR

I (Loc. 9) & Y, Loopus primitivus, Svinitzium Sp-,

Pantanellium lanceola. Cinguloturris carpatica, Arch:acc)dr'cryomim
.fpmrrum A. minoensis, Solenotrima ichikawai @) 1 pE CIRE
DT S AL B EEYEATE L (Fig. 6),  Loopus primitivas 4
(Matsuoka, 1995b) {2JB T 5. 1T 4 4-F & SHEIG VTl
FEE DT G UORRE T IIJU)IIIL(JL{I'”(LOC 10) &b
Tricolocapsa conexa 7°PE L, T. conexa 573 v LK:Iinnm
spiralis 77 (Matsuoka and Yao, 1986; Matsuoka,19954) | & =5
b F1z, O EL00mAEOWRTUERG A+ 2 i
< bRt 6, MOl Lo B SHICHIK F
VBT S IMRET (Loc. 11) £ Y, Archicapsa pachyderma,
Parahsuum kanyoense, P. takarazawaense, Canoptum anulatum.,
Droltus hecatensis, Noritus cf. lillihornensis, Parahsuum ovale.
P. sp., Broctus sp., Bagotum sp. 7%t L (Fig, 5, GRS
2001), Trillus elkhornensis 77 (Matsuoka, 1995a), i3
Parahsuum takarazawaense 4ii (Sashida, 1988) 412 & K 1y

MRS L EGZONL. BIUMD BT far 5 18,

=, RILEZ EAFEL, A > TiXEguchi (1951) 12
K% Reli At 7 ;—-ii Twah,

KEMEBRFER

LRG0, LNBYL TR 2y Famura(1960) 1= & - T
2080 “HHAKRE R T WL, Shen- le;;;”u -
ULIEARS, i) "'.T‘III” MRIRGTE b 2 G e b s 2
PR uH WRHHSL, 85 O%lt 5 < 5 1o
B LD -Gl 20 6 ORI & W 4 S 4, Gk (i)
L Kimmeridgian % /59 Ataxioceras RS RS
Kobayashi and Fukada* i L (Fig. 7), 2.1m FREnCEyiE (77
#C2) B0k, Kilinora spiralis 417 @ Jicii th 5 ,L;,{; BT+ 5
Edb, THHMEBRER, HEom+abs,
Oxfordian {7V L Kimmeridgian F i & % 2 ),fl A R
L O 1 b R W 1 O B 4 v A e o3 = T O B e 7
ARG TUGMICRG 2% "KL, LB R B0 7 6

HLAB O Tithonian & 7897 > €34 | Aulacosphinctes

mERROFBRAE, EMNEHORRF & MERER

Fig. 6. SEM photographs of Middle Jurassic - earliest Cretaceous radiolarians from the Kurisaka Formation. Scale
bars (a-c) indicate 100 g2 m. a: 13.b: 1,2,4,5,16,18-20. ¢: 3,6-12,14,15,17. 1: Loopus yangi Dmitrica (Loc.6); 2,3:
Pseudodictyomitra carpatica (Lozyniak) (Loc.6); 4: Archacodictyomitra apiarium (Ruest) (Loc.6); 5: Loopus
primitivus (Matsuoka and Yao) (Loc.5); 6: Archacodictyomitra apiarium (Ruest) (Loc.9): 7: Archaecodictyomitra
minoensis Mizutani (Loc.9): 8: Solenotrima ichikawai Matsuoka and Yao (Loc.9): 9,10: Loopus primitivus
(Matsuoka and Yao) (Loc.9): 11: Svinitzium sp. (Loc.9); 12: Cinguloturris carpatica Dumitrica (Loc.9); 13:
Pantanellium lanceola (Parona) (Loc.9): 14: Eucyrtidiellum ptyctum (Riedel and Sanfilippo) (Loc.4); 15
Dictyomitrella () aff. kamoensis Mizutani and Kido (Loc.8); 16: Hsuum maxwelli Pessagno (Loc.8); 17: Protunuma
ochiensis Matsuoka (Loc.8): 18: Kilinora spiralis (Matsuoka) (Horizon C2 of Loc.3): 19: Tricolocapsa conexa
Matsuoka (Horizon C2 of Loc.3); 20: Tricolocapsa plicarum Yao (Horizon A of Loc.3).
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Fig.7. Ataxioceras kurisakense Kobayashi and Fukada,
1947 from the Kurisaka Section (Loc. 3, Horizon C1 of
the Member G).

sp. DREEH A ST 5 (HFT, 1960). 72 iR~
513, Hsuum maxwelli 5 J UF Loopus primitivus iif O ik
B ATER L, Kimmeridgian7® & Tithonian & 2 115 (74
B, 2001). CRLDZ Ehs, HAR LTI
Kmmm@m,iﬁuﬂmmmt%i%ﬂé.ik,m%
SRR BE 2 UG 13BN B LA &, Oxfordian» 5
Kimmeridgian & 1 % (Mori, 1963). EHE1 5 FEH T
%, Grammatodon takiensis Kimura, Parallelodon kobayashii
(Tamura), Entolium kimurai Tamura, Somapecten
kamimaensis Kimura, Lima tosana Kimura, Exogyra
kumensis Tamura, Astarte defecta Tamura, A. sakamotoensis
Tamura, Protocardia tosensis Kimura, Pleuromya ?
punctostriac Tamura, Corbula grobosa Tamurald, /iR
&, AR>S S EHAHE 2 (Tamura, 1959a-c,
1960), F 72, Eopecten kurisakensis Tamura, Gervillia
tatenosawensis Tamurald it / R@ 4 H e A5G 2 hhTw
%4 (Tamura, 1960). Zh 63, iRt s o a 2Bl 5
THHAENREORBAER LT/ L2V, Hr G—-HILO

AT TIE, BEEEIRE N 2 HRET 2 BRiRERIcH
T, Tricolocapsa conexa [ (Loc. 10) ® 4 #412m &
), Entolium kimurai, Astarte sakamotoensis 75 L TV 5.

X I

AR, LH - MEO BT, B#ENEO~L LRACE
Wi L, BEFMEERYOEER ERohcun s Eko
FaFr &, HEHERIE S ZhTwa. ABETIE, A
I, TS IR O RIERE OBEE A B L, A E S A
% o L MEREE IR DR & O3t %475 (Fig. 8).

1. AMOERENE

FRIZNGBAZ 343 5 U D~V 28 AC L 12 534
VAR AR Y 2 5 Rk, H&als & 2 5
BE(EARIED, 2001), 4 (K, 1977) - MERE (i
H - fE8F, 1986), & OBAHEORAR (ME, 1960 ; 4
A - EPKE, 1964) D6 TV 3.

BEXH

AN IR T 2R EMEN Y 25 g, EH R (1
¥, 1977) - WhERG (R - 4E%F, 1986) AmSh TR Y,
KERDPSE, PEEOTEHL N7 > EF 4 MO Cadonites
sp.. Planisphinctes? sp. #*4{ti% & 11 (Hirano and Sano, 1977) .
ik D8 a7 & Unuma echinatus BESEA O et th prRE
%énfﬁh,%&@uW%91§%GWMm+mmmm
ERHTE STV (HEH - E5F, 1986). 3 722458 o pif
VoA B MIERE A 513, Ristola altissima % (3 Lbk$3
BRERDENICL Y, E#Y 2 5 F Tithonian T kA
LEREENTW (B - 45, 1084).

AR (2001) 0, FERGS & NSRS 31 s % &
727 27 RO & i Et % i L, BEANEE
WG T 5 2 2 T 5 i 4B 23, Laxtorum
Jjurassicum i ~ Loopus primitivus {12 B 52 & % 1 & s (2
L7z 7z, SV 23RS THMAERICE T, faphr
FIEDND L EWMOHIIL, Wl 15 R
EHEAR L.

IR A

WA DWARGE, KL & S 78 (HHF, 1960 ;
FEAC - BIARRL, 1964) 12X D, s (& Aulacosphinctes
sp.A%EE L Tithonian ([UAT, 1960) & &4 X hcwvvz, ik
WL Tricelocapsa conexa %7 v L4 Kilinora spiralis 15 7* ©
Loopus primitivus 0= 2T CTOMEEDTE L, B2 Tithonian,
FERE Oxfordian DUTIZ S D122 LN s h w3 (75
G, 2001). KD - $0HE(2003) 13, il oA < o
F7REIMBIE, S0, BARO 3 oORW s 4 BT
Aekifit - f L7s HRIRRGIE Haugiacf. variabilis % J2 |,
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AGE ZONE & ASSEMBLAGE KYUSHU SHIKOKU
Hinagu Subzone | Sakamoto Subzone Shirokawa Sakawa-Niyodogawa Monab:
Baremian | Archaecdictyomitra pseudoscalans AZ |Miy o et al,, 2001 |Ohta & Sakai, 2003 | Hadaet al,, 1992 Hada, 1996 Kozai & Ishida, This paper
Hauterivian Yokota & Sano, 1984 | Nishizono, 2001 Iskida, 1957 Katto & Matsumato, 2003, 2004 |Ishida & Kozai, 2004
CRETACEQUS e
1| Cecrops septemporatus Zone 1982
Berriasian | Pseudodictyomitra carpatica Zone
Loopus primitivus_Zone a | lkebaru Fm. Birafu Fm.
Upper | Hsuum li_Zone E é‘ Sakamoto Fm. " | =|Kurisaka Fm.
Stylocapsa (7) spiralis Zone ] 3 1
Tricolocapsa conexa Zone E 2 Kalselisan Facies "Torinosu Ge.” “g
JURASSIC Middle | Tricolocapsa plicarum Zone E Bisho Fm. | Z | Kyodomari Fm. Kagio Fm. =
Laxtolum (?) jurassicum Zone = 3 7 %
Trillus elkhorensis Zone Idenohana Fm. © | (slide block)
Lower . ? ? Naruho Fm. Nakanose Fm. 3
Parahsuum simplum Zone Hirose Fm.
TRIASSIC | uppermost | Canoptum triassicum Zone

Fig. 8. Correlation of Jurassic fore-arc basin formations on the Kurosegawa PAC in Shikoku and Kyushu.

Toarcian & & R 2 TH Y, HiHM A 513 Tricolocapsa
plicarum W O HAEH ST 5.

2. MEOCERIH
ulEdfiapei
PRI I IR IRN T H I, REIAT DL L R E R
REEE & IR i L R R L3 F T B HLRE R B A
T, LEEHL i ShTuRaREe R TR S D
% Canoptum spp. % {4 9 HrB B4R M s h, =/adi
B~ ¥ 2 7 %A & A7 S 17z (Hadaetal., 1992). [ L
{ Hada et al. (1992) = X 41, [R5 5 Dictyomitrella
SPATETHLEENTED, Vagidiile Rashs,
TR, SRR OMIITEER e LTI
B0 (1959) 12 & Wi s his, EERESHRS 2 HEICMED
B - RER T, TEHRASWEEST, LiENREES
Ehd, FLTHRIEEREAREEUREEES. =
KEGHATESGICE ) b 5a. REAE LD Unuma
typicus % P9 WL 7 & Tricolocapsa plicarum i O FUHL 1
PRI s Ty, YagikhinrkEt Reshs
(1[H, 1987 ; Hada et al., 1992).
P & e s 55
IR T, i~ b= R R A A O
REEIERT B LAY & 1P 7 BRERRF O WIS 2 IRAT, T
S DOILMIZ Ao B AT L 0D K5 BLRE BEAT 24 R 553 L
TH Y (K, 1982), WHEREMIA (R IZKT L. B
FREENT, -y MRS - RELE CRHE
26 7 B RRIE30mEL EOEAAAT L CB Y, ERLEO
Nereites cf. murotoensis & & b (2, BRGSO EIEE
WA 51k, 7 EF 1 b D Evaspidoceras sp. aff. E.
pyrraha Spath 751 LT3 D, Callovian L1 & R4 = ATV
BB - 484, 1982). S EaD, Il o R
BEHIMI L, SR T30 Tricolocapa plicarum i \Z 4 1L
SAD, EAMECIERR T, fhE - REER B LR
g s b, HEWREKE LBELE) 25,

Canoptum sp., Eucyrtidiellum sp., Eucyrtidiellum sp. cf. E.
pessagnoi s EDQMEM AT S h, ZELRERW» S
JagikMiL R s, B ¥R LGRS/ (Hadaer
al., 1992). /iR O ftid i #8440 Eucyrtidielium spp. &
T eds, VagRiiflEAe3ns,

BB R ORI MERIZE, @ - BEEELL T,
BERXOBREZEI WEHESHELTEH, HEHOR
WAEAERE L R STz (KH, 1941a). HEFIED
(1989)1F, LM DN 2R E LT, FRAMGE Lo
4L, A S & AR LT, TOENRE
Valanginian ] ~Barremian & L7z, &6 - 71 (2003), &
G134 (2004) (3B H O HHERE P & iR 2 AT L, T
RS A5Kilinora spiralis 45 (¥ = T &2 &WF), iRk »*
Loopus primitivus 7 (¥ = 7R HEHFE), AIRETRIEL
T, #h XY LSS Psendodictyomitra carpatica 7 ( F1HE
AT I RSN L2 # 5 A2 L, Kimmeridgian7 ¥
+ Ak OMEHEHE (Kobayashi and Fukada, 1947) & & & 48
T, ERAFHY 2 T30 R ~ B WAL R O MFR T T +F
D2 ERBLEMIL, MEAE2S S, NHERHORE
B ioa ks BEIFESoBR Th L I L rim Uk,

PHE S ER

4@, WHENIHE-7 k912, MEHRBOIPEINKRT
(3, BT G oL ACACE R T A 0D
WhH Yo g EiomkiEAlEd S TERE IR,
Kimmeridgian7 ¥ E 5 4 b @ 8 1§ 48 (Kobayashi and

Fukada, 1947) ¥ A T, ¥ =27 & AE (Tricolocapsa

conexaiti ) ~ FIHLAC ¥1 1 ( Pseudodictyomitra carpatica i) 12
REARHERSRTH L. 7, PREOWHERRT,

MY L B2 SR CwiE - lRENE, ¥ 7R

#) (Parahsuum simplum 35) D ¥ — ¥ ¥ 4 P RIHRTH O,

M L s,

R & SRR OO E BRI D TR AR OIRET
i it

T, H T HE A B
& B A s 71 ’_L N9

st . ! T P T
{Carnian} @ Halobia sp., Pscudolimea naumanni % & % £
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RBEHER L ERKER EFESICHY, 3555
D LEBIE, BE T T 5 T A E R (Hauterivian) KA
BIZLoTHDNE., DEICHTE, H#EGEBREHLH
A NEEBHBRBANFEO Y 2 SR—AFELIMOHE
BEMRHIIEMHBREL GBS 7.

PAEEEA Lo B & BB R 2 & UIs i E ok
BUETE, AMASONEBRECELBE, NEHRD
BURERS - BB, T-WESRBOT ) EHLNE I
DERBEHHLE, %6 CIYBNAROLEAATIE, I
BB THICER SN BENBRII s hs, & IC
FHgE, UESRREOS ) HR, MWERBO KRB -5
ehnd, 7, BREE, NEPRBOXLAGE, LM
BBOPAR, wHEBIcEshs.

B - SUHIZ BT 2 B B S R AT S % BT
2, BEINBEAVLLBACLIZGHL, £LLTY2T
BEBEFOVDODLFEEHF[ L Eoh T BEE, F
B8 2 7 ¥ (Parahsuum simplum ) ~ B L #8 2 5 % (Loopus
primitivus 77) 3 & U T &8 38 % (Pseudodictyomitra carpatica
FNIRASEAEBEEREEE L ON S,

¥ & ®

DHEH RO AR RN (BT, BH - Fil, 2003)iC
SHFT 5, WhLBEEBHHLEHL, TS 1 7RDIL
B (HH) L P8 Y 2 7 A~ B F A1 R 0 RERG (FsE
BIEgENnT. 1, LERNEREREF >0, LT
BAREETHTONLTHY 2 7—R T HRAERBEG
IIBONE B (B Efpa ST,

I5#6/% {2 Parahsuum simplum W2 L, ¥ —¥¥ A4 M
BE-RBEBETEL LT, StEre L TORRNAIKE
¥et. LEBLEROXREMRY LT oBaRE, L
=2 FHCarnianff DELG 2 A% G128 ). Norian FFD
Bra@BbArgEgIlBIbnLEESND.

BRRBITRER O EREIR L L LTS - faki%
v, b h» & _FEBId Tricolocapsa conexa i ~ Pseudodictyomitra
carpatica ¥\ B 5. R TIBORERIT €+ 1 + &
EL, LEBOREHLBERELBICHAMIZASY
3. BRI 4 G REA TN (T HA %R Hauterivian B
DEKBABEEIBDIS.

40 L BB E S & UG OB IZET &,
HINEEERD I MZRE BER TN RG B, URIPEHE OB - ik
R, % 7-PHEhIma it s $EGR fr AL o B MR TR
MIF, o IO E RIS, MEHECH:
ICEH SN PHBB b a NG, & IZILHEE, M
Ehmod  #iG, WEHBORHRICHIahs, ¥

72, REREE, MEPRBOERGB, LMELEOHEEK
R, mERIcHhkEhs, * UM B HIRIC BT B Rk
HERFEHBRERRIC LN, BEIIEORLLLZAC
ERAAL, EELTY 258 %E0vV bW 3 BHRNE
ERZSNTOAERIE, FTHY 25 % (Parahsuum
simplum ) ~ 1 T ¥ 1 3% (Pseudodictyomitra carpatica )
CRANGLBEREREL ZX o h s,

.

ERETLDBIIDHoT, BPIKEf2 TRBAK
Kﬁ—%@ﬁﬁ@%ﬂtgﬁﬁﬁtmﬁwtﬁwt.ﬁﬁ
ké&ﬁﬁﬁﬂ%ﬂ%ﬂoﬁm%&&&uu,Eﬁ%ﬁr
WitRRwi, ERREFEAHEY BEEEE TR, &
ﬂ@%&%%ﬁofwtﬁwt.ELTE<£%$LLW
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