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Triassic to Middle Jurassic radiolarians from pelagic cherts in the Nanjd Mountains, Southwest Japan

— Part 1. Imajo district
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Garnet crystals from the Ryoke Metamorphic Complex in the Tsukude area, central Japan

Garnet is a common mineral in metapelite and metachert of the Ryoke belt. Chemical zoning and
inclusion paragenesis within garnet crystals provide invaluable information on conditions of
metamorphism. The microphotograph shows garnet crystals in a pelitic gneiss from the
K-feldspar-cordierite zone of the Ryoke belt. These garnet crystals exhibit textural zoning consisting
of an inclusion-rich core and a clear rim, but were affected by diffusive homogenization of major
element zoning at the thermal peak of metamorphism. Plane-polarized light, 0.4 mm wide.

(Photograph and Caption by Shunsuke Endo)



WE AT | 55 64 &, 55 3/4 %5, p. 59 — 84,2013

=& - Article

BB EFHIZOERER-ZR I T Ly 7 ADOME
BB - LI B

Shunsuke Endo and Toru Yamasaki (2013) Geology of the Ryoke Plutono—Metamorphic Complex in the
Tsukude area, central Japan. Bull. Geol. Surv. Japan, vol. 64 (3/4), p. 59—84, 14 figs, 3 tables.

Abstract: Geological mapping (7x10 km®) of the Ryoke Plutono—Metamorphic Complex exposed in
the Tsukude area, central Japan was carried out to provide information about geological structure, the
nature of plutonism and metamorphism, and their relationships with the neighboring districts. The Ryoke
Metamorphic Complex (RMC) of this area is a 4,000 m—thick sequence of north—dipping strata composed
mainly of metapelite, metapsammite and metachert, which corresponds to the upper unit of RMC in
the Mikawa Plateau. RMC of the Tsukude area was intruded by the post—-metamorphic Ryoke granitic
rocks, including the Shinshiro Tonalite, Mitsuhashi Granodiorite and Busetsu Granite. In addition, the
distribution of pyroxene— and calcic plagioclase—bearing plutonic rocks was newly identified as the
Tsukude mafic rocks. Metamorphism in this area is divided into biotite zone and K—feldspar—cordierite
zone. The K—feldspar—cordierite zone represents contact aureoles of the Ryoke plutonic rocks. The
Shinshiro Tonalite is surrounded by an unusually wide contact aureole and recrystallization conditions
of rocks lying above the K—feldspar—cordierite isograd are estimated to be 230-240 MPa and >600 °C,
implying emplacement of the Shinshiro Tonalite at 8.5—9.0 km depth.

Keywords: Contact Aureole, Granitic Rocks, Mafic Plutonic Rocks, Ryoke Belt, Tsukude
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(W?ﬁﬁ)®%ﬂﬁﬁ%ﬁot AR bk D TR A B S
KR EIER O R L OB A & DR TEE, &
BRI S OIS 2 6 50, 2RO REIF134,000 m
K%Té.:@E%@EM%@K%H%%%%&%E@
2=y MIRbE D, AR o mE K2 S FHIC
3, rﬁ*mﬁm@& %%fmﬁﬁﬂﬁWF—f»E,
4%%fn%ﬁﬁ REERE) AEALTOS. %7,
O KRV CalFEOFEROEFOEREN ML, Th%
PET B A GTRR) & U7z, KMo MR 20 ke 1
HUEERP & 2 OB BIED 7 ) RAEE G SRS
TSR, RRSH b — OV TP O S o O R
ME IR EIZIAG. Bk b — LA O 7 ) BRAES
HOEAIE>600 °C, 230-240 MPaD W E—TE 140 CTH
FELTHD, Fk b —F LA OEEHE L 8.5-9.0 km
LEILND.

FC®IC

VYR HARPHFIZ 36 & 2 800 kmiZ D7z - THAIRIZ AT
DHRER-LR T Y TV oy 7 AL, FICERFPHERFO
Y 2 TR & & 9 5 A OIS S i 2 RO
e REOWKEH (EHEHE D ROESE A »
57 % (il Z13, Okudaira ef al., 1993 ; Nakajima, 1994 ;
Suzuki and Adachi, 1998). & 7-{EfmFAFHIE, KL SR
D IAIEZE AR FH & TRl H S 36 B U 7= oy B H A E b o M
&, IRIEZE A O # I TR B IS IEFANCE A
L, ZHUCEMZERAIER % 5 Z 7= B sERA G R 5 I X
WTE S5 (W A1E, Kutsukake et al., 2003). FHFE K%
WYy 7Ly 7 Z3BUHE, FAC ORISR ZE B T
HBZWNERT Y Ty o AL FYLEER %A T
ML THD, MHFKLIMIRERIC T 2T EE Y
OY Z4ABHRT DA THELMENRETH S BIAIX
Miyashiro, 1972 5 Aoya et al., 2009 ; Brown, 2010).

ZHRIF RGO =W EFIE, HRER-ERI Y Ty
7 Z DB EHEBPWIZIT Db TE RO —D2ThH .
BN gnmﬁnnwwgm%l%Tﬁ INEYE
@1%EI%F@EJ%¢@&T%%@1 et Bt
Wi % 7N 3 IR A A FHD R 10 kmAH XY 238 f5er9 12

B ERATF A

B (AIST, Geological Survey of Japan, Institute of Geology and Geoinformation)

* Corresponding author: S. ENDO, Central 7, 1-1—1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: s—endo@aist.go.jp
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Fig. 1 Geological outline map around the Mikawa Plateau, central Japan (modified after Makimoto ef al., 2004). The study area is indicated

by a bold black frame.

T L TR, KGR LB~ v kit W i 4 g T
LEE LML TH D (Miyazaki, 2010). &I, AFTiE
THRZ ST & SRR ORI & U CHEERRZ
KAy Ty o AERMEL, [l XiEOERZER 2
YUy o A (B, 2008) &EIFEEE U CHER A A SE
RIS R ] T b 35k oD REL A 28 ik 5 & [ U g e
I, HUOFISE [ R MR 5 e EA 6N
CE1IXD. fHRERETCHE - ROaMmic ko, [=0
KB | iR 0D R 528 IR IR SR M s, & o0 S s I 7
NTNB720, ZORFENAE DTSSR TH
o, F 7z, AU OEREREHE, FHER GRS
OB AIZL & %5 BMAERMEHPEEHL Thd 2 en
Bt s h 578, %@*ﬁ%ﬂi&it}“(hixn. Z5 LM
AP 2 728, 56 BIET IO BN AL LT -
7= (AW 20124511729 ~ 12/5). AFiTix, £ [
W e v — 4L 20T AR ER-ER T Y T
Loy 2 ZOMER R L, ARSI E DT %
HIO IS U7z, &7z, ARPE THRE L 2L O
FAA DY E AHIK DR 4 & 170, &N 7%
AR O TR OWE-TE N R0 247> 72, &
12, WECETHIZ DO W TE ABIRC RS AP RIS &
DX, EAMIROHEFFEREHE L, £ OMED

JEREBH L Ak, WO - ARHECH 25 TS,
LU 23 B R G S & A5 AL 2 oD Gofek R 5 K OVl
AIE UTHEHY L, Z8ATHE WEXOMEK % &2k
DHLYD F L WOIZ DWW TILFEEA Y L 7.

KRR I 2 S OB A Hric i, HEHEAR
Bt v a4 — LFIF I FEERE (GSJ-Lab) X DOILR Ik
TIEPMA (JEOL JXA—8800R) % F\ 72, ZrMr&kflidi1s
kV, 12 nAT, fiEdt5H IXBence and Albee (1968) 12k 5.
F 7z, EEEEEHUE T HTIE, 91 gD RIARER & 900°C T2
HERBRZEL U CRIZE (Loss on ignition : LOI) Z&HIL
7=, WAwEEY) F 7 4 (Li,B,O,) 77 v 7 AIZX 5%
WE10:1(TT92Z D) OH T A — FAERL,
GSJ-LabaX & O H XA/ MrEE (PANalytical Axios) % FH
WTAT o 72 SHTRE S S AR AIRURE & TRk O FIE CIERE L
7B AR S ¥ v & — DOHIER(LS: CE) PEERUR 4
WTCE=ZZ—L7-.

2. HEBIRE

5T5r0 1 K [ =mKEr | KIERAIC 3BT, JERGE
25K Y 7Ly 2 Z03AEPEE 7 X 10 km® DO#FPH (LI,
TEF sk % 72 I3 ARk & B9 %) Ic@H L, Z2omfilic
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uzﬁM%&{zijaxvgm%EQ%m%,ﬁm
IZIEHER =R GRS S R R O LR TR 2306
T2 CE1X). fFFHIROMERERGE I, mEN#
Wb — g, RN =ERRE AR P & v o 228
FRACTETADIERANC BA T 2130, b OEFH S
B FRD) AEAL TS,

AU 34§ 2 R T, ZRes, 28
B EARHEEALE I AROEREYHEETH S, K
ﬁﬁ@%%%&ﬁ%ﬁﬁ%tttﬁ%u¢&nﬁ,ﬁ
% (1984) 13 FRIRHTHET I 12 574 3 % Y B F ks b
R, a2 v 20INENBEEh, 7
NoDGHRmE L THZERE LS IZEBREN} (v —F 5
A4 M) PFETEZEEZREL TS, ZARKHIRANIC
BAHGAARIA D 2a0RIKERRELET L2 L
ZRRTUW 5. Suzuki et al. (1994a) 1&, Al GOk
HEE) RO B s DR ARSI & Eh 5
BREMEEF A P OPOOILE T 2 7 4 — L #EPMAT
WEL, TFHFA FhOPYOILBRKEREL 2. %
7z, FORMHEFEOJBERIREICE EN 2T F A b
DCHIME (chemical Th—U—total Pb isochron method: Suzuki
and Adachi, 1991) FFRIE & L C98.0+32 MaZ#ifE L T
W3, ZOFRMEEED, PimH AR O FHRZE B
B 5185 N TWACHIMEE F#4 MERIZWTh e
#9100 MaDERZ LS L TH D, JAIRAREM O S5
Bl (BT ¥4 2N ihd 3 2 ARSI R 525
+25°CIZ3#E L 72 ) O L S LTy b (Suzuki et
al., 1994a 5 $iARIED, 1994b ; Suzuki and Adachi, 1998 ;
Kawakami and Suzuki, 2011).
Mgﬁﬁ@%ﬁb—%w%dFﬁ%JE@Wﬁ@%ﬁﬁ
A E Ric o+ 2 5HROE MR T, F& L
THRARZER N —FILE» O/ S N5, FiliR
ROMEPAINTIZIE, T e UThEREREGAERG AN
BEAVNE 2 5 5 B WEHEE D 00T B, RIS D K
I, EEREATHIE A E R PIREE 1C BRI T
FET 570, WE %X 572D ARl gkmisl
B OMEPEIC 5409 2 W SR B S A (i B e &
M3, ZHBEAERPIRREE 5 3o 1 VBRI e8] K&
O [HOJ Mg &2 02 amd 2 5RO FERT, +
& U AR A RERERNRE 2 5 ik S h 5. sUEifE

fE 3 [ Ot [ ih ] X2 IR < A4 % 273,

AWpI IR S AR E UCRES 5.
AHSIZPE§ 2 A ERCA KLY, Thediid s
AR S KO BGHERUE2 RO 5N Tnd. 2D

5, I ZIFMEAREFR 2R LR E 3 ERUSO0TE,

Morishita and Suzuki (1995) %%, H¥k b —FILEDEF W
4 N OCHIMEFAE & L C86.0£4.7 Ma, 85.5%5.5 Ma
J 0852433 MaZz it LT 5. ZHMBTEMPKIRE 12
DWTIE, 84.1+3.1Ma (Suzuki ef al., 1994a) & 83.8+1.3
Ma ($5AKIZ5>, 1994b) DCHIMEE > # A4 MR R X

s, REAEREIZOWTIZT78.5+2.6 Ma—75.3+4.9
Ma®DCHIMEE %4 b HERAHE T2 Ekix
7>, 1994b ; Nakai and Suzuki, 2003). FFEEAFHIZOW
< 412’%@%@3 O T A A, THEED [HH] X i
A DEFE AT A 5 Nakajima et al. (2004) 5372.4+1.2
Ma®DSHRIMP (EiflE E o fiae 1 4+ v ~4rva7a—7)
UL VHERERE L T D 72, AIRACE o e
g Cld, = HRSAER P & RSB L, W
WETIRA U 72 PER A RTS8V A O IS S h
T3 (i, 2012).

3. EREHREE

31 5HEBRFEZDMBEDT

A D FHARZE B D A A A D < B X R OF
Wrimi P & 55 2 (X0, PRk [ DXk (=i, 2008)
L DORFFRI A IBNR S, TH]) Xk % ol &
2 R OERZHCE RIS, AR O g B K O B
Ay B, W FROMITICHD > THIIZZERE 2 E
95 GRREIEA, 1982 5 Miyazaki, 2010). =@ (2008)
& T X O R AT E BT LA ST
fLiZimn» -7, EiEfx=vy b EREES % o2k
AR, = b (FBOERE & £ O T Lo%
OB S RUBA), TEBL= v b (FPE b — F LB OFHA
BAENRE &2 RS silE) 121X 57 U7z, ARikic
T4 2 HREHRE NI RO RGEAH 4,000 miIZET 5.
Z L CZ DI, FrililiEiic o m 3 2 B a2
OIS OZEBHEE S, MO MG ROWEREE S %
PERG & LT, [ Xigtiko B =y Mol T
5 CGE3XD. [Hh] KR o paEs s & At o #E81C
)70 > TR R O R B — % mnd s d 2 & FAbig~
EMMRIZZLT 2 CEIRKROFEIXR). ZhisfEn, K
HbIR CII R A S T O — Mk 17 & rh g s SR O & [ o
BRI 20 5. F 72 AHUS IS RE SIS HR b — L
DFEAERBPEAL TS GE2K). 25 L2 &n6, [
M XiEISIC A B L TR RO = Y b
ARSI B T A0 GE3XD.

3.2 &

MERER AT —E L THREL T3 EHN S
PR3 H—DZ TR (D, 2 : Okudaira et al., 1993 ;
D, Z : Adachi and Wallis, 2008) IZ X %. D, LLHi{D
ZIEE RS X HE R R AL A OBIRE Sh o aa Yo
BoF &k 2 mmsE & U Cilik X Ty % (Seo and
Hara, 1980 ; Adachi and Wallis, 2008). FHFZE S D
DA E=WNNER T Y T Ly 2 2 BRI 45K &
[ C <, ZHmOMER &I V17 2 i R AR & &
O, TR OEN v 2 212 & 0 E AT 5 4 (Adachi
and Wallis, 2008), 4 ¥+ F 7L — F OLERDILARA
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Fig.2 Geological map and cross sections of the Ryoke Plutono—Metamorphic Complex in the Tsukude area. Orientation data of mesoscale
deformation structures (pole to schistosity, stretching lineation and crenulation lineation) are also shown on equal area, lower
hemisphere stereoplots.
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Fig. 3 Lithostratigraphic correlation of the Ryoke Metamorphic Complex between the Tsukude area (this study) and the Goyu area (Miyazaki,
2008). (a) Geological map. (b) Columnar sections.
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Fig. 4 Metamorphic zonation of the Ryoke Metamorphic Complex in the Tsukude area. (a) Parageneses of metapelite. The K—feldspar—

cordierite isograd is indicated by white broken lines. Als: Al,SiOs phase, Crd: cordierite, Grt: garnet, Kfs: K—feldspar, Ms: muscovite.
(b) Mode of occurrences of Al,SiO; phase. And: andalusite, Fib: fibrolite, Sil: sillimanite.

IS X N SR E D (Wallis ez al., 2009 3
Okudaira ef al., 2009). D, FEDZEIEIL, FHRKEE K
IV Ly 7 ZEIBIZ B B KA &D, BT O &,
FPEEA Ol % & DD, IE RO 23585 & LT
% (Okudaira et al., 1993 ; Okudaira et al., 2009). D, #4HH &
[l U8 - o =NZEka v 7Ly o 20128
JRKIIZRE L TR D, F—DF 2 b= 225 LT
WhEEILNS.

AHIFOD, B - Y0 PG & 18T 30-60° L1 {8
4 5 GE2X). D EUSEMHEAR LT T, BN
PYESBHNZASND. 72, L&A & O-Fo5 mRlER
B3RS NEr o720, DMEREE L TERBEDOR
BEICHELZWEL Y IR HER vy b2 GEEkTE
% (52[X). AR PEESIZ VD, B R A - &
RO A DY Y Tr—b, TVF T+ — 4 (DA
g sk vy s hTns 2.

3.3 TR
A O FEK 2 A I L ENE A (1974) OFREEL 72

[ s R VB X | TR A & R a2
HEN, RIZA (2004) DAFREEL 7220 57 D 1 VB XIE
[ERB RO R ClEak N ERaHE ShTnhd
L2 L, FEESHMMAA DY %R L 7228 0 AR
il Cidfrbh Ty, —J, FEEEO [ Xk
WA RIEE DA S D & F ORI A RS A &
N, IRBZERAER & % D% O AR % X5l L 7228
BompfrbhTE e FlAE, &AIE2, 1982, =%
1E7, 1992, B, 2008). T 5 D& TRITDEK
Sy X (e, 2008) 13, FHRZMCE A R MA & HZE
B, ) BREaw, S<ARESAWO =il
U, HrIRHEAC R SO A B A 7 ) RAEE A
& U7z, JRIBEBAERIZES 74V 75w FIZEEEY
e iZIE AT, (] XSO =y o
KB ERR SS9 5 CGE3X).

Al AR O ZE RIS DS A G D AR T,
Z ZUTR L 72 Sl B b B i 1 B 28 i Ve T 0D B 28 - Y
DERWZZEDTH 5. AHIRAEIRIZ 5 TERIEE 121)
AR sfeaid & EN Y, ZREIREREL FISEL
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T3, F727 ) BA+EG AP EBCS JHE
WA BT 5. L7222 TEili (2008) DFHEHEE FIW T,
AHUSUF TR & 7 OFEMZE IO 7 ) RAES A
IZER T & 5. HERFOERIeE DS AR D
FIIERER+AER+REAOHAEE D) RA SO
Thy, fEAEFAIYEAEHGFLEY. —T, #VE
AEH AW OERIEE QA G DT EERN+FHE
A+AEFS) BEA+EFAOABALERAE LA
HThb. £/, H)EAEFAWICIE T4 7074 b
CHRMEIREERRAT) 2SR PE L, AHbI i e 28 & o s
HEMAOREHEBIEL 2L E A N5 (F4Xb). Ak
ORERFIIMRO R A2, # Y ERAEEAFIZEX
DHLK 2 i~ IRE S sk 5. 2 O 7= O IRIEIIZIE,
AROHEER R & H ) RAEHAFOSE, (HHEIEH»
(1974) DEFFE (FIRF L ¥ 7 2 )L 2 54088) & Hsn
T CRRR IR 34 ) D AIHIE LT 3.

3.4 A#
3.4.1 ZiEE (Rp)

AR D TR AGHD FTEMREATH D, HHEZE
fLicE e, AN R E LThaY, FEA, &2
ZRUIFEICEE NS, LA, AER, VU E
fi, EHAO, ALSIO#HY GIHA, H#h, 74707
A1), TKAEDI B, W OrP{IFTEZ 1D 5.
£ < DA, EHERIIREEO YT 4 bR,
ALSIOs $i 3l 2 HBEZERHEARICTHEEICE MR A
bh T3, F72, BISHME LTEXA, YLray,
TISEA N, BB, A A FA b, GRS & A
E%u%%@a

P R A § % BRERFF OE RIS S, R
B & E&ANIRGE BT RO NS (HERERERR
EAAWENS) T, MELAZIKADERDEL v X k8
0 (EFs5Ka). 7z, BEANICE X BemPERE O KA #E i
EEHTE S Bemll FORHEE Pidr (BES5KIb). #% F T,
BERROCAZNOFEEMESNIZ K 2 A TREL
7 RENFEI U 72 S8 IsE O A I B,
FHIFBE O RO FIZEHNISKELTWS 22820
(%% 6 [X]a).

Wi El O 7 ) ROESEHT A V2 7 v FhE
DZERIEE IMIK T, RERFOJRE N G & IR T
BRERENIRDSAEL, LA LE FTE, fka
EEUDIRBREOEA, WHEOR MO FICHMICREL
7o ) BRAEERFEIICED GEeXb). Hk b —F sk
BoH ) RAESFAFOERIEES, BUEmE Ok 4«
P URRRE GB6Rle), £7721327°5 7 72V X (556
Xd) THh 5. EEFELFABOBHIRESEZLZL, ik E
WOROERHEER, ») EA, #lEL, KEMEE %
FAFo T2 MRIZED. 747054 FAEELT
IZEAINRTOWBZERNH B0 CH6lXle), KIHAIIEA

LTV,

T HET- O AF 05 B S RN S 0 AR § B 2 Re s
VMUK 2 Fr Rk, BRUHICE VBT ¥ A MEL 725
AKX CALSIO S CGRIAEA, FESAT) OBEIRZE &3 H or
D (CEESKe). 72, 7470 T54 MIAKMIKO N ) EA
EHAOWISHEN TS 24 GE4Xb), BEIRZ S % &35
ﬁﬁﬁﬁﬁggfi%ﬁgﬁﬁﬁ%u®&@?5

Friats LR M AL s o = #RETER PR S & BT 5 %
HOZRRIESEE, 7 A —NIROESLRE (KF 4 1) %
GO BRARROEENLES 7 ) 72V A TH 5.
F 72 DR IV INRBE S 3 AR 3 2 = ARG AE R POt D FF
HiciE, <240, EHAIRIG, ») A, fikEa, 74
TuI4EGUEENNEOAERKE CGEoXD) %
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Field photographs of the Ryoke metamorphic rocks in the Tsukude area. (a) Pelitic schist (Rp) with abundant metapsammitic lenses
(Rs). Biotite zone. (b) Andalusite—bearing stratum of metapelite. Biotite zone. (c) Coarse—grained pelitic gneiss. K—feldspar—
cordierite zone around the Tsukude mafic rocks. (d) Foliated metapsammite (Rs) and psammopelitic schist (Rs—Rp). Biotite zone. (e)
Metapsammite (Rs) intruded by the Mitsuhashi Granodiorite (Mg). (f) Metachert. K—feldspar—cordierite zone.
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Fig. 6 Photomicrographs of the Ryoke metapelitic rocks from the Tsukude area. (a) Muscovite—bearing schist (TS103) in the biotite zone.
Crossed polarized light (XPL). (b) Andalusite— and K—feldspar—bearing schist (TS134) in the K—feldspar—cordierite zone. Plane
polarized light (PPL). (c) Cordierite— and fibrolite—bearing gneiss (TS140) in the K—feldspar—cordierite zone. PPL. (d) Cordierite—
and K—feldspar—bearing granofels (TS136) in the K—feldspar—cordierite zone. PPL. (e) Sillimanite—bearing gneiss in the K—
feldspar—cordierite zone (TS007). PPL. (f) Garnet—bearing gneiss (TS125) in the K—feldspar—cordierite zone. PPL. And: andalusite,
Bt: biotite, Crd: cordierite, Fib: fibrolite, Grt: garnet, Kfs: K—feldspar, Ms: muscovite, Pl: plagioclase, Pn: pinite, Qz: quartz, Sil:

X

sillimanite.
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Fig. 7 Modal composition of the Ryoke plutonic rocks in the Tsukude and neighboring areas. (a) Granitic rocks. (b) Gabbroic rocks. Modal
data of the Goyu and Asuke districts are from Nishioka (2008) and Yamasaki (2012), respectively. Qtz: quartz, Pl: plagioclase,
Kfs: K—feldspar, Px: pyroxene, Hbl: hornblende, QD: quartz diorite, TO: tonalite, GD: granodiorite, MG: monzogranite, SG:
syenogranite, GB: gabbro. Rock classification of the diagrams is after IUGS (Le Maitre, 2002).
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Slab photographs of the Ryoke plutonic
rocks. (a) Shinshiro Tonalite (Main
facies). (b) Mitsuhashi Granodiorite.
(¢) Fine—grained mafic rock in the
Mitsuhashi Granodiorite. (d) Tsukude
mafic rocks (mafic mineral—rich and
strongly foliated portion). (e) Tsukude
mafic rocks (mafic mineral-poor and
weakly foliated portion). (f) Busetsu

B 1cm Granite.
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Fig. 9 Field occurrence of the Ryoke plutonic rocks. (a) Dark inclusion in the Shinshiro Tonalite. St: Shinshiro Tonalite, Inc: dark inclusion.
(b) Dark inclusion in gneissose Tsukude mafic rocks. Mf: Tsukude mafic rocks, Inc: dark inclusion. (c) Busetsu Granite dike
intruding the Tsukude mafic rocks. Mf: Tsukude mafic rocks, Bg: Busetsu Granite dike. (d) Busetsu Granite intruding the Ryoke
Metamorphic Complex. Bg: Busetsu Granite, Ms: Metasiliceous rock of the Ryoke Metamorphic Complex, dashed line: boundary
between the Busetsu Granite and metasiliceous rock of the Ryoke Metamorphic Complex.
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Photomicrographs of the Ryoke plutonic rocks. (a) Shinshiro Tonalite, main facies (Hbl—Bt tonalite). Crossed polarized light
(XPL). (b) Shinshiro Tonalite, marginal facies (Bt tonalite). XPL. (c) Mitsuhashi Granodiorite (Hbl—bearing Bt granodiorite. XPL.
(d) Fine—grained gabbro in Mitsuhashi Granodiorite (Fine—grained Bt—Qtz—bearing Hbl gabbro). Plane polarized light (PPL). (e)
Tsukude mafic rocks (Qz—Bt—bearing pyroxene—Hbl gabbro). PPL. (f) Busetsu Granite (Bt—Ms granite). XPL. Pl: plagioclase,
Kfs: K—feldspar, Qtz: quartz, Opx: orthopyroxene, Cpx: clinopyroxene, Hbl: hornblende, Bt: biotite, Ms: muscovite, Opq: opaque

minerals.
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Table 1 Representative compositions of orthopyroxene and plagioclase in the Tsukude mafic rocks.

sample ~ TS005 TS005 TS007B TS007B TS017

TS017 TS005 TS007B TS017 TS005 TS007B TS017

mineral Opx Opx Opx Opx Opx Opx Pl Pl Pl PI Pl Pl
core/rim core core core core core core core core core rim rim rim
Sio, 52.63 5249 53.62 5363 5243 51.76 4658 45.69 46.66 55.13 5321 54.26
TiO, 0.15 0.15 0.20 0.20 0.23 0.40 0.00 0.00 1.47 0.01 0.01 0.01
AL, 0.90 1.25 1.31 1.50 1.11 2.13 3436 3395 8.07 2794 2920 2845
Cr,0; 0.01 0.03 0.01 0.01 0.01 0.06 0.00 0.02 0.02 0.00 0.00 0.00
NiO 0.04 0.04 0.04 0.05 0.00 0.06 0.00 0.01 0.01 0.01 0.00 0.04
FeO* 29.19 28.68 27.69 27.07 2829 2720 0.57 0.05 20.71 0.20 0.04 0.09
MnO 1.04 1.12 0.70 0.64 0.75 0.77 0.00 0.01 0.38 0.03 0.02 0.00
MgO 1457 1434 1550 15.63 1430 13.73 0.03 0.02 10.07 0.00 0.00 0.00
CaO 0.93 1.16 1.50 2.06 1.24 2.17  17.84 1753 1053 1035 1133 1093
Na,O 0.10 0.16 0.13 0.15 0.14 0.17 1.59 1.56 0.95 5.68 4.98 5.29
K,0O 0.00 0.01 0.03 0.04 0.01 0.05 0.01 0.01 0.42 0.09 0.07 0.05
Total 99.55 99.43 100.73 100.98 98.51 98.50 100.98 98.85 9929 9943 9886 99.12
o= 6 6 6 6 6 6 8 8 8 8 8 8
Si 2.03 2.03 2.03 2.02 2.04 2.01 2.13 2.13 241 2.50 243 247
Ti 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.06 0.00 0.00 0.00
Al 0.04 0.06 0.06 0.07 0.05 0.10 1.85 1.86 0.49 1.49 1.57 1.53
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.94 0.93 0.88 0.85 0.92 0.88 0.02 0.00 0.89 0.01 0.00 0.00
Mn 0.03 0.04 0.02 0.02 0.02 0.03 0.00 0.00 0.02 0.00 0.00 0.00
Mg 0.84 0.83 0.87 0.88 0.83 0.80 0.00 0.00 0.78 0.00 0.00 0.00
Ca 0.04 0.05 0.06 0.08 0.05 0.09 0.87 0.87 0.58 0.50 0.55 0.53
Na 0.01 0.01 0.01 0.01 0.01 0.01 0.14 0.14 0.09 0.50 0.44 0.47
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.00 0.00
Total 3.94 3.94 3.94 3.95 393 393 5.02 5.01 5.35 5.01 5.01 5.00
Mgt 47 47 50 51 47 47 - - - - - -
An - - - - - - 86 86 86 50 56 53
*total Fe as FeO.
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Mineral chemistry of the Ryoke metapelitic rocks. (a—c) Zoning profiles of garnet. (d) Compositions of biotite. (e)

Compositions of cordierite. (f) Compositions of K—feldspar and plagioclase plotted on the orthoclase (Or)—albite (Ab)—

anorthite (An) ternary diagram.
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Table 2 Compositions of garnet, biotite, plagioclase and cordierite in the Ryoke metapelitic rocks.

sample TS125 TS125 TS136 TS004 TS004 TS125 TS136 TS004 TS125 TS136 TS004 TS136

mineral Grt(c) Grt(r) Grt(c) Grt(c) Grt(r) Bt Bt Bt Pl Pl Pl Crd
SiO, 36.39  36.02 3651 3660 3646 33.70 3421 3381 6249 6221 60.85 47.22
TiO, 0.03 0.05 0.02 0.04 0.00 3.38 3.92 3.93 0.01 0.00 0.02 0.00
AlO; 20.66 20.62 2095 20.70 20.94 19.02 20.00 18.05 23.42 2368 24.85 32.57
FeO* 3271 2934 32.08 3092 2745 21.11 2068 21.20 0.02 0.03 0.01  10.89
MnO 850 11.79 9.02 9.30 13.90 0.60 0.37 0.76 0.03 0.00 0.00 0.93
MgO 1.89 1.53 2.12 2.53 1.69 5.43 6.45 8.16 0.00 0.00 0.01 6.33
CaO 0.68 0.59 0.65 1.08 091 0.00 0.03 0.00 422 4.44 5.96 0.01
Na,O 0.01 0.00 0.02 0.02 0.01 0.08 0.12 0.10 9.05 8.79 7.67 0.22
K,0 0.00 0.02 0.01 0.00 0.00 1097 10.69 10.69 0.17 0.15 0.10 0.01
Total 100.87 99.95 101.38 101.19 101.36 9430 9647 96.69 99.41 9931 9946 98.19
O= 12 12 12 12 12 11 11 11 8 8 8 18
Si 2.96 2.96 2.95 2.96 2.95 2.66 2.62 2.60 2.78 2.77 2.71 4.95
Ti 0.00 0.00 0.00 0.00 0.00 0.20 0.23 0.23 0.00 0.00 0.00 0.00
Al 1.98 2.00 2.00 1.97 2.00 1.77 1.80 1.64 1.23 1.24 1.30 4.03
Fe 2.23 2.02 2.17 2.09 1.86 1.39 1.32 1.36 0.00 0.00 0.00 0.96
Mn 0.59 0.82 0.62 0.64 0.95 0.04 0.02 0.05 0.00 0.00 0.00 0.08
Mg 0.23 0.19 0.26 0.30 0.20 0.64 0.73 0.94 0.00 0.00 0.00 0.99
Ca 0.06 0.05 0.06 0.09 0.08 0.00 0.00 0.00 0.20 0.21 0.28 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.78 0.76 0.66 0.05
K 0.00 0.00 0.00 0.00 0.00 1.10 1.04 1.05 0.01 0.01 0.01 0.00
Total 8.05 8.04 8.05 8.06 8.05 7.82 7.79 7.88 5.00 4.99 497 11.06
Alm 72 66 70 67 60 - - - - - - -
Sps 19 27 20 20 31 - - - - - - -
Prp 7.4 6.1 8.3 9.7 6.6 - - - - - - -
Grs 1.9 1.7 1.8 3.0 2.5 - - - - - - -
Mgt 9 9 11 13 10 31 36 41 - - - 51
An - - - - - - - - 20 22 30 -
*total Fe as FeO. c: core, 1: rim.
72D TH B (H4alMa). Hib$2 K512, Tholl HUC KD RRBWHE S AEN L 2o &, BB

(RN A O B il T L IR R 8 A S A L 72 D

DM (FIZHERR) L ¢
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RO AT L 72 Z & %

b, MeAc SREEICHBEBERE#H->T05. 20729,
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FESI A A AT % 5 2 7= Hi I sERAE RS SO 58
EHEEICRETE 5. WE-TE R ICHW 28O
EPMA 73 1Tl % 25 2 R IR T

TS12513 H i R MR IS BUS I A 4 5 — 804G
TER PR E A O B> S ERE L 2R E S T o
3. &L ALIEEE03 mmAi O HIEASS T, £ & MR
AP (FITRHELFR) 25037 La@amcziny
LNRHETE D (FeX. X< ALOMEME T 7 UK
BNZIZIEYEE TH 52, U L TMaABENNS 2 06 B ks
BERT E11Ka). 20O &S AR R EEE R L

5. Lzd->TEL A4 & O THRIHOBRETE
FMFERME B2 L3 TERV. £, HELDONRY
LEZONIAZR-RAESGHKREGL. TS5 LR
WO REEIZ L D, WEOEERHIMg/ (Mg + Fe)2d -
H, TidA 4 5 &5 aflRZE{LE2 7L G, &
LTIO, I E MR SIS 2R ET 2 H 16N 5
(Ikeda, 1991, 1998). F 7=, #HELIZY &lZflh > TH
FNZAR S AT 2 Rk 2 &5, 27 O
Ang, ThH 2 GEILIXY. HEARILAHDI T, Tio,
ICEOHEELR MRAD2 T OMKEMASDYE, X<
AA-HEERHE RIS T (Hodges and Spear, 1982) MUY
< AA-BER-PHEA-AEHETESIET (Hoisch, 1990)
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TS136/ 3 HHE b — F IV E/INEERIE BT 2 08 &
77 7 2V AT, IS R B AR O RN
EWORE-TENRBOICEL TWab, LHERV
LED X< ARHIZEER &3 280 %ol
RINZHE TH 5 (FE11Ke). EHFEMIEELTE S
T (F6Xe), 7 DMK IEMg/(Mg + Fe) = 0.505+0.016
C, Bertoldi et al. (2004) D/R L 72 LR EREZET 5
ELiRBeZ GV NAEELHEELONS (Bl
Kle). 720D b — ZILH197-99 wt% & 2 AL
L, HBERS S FAEF v 2AALNICELZ L EHRT
3. RENZTAAEST 2RI Y A > TAnK S 2
WA (An172*5Anl) T2 BG4 R 4 GE1KXD.
TR ICE A ) EAREFAICEA ST B /MBI
VB R FHR (An20-24) &/, &< AR
FHEO-GREEITE NGNS K AL RERHE RS
Rl AA DY S L630-640°C, 210-225 MPa, Berman
(1990) D XL ATHDOWHHEET L EMARAALZ XL A
A-EHE ARG (Dwivedi ef al., 1998) ZfAAHHES
& 630—650°C, 210-245 MPak RAid 5h 3 (5 12X).

P EoEE-FEHRED 2R & EEa2eE fk

B2 HREREFHORE-TENRED. <A H-H
ERHVE RS G (Hodges and Spear, 1982), &
< Ah-EEAMEIRER (Dwivedi et al., 1998),
I AR-RE-RREAO-OEWHEIE NG
(Hoisch, 1990) DR &R, BERHEO
W -IE 1548 13 Miyazaki (2010) 12X 5. ALSIO;
FHIX e O A Z R4 9553 fif RS IR I3 Holland and
Powell (1998) DEII*-T — & & » b (2002 XE])
ICKDEEREL -

Fig. 12 Pressure—temperature estimates of the Ryoke
metamorphic rocks from the Tsukude area using
garnet—biotite geothermometer (Hodges and Spear,
1982), garnet—cordierite geothermometer (Dwivedi

700 et al., 1998) and garnet—biotite—plagioclase—quartz

geobarometers (Hoisch, 1990).

H0 CE12[KD), TS125 XU TS136 % &H 7 ) BAESEA
TOZERIEE FIZHERA P PET 5 Z & (B4Xb) &R
KTHh 5.

S52EMEBENY 1— Kt 7 a @

TR A B 20 28 TR S D MBI R IZKFMASHSR 78 £ D
BGHIRAE T & NI TRE T d 5 23, FEEHTR Z 5 IsiE
ARSI 5. RERFOLIeE O AR,
UK (FBILREHE) AAKFIX] (A = ALO, — K,0, K =K,0,
F = FeO + Mg0) O L THER-HERI4 4 74 YV KDA
THRMHNCZ & 5 & 2 3ARA2A B L, KIENHZS % &
i) RASMNBIT S, 07, X0 OB
TIRKROKIBIZ &K 0 AZRRSE L, fAEA+ 7 ) BN
HAEPNEIZE D (5 12K).

HER =4I+ 7 ) B4 +H,0 (B6 1)

SEIEA (1992) 4F, [HH] HIROZ RS ICEEh
2 KA A BORZE S O WAL A fCi L, 2 &R
B OREHI B R A 5 IABE R AEH & 2R /EH <
BENFAEAPEN TS Z L A/RL7-. Adachi and
Wallis (2008) 1%, =4 (1992) A¥adak U 7= KLAE A i
k%, HREOFBAZIER L -2 (DIZEK) & ZOHi
ODEFEDHNEILHKELA Va2 =T b=y o (D) 4
47, DU T #h O BIF IS HR IR L 72K 2 b
T =y (P) #47, MFEDEE (C) x4 FO=F#
IZWD T - @i L7z, ZLTC, EMROENZ &
D IRIRZE AR FIRHIC R 2 0G0 7o ATAE A BEIRZS & (14 A4
TROCHAT), MO OB 112 KD AR L
7RO TR (PA A4 7)) LV 2SR ELC 722
EERLZ F£72, Z8IED (1992) R Adachi and Wallis
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Table 3 Whole—rock major element compositions of metapelite and GSJ reference rock samples.

sample TS125 TS134 JG-1a JG-1a

RV **
SiO, 67.31 61.91 72.09 72.30
TiO, 0.56 0.83 0.25 0.25
Al,O4 16.10 19.47 14.15 14.30
Fe,0;* 5.66 5.09 2.00 2.00
MnO 0.26 0.07 0.06 0.06
MgO 1.52 1.95 0.72 0.69
CaO 0.69 1.11 2.18 2.13
Na,O 2.19 2.01 3.39 3.39
K,0 4.44 6.86 3.99 3.96
P,04 0.10 0.15 0.08 0.08
Total 98.83 99.44 98.92 99.16
LOI 2.38 2.82 - -

*total Fe as Fe,0;. **Recommended values (Imaiet al ., 1995).

(2008) (&, FAEA+ AV B A AR 2 PEANES i D
SO BRI, 184 TDARESTCH A TOFMA
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7. AHUIROREIE LT, » ) BRAETAEOIE S
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(Connolly, 2009) % H\\72F 7 2 T3 )L ¥ — i/ Mb kI
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(Ohmoto and Kerrick, 1977;Connolly and Cesare, 1993). H,0O
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MAENERT 2 Z L EHRANTH 5. (] Higo R
ERPH OS5 Miyazaki, 2010) &> 2 — K222 3 VX
6, 184 THAMEAIL300 MPa, 550°CFEE DS&MTCF
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ORI h O REFIR S B L, 144 TH kA
BHFADOLY) v 7 &2a0H0T 5 (GRAIEA, 1982) 2Tk &
BAMTH S, FiZ, BRI LADOEE— Fif
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PO RIS TH 5. 7 D 7= M2 A2 5 5
LB TERELSH 2 IOKEL, x4 TR
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Fig. 13

OL# A4 TR & GO REREE OB RS (A27 - ERIES, 1982). AmB3ALEA DS E — F# (vol%). (b) 7 ) &
LEEOTA VT Ty FEFEOPA A FHEAZ ELIRERE (TS134). ArfHIRHRADAME. (o) 7 ) RAEHH
WD E L AhEGUIRERIKE (TS125). () TSI2SOEL A0 7HIKDO 7 A v 7'V 2 KO & B - FEI#ER.
And, #LHEA, Bt, SBERE Chl, #kefH, Crd, ¥EEH, Grt, < AH, Ilm, f L XF 1 b, Kfs, #7Y)EH, Ms,
FZERE, Pg, 785354 b, P, #HEA, Qz, f%%, Sil, EH#A, St, +7A.

P-T pseudosection diagrams of the Ryoke metapelitic rocks with P-T conditions of the biotite and K-feldspar-cordierite zones (Fig.
12). (a) Staurolite- and I-type andalusite-bearing schist (A27: originally described in Asami et al., 1982) from the biotite zone.
Isomodes of andalusite are indicated by red dotted lines. (b) P-type andalusite-bearing schist from the incipient K-feldspar-cordierite
zone (TS134). Anorthite contents in plagioclase are indicated by red dotted lines. (c) Garnet-bearing gneiss from the K-feldspar-
cordierite zone (TS125). (d) Isopleths for actual garnet core compositions in TS125. Inferred P-T path of rocks in the K-feldspar-
cordierite zone is indicated by black arrows. And: andalusite, Bt: biotite, Chl: chlorite, Crd: cordierite, Grt: garnet, [lm: ilmenite,
Kfs: K-feldspar, Ms: muscovite, Pg: paragonite, Pl: plagioclase, Qz: quartz, Sil: sillimanite, St: staurolite.
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FERRZ, BV RAEFTLTA VT Ty FXOHK b —
FOUFITED K EERIE FIAEAITA L a < &
D, FLEHFOPICHEROUAMABE SIS, TS5 L
722802 &, Fi b — VSR TE P O B A 13 230240
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LEILND.

MnOIZETIE RS (TS125) DY 2 —Fv o v g v
X (3 13Kc) T3, FEL RS- EN#HMEO 4T
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L7252 56N23 720, EEMEEMNICIZIARE
KRAEHEDOBRAR L TN, 20728, ¥ A4
a7 OFAE A& O TS AR © — 2 IR OIRIE -1
RED AT Z2ERTES. Ya—FE2yarvDk
5 2 A RN AR R O WE-E I S T AL D
H, RUOKHEMOME & B —EIkE 5. B
TED XL AAIE M2 4DDOUK S (Fe, Mn, Mg,
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Mn;ALS#;0,,) % S B A 12, TS125 DFEEED X <
A7 O (Almy, 53Spsis20Prp; <Grs, 55 11[Xa) A
FRENZFMHE2/R L2 CE13KD). =DDME T4 ¥
TUZREEA+ ) BAO+ I AOQREHEKIZE W
T 620-640°C, 100-300 MPaD &AM THE3ET 5. 285l
SETEDDMKT AV 7L AR T RS RS IRELED S
WHIRE 5> T 5 720, [EHORBENKE WD, FHEEE
ISR XN B S AA bE R E RS IE IEHC X 5
E-ENRBD EBANTH S, £72, ZOREAL Y v
SIROFBTLER 7 4 7u 54 b2 REEL I L EEET
% &, 230-240 MPafEE DI )41 THIEHE LA 2 &%
BL-eEZb6NB.

P EOWEREENG ROy 2 - FEx 2y 3 VEHO
MRS SR 2 &, Rk 7 ) RHEF LW OSHIE,

JEIRZE AT FH D #1012 230-240 MPafef (LA A D&
#2,700 kg/m* &5 &, HES.5-9.0 km) DOIESI&M %
TWIE L 728 Z AT, iR b — LA ZHE ER Pk
HOEA - EEIZL NS FRAERBLZEELD
h3. £2ZOENENTT, HDVEAEELTA VY
7w K3k & Z 600 CCOTRBITHH YT 5. —“#HHEERM
Pifas O TR R P O AZE B IZ DWW T, AR T
BETLCnzengs, 2] KiEsicERa+ ) R
A+EEAIENET S Z & (LIF, 2012) #EET S &,
FIERICEEFREE TCH > 2eZE L2605, £-5HEITMHR
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FR b — F LR OREMZERAEH & OEEIZK D, #Hxs
BN AR T B REME S B 5.

S3EMERBDRET 7 b= A NDES

FEAZHTI b — L35 O e PR AT U Jo o TR T &
NTEZZETHBH, H b —F L5 O il
ZE BT BECIEIA W (ZB1E A, 1992 5 Adachi and
Wallis, 2008 ; & i, 2008)(353KX). AFAIZ W1 T,
Fo b — LA o JLITE A i 0 2 il B D J A 1 iR
ELIEFICIANZ RS I 57 CGE4X). —77, ¥
W b — F L (86.0 £4.7-85.2 = 3.3 Ma: Morishita and
Suzuki, 1995) & D EMIZHRICE A L 7= = #AE1E R PO
A (83.8 = 1.3-84.1 =3.1Ma : Suzuki ef al., 1994a, $HAKIZ
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MEAFFIZIAENE WS Z Eidan, (HLU, KHRo = HHE
TP EEICERDEICHEAL T B 220, #il%
B DG % EAEIS TR 5T,

FOR b — LA R WA WA B B TE R & R
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HICH L THEHAO SRS 2 6 M2, 10 kmfE
B R W R R R (AT N EE S e AN S A v P =
BELUTHD Hbhiz BlAE, BARIEH»2004), &
2 WVIEEIBIER RS R & B, Wb B [HHTEMN
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FBHIIOWTE, WEERPIRS O Tid e <, FHk
BAMHEUTHNIIHS ZERRYTHEEHELOLNS.
TEFE S E A THO BEAR], 3 &b b R THIC
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Abstract: The Nanjo Mountains located in the central region of Fukui Prefecture, Southwest Japan, are
chiefly underlain by a sedimentary complex consisting of various rock-types such as basalt, limestone,
chert, mudstone and sandstone. Among these rocks within the mountains, 27 chert outcrops were explored
for their radiolarian content. In the studied Imajo district, the 14 rock samples from 10 localities yielded
moderately- to poorly-preserved radiolarian remains as a result. Most of the samples contained Triassic
to Middle Jurassic species, with Spumellaria and Entactinaria dominant among the Triassic faunas and
Nassellaria dominant among the Jurassic faunas. The description and faunal analysis of these radiolarians
revealed that the cherts in the Imajo district indicate a long range in age from the Olenekian? stage to the
Bajocian stage.

Keywords: radiolaria, Triassic, Middle Jurassic, Nanjo Mountains, Imajo district, Fukui Prefecture,

Southwest Japan

1. Introduction

The Nanjo Mountains, which extend over an area of ca.
40 km x 20 km in the central region of Fukui Prefecture,
are geotectonically divided into the Mino and Ultra-
Tamba belts of the Inner Zone of Southwest Japan. The
lithologic assemblages of each belt differ from one other;
the accretionary complex of the Mino belt is regarded as
one of the Jurassic accretionary complexes that formed
along the eastern margin of the paleo-Asian continent
(e.g., Wakita, 1988). The Mino belt consists of thrust-
bounded units of basalt and limestone of oceanic island/
seamount origin, cherts of pelagic origin and terrigenous
clastic rocks (Wakita, 1988; Nakae et al., in press).
Conversely, the accretionary complex of the Ultra-Tamba
belt is dominated by pale or greenish gray sandstone with
subordinate chert and phyllitic mudstone of Permian age
(Umeda et al., 1996; Nakae, 2012). 1:50,000 scale maps
of the “Imajo” and “Kanmuri Yama” districts almost cover
the entire area of the Nanjo Mountains (Fig.1).

The age of the cherts in the Nanjo Mountains has so
far been determined to be Triassic to Jurassic (e.g., Hattori
and Yoshimura, 1982; Takamura and Hayami, 1985;
Taga, 1997; Umeda and Taga, 2003). Through this work,
additional extraction of radiolarians from the accretionary
complex of the Mino belt in the Nanjo Mountains was

therefore conducted for detailed age determination
of its component rocks. Consequently, this first report
documents all of the radiolarian species extracted from the
cherts in the Imajo district; radiolarians from the Kanmuri
Yama district will be described in a subsequent report.

2. Materials and Method

Through the course of this study, approximately 530
samples were collected from the Imajo and Kanmuri
Yama districts in the Nanjo Mountains. The samples
were undertaken using an usual technique for radiolarian
extraction; briefly, the rock samples were individually
soaked in dilute hydrofluoric acid (HF) solution (5%) for
10 to 15 hours, before being washed through a 62um
mesh sieve (235#). As aresult, age-diagnostic radiolarians
representative of Triassic to Middle Jurassic ages were
recovered from 40 chert samples, 14 of which were
from the Imajo district. The residues of each processed
sample were then examined under a stereomicroscope,
and radiolarian remains were selected for examination
by scanning electronic microscope (SEM). All figured
specimens were deposited and registered with the
Geological Museum, Geological Survey of Japan under
catalogue numbers (GSJ F).

AIST, Geological Survey of Japan, Institute of Geology and Geoinformation
Author: S. NAKAE, Central 7, 1-1-1 Higashi, Tsukuba 305-8567, JAPAN. Email: nakae-satoshi@aist.go.jp



Bulletin of the Geological Survey of Japan, vol. 64 (3/4), 2013

(b)

S 7| Nishitaniand [T 5 o+
v b7 q1ltoo Formations | 5.0«

| Paleogene

Miocene Cretaceous Jurassic

Suizu 7 n e Sex
Granodiolite Omodani Rhyolite E in
Permian

Se
in

Asuwa Group

Triassic-Permian

dimentary complex  (Hida Gaien Belt)
Mino Belt —

Hida Granite
dimentary complex L
Ultra Tamba Belt Nojiri Group

T B A ] 8ol X Fossil locality s 5 k1
Suruga Bay = M =7
| 35°50'N

Mt Kanmuriyama

A

1,256

China

L

(a)

\‘f
-
Ko

N Russia

f
4
T
Nanjo
Mountains
rea
ﬁ {r’j Japan

Pacific Ocean

Fig. 1 Index map of the Imajo district in the Nanjo Mountains.

(a): The Nanjo Mountains are situated in a central region of Fukui Prefecture. (b): A simplified geological map of the mountains,
most part of which geotectonically belongs to the Mino belt, Southwest Japan. The Imajd district contains the western part of
the Nanjdo Mountains and Tsuruga Bay. Detailed radiolarian localities with symbols are given in Fig. 2.

3. Radiolarian locality and fauna

Fourteen chert samples comprising part of a suite of
222 samples that were collected from the Imajo district
in the Nanjo Mountains yielded moderately- to poorly-
preserved radiolarian faunas. Most of the faunas consist
ofradiolarians, which are identifiable as Triassic to Middle
Jurassic species. Radiolarian localities (Ic-1 — Ic10) are
shown in Figs. 1 and 2, and the identified species are listed
in Table 1. Below is a detailed description of the localities
investigated and their faunal contents.

(1) Locality Ic-1 (Fig. 2a)

Location: South of Tochinoki-toge, Yogo, Nagahama
City.

(lat. 35°41°34.6” N, long. 136°9°43.7” E)

Sample number: 1J 1502g.

Lithology: Thinly bedded gray chert.

Fauna: Cryptostephanidium spp., Protopsium spp. (Plate
1).

Age: Probably early Anisian — late Carnian.

(2) Locality Ic-2 (Fig. 2d)

Location: North of Ogiri, Minamiechizen Town.

(lat. 35°46°44.7” N, long. 136°8°36.1” E)

Sample number: 1J 2202.

Lithology: Thinly bedded light-gray chert. Slightly
tuffaceous.

Fauna: Archaeocenosphaera? spp., Entactinia? spp.
(Plate 1).

Age: Probably early Olenekian — middle Anisian.

(3) Locality Ic-3 (Fig. 2d)

Location: Northeast of Imajo, Minamiechizen Town.
(lat. 35°46°54” N, long. 136°12°0.9” E)

Sample number: 1J 2703.

Lithology: Thinly bedded light-gray chert.

Fauna: Pantanellium sp., Praewilliriedellum? spp.,
Praezhamoidellum? sp., Eucyrtidiellum unumaense (Yao),
Parahsuum spp., Praeparvicingula? sp., Lantus sp. cf. L.

sixi Yeh, Lantus? sp. (Plate 1)
Age: Early Bajocian.

(4) Locality Ic-4 (Fig. 2d)

Location: Yashirodani, Minamiechizen Town.
(lat. 35°47°39.2” N, long. 136°12°59.7” E)

Sample number: 1J 2901.

Lithology: Thinly bedded gray chert.

Fauna: Pantanellium? spp., Archaeocenosphaera sp.,
Plafkerium? spp., Plafkerium? antiquum Sugiyama,
Protopsium sp., Eptingium? sp., Cryptostephanidium
Jjaponicum (Nakaseko and Nishimura), Cryptostephanidium
sp. cf. C. longispinosum (Sashida), Pseudostylosphaera
sp. A sensu Sugiyama (1992), Pseudostylosphaera sp.

(Plate 2).
Age: Early — middle Anisian.

(5) Locality Ic-5 (Fig. 2d)

Location: Northwest of Somayama, Minamiechizen

Town.
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Fig. 2 Localities of chert samples yielding Triassic to Middle Jurassic radiolarians.
Parts of topographic maps of “Itadori” for figures (a) and (b), “Kono” for figure (c) and “Imajo” for figure (d), published from

the Geospatial Information Authority of Japan, are used.

(lat. 35°48°22.9” N, long. 136°12°41.7” E)

Sample number: 1J 3205.

Lithology: Thinly bedded light-gray chert.
Fauna: Plafkerium? sp., Protopsium spp. (Plate 2).
Age: Probably middle Anisian — late Rhaetian.

(6) Locality Ic-6 (Fig. 2b)

Location: Hashitate, Minamiechizen Town.
(lat. 35°43°17.3” N, long. 136°14’13” E)

Sample number: 1J 4001.

Lithology: Thinly bedded light-gray chert.
Fauna: Spumellaria gen. et sp. indet (Plate 2).
Age: Probably late Anisian — late Rhaetian.

=9

(7) Locality Ic-7 (Fig. 2d)

Location: West of Okunono, Minamiechizen Town.

(lat. 35°48°21.5” N, Long. 136°8°59.9” E)

Sample number: 1J 5502.

Lithology: Thinly bedded light-gray chert.

Fauna: Eptingium sp. cf. E. manfredi Dumitrica,
Cryptostephanidium spp., Pseudostylosphaera japonica
(Nakaseko and Nishinura), Pseudostylosphaera spp.,
Bulbocyrtium sp. A sensu Sugiyama (1997), Triassocampe
deweveri (Nakaseko and Nishimura), Triassocampe sp.
aff. T diordinis Bragin sensu Sugiyama (1992) (Plate 3).
Age: Late Anisian.
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Table. 1 List of radiolarian species detected from the Imajo district in the Nanjo Mountains.

Locality Number (Ic-)
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Sample Number

17 1502g| =
17 2202
172703
1J 2901
1 3205
1J 4001
1 5502
17 5503

1J 5702a

1J5702b(|\e

1J6901a

1J 6901b
1J6901c

SPUMELLARIA

Gorgansium sp. cf. G. gongyloideum Kishida and Hisada
Pantanellium sp. cf. P. foveatum Mizutani and Kido
Pantanellium sp. cf. P. tanuense Pessagno and Blome
Pantanellium spp.

Pantanellium ? spp.

Archaeocenosphaera sp.

Archaeocenosphaera ? spp.

Emiluvia sp.

Plafkerium ? antiquum Sugiyama

Plafkerium? spp.

Paronaella sp. cf. P. notabilis Whalen and Carter
Protopsium spp.

Pantanelliidae gen. et sp. indet.

Spumellaria gen. et sp. indet.

+

+ | 157021

+ +

ENTACTINARIA

Thurstonia sp.

Entactinia ? spp.

Eptingium sp. cf. E. manfredi Dumitri¢a

Eptingium ? sp.

Cryptostephanidium japonicum (Nakaseko and Nishinura)
Cryptostephanidium sp. cf. C. longispinosum (Sashida)
Cryptostephanidium spp.

Hindeosphaera sp. cf. H. spinulosa (Nakaseko and Nishimura)

Pseudostylosphaera japonica (Nakaseko and Nishimura)
Pseudostylosphaera sp. A sensu Sugiyama (1992)
Pseudostylosphaera spp.

Mesosaturnalis spp.

Entactinaria gen. et sp. indet.

+

+ + +

NASSELLARIA

Hozmadia rotunda (Nakaseko and Nishimura)
Hozmadia sp. cf. H. gifuensis Sugiyama
Diceratigalea sp.

Napora spp.

Bulbocyrtium sp. A sensu Sugiyama (1997)
Williriedellum ? sp.

Praewilliriedellum ? spp.

Praezhamoidellum yaoi Kozur
Praezhamoidellum sp. cf. P. yaoi Kozur
Praezhamoidellum sp. cf. P. convexa (Yao)
Praezhamoidellum ? spp.

Eucyrtidiellum unumaense (Yao)

Eucyrtidiellum gunense Cordey

Eucyrtidiellum spp.

Triassocampe deweveri (Nakaseko and Nishimura)

Triassocampe sp. aff. T. diordinisi Bragin sensu Sugiyama (1992)

Triassocampe sp.

Bagotum maudense Pessagno and Whalen
Bagotum modestum Pessagno and Whalen
Bagotum sp.

Broctus ruesti Yeh

Hsuum spp.

Parahsuum spp.

Praeparvicingula ? sp.

Elodium sp. cf. E. pessagnoi Yeh and Cheng
Katroma angusta Yeh

Katroma brevitubus Dumitrica and Gorican
Katroma spp.

Teesium ? sp.

Striatojaponocapsa plicarum (Yao)

Corum ? sp.

Stichomitra spp.

Dictyomitrella sp.

Lantus sp. cf. L. sixi Yeh

Lantus ? sp.

Poulpidae gen. et sp. indet

Multisegmented Nassellaria gen. et sp. indet.
Nassellaria gen. et sp. indet.
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(8) Locality Ic-8 (Fig. 2d)

Location: West of Okunono, Minamiechizen Town.

(lat. 35°48°19.4” N, long. 136°8’58.1” E)

Sample number: 1J 5503.

Lithology: Thinly bedded pale-gray chert.

Fauna: Hindeosphaera sp. cf. H. spinulosa (Nakaseko
and Nishimura), Triassocampe sp. (Plate 3).

Age: Probably early — late Anisian.

(9) Locality Ic-9 (Fig. 2d)

Location: West of Yund, Minamiechizen Town.

(lat. 35°47°41.7” N, long. 136°9°48.2” E)

Sample number: 1J 5702a.

Lithology: Thinly bedded pale-gray chert.

Fauna: Plafkerium? spp., Cryptostephanidium spp.,
Pseudostylosphaera spp., Hozmadia rotunda (Nakaseko
and Nishimura), Hozmadia sp. cf. H. gifuensis Sugiyama
(Plate 3).

Age: Late Anisian.

Sample number: 1J 5702b.

Lithology: Thinly bedded pale-gray chert.

Fauna: Pantanellium sp. cf. P. foveatum Mizutani and
Kido, Napora spp., Praezhamoidellum yaoi Kozur,
Striatojaponocapsa plicarum (Yao), Dictyomitrella sp.
(Plate 4).

Age: Bajocian.

Sample number: 1J 5702i.

Lithology: Thinly bedded light-gray chert.

Fauna: Gorgansium sp. cf. G. gongyloideum Kishida and
Hisada, Pantanellium sp. cf. P. tanuense Pessagno and
Blome, Pantanellium spp., Thurstonia sp., Mesosaturnalis
spp., Diceratigalea sp., Eucyrtidiellum sp., Hsuum sp.,
Parahsuum sp., Elodium sp. cf. E. pessagnoi Yeh and
Cheng, Katroma angusta Yeh, Katroma spp., Teesium?
sp. (Plate 4)

Age: Late Pliensbachian — early Toarcian.

Locality Ic-10 (Fig. 2¢)

Location: South of Kono, Minamiechizen Town.

(lat. 35°48°15.4” N, long. 136°6°28.5” E)

Sample number: 1J 6901a.

Lithology: Thinly bedded reddish-brown chert.

Fauna: Pantanellium sp., Williriedellum? sp.,
Praezhamoidellum? sp., Bagotum sp., Parahsuum spp.,
Corum? sp., Stichomitra spp. (Plate 5).

Age: Probably early Sinemurian — early Toarcian.

Sample number: 1J 6901b.

Lithology: Thinly bedded reddish-brown chert.

Fauna: Pantanellium sp., Emiluvia sp., Paronaella sp.
cf. P. notabilis Whalen and Carter, Praezhamoidellum
sp. cf. P. convexa (Yao), Eucyrtidiellum gunense Cordey,
Eucyrtidiellum sp., Bagotum maudense Pessagno and
Whalen, Broctus ruesti Yeh, Parahsuum sp., Katroma
brevitubus Dumitrica and Gori¢an (Plate 5).

Age: Early Pliensbachian — earliest Toarcian.

Table. 2 List of radiolarian genera and their biostratigraphic
ranges from O’Dogherty ef al. (2009).

Genus Range
Gorgansium upper Norian — upper Valanginian
Pantanellium upper Carnian — lower Aptian
Archaeocenosphaera middle Anisian — upper Campanian
Emiluvia lower Sinemurian — upper Valanginian
Plafkerium middle Anisian — upper Rhaetian
Paronaella lower Rhaetian — upper Coniacian
Protopsium upper Hettangian — lower Toarcian
Thurstonia low Hettangian — lower Toarcian
Entactinia upper Devonian — lower Olenekian
Eptingium lower Anisian — upper Rhaetian
Cryptostephanidium lower Anisian — upper Carnian
Hindeosphaera middle Anisian — middle Norian
Pseudostylosphaera upper Olenekian — lower Carnian
Mesosaturnalis middle Norian — upper Coniacian
Hozmadia upper Olenekian — upper Carnian
Diceratigalea lower Pliensbachian — upper Aalenian
Napom upper Sinemurian — lower Turonian
Bulbocrytium upper Carnian — middle Norian
Williriedellum upper Aalenian — lower Aptian
Praewilliriedellum upper Aalenian — upper Barremian
Praezhamoidellum upper Aalenian — upper Barremian
Eucyrtidiellum lower Pliensbachian — upper Tithonian
Triassocampe lower Anisian — lower Norian
Bagotum lower Sinemurian — lower Toarcian
Broctus upper Sinemurian — lower Toarcian
Hsuum lower Pliensbachian — lower Cenomanian
Parahsuum lower Hettangian — upper Kimmeridgiai
Praeparvicingula middle Toarcian — upper Barremian
Elodium middle Toarcian — upper Aalenian
Katroma lower Sinemurian — lower Toarcian
Teesium upper Sinemurian
Corum Ladinian — middle Norian
Striatojaponocapsa lower Bajocian — upper Callovian
Lantus lower Pliensbachian — lower Kimmeridgiat

Sample number: 1J 6901c.

Lithology: Thinly bedded reddish-brown chert.

Fauna: Praezhamoidellum sp. cf. P. yaoi Kozur, Bagotum
modestum Pessagno and Whalen, Hsuum sp. (Plate 5).
Age: Early Pliensbachian — early Toarcian.

4. Age determination

In order to determine the age of the radiolarian faunas
extracted from the chert samples and described in this
report, the zonation schemes proposed by Sugiyama (1992,
1997) for the Triassic, by Hori (1990) and Carter et al.
(1998, 2010) for the Lower Jurassic, and by Baumgartner
et al. (1995) and Matsuoka (1995) for the Middle Jurassic
periods, are primarily applicable. The biostratigraphic
ranges that were recently extensively analyzed by
O’Dogherty et al (2009) are used for the radiolarian genera
listed in Table 2. In addition, the biostratigraphic ranges of
the radiolarian species discussed below are mainly based
on Yao (1984), Kozur (1984) and Yeh (1987), together
with the above literatures.
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Samples 1J1502g, 1J2202, 1J3205, 1J4001 and 1J5503
contain radiolarian faunas with very low diversity. Sample
1J2202 yields poorly-preserved Archaeocenosphaera?
spp. and Entactinia? spp. The biostratigraphic ranges of
each genus are middle Anisian — upper Campanian and
upper Devonian — lower Olenekian, therefore probably
implying that the age of this fauna is estimated to be
an early Olenekian? — middle Anisian interval. Sample
1J5503 includes poorly-preserved specimens belonging
to genera Triassocampe, which existed in a interval from
the lower Anisian to the lower Norian. A comparable
specimen with Hindeosphaera spinulosa (Nakaseko
and Nishimura) indicating the lower — upper Anisian is
also obtained. Therefore, the age of this sample probably
coincides with an early — late Anisian interval. Radiolarian
faunas from Samples 1J1502g, 1J3205 and 1J4001 are
characterized by genera ranging from Anisian to Carnian
or to Rhaetian; Plafkerium? spp., Protopsium spp. and
Cryptostephanidium spp.

Sample 1J2901 contains Plafkerium? antiquum
Sugiyama, Cryptostephanidium japonicum (Nakaseko
and Nishimura) and Pseudostylosphaera sp. A sensu
Sugiyama (1992), together with some species belonging
to Triassic genera. Coexistence of the first three species
is restricted to the interval from early to middle Anisian
age (Sugiyama, 1992, 1997).

Samples 1J5502 and 1J5702a are estimated to
be late Anisian age, based on the co-occurrence of
Pseudostylosphaera japonica (Nakaseko and Nishimura),
Bulbocyrtium sp. A sensu Sugiyama (1997), Triassocampe
deweveri (Nakaseko and Nishimura) and Triassocampe sp.
aff. T_ diordinis Bragin sensu Sugiyama (1992) recognized
in the former sample, and the occurrence of Hozmadia
rotunda (Nakaseko and Nishimura) in the latter sample.

Bagotum sp. is the only a diagnostic radiolarian specimen
in Sample 1J6901a, indicating that it is from an early
Sinemurian — early Toarcian interval. Bagotum modestum
Pessagno and Whalen in Sample 1J6901¢c and Katroma
angusta Yeh in Sample [J57021 are also diagnostic species,
with their ages assigned to an early Pliensbachian — early
Toarcian interval and a late Pliensbachian — early Toarcian
interval, respectively.

Sample 1J6901b yielded FEucyrtidiellum gunense
Cordey, Bagotum maudense Pessagno and Whalen,
Broctus ruesti Yeh and Katroma brevitubus Dumitrica
and Gori¢an, therefore indicating that age of this sample
is constrained with these species which co-exist in an
interval from early Pliensbachian to earliest Toarcian.

Sample 1J2703 contains Eucyrtidiellum unumaense
(Yao) and numerous species belonging to Jurassic
genera. Eucyrtidiellum unumaense (Yao) has a relatively
longer age range extending from the lower Bajocian to
the lower Oxfordian. Among the other Jurassic species,
Parahsuum spp. are poorly-preserved but the presence of
short and inflated spindle-shaped test with simple square
pore frames. These morphologic features indicate that
they are probably correlated with Parahsuum izeense
(Pessagno and Whalen), which ranges from before the
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Fig. 3 Geologic age of each chert sample based on the detected
radiolarians.
Radiolarian zonation schemes proposed by after-
mentioned literatures are primarily adapted in this figure.
These zones are arranged in ascending order: TRO—TRS8
for Triassic (Sugiyama, 1997); P1, Kk, Ec, Te, Mh and
Pg for Hettangian — lower Aalenian (Hori, 1990); Cm,
Pa, Pb, Ct, Ps, CW, Js for Hettangian — Sinemurian
(Carter et al., 1998); 2 — 33 for uppermost Sinemurian
— Toarcian (Carter et al., 2010); JR3 — JR8 for Middle
Jurassic (Matsuoka, 1995); UAZ1 — UAZS for Middle
Jurassic (Baumgartner et al., 1995). Abbreviations
are as follows. Pl: Parahsuum aff. longiconicum, Kk:
Katroma kurusuensis, Ec: Eucyrtidieum? sp. C, Te:
Trillus elkhornensis, Mh: Mesosaturnalis hexagonus,
Pg: Parahsuum? grande, Cm: Canoptum merum, Pa:
Protokatroma aquila, Pb: Pantanellium browni, Ct:
Crucella hettangica, Ps: Parahsuum simplum, CW:
Canutus rockfishensis and Wrangellium thurstonense, Js:
Jacus? sandspitensis, UAZ: Unitary Association Zone.
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middle Bajocian. On the basis of coexistence of the above
two species, the age of this sample is estimated to be an
interval of between early and late Bajocian.

Praezhamoidellum yaoi Kozur and Striatojaponocapsa
plicarum (Yao) detected from Sample 1J5702b are
diagnostic species of the Middle Jurassic period.
Praezhamoidellum yaoi Kozur has a range that
probably extends from the Aalenian to Bajocian ages.
Striatojaponocapsa plicarum s.1. (Yao) has a slightly long
range from the lower Bajocian to lower Oxfordian ages, and
is divided into different morphological types with slightly
different age ranges (Baumgartner, 1984; Baumgartner
et al., 1995). The examined specimens are included in a
broad type (Baumgartner, 1984) or they may belong to
Striatojaponocapsa plicarum ssp. A (Baumgartner et al.,
1995), in which case the age range of these specimens
would extend from the upper Bajocian to lower Bathonian.
Nevertheless, due to their poorly-preserved state, these
specimens are treated as Striatojaponocapsa plicarum s.1.
This consideration may suggest a Bajocian age.

5. Conclusion

Moderately- to poorly-preserved radiolarian faunas
were extracted from 14 chert samples of 10 localities
in the Imajo district, the Nanjo Mountains, Southwest
Japan, and were examined to constrain the ages of the
cherts. Based on the recent biostratigraphic data of the
Triassic to Middle Jurassic radiolarians, the studied faunas
contain a long range in age from the Olenekian? stage to
the Bajocian stage (Fig. 3).

6. Systematic Paleontology

Descriptions of the radiolarian species examined in this
report, mainly employed the taxonomic classification of
De Wever et al. (2001) and O’Dogherty et al. (2009).

Subclass RADIOLARIA Miiller 1858
Order SPUMELLARIA Ehrenberg 1875, emend. De
Wever, Dumitrica, Caulet, Nigrini and Caridroit 2001

Family Pantanelliidae Pessagno 1977b

Genus Gorgansium Pessagno and Blome 1980
Type species Gorgansium siviesense Pessagno and Blome
1980

Gorgansium sp. cf. G. gongyloideum Kishida and Hisada
1985

(Plate 4, fig. 13)

Remarks: The specimen is characterized by having a
spherical cortical shell with hexagonal pore frames and
lacking well-developed nodes at vertices. Two spines are
nearly equal in length, whereas the third spine is slightly
longer. It may be assignable to Gorgansium gongyloideum
Kishida and Hisada, but is partly broken due to poor
preservation.

Genus Pantanellium Pessagno 1977a
Type species Pantanellium riedeli Pessagno 1977a

Pantanellium sp. cf. P. foveatum Mizutani and Kido 1983
(Plate 4, figs. 1-2)

Remarks: The specimen is similar to Pantanellium
foveatum Mizutani and Kido, but differs slightly from it
by having an elongated cortical shell.

Pantanellium sp. cf. P. tanuense Pessagno and Blome
1980

(Plate 4, fig. 10)

Remarks: The specimen is poorly preserved but is
morphologically similar to Pantanellium tanuense
Pessagno and Blome by having a spherical cortical shell
with small nodes at vertices.

Pantanellium spp.

(Plate 1, fig. 21; Plate 4, figs. 11-12; Plate 5, figs. 1, 11)
Remarks: Four of the obtained specimens lack one of
the bipolar spines, and cortical shell of the remaining
specimen is partially broken. However, they are identical
with species of Pantanellium on the basis of the spherical
cortical shell that is composed of massive polygonal pore
frames having nodes at vertices.

Pantanellium? spp.

(Plate 2, figs. 3-4)

Remarks: The obtained specimens are similar to genus
Pantanellium in general shape, but their surface structures
are indistinct.

Family Xiphostylidae Haeckel 1881, emend. De Wever,
Dumitrica, Caulet, Nigrini and Caridroit 2001

Genus Archaeocenosphaera Pessagno and Yang in
Pessagno, Six and Yang 1989

Type species Archaeocenosphaera ruesti Pessagno and
Yang in Pessagno, Six and Yang 1989

Archaeocenosphaera sp.

(Plate 2, fig. 1)

Remarks: Spherical cortical shell of the figured specimen
consists of two fused latticed layers with symmetrical
polygonal pore frames.

Archaeocenosphaera? spp.

(Plate 1, figs. 7-8)

Remarks: The obtained specimens are similar to genus
Archaeocenosphaera in general shape, but their surface
structure is indistinct.

Family Emiluviidae Dumitrica 1995
Genus Emiluvia Foreman 1973

Type species Emiluvia chica Foreman 1973
Emiluvia sp.
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(Plate 5, fig. 12)

Remarks: A poorly-preserved specimen was obtained.
It is similar to genus Emiluvia in possessing a modified
rectangular shell with four spines, two of which are
broken.

Genus Plafkerium Pessagno in Pessagno, Finch and
Abbott 1979

Type species Plafkerium abbotti Pessagno in Pessagno,
Finch and Abbott 1979

Plafkerium? antiquum Sugiyama 1992
(Plate 2, fig. 12)
1980 Staurosphaera? sp. B—Yao, Matsuda and [sozaki,
plate 1, fig. 6.
1982 Staurodoras? sp. — Mizutani and Koike, plate 4,
fig. 5.
1992 Plafkerium? antiquum Sugiyama — Sugiyama,
p.1219, figs. 18-4, 18-5, 18-6.
Remarks: The specimen resembles Plafkerium? antiquum
Sugiyama in having the four long coplanar spines which
are three-bladed proximally, but needle-like distally. It
differs from other species of Plafkerium by having non-
twisted spines.
Range: Upper Spathian — middle Anisian (Sugiyama,
1992).

Plafkerium? spp.

(Plate 2, figs. 10-11, 27; Plate 3, figs. 26-27)

Remarks: Cortical shell of the obtained specimens is
slightly spherical rather than square in shape. Four
triradiate spines, some of which are broken, extend from
each corner of the shell.

Family Angulobracchiidae Baumgartner 1980, emend.
De Wever, Dumitrica, Caulet, Nigrini and Caridroit 2001

Genus Paronaella Pessagno 1971
Type species Paronaella solanoensis Pessagno 1971

Paronaella sp. cf. P. notabilis Whalen and Carter 2002
(Plate 5, fig. 13)

Remarks: This specimen is closely related to Paronaella
notabilis Whalen and Carter by having three stout rays
with irregularly shaped tetragonal or pentagonal pore
frames, although the tips of its rays are broken.

Family Archaeospongoprunidae Pessagno 1973

Genus Protopsium Pessagno and Poisson 1981
Type species Protopsium ehrenbergi Pessagno and
Poisson 1981

Protopsium spp.

(Plate 1, figs. 5-6; Plate 2, figs. 7, 23-25)

Remarks: Although lacking patagium-like mass, the
examined specimens are similar to genus Profopsium in
general shape.

Order ENTACTINARIA Kozur and Mostler 1982
Family Entactiniidae Riedel 1967

Genus Thurstonia Whalen and Carter 1998
Type species Thurstonia minutaglobus Whalen and Carter
1998

Thurstonia sp.

(Plate 4, fig. 15)

Remarks: The figured specimen possesses a spherical shell
and six spines; two spines are bipolar, and four spines
are arranged at right angles in radial plane. The cortical
shell consists of polygonal pore frames with nodes at the
vertices. These appearances are similar to those of genus
Thurstonia.

Genus Entactinia Foreman 1963
Type species Entactinia herculea Foreman 1963

Entactinia? spp.

(Plate 1, figs. 10-20)

Remarks: Some poorly-preserved specimens were
examined. They have a subspherical shell in lateral view
and main spines.

Family Eptingiidae Dumitrica 1978

Genus Eptingium Dumitrica 1978
Type species Eptingium manfredi Dumitricd 1978

Eptingium sp. cf. E. manfredi Dumitrica 1978

(Plate 3, fig. 4)

Remarks: This specimen, damaged and broken, is similar
to Eptingium manfredi Dumitricd in overall shape, but
different slightly by having stout and twisted rays.

Eptingium? sp.

(Plate 2, fig. 15)

Remarks: This specimen is intensely damaged and one of
the horns lacks due to poor preservation.

Genus Cryptostephanidium Dumitrica 1978
Type species Cryptostephanidium cornigerum Dumitrica
1978

Cryptostephanidium japonicum (Nakaseko and
Nishimura) 1979
(Plate 2, fig. 9)
1979 Trilonche japonica, n. sp. — Nakaseko and
Nishimura, p.72, plate 4, figs. 8, 10.
1990 Cryptostephanidium japonicum (Nakaseko and
Nishimura) — Yeh, p.22, plate 4, fig. 10; plate 5,
figs.1, 2, 7; plate 10, fig. 11; plate 11, fig. 18.
1995 Cryptostephanidium japonicum (Nakaseko and
Nishimura) — Ramovs and Gori¢an, p.184, plate
5, fig. 1.
1996 Cryptostephanidium japonicum (Nakaseko and
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Nishimura) — Kozur, Krainer and Mostler, p.207-
208, plate 6, figs. 1-3.
Remarks: This specimen is characterized by having a
spherical shell with high and strong nodes on the vertices
of pore frames and by spines, one of which is broken, that
are cylindrical in cross section.
Range: Upper Spathian — lowermost Ladinian (Sugiyama,
1997).

Cryptostephanidium sp. cf. C. longispinosum (Sashida)
1991

(Plate 2, fig. 8)

Remarks: This specimen is characterized by having a
spherical shell with short and irregular nodes at the vertices
of pore frames. But it differs from Cryptostephanidium
longispinosum (Sashida) by having slightly longer rod-
like spines.

Cryptostephanidium spp.

(Plate 1, figs. 1-2; Plate 3, figs. 5-8, figs. 23-25)
Remarks: The illustrated specimens are similar to species
of genus Cryptostephanidium in having a globular
cephalis with three horns, one of which lacks due to poor
preservation.

Family Hindeosphaeridae Kozur and Mostler 1981

Genus Hindeosphaera Kozur and Mostler 1979
Type species Hindeosphaera foremanae Kozur and
Mostler 1979

Hindeosphaera sp. cf. H. spinulosa (Nakascko and
Nishimura) 1979

(Plate 3, fig. 18)

Remarks: The examined specimen is characterized by
having a slightly ellipsoidal shell and polar spines which
are quite different in length. The irregularly spongy
meshwork which is characteristic of Hindeosphaera
spinulosa (Nakaseko and Nishimura) and is constructed
by polygonal pore frames, is obscure in this specimen, due
to poor preservation.

Genus Pseudostylosphaera Kozur and Mostler 1981
Type species Pseudostylosphaera gracilis Kozur and
Mock in Kozur and Mostler 1981

Pseudostylosphaera japonica (Nakaseko and Nishinura)
1979
(Plate 3, fig. 1)

1979 Archaeospongoprunum japonica n. sp. —
Nakaseko and Nishimura, p.67-68, plate 1, figs.
2,4,9.

1986 Pseudostylosphaera japonica (Nakaseko and
Nishimura) — Blome, Jones, Murchey and
Liniecki, plate 8, figs. 1, 2.

1990 Pseudostylosphaera japonica (Nakaseko and
Nishimura) — Yeh, p.15, plate 4, figs. 5-7.

Remarks: The illustrated specimen is characterized by

having an ellipsoidal shell with two polar spines which are
equal in length. The spines are moderately long, massive
and three-bladed in axial section.

Range: Middle Anisian — lower Carnian (Sugiyama,
1997).

Pseudostylosphaera sp. A sensu Sugiyama 1992
(Plate 2, fig. 6)
1992 Pseudostylosphaera sp. A — Sugiyama, p.1209,
figs. 14-1, 14-2.
1997 Pseudostylosphaera sp. A—Sugiyama, p.168, fig.
46-8.
Remarks: Although poorly preserved, the illustrated
specimen is characterized by having three-bladed polar
spines which are obliquely directed.
Range: Lower Anisian — Middle Anisian (Sugiyama,
1997).

Pseudostylosphaera spp.

(Plate 2, fig. 5; Plate 3, figs. 2-3, 19-22)

Remarks: The obtained specimens, some of which are
poorly-preserved, resemble Pseudostylosphaera in
general shape.

Family Saturnalidae Deflandre 1953, emend. Kozur and
Mostler, 1972

Genus Mesosaturnalis Kozur and Mostler 1981
Type species Palaeosaturnalis levis Donofrio and Mostler
1978

Mesosaturnalis spp.

(Plate 4, figs. 20-23)

Remarks: On the basis of their general characters,
the illustrated specimens are identical with genus
Mesosaturnalis.

Order NASSELLARIA Ehrenberg 1875
Family Poulpidae De Wever 1981

Genus Hozmadia Dumitrica, Kozur and Mostler 1980
Type species Hozmadia reticulata Dumitrica, Kozur and
Mostler 1980

Hozmadia rotunda (Nakaseko and Nishimura) 1979
(Plate 3, fig. 31)
1979 Tripilidium rotundum n. sp. — Nakaseko and
Nishimura, p.81-82, plate 8§, figs. 1-3.
1994 Hozmadia rotunda (Nakaseko and Nishimura) —
Kozur and Mostler, p.116, plate 29, figs. 3, 4, 7.
Remarks: The shell of this specimen is spherical with large
hexagonal or pentagonal pore frames. Its apical horn is
slightly shorter. Although the three feet are broken, this
specimen belongs to Hozmadia rotunda (Nakaseko and
Nishimura).
Range: Upper Anisian (Sugiyama, 1997).
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Hozmadia sp. cf. H. gifuensis Sugiyama 1992

(Plate 3, figs. 29-30)

Remarks: The cephalic shell of the illustrated specimen
is constricted at its base as with Hozmadia gifuensis
Sugiyama, but its apical spine is not stout.

Family Foremanellinidae Dumitrica 1982

Genus Diceratigalea Takemura and Nakaseko 1982
Type species Diceratigalea hemisphaera Takemura and
Nakaseko 1982

Diceratigalea sp.

(Plate 4, fig. 19)

Remarks: The poorly-preserved specimen possesses two
apical spines and four feet, one of which is broken. This
appearance is coincides with the diagnostic features of
genus Diceratigalea.

Family Ultranaporidae Pessagno 1977b

Genus Napora Pessagno 1977a
Type species Napora bukryi Pessagno 1977a

Napora spp.

(Plate 4, figs. 3-4)

Remarks: The poorly-preserved specimens are composed
of a two-segmented test with a conical cephalis and a large
thorax, and are similar to genus Nopora in possessing a
massive apical horn and three slightly curved feet, one of
which is broken, at the base.

Family Bulbocyrtiidae Kozur and Mostler 1981

Genus Bulbocyrtium Kozur and Mostler 1981
Type species Bulbocyrtium reticulatum Kozur and Mostler
1981

Bulbocyrtium sp. A sensu Sugiyama 1997
(Plate 3, fig. 10)
1990 Yeharaia? sp. A—Yeh, p.30, plate 7, fig.13; plate
9, figs.13,18.

1997 Bulbocyrtium sp. A—Sugiyama, p.147, fig.37-11.
Remarks: This specimen is characterized by having a
large balloon-like cephalis with a stout apical horn, thus
indicating that it can be correlated with Bulbocyrtium sp.
A sensu Sugiyama.

Range: Middle Anisian — lower Ladinian (Sugiyama,
1997).

Family Williriedellidae Dumitrica 1970

Genus Williriedellum Dumitrica 1970
Type species Williriedellum crystallinum Dumitrica 1970

Williriedellum? sp.
(Plate 5, fig. 2)
Remarks: The obtained specimen is similar to genus

Williriedellum in general form, but its constricted aperture
does not appear clearly.

Genus Praewilliriedellum Kozur 1984
Type species Praewilliriedellum cephalospinosum Kozur
1984

Praewilliriedellum? spp.

(Plate 1, figs. 24-25)

Remarks: The specimens are similar to genus
Praewilliriedellum in general form, but internal structures
of their cephalothorax are indistinct.

Genus Praezhamoidellum Kozur 1984

Type species Praezhamoidellum yaoi Kozur 1984
Remarks: O’Dogherty et al. (2009) have considered
that Praezhamoidellum Kozur is a synonym of
Hemicryptocapsa Tan. However, they differ from each
other by the thoracic structure; thorax of the former genus
is not depressed into the abdominal cavity (Kozur, 1984),
whereas that of the latter is partly to almost completely
depressed (Dumitricd, 1970).

Praezhamoidellum yaoi Kozur 1984
(Plate 4, fig. 5)
1973 “Hemicryptocapsa” sp.—Ichikawa and Yao, plate
4, fig. 7.
1979 Tricolocapsa sp. cf. T. riisti Tan — Yao, p.30-31,
plate 3, figs. 8-20.
1984 Praezhamoidellum yaoi n. sp. — Kozur, p.53-54,
plate 3, fig. 3.
Remarks: This specimen is composed of a spherical
cephalis, truncated conical thorax and globose abdomen.
The entire shell surface has a large hexagonal frame with
narrow ridges, in the center of which there is a small
circular pore.
Range: Upper Aalenian? — lower Bajocian? (Yao, 1984).

Praezhamoidellum sp. cf. P. yaoi Kozur 1984

(Plate 5, fig. 23)

Remarks: The examined specimen is poorly-preserved,
but similar to Praewilliriedellum yaoi Kozur in general
form and in having hexagonal pore frames on the surface
of abdomen.

Praezhamoidellum sp. cf. P. convexa (Yao) 1979

(Plate 5, fig. 22)

Remarks: The illustrated specimen is similar to
Praezhamoidellum convexa (Yao) by having a test
consisting of four segments, especially by having a
poreless cephalis. It, however, differs from the latter
by possessing larger pores on the surface of its fourth
segment.

Praezhamoidellum? spp.

(Plate 1, fig. 26; Plate 5, fig. 3)

Remarks: 1t is difficult to identify the examined specimens
due to their poor preservation. However, they are slightly
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similar to genus Praezhamoidellum in general form and
in having a cephalothorax that is weakly depressed into
the abdominal cavity.

Family Eucyrtidiellidae Takemura 1986

Genus Eucyrtidiellum Baumgartner 1984
Type species Eucyrtidium? unumaensis Yao 1979

Eucyrtidiellum unumaense (Yao) 1979
(Plate 1, fig. 27)
1979 Eucyrtidium? unumaensis n. sp. — Yao, p.39, plate
9, figs. 1-11.
1984 Eucyrtidiellum unumaensis (Yao) — Baumgartner,
p.765, plate 4, fig. 6.
1987 Eucyrtidiellum unumaense (Yao) — Nagai, plate
2, figs. la, 1b, Ic.
1990a Eucyrtidiellum unumaense (Yao) — Nagai, p.597,
figs. 4-6, 4-7.
Remarks: The cephalis is somewhat broken and an apical
horn is lacked. Hexagonal meshwork is preserved on the
surface of the thorax. The abdomen is relatively large and
inflated-hemispherical in shape with poreless and smooth
surface. Circular pores are arranged in transverse row at
the base of the abdomen.
Range: Lower Bajocian — lower Oxfordian (Baumgartner
etal., 1995).

Eucyrtidiellum gunense Cordey 1998
(Plate 5, fig. 14)
1986 Eucyrtidiellum sp. C group — Nagai, p.12, plate
2, fig. 10.
1990b Eucyrtidiellum sp. C, — Nagai, plate 4, figs. 2-3.
1998 Eucyrtidiellum gunense n. sp. — Cordey, p.109,
plate 25, figs. 8-9.
Remarks: This specimen is characterized by having a
cylindrical cephalis with a stout and longer apical horn.
The wide abdomen possesses pores with thick hexagonal
pore frames. The fourth segment is lacked.
Range: Lower Pliensbachian — middle Toarcian (Carter
et al.,2010).

Eucyrtidiellum spp.

(Plate 4, fig. 24; Plate 5, fig. 15)

Remarks: The examined specimens are poorly-preserved,
but similar to genus Eucyrtidiellum in general form and in
having a very inflated abdomen.

Family Ruesticyrtiidae Kozur and Mostler 1979

Genus Triassocampe Dumitrica, Kozur and Mostler 1980
Type species Triassocampe scalaris Dumitricd, Kozur and
Mostler 1980

Triassocampe deweveri (Nakaseko and Nishimura) 1979
(Plate 3, figs. 12-13)
1979 Dictyomitrella deweveri n. sp. — Nakaseko and
Nishimura, p.77, plate 10, figs. 8-9.

1982 Triassocampe deweveri (Nakaseko and
Nishimura) — Yao, plate 1, figs. 1-3.
1994 Triassocampe deweveri (Nakaseko and
Nishimura) — Kozur and Mostler, p.140-141,
plate 45, fig. 6.
Remarks: The illustrated specimens are not well preserved,
but have characteristic features of Triassocampe deweveri
(Nakaseko and Nishimura); the cephalis is dome-shaped
and imperforate, and post-cephalic segments increase
slightly in width toward the distal end. On the surface of
the segments, a single row of small knob-like protrusions
is circumferentially arranged between well-developed
circumferential ridges.
Range: Upper Anisian — upper Ladinian (Sugiyama,
1997).

Triassocampe sp. aff. T. diordinis Bragin 1991 sensu
Sugiyama 1992

(Plate 3, fig. 11)

Remarks: The illustrated specimen resembles
Triassocampe sp. aff. T. diordinis Bragin of Sugiyama
(1992) in overall form, which is characterized by poorly
developed circumferential ridges.

Range: Middle Anisian (Sugiyamal992).

Triassocampe sp.

(Plate 3, fig. 14)

Remarks: The obtained specimen belongs to genus
Triassocampe on the basis of its well-developed
circumferential ridges on the long subcylindrical test.

Family Bagotidae Pessagno and Whalen 1982

Genus Bagotum Pessagno and Whalen 1982
Type species Bagotum maudense Pessagno and Whalen
1982

Bagotum maudense Pessagno and Whalen 1982
(Plate 5, figs. 16-17)
1982 Bagotum maudense n. sp.—Pessagno and Whalen,
p.118-120, plate 3, figs. 6, 11, 20.
1997 Bagotum maudense Pessagno and Whalen — Yao,
plate 13, fig. 637.
2001 Bagotum maudense Pessagno and Whalen —
Gawlick, Suzuki and Missoni, plate 5, fig. 8.
Remarks: The illustrated specimens resemble Bagotum
maudense Pessagno and Whalen in possessing an
elongated, slender and less inflated test. Cephalis and
thorax with irregular tetragonal or pentagonal pore frames,
and remaining segments with linearly arranged square to
rectangular pore frames.
Range: Lower Pliensbachian — lower Toarcian (Carter et
al., 2010).

Bagotum modestum Pessagno and Whalen 1982
(Plate 5, fig. 24)
1982 Bagotum modestum n. sp. — Pessagno and
Whalen, p.120, plate 3, figs. 7, 16, 17.
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2002 Bagotum modestum Pessagno and Whalen —
Whalen and Carter, p.116, plate 10, figs. 9, 11, 12.
2003 Bagotum modestum Pessagno and Whalen —
Gori¢an, Smuca and Baumgartner, p.296, plate
5, fig. 22.
2004 Bagotum modestum Pessagno and Whalen —
Matsuoka, fig. 193.
Remarks: This specimen resembles Bagotum modestum
Pessagno and Whalen in overall shape, possessing a
broader test. Square to rectangular pore frames on the
post-abdominal segments are linearly arranged.
Range: Lower Pliensbachian — lower Toarcian (Carter et
al., 2010).

Bagotum sp.

(Plate 5, fig. 4)

Remarks: The obtained specimen consists of an ellipsoidal
test possessing a final post-abdominal segment terminating
in a dome-shaped cap. Then, it belongs to genus Bagotum.

Genus Broctus Pessagno and Whalen 1982
Type species Broctus selwynensis Pessagno and Whalen
1982

Broctus ruesti Yeh 1987
(Plate 5, figs. 18-19)
1987 Broctus ruestin. sp.—Yeh, p.54, plate 4, figs. 1-3,
7,21.
2004 Broctus ruesti Yeh — Ziabrev, Aitchison,
Abrajevitch, Badengzhu, Davis and Luo, figs.
5-9.
Remarks: This specimen is characterized by possessing a
spindle-like test. Massive costae and thin transverse bars
on the thorax and subsequent segments form rectangular
pore frames.
Range: Lower Pliensbachian — lowermost Toarcian
(Carter et al., 2010).

Family Hsuidae Pessagno and Whalen 1982

Genus Hsuum Pessagno 1977a, emend. Takemura 1986
Type species Hsuum cuestaensis Pessagno 1977a

Hsuum spp.

(Plate 4, fig. 27, Plate 5, fig. 26)

Remarks: The obtained specimens consist of a long
conical and multi-segmented test that is covered by
weakly developed longitudinal costae.

Genus Parahsuum Yao 1982
Type species Parahsuum simplum Yao 1982

Parahsuum spp.

(Plate 1, figs. 30-34; Plate 4, fig. 25; Plate 5, figs. 8-9, 20)
Remarks: Some morphotypes are recognized among the
obtained specimens, but they are characterized by pores on
the test that are arranged in both longitudinal and lateral
lines.

Family Parvicingulidae Pessagno 1977a

Genus Praeparvicingula Pessagno, Blome and Hull in
Pessagno, Blome, Hull and Six 1993

Type species Parvicingula profunda Pessagno and Whalen
1982

Praeparvicingula? sp.

(Plate 1, fig. 36)

Remarks: The obtained specimen is characterized by two
or three rows of pores that are laterally arranged between
thick circumferential ridges. However, it is unclear that
this specimen belongs to genus Praeparvicingula.

Genus Elodium Carter in Carter, Whalen and Guex 1998
Type species Elodium cameroni Carter in Carter, Whalen
and Guex 1998

Elodium sp. cf. E. pessagnoi Yeh and Cheng 1996
(Plate 4, fig. 26)

Remarks: This specimen is broken and poorly preserved,
but is similar to Elodium pessagnoi Yeh and Cheng in
general form and in having a conical test with a massive
apical horn.

Family Syringocapsidae Foreman 1973

Genus Katroma Pessagno and Poinsson 1981, emend. De
Wever 1982, emend. Whalen and Carter 1998

Type species Katroma neagui Pessagno and Poinsson
1981

Katroma angusta Yeh 1987
(Plate 4, fig. 28)
1987 Katroma angusta n. sp. —Yeh, p.79, plate 23, fig.
8; plate 30, fig. 10.
2002 Katroma angusta Yeh — Whalen and Carter,
p.134, plate 14, figs. 1-3, 9-10; plate 18, figs. 7-8.
Remarks: Although the apical horn and tubular extension
are partly broken, this specimen resembles Katroma
angusta Yeh in having an inflated post-abdominal chamber.
Range: Upper Pliensbachian — lower Toarcian (Yeh, 1987).

Katroma brevitubus Dumitrica and Gorican in Goric¢an
et al. 2006
(Plate 5, fig. 21)
1982 Syringocapsa sp. B — Yao, plate 4, figs.14-15.
1990 Syringocapsa sp. B — Hori, plate 8, fig.11.
1998 Katroma megasphaera n. sp. — Yeh and Cheng,
p-28-29, plate 7, figs. 9, 20.
2006 Katroma brevitubus n. sp. —Gori¢an et al., p.220,
plate KAT12, figs. 1-9.
Remarks: This specimen resembles Katroma brevitubus
Dumitrica and Goric¢an in having an inflated spherical
abdomen and a short tubular extension.
Range: Lower Pliensbachian — lowermost Toarcian
(Carter et al., 2010).
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Katroma spp.

(Plate 4, figs. 29-30)

Remarks: The examined specimens are comprised of four
segmented test. Post-abdominal segment is subspherical in
shape and terminates in cylindrical tubular extension. This
appearance is characteristic features of genus Katroma.

Genus Teesium Whalen and Carter 1998
Type species Teesium insignitum Whalen and Carter 1998

Teesium? sp.

(Plate 4, fig. 16)

Remarks: Genus Teesium consists of a test with cephalis,
thorax and large inflated abdomen: one prominent
cylindrical horn and two cylindrical arms are attached
to top of cephalis and base of abdomen, respectively
(Whalen and Carter, 1998). This form is similar to that
of the obtained specimen, but pore frame structure of the
specimen is unclear.

Genus Striatojaponocapsa Kozur 1984
Type species Tricolocapsa plicarum Yao 1979

Striatojaponocapsa plicarum (Yao 1979)
(Plate 4, figs. 6-7)
1979 Tricolocapsa plicarum n. sp.—Yao, p.32-33, plate
4, figs. 1-11.
1983 Tricolocapsa plicarum (Yao) — Matsuoka, p.20,
plate 3, figs. 1-2.
1984 Tricolocapsa plicarum (Yao) — Baumgartner,
p.790, plate 10, figs. 6-7.
1984 Striatojaponocapsa plicarum (Yao) — Kozur,
plate 7, fig. 3.
1997 Striatojaponocapsa plicarum plicarum (Yao) —
Hull, p168. plate 37, figs. 6, 9.
Remarks: Two morphotypes, broadly spindle-shaped
and slenderly spindle-shaped, are included in this
species (Baumgartner, 1984). The obtained specimens
are grouped into the broad type which has longitudinal
plicae. 16-18 plicae are visible in lateral view. A dish-
like basal appendage of each of the specimens is broken.
Baumgartner et al. (1995) distinguished this type as
Striatojaponocapsa plicarum ssp. A, which possesses a
circular depression near aperture, but the depression is
indistinct on the obtained specimen.
Range: Upper Bajocian — lower Bathonian (Baumgartner
et al., 1995).

Family Pseudodictyomitridae Pessagno 1977b

Genus Corum Blome 1984
Type species Corum speciosum Blome 1984

Corum? sp.

(Plate 5, fig. 5)

Remarks: A poorly-preserved specimen was obtained and
resembles genus Corum in having discontinuous costae
on the surface of abdomen and post-abdominal segments,

but one row of primary pores at the end of the costae are
indistinct.

Family Eucyrtidiidae Ehrenberg 1847

Genus Stichomitra Cayeux 1897
Type species Stichomitra bertrandi Cayeux 1897

Stichomitra spp.

(Plate 5, figs. 6-7)

Remarks: The examined specimens consist of a multi-
segmented test. Cephalis without apical horn distinctively
tends to be knob-like. Polygonal pore frames cover almost
all portion of test. This appearance is characteristic
features of genus Stichomitra.

NASSELLARIA Incertae sedis

Genus Dictyomitrella Haeckel 1887
Type species Eucyrtidium articulatum Ehrenberg 1875

Dictyomitrella sp.

(Plate 4, fig. 8)

Remarks: The illustrated specimen is composed of a
conical multi-segmented test which has circumferential
ridges with each one row of pores below and above. On
the basis of this appearance, this specimen is assigned to
genus Dictyomitrella.

Genus Lantus Yeh 1987
Type species Lantus sixi Yeh 1987

Lantus sp. cf. L. sixi Yeh 1987

(Plate 1, fig. 28)

Remarks: Although poorly preserved, the obtained
specimen is similar to Lantus sixi Yeh in overall shape.
However, it differs slightly from the type species by
having less developed strictures between post-abdominal
chambers.

Lantus? sp.

(Plate 1, fig. 29)

Remarks: The examined specimen is similar to genus
Lantus in having a final post-abdominal segment which
is closed with an ellipsoidal cap, but is slightly different
from it in overall form.
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Plate 1 SEM images of Triassic to Middle Jurassic radiolarians from the Imajo district.

1J1502¢ (Locality Ic-1: South of Tochinoki-tdge)

1-2: Cryptostephanidium spp. (1: GSJ F18100-000, 2: -004)
3: Entactinaria gen. et sp. indet. (GSJ F18100-003)

4: Spumellaria gen. et sp. indet. (GSJ F18100-007)

5-6: Protopsium spp. (5: GSJ F18100-006, 6: -005)

1J2202 (Locality Ic-2: North of Ogiri)

7-8: Archaeocenosphaera? spp. (7: GSJ F18101-007, 8: -013)

9: Spumellaria gen. et sp. indet. (GSJ F18101-001)

10-20: Entactinia? spp. (10: GSJF18101-004, 11:-003, 12: -015, 13: 005, 14: -009, 15: -008, 16:-012,
17:-014, 18: -010, 19: -006, 20: -002)

1J2703 (Locality Ic-3: Northeast of Imajo)

21: Pantanellium sp. (GSJ F18102-017)

22-23: Pantanelliidae gen. et sp. indet. (22: GSJ F18102-015, 23: -013)
24-25: Praewilliriedellum? spp. (24: GSJ F18102-016, 25: -014)

26: Praezhamoidellum? sp. (GSJ F18102-009)

27: Eucyrtidiellum unumaense (Yao) (GSJ F18102-008)

28: Lantus sp. cf. L. sixi Yeh (GSJ F18102-005)

29: Lantus? sp. (GSJ F18102-010)

30-34: Parahsuum spp. (30: GSJ F18102-001, 31: -003, 32: -002, 33: -007, 34: -004)
35: Nassellaria gen. et sp. indet. (GSJ F18102-012)

36: Praeparvicingula? sp. (GSJ F18102-011)

All scale bars are equal to 0.1 mm.
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Plate 2 SEM images of Triassic to Middle Jurassic radiolarians from the Imajo district.

1J2901 (Locality Ic-4: Yashirodani)

1: Archaeocenosphaera sp. (GSJ F18103-015)

2: Spumellaria gen. et sp. indet. (GSJ F18103-006)

3-4: Pantanellium? spp. (3: GSJ F18103-010, 4: -011)

5: Pseudostylosphaera sp. (GSJ F18103-009)

6: Pseudostylosphaera sp. A sensu Sugiyama (1992) (GSJ F18103-008)

7: Protopsium sp. (GSJ F18103-014)

8: Cryptostephanidium sp. cf. C. longispinosum (Sashida) (GSJ F18103-003)
9: Cryptostephanidium japonicum (Nakaseko and Nishimura) (GSJ F18103-007)
10-11: Plafkerium? spp. (10: GSJ F18103-001, 11: -002)

12: Plafkerium? antiquum Sugiyama (GSJ F18103-004)

13-14: Spumellaria gen. et sp. indet. (13: GSJ F18103-005, 14: -012)

15: Eptingium? sp. (GSJ F18103-013)

1J3205 (Locality Ic-5: Northwest of Somayama)

16-22: Spumellaria gen. et sp. indet. (16: GSJ F18104-014, 17: -003, 18: -010, 19: -016, 20: -012, 21:
-001, 22: -007)

23-25: Protopsium spp. (23: GSJ F18104-008, 24: -005, 25: -015)

26: Spumellaria gen. et sp. indet. (GSJ F18104-002)

27: Plafkerium? sp. (GSJ F18104-011)

28-30: Spumellaria gen. et sp. indet. (28: GSJ F18104-004, 29: -013, 30: -006)

1J4001 (Locality Ic-6: Hashitate)
31-35: Spumellaria gen. et sp. indet. (31: GSJ F18105-001, 32: -002, 33: -003, 34: -004, 35: -005)

All scale bars are equal to 0.1 mm.
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Plate 2

1J4001

8,13 36,28
1,2,7,9-12,14-20,25,27,31-35  21-24,26,29-30
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Plate 3 SEM images of Triassic to Middle Jurassic radiolarians from the Imajo district.

1J5502 (Locality Ic-7: West of Okunono)

1: Pseudostylosphaera japonica (Nakaseko and Nishinura) (GSJ F18117-015)

2-3: Pseudostylosphaera spp. (2: GSJ F18117-017, 3: -013)

4: Eptingium sp. cf. E. manfredi Dumitricd (GSJ F18117-018)

5-8: Cryptostephanidium spp. (5: GSJ F18117-007, 6: -014, 7: -010, 8: -012)

9: Nassellaria gen. et sp. indet. (GSJ F18117-008)

10: Bulbocyrtium sp. A sensu Sugiyama (1997) (GSJ F18117-020)

11: Triassocampe sp. aff. T. diordinis Bragin 1991 sensu Sugiyama (1992) (GSJ F18117-001)
12-13: Triassocampe deweveri Nakaseko and Nishimura (12: GSJ F18117-003, 13: -004)

1J5503 (Locality Ic-8: West of Okunono)

14: Triassocampe sp. (GSJ F18118-002)

15: Multisegmented Nassellaria gen. et sp. indet (GSJ F18118-003)

16-17: Poulpidae gen. et sp. indet. (16: GSJ F18118-005, 17: -006)

18: Hindeosphaera sp. cf. H. spinulosa (Nakaseko and Nishimura) (GSJ F18118-007)

1J5702a (Locality Ic-9: West of Yund)

19-22: Pseudostylosphaera spp. (19: GSJ F18119-003, 20: -011, 21: -010, 22: -006)
23-25: Cryptostephanidium spp. (23: GSI F18119-002, 24: -001, 25: -005)

26-27: Plafkerium? spp. (26: GSJ F18119-012, 27: -009)

28: Spumellaria gen. et sp. indet. (GSJ F18119-013)

29-30: Hozmadia sp. ct. H. gifuensis Sugiyama (29: GSJ F18119-007, 30: -004)
31: Hozmadia rotunda (Nakaseko and Nishimura) (GSJ F18119-008)

All scale bars are equal to 0.1 mm.
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1J5502 Plate 3
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1-2,4,27,29-30
3,5-17,19-26,28,31
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Plate 4 SEM images of Triassic to Middle Jurassic radiolarians from the Imajo district.

1J5702b (Locality Ic-9: West of Yund)

1-2: Pantanellium sp. cf. P. foveatum Mizutani and Kido (1: GSJ F18120-005, 2: -006)
3-4: Napora spp. (3: GSI F18120-003, 4: -004)

5: Praezhamoidellum yaoi Kozur (GSJ F18120-007)

6-7: Striatojaponocapsa plicarum (Yao) (6: GSJ F18120-008, 7: -009)

8: Dictyomitrella sp. (GSJ F18120-002)

9: Multisegmented Nassellaria gen. et sp. indet. (GSJ F18120-001)

1J5702i (Locality Ic-9: West of Yund)

10: Pantanellium sp. cf. P. tanuense Pessagno and Blome (GSJ F18121-006)
11-12: Pantanellium spp. (11: GSJ F18121-009, 12: -015)

13: Gorgansium sp. cf. G. gongyloideum Kishida and Hisada (GSJ F18121-014)
14: Spumellaria gen. et sp. indet. (GSJ F18121-019)

15: Thurstonia sp. (GSJ F18121-020)

16: Teesium? sp. (GSJ F18121-018)

17-18: Poulpidae gen. et sp. indet. (17: GSJ F18121-012, 18: -011)

19: Diceratigalea sp. (GSJ F18121-010)

20-23: Mesosaturnalis spp. (20: GSJ F18121-021, 21: -022, 22: -023, 23: -024)
24: Eucyrtidiellum sp. (GSJ F18121-017)

25: Parahsuum sp. (GSJ F18121-001)

26: Elodium sp. cf. E. pessagnoi Yeh and Cheng (GSJ F18121-003)

27: Hsuum sp. (GSJ F18121-002)

28: Katroma angusta Yeh (GSJ F18121-008)

29-30: Katroma spp. (29: GSJ F18121-007, 30: -005)

All scale bars are equal to 0.1 mm.
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Plate 4

1J5702i

1-3,10,15-16,27-29
5-9,12-13,17-19,25-26
4,11,14,30 24
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Plate 5 SEM images of Triassic to Middle Jurassic radiolarians from the Imajo district.

1J6901a (Locality Ic-10: South of Kono)

1: Pantanellium sp. (GSJ F18127-010)

2: Williriedellum? sp. (GSJ F18127-009)

3: Praezhamoidellum? sp. (GSJ F18127-011)

4: Bagotum sp. (GSJ F18127-008)

5: Corum? sp. (GSJ F18127-001)

6-7: Stichomitra spp. (6: GSJ F18127-002, 7: -006)

8-9: Parahsuum spp. (8: GSJ F18127-007, 9: -003)

10: Multisegmented Nassellaria gen. et sp. indet. (GSJ F18127-004)

1J6901b (Locality Ic-10: South of Kono)

11: Pantanellium sp. (GSJ F18128-010)

12: Emiluvia sp. (GSJ F18128-011)

13: Paronaella sp. cf. P. notabilis Whalen and Carter (GSJ F18128-012)
14: Eucyrtidiellum gunense Cordey (GSJ F18128-007)

15: Eucyrtidiellum sp. (GSJ F18128-008)

16-17: Bagotum maudense Pessagno and Whalen (16: GSJ F18128-004, 17: -005)
18-19: Broctus ruesti Yeh (18: GSJ F18128-003, 19: -002)

20: Parahsuum sp. (GSJ F18128-001)

21: Katroma brevitubus Dumitrica and Goric¢an (GSJ F18128-006)

22: Praezhamoidellum sp. cf. P. convexa (Yao) (GSJ F18128-009)

1J6901c¢ (Locality Ic-10: South of Kono)

23: Praezhamoidellum sp. cf. P. yaoi Kozur (GSJ F18129-004)

24: Bagotum modestum Pessagno and Whalen (GSJ F18129-003)
25: Multisegmented Nassellaria gen. et sp. indet. (GSJ F18129-001)
26: Hsuum sp. (GSJ F18129-002)

All scale bars are equal to 0.1 mm.
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&#l - Note and Comment

LB ALFEER, #HEAHREEED K-Ar £
EAERE "

Chikao Kurimoto (2013) K—Ar ages of the Mikabu Greenstones in the northwestern part of Wakayama
Prefecture, Southwest Japan. Bull. Geol. Surv. Japan, vol. 64 (3/4), p. 113—119, 3 figs, 1 table.

Abstract: In the northwestern part of the Kii Peninsula, strata of the Sambagawa (Sambagawa Belt in
strict sense and Mikabu Belt), Chichibu and Shimanto Belts are distributed from north to south based on
metamorphic grade, geologic age and lithologic characters. The Mikabu Belt is occupied by the Oishi,
Numata and Saga Formations from north to south.

K—Ar ages were determined on white mica grains for 23 samples from the Mikabu Belt, 22 samples of
which are pelitic schists and one sample is a greenschist.

K—Ar ages of the Oishi, Numata and Saga Formations range over §1.7-98.2 Ma, 96.7-117.0 Ma and
113-118 Ma, respectively. The Numata Formation ranges over 96.7—125.1 Ma, including the data of
Kurimoto (1995). Judging from metamorphic grade and closure temperature of the K—Ar system in
muscovite, it is believed that K—Ar ages from these Mikabu samples show the time of metamorphism.

The K—Ar age of the Oishi Formation is roughly concordant with that of the Kebara Formation (Kurimoto,
1993) which is considered to belong to the Mikabu Belt. On the other hand, the K—Ar ages of the Saga

and the Numata Formations are older than those of the Oishi and the Kebara Formations.

Keywords: K—Ar age, white mica, metamorphism, Mikabu Greenstones, Wakayama, Southwest Japan
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T g 3 IEIR R, VAR, ROVERRICIX Iy ENb.

S, B ICIE Y A AR, TH R K Ok kg A
SERELL 7223 30FHZ DWW T, BRAZER %> TK-Ar
FEREMUE L2 AL R 1408, HHE 6V,
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EHRBEORB A 5 1381.7-982 Ma, HHFE» 5
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BARRIKAER & > THREHFRORE 2175 TN TE
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HHEIZOWT, AZERE M S TK-ArfF Ul 2 5720 T,
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VRS HRIIFZE 5P (ATST, Geological Survey of Japan, Institute of Geology and Geoinformation)

> B ¢ #PE (Evaluation Division)
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Table 1 K—Ar ages on white micas from the Mikabu Zone in the north—western part of Wakayama Prefecture.

Longitude and latitude of the sample localities are shown based on the International Land Survey System.

Locality  Sample Rock K-Ar age K-Ar age YAr OAr Potassium o
No. Number type (Ma) (average) (Ma) (scc/gm X ]()'5) (%) (Wt.%) Geologic unit
1 GSJIR66076 p 82.7%+4.1 83.3%+42 2.07 96.7 6.26
(34° 06’ 59” N, 135° 23’ 555" E) 82.1+4.1 2.04 97.2 6.24 Oishi
2 GSIR66077 p 81.7%+4.1 81.5+4.1 1.80 96.6 5.55 Formation
(34° 07 03” N, 135° 23’ 448" E) 81.9+4.1 1.81 94.9 5.56
3 GSIR66078 p 101.0%£5.0 101.0%£5.0 1.92 94.6 476
(34° 06’ 177 N, 135° 21’ 42.5” E) 101.0£5.0 1.92 94.7 4.74
4 GSJIR66079 p 108.0£5.0 108.0£5.0 2.80 96.8 6.45
(34° 06" 8.6” N, 135° 21’ 27.2” E) 108.0%+5.0 2.78 96.8 6.45
5  GSIR66080 p 99.4%+5.0 101.0£5.0 2.46 96.5 6.12 Numata
(34° 06’ 8.6” N, 135° 21’ 272" E) 98.2+4.9 2.40 96.4 6.11 Formation
6  GSJIR66081 p 117.0%6.0 117.0£6.0 2.76 95.4 5.89
(34° 06’ 01” N, 135° 21’ 34" E) 117.0%£6.0 2.75 96.9 5.83
7  GSIR66082 p 112.0%£6.0 112.0%£6.0 2.34 95.7 5.23
(34° 05’ 50” N, 135° 21’ 28" E) 112.0£6.0 233 96.3 5.18
8  GSJIR66083 p 118.0%6.0 118.0%6.0 2.49 94.1 5.26 Saga
(34° 05" 34” N, 135° 22’ 01” E) 118.0%6.0 248 95.9 5.25 Formation
9  GSJR76313 p 84.9+42 85.3+43 1.09 91.3 322
(34° 07" 29.4” N, 135° 19’ 49” E) 84.5+4.2 1.08 94.1 3.20 Oishi
10 GSJR76316 p 85.7+43 85.7+43 1.44 94.4 420 Formation
(34° 07" 32.5” N, 135° 19’ 37" E) 85.7+43 1.44 94.0 424
11 GSIR67052 p 96.7+4.8 94.9+4.7 1.57 95.6 4.15 Numata
(34° 06’ 10.3” N, 135° 19° 59” E) 98.4+4.9 1.63 93.4 4.14 Formation
12 GSJR76321 p 84.9+42 85.4+43 1.52 943 447 Oishi
(34° 07" 21.45" N, 135° 17" 154" E)  84.3=+42 1.50 93.0 4.47 Formation
13 GSIR66084 p 113.0£6.0 113.0£6.0 2.50 97.2 5.49 Saga
(34° 04’ 46.6” N, 135° 16’ 485" E)  113.0£6.0 2.49 97.8 5.50 Formation
14 GSIR76324 p 84.4+42 84.1+42 1.29 91.4 3.85
(34° 08’ 44.7” N, 135° 15’ 134" E) 84742 1.30 91.6 3.86
15 GSIR76318 p 86.8+4.3 87.5+4.4 1.31 91.8 3.76
(34° 07" 58” N, 135° 15’ 413" E) 86.2+4.3 1.29 91.4 3.76 Oishi
16 GSIR66074 p 84.8+42 85.4+43 1.97 95.5 5.81 Formation
(34° 06’ 20” N, 135° 15’ 16.5” E) 84.64.2 1.96 97.4 5.83
17  GSIR66075 g 89.9+4.5 89.6+4.5 1.35 92.9 3.77
(34° 06" 7.45” N, 135° 15’ 19” E) 90.3+4.5 1.36 88.3 3.79
18  GSJR66085 p 118.0%£6.0 118.0%£6.0 1.67 96.1 3.53 Saga
(34° 04’ 38” N, 135° 14’ 59.5” E) 118.0%£6.0 1.68 97.1 3.54 Formation
19 GSIR76328 p 88.1+t4.4 88.3+4.4 2.01 94.2 5.72
(34° 08" 6.3” N, 135° 13’ 29” E) 87.9+4.4 2.00 95.2 5.71
20 GSJR76330 p 87.9+4.4 88.8+4.4 0.414 79.9 1.17
(34° 07" 383” N, 135° 13’ 41” E) 86.9+4.3 0.405 81.5 1.17
21  GSJR76325 p 90.0%+4.5 90.0+4.5 1.99 93.4 5.55 Oishi
(34° 07 20.7” N, 135° 14’ 8.6” E) 90.0%4.5 1.99 94.7 5.54 Formation
22 GSJIR76323 p 90.7+4.5 89.2+4.5 0.996 93.0 2.73
(34° 07 21.1” N, 135° 14’ 32.5” E) 922+4.6 0.963 90.4 2.69
23 GSIR76331 p 90.24+4.5 90.9%+4.5 1.93 95.0 532
(34° 077 1.9” N, 135° 14 7.6” E) 89.5+4.5 1.90 94.5 5.33

p : pelitic schist, g : greenschist

Decay constants used to caluculate ages are after Steiger and Jager (1977).
A e =0.581x10™%yr, A 5=4.962 x 10™"/yr, *K/K=1.167 x 10 atom%
Mesurement by Allegheny Technologies Japan Ltd.
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