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Radiolarian fossils from manganese nodules at the upper reach of the Tarumigawa
in the Nanjo Massif, Fukui Prefecture, Central Japan, and the tectonic

significance of the northwestern Mino Terrane

Isamu HaATTORI®

SUMMARY: Well-preserved radiolarians are obtained from manganese nodules exposed
at the upper reach of the Tarumigawa, the Nanjo Massif, Central Japan. The radiolarian
assemblage is dated to be as old as late Early Jurassic. The geological ages of the other
manganese nodules in the northwestern Mino Terrane are older in the west and become younger
toward the east. On the other hand, the ages of the coarse clastic rocks distributed around
the manganese nodules range in a relatively narrow age span, and no noticeble age difference
has been revealed along the structural trend. The data indicate that the northwestern Mino
Terrane formed by oblique accretion. Based on these data and information from the other
areas, the geological relation between the central Mino Terrane and the northwestern Mino

Terrane is discussed.
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Fig.1 ! Index map showing the Tarumigawa area. A: Southwest Japan. B:
Distribution of radiolarian-bearing Jurassic formation. C: Tarumigawa area
in the Mino Terrane. North of the Mino Terrane is the Hida Terrane.



BHREFUHSFRLRO< YA Y/ V2= VoD ORER & ERFIFEBOBERMCE ST

g 5% L th D Hh BT 4BE 5

R eA CARES - &4, 1982 ; &M S, 1982) LefhsEifby ( B8R, 1955 ; A, 1982 ; AR¥B - 5
F, 197D KO ERILBICBARIE DS YV 2 FILOHBENFHEL THBET EMR- T 5, ARKE
DO ZBIDODERRY - RO A Y R R P —2DFICt ) 2 M) RELTREL TH 3,
CDAY AR PO — A2 HHEMEFS CRE - &N, 1982), —FH, ZBRLOF x— 5V
FiehHEFTOREER, —RLRBLTOEN, 246ELTEEVY -t DEATH B, TD
V- tOREESHEM c GAMETS, FAFMESEM - BAHEORLICAEL T 54, mE
DEEFREAHTH 5 (Fig.h), SHFEHEAABRBEICHBAEDICT » — V280 BHTH 308, 5
EHORBERBAHDZNSICHNTOPMTH S, 7, BEBF +— PIBAMICE < RE
2 CIREP - &M, 1982),

HAMBSFHEAADY, ZEE/INNBO(Fig.2), ROBLELCHEL T b, BEF » —

GREEN

SHALE

SANDSTONE

| CcHERT

Fig.2 . Geologic map of the Tarumigawa area in the Nanjo Massif, Central Japan.
The chert in this map may include thin shale layers. The Kanakusadake Fault
is shown with letter F.
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Fig.3 . Geologic route map and sketch of the outcrop from
which well-preserved radiolarians were obtained.
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Table 1 : Frequency of radiolarians and lithology of samples in the Tarumigawa
section, Nanjo Massif, Central Japan. MN:manganese nodule, SH:shale,
CH:chert. In this table, please read A0, Al, and A6 as 100, 101, and
106, respectively. Multicyrtoid (A) has more than four chambers.
Multicyrtoid (B) has one to four chambers.

28 22 16 17 25 24 15 14 13 06 07 09 08 05 04 27 11 12 10 03 01 35 39 Sample #
CH SH MN CH SH SH MN MN MN MN MN MN MN MN MN SH MN MN MN MN MN SH SH Lithology

o 0o o o0 1 1 0 1 2 0 0 1 1 2 2 0 2 115 0 7 O O Parasaturnalid
43 A1 35 16 57 81 1 A6 35 12 8 14 20 23 27 70 37 31 A0 5 25 0 3 Multicyrtoid(A)
017 11 3 13 28 2 32 35 8 6 13 14 9 10 36 13 12 40 1 17 8 8 Multicyrtoid(B)
0 0 0 0 0 O 0181210 1 91511 S5 8 9 11 58 0 11 O 1 Naporoid
1.2 1 1 2 3 11712 5 6 7 1412 7 2 510 43 0 20 0O 1 Hagiastid
0 1 1 1 2 2 529 25 30 10 21 24 26 24 26 19 21 33 4 28 O O Pantanellidae
46 49 80 13 149 55 125 114 120 L4 4 167 16 Total Number of
126 20 122 262 111 90 120 246 121 15 9 Radiolarian individuals
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Fig.4 : Probable ranges of radiolarians obtained in this study.

LS

The ranges are

compiled from the following papers: (1) Sato et al.(1986), (2) Kishida and
Hisada(1986), (3) Sashida et al.(1986), (4) Yokota and Sano(1986), (5)
Matsuoka and Yao(1986), (6) Sashida(1988), (7) Pessagno et al.(1987), (8)
Pessagno and Whalen(1982). The area of ruled oblique lines indicates the
probable range of the radiolarians obtained from sample no.15 to 01 in Tables
1 and 2. LS: Late Sinemurian, EP: Early Pliensbachian, LP: Late
Pliensbachian, T: Toarcian, A: Aalenian, B: Bajocian.
are cited from Yao(1986), not to scale.
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Fig.5 ! The distribution of greenstone-limestone belt in the Mino Terrane, and
localities of conglomerate and manganese nodules in the northwestern section
of the Mino Terrane. This map is compiled from Hattori and Yoshimura
(1979), Kawai(1964), Wakita(1984), Kajita(1963), Hattori(1976),
Miyamura(1965), Yamamoto(1985), Miyamura(1973), Murata(1960),
Miyamura et al.(1976), Isomi(1956), Hatakenaka(1965), Tsukano and Ito
(1967), and Kokaji(1985). A:Kawachi(7fJ), B:Sannousan Minami(ILF L),
C: Sannousan Higashi(IiF %), D: Kawachi Higashi(JAip9%#), E: Sugentan
Kita(#F#&dt), F: Sugentan(& @), G: Kuki(AE), H: Akatani(GFa), J:
Akatani(GR&d4k), K: Masutani(#t4), L: Oguradani(/p £ %), M:
Tarumigawa (%% %)), N: Koukura Rindo (FE#E), O: Koukura Touge
(BA&s), P: Koukuratouge Nishi(BA&EFE), Q:Kanakusadake Minami(&E &
), R: Soematadani(¥xX %), S: Kanmuriyama(&&1L), T: Kumakodani(g87H
#¥), U: Kanmuriyama Nishi(5%F[L78), V: Kanmuriyama Nishioku (G 1L758),
W: Kanmuriyama Minami(5f11iF§). For the other-localities of manganese
nodules and conglomerates, see Hattori et al.(1985), Takemura (1986),
Wakita (1982, 1983, 1984). The localities of manganese nodules are shown
on 1:50,000 maps of Figs. 3a and 3b in Hattori(1987). The others in legend
imply the Higashimata formation, the Asuwa formation, and undifferentiated
formation.
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Table2 @ Distribution chart of radiolarian

Nanjo Massif, Central Japan.
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Drulanta spp.
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Acanthocircus bispinus
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Trillus sp. A

Trillus sp. B
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Trillus sp. D
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Zartus sp. aff. Z. Jurassicus
Zartus sp. A Group

Zartus sp. B

Zartus sp. C

Zartus sp. E

Zartus sp. F

Gorgansium sp. A

Gorgansium sp. aff. G. wvallieri
Gorgansium sp. C

Gorgansium sp. D

Gorgansium sp. E
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Parvifavus irregularis
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Parvifavus (?) sp. A
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Cyrtocapsa (?) kisoensis
Arcanicapsa sphaerica
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Yamatoum caudatum
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Yamatoum elegans
Yamatoum komamiensis
Yamatoum conicinum
Quarticella dura
Quarticella conica
Quarticella ovalis
Cornutella spp.
Andromeda (?) spp.
Pseudoristola sp.
Parvicingula spp.
Parvicingula sp.
Ristola sp.
Ristola sp.
Ristola sp.
Ristola sp. D
Ristola sp. E
Triversus spinifer
Triversus japonicus

B
C

Archaeodictyomitra sp.
Archaeodictyomitra sp.
Archaeodictyomitra sp.
Archaeodictyomitra sp.

Parahsuum sp. P
Canoptum spp.

Laxtorum ?

aff.
aff.

P.
P.

jurassicum

Laxtorum ? hichisoense

sp. B
giganteus
1zeensis
(?) sp.
sp. D
(?) sp.
sp. A
(?) sp.
(?) sp.
(?) sp.
sp. E
(?) probosus
sp. F
sp. A
sp. aff.

Canutus
Canutus
Canutus
Canutus
Bagotum
Bagotum
Bagotum
Bagotum
Droltus
Droltus
Droltus
Droltus
Droltus
Drol tus
Droltus
Droltus sp. J
Droltus sp. D

Hsuum fukazawaense
Hsuum (?) matsuokati
Hsuum sp. aff. H.
Hsuum hisuikyoense
Hsuum sp. A

Hsuum sp. C

Hsuum sp. E

Hsuum sp. I

Hsuum sp. J
Lupherium officerense
Lupherium sp. A
Lupherium (?) sp.
Lupherium (?) sp.
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hecatensis

minoratum

obesa

schoolhousensis
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Plate 1
A I Praeconocaryomma spp. (F5057) %250
B Perispyridium spp. (F5103) X250
C @ Perispyridium spp. (F6061) x250
D ! Perispyridium spp. (F5652) X250
E | Xiphosphaera sp. (F5119) %100
F . Thetis sp. (F5359) X375
G . Lantus sp. (F6118) x250
H . Lantus sp. (F5743) %250
I : Podobursa sp. (F5859) X100
J . Drulanta sp. (F6780) %375
K : Acanthocircus hexagonus Yao (1972) (F5083) X100

L : Acanthocircus bispinus De Wever (1972) (F5972) X175
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Plate 2
A Acanthocircus sp. A(F5814) X175
B @ Acanthocircus tetraspinus Yao (1972) (F6025) XT75
C @ Jacus sp. aff. J. wakitai Takemura (1985) (F5886) X250
D : Napora parva Takemura (1986) ( F5957) 250
E ! Napora pyramidalis Baumgartner (1984) (F5915) X375
F ! Napora triangularis Takemura (1986) ( F5059) X250
G ! Napora latissima Takemura (1986) (F5669) X250
H : Napora nipponica Takemura (1986) (F6065) X175
I : Napora sp. A(F5712) X250

J : Napora sp. BC(F5798) X375
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Plate 3
A @ Poulpus sp. A(F5706) %250
B I Poulpus oculatus De Wever (1982) (F5607) X375
C © Poulpus sp. aff. P. oculatus De Wever (1982) (F5052) X375
D : Pseudopoulpus sp. (F5760) %250
E : Rolumbus sp. (F5782) X175
F I Turanta sp. (F5778) %175
G ! Pantanellium ? sp. A(F5583) X250
H : Pantanellivm kungaense Pessagno and Blome (1980) (F5741) 250
L © Pantanellium sincerum Pessagno and Blome (1980) ( F5686)  x 250
J @ Pantanellivm sp. B(F4728) X375
K : Pachyoncus sp. aff. P. tumidus Pessagno and Blome (1980) ( F5324) x 175
L Trillus elkhornensis Pessagno and Blome (1980) ( F5283) X250

M I Trillus sp. ACF6587) X250
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Plate 4

Al

B:

B B

Trillus sp. BCF5160) %250

Trillus sp. aff. T. sp. A Pessagno and Blome (1980) (F6120) X250

. Gorgansium
. Gorgansium
. Gorgansium

. Gorgansium

sp.

sp.

sp.

sp.

* Trillus sp. D(F5619) X375

I Trillus sp. ECF6792) X175

* Trillus sp. F(F6316) x175

. Zartus sp. A group (F5632) X250

© Zartus sp. B(F5806) 250

: Zartus sp. C(F5531) X250

. Zartus sp. aff. Z. jurassicus Pessagno and Blome (1980) (F5641) X250
! Zartus sp. E(F5487) X250

: Zartus sp. F(F6925) X175

. Gorgansium sp. ACF5281) X250

aff. G. vallieri Pessagno and Blome (1980) (F5702) X250
C(F4738) %250
D(F5950) X250

E(F5843) X250
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Plate 5

A : Angulobracchia sp. A(F5911) X100

B ! Archaeohagiastrum sp. A (F5108) X175
C ! Higumastra sp. A(F6034) X175

D : Higumastra sp. B (F6669) x 100

E ! Higumastra sp. C (F5286) X250

F © Higumastra sp. D (F586) X175

G ! Homoeoparonaella sp. A(F5252) X100
H ! Homoeoparonaella sp. B (F5658) %100
I I Homoeoparonaella sp. C(F5746) X175
J  Homoeoparonaella sp. D(F5715) X100
K @ Paronaella sp. A(F5077) %175

L : Paronaella sp. B(F5699) X100
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Plate 6

. Paronaella

. Paronaella

. Paronaella

. Paronaella

. Paronaella

. Paronaella

sp.

sp.

sp.

sp.

Sp.

sp.

C (F5380)
D(F5616)
E (F5105)
F (F5948)
G (F6664)

H(F 6169 )

: Paronaella sp. 1 (F5938)
> Tritrabs sp. A(F5654)

> Tritrabs sp. B(F6373)

: Tetratrabs sp. C (F5310)

X100

X250

X175

X100

X175

X175

X175

X175
X100
. Tetratrabs sp. A(F5670) X100
! Tetratrabs sp. B(F6152) X250

x 100

i
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Plate 7
A @ Tetratrabs sp. D(F4748) X175
B . Tetratrabs sp. E(F6238) X250
C . Tetratrabs sp. F(F5661) X100
D : Tetraditryma (?) sp. A (F5216) X250
E ! Protunuma sp. aff. P. fusiformis Ichikawa and Yao (1976) (F6000) %375
F | Tricolocapsa sp. A(F5043) X375
G . Tricolocapsa sp. aff. T. plicarum Yao (1979) (F6808) X375
H ! Tricolocapsa (?) fusiformis Yao (1979) (F6149) x 500
I : Tricolocapsa plicarum Yao (1979) (F6212) X375

J { Unuma sp. aff. U. typicus Ichikawa and Yao (1976) (F5262) X250
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Plate 8
A . Unuma typicus Ichikawa and Yao (1976) (F5720) X375
B : Unuma echinatus Ichikawa and Yao (1976) (F6004) X250
C : Unuma sp. aff. U. echinatus Ichikawa and Yao (1976) (F4722) X250
D : Eucyrtidiellum sp. A (FT04T) X375
E : Eucyrtidiellum sp. A1(F7508) X375
F | Eucyrtidiellum sp. A2(F5623) X375
G . Eucyrtidiellum sp. A 3(F5137) %250
H : Eucyrtidiellum sp. D (F6158) X375
I : Eucyrtidiellum unumaensis Yao (1979) (F6066) X375

J  Eucyrtidiellum sp. aff. E. unumaensis Yao (1979) (F5066) X375
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Plate 9

A

B:

MR8 3

Eucyrtidiellum quinatum Takemura (1986) (F5431) X250

Eucyrtidiellum gujoensis Takemura (1986) (F5718) <500

. Parvifavus irregularis Takemura (1986) (F6799) X250
. Parvifavus minoensis Takemura (1986) (F5998) 250
: Parvifavus (?) sp. A(F5117) X250

: Gn. 9 sp.(F6393) X175

: Gn. 10 sp. (F5090) X375

! Cyrtocapsa(?) kisoensis Yao (1979) (F7632) %375

: Arcanicapsa sphaerica Takemura (1986) (F6026) X175
. Yamatoum spinosum Takemura (1986) (F5955) X175

. Yamatoum caudatum Takemura (1986) (F5188) X250

. Yamatoum elegans Takemura (1986) (F6052) X250

. Yamatoum komamiensis Takemura (1986) (F5067) X175
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Plate 10
A I Yamatoum conicinum Takemura (1986) (F5757) X175
B ! Quarticella dura Takemura (1986) (F6095) X250
C : Quarticella conica Takemura (1986) (F5827) X250
D ! Quarticella ovalis Takemura (1986) (F5605) X375
E ! Cornutella sp. (F5925) X175
F | Andromeda (?) sp. (F5853) X175
G : Pseudoristola sp. aff. P. obesa Yeh (1987) (F6721) X250
H © Ristola sp. B (F5285) X250
I : Ristola sp. C(F5505) X375
J ! Ristola sp. E (F5254) X375
K : Ristola sp. A(CFT148) X250
L : Ristola sp. D(F4729) X250
M ! Parvicingula sp. aff. P. schoolhousensis Pessagno and Whalen (1982) (F5913)

X175
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Plate 11
A : Triversus spinifer Takemura (1986) (F6509) X250
B ! Triversus japonicus Takemura (1986) (F6145) X250
C I Archaeodictyomitra sp. C(F6619) X375
D I Archaeodictyomitra sp. A(FT7203) X375
E @ Archaeodictyomitra sp. aff. A. rigida Pessagno (1977) (F7207) X250
F @ Archaeodictyomitra sp. B(F5039) X375
G ! Parahsuum sp. P (FT7432) X250
H ! Laxtorum ? jurassicum Isozaki and Matsuda (1985) (F5537) X175
I I Laxtorum ? hichisoense Isozaki and Matsuda (1985) (F7248) X250
J * Canutus sp. B(F6604) %175
K ! Canutus giganteus Pessagno and Whalen (1982) (F5210) X250
L ! Canutus izeensis Pessagano and Whalen (1982) (F6328) X250

M : Canutus (?) sp. D(F6729) x175
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Plate 12
A : Bagotum sp. D(F6462) X375
B : Bagotum (?) sp. C(F6739) %375
C : Bagotum sp. A(F6255) X375
D : Bagotum (?) sp. B(F6259) X375
E : Droltus (?) sp. B(F5601) %500
F [ Droltus (?) sp. C(F6327) X175
G : Droltus sp. E(F6578) %375
H : Droltus (?) probosus Pessagno and Whalen (1982) (F6607) X175
I : Droltus sp. F (F6629) X250

J : Droltus sp. A(F5168) X250
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Plate 13

A

B:

Droltus sp. aff. D. hecatensis Pessagno and Whalen (1982) (F5433)

Droltus sp. J (F6083) X375

. Hsuum

. Hsuum

. Hsuum

. Hsuum

. Hsuum

. Hsuum

. Droltus sp. D(F5813) X375

! Hsuum fukazawaense Sashida (1988) (F69156) X175
. Hsuum (?) matsuokai Isozaki and Matsuda (1985) (F5739) X250

! Hsuum sp. aff. H. minoratum Sashida (1988) (F5231) X250

hisuikyoense Isozaki and Matsuda (1985) (F6203) X175

sp.

sp.

sp.

sp.

Sp.

A (F6338)
C (F5501)
E (F5708)
I (F5378)

J (F6797)

X 250

X 375

X 250

X 250

X 250

X 250
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Plate 14
A © Lupherium officerense Pessagno and Whalen (1982) (F6053)
B : Lupherium sp. ACF6501) X175
C @ Lupherium (?) sp. E(F59%21) X375
D : Lupherium(?) sp. E(F5889) X250
E ! Lupherium(?) sp. B(F5786) X175
F ! Hsuum(?) sp. (F5738) from sample #10 X375
G : Hsuum(?) sp. (F5%61) from sample #10 X375
H : Canoptum ? (F5667) from sample #10 X175
I : Crubus sp. A(F6282) from sample #11 X 250
] Hsuum (?) sp. (F5136) from sample #01 X175
K : Katroma sp.(F6692) from sample #14 X175
L : Gn. sp. indet. (F6409) from sample #12 x375

—100—

X100
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Plate 14




