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Mesodictyon japonicum Yanagisawa & H.Tanaka

BIRRER 479

KENEE
(L Mesodictyon japonicum Yanagisawa & H.Tanaka D& &/ 1 His 5 H
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i3 % NEREERRE DM G CRIESFRE) 20 & BEH U 72K (B0 16 um) T o 5. KB B OG0T, HF
WAL bR R0 T AR 0D = MRS 0 A 3 B IR & KRS DR ISR © M. japonicum % L
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Z DIRIFED & Z O MR EESEA AR T LAT 2481 & 72 2 TR b 5 Z & 2 HIHH L 72,

(BE  HvhZ22 - 3 BIREEDR)
Cover Photograph

Scanning microphotograph of Mesodictyon japonicum Yanagisawa & H.Tanaka, a fossil diatom

Mesodictyon japonicum Yanagisawa & H.Tanaka is a freshwater lacustrine planktonic diatom described from
upper Miocene marine strata. The possibility of marine species was initially suspected because it was successively
reported from marine strata in Niigata, Akita and Ibaraki prefectures. However, it was later identified as freshwater
by the discovery of the same species in freshwater caldera lake sediments in Fukushima Prefecture, and the valves in
the marine sediments are confirmed to be allochthonous fossils transported from inland lakes to the sea through
rivers. The photo is a specimen (16 um in diameter) from the lower Pliocene marine deposits of the Tentokuji
Formation in Daisen City, Akita Prefecture, Japan. The paper in this issue reports M. japonicum from the upper
Miocene marine deposits of the Shitazaki and Kubo formations distributed in the Ninohe area (Iwate Prefecture) and
Sannohe area (Aomori Prefecture). The fossil evidence accumulated in biostratigraphic studies to date indicates that
the first occurrence of M. japonicum in Japan is confined to a relatively narrow range of 8.2-8.7 Ma, and this
isochroneity implies the possibility of biostratigrahic utilization of this diatom biohorizon.

(Photogarph by TANAKA Hiroyuki and caption by YANAGISAWA Yukio)
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YANAGISAWA Yukio (2021) Diatom biochronology of the horizon of warm water calcareous microfossils
in the upper Miocene Funakawa Formation distributed in Shimo-arakawa, Daisen City, Akita Prefecture,
Japan. Bulletin of the Geological Survey of Japan, vol. 72 (6), p. 459477, 10 figs, 3 tables, 2 plates.

Abstract: The paleoceanic environment of the Japan Sea during the middle to late Miocene has been
previously considered to be dominated by cold water masses. However, calcareous microfossil data
indicate the presence of short-term warm periods with intermittent warm current inflows into the Japan
Sea during this period. One of evidence for this short-term warm period is provided by planktonic
foraminifera and calcareous nannofossils from the Funakawa Formation in Shimo-arakawa, Daisen
City, Akita Prefecture. Diatom chronostratigraphic analysis of this study confirms that this warm-water
calcareous microfossil assemblage can be assigned near the upper limit of the diatom zone NPD6A at ca
8.7 Ma. The occurrence of warm-water diatoms shows that this warm period corresponds to the interval
from the uppermost NPD6A to the lowermost NPD6B, and roughly correlated to the O-1 assemblage,
which is one of the calcareous foraminiferal assemblages including warm-water species in the Japan Sea.
This suggests that weak warm currents flowed from the Pacific Ocean side into the Japan Sea, where cold
surface water was dominant at that time.

Keywords: diatom biochronology, marine, Funakawa Formation, Miocene, Neogene, Daisen City, Japan

E B 1. 3U&IC

rh T b )~ dhr R B 0> H AR O R BRI, A
%,%ﬁ*%ﬁﬁﬂbfntk%z%hf%t# EF
BALE DA 5, Z ORI A B A R R IR A
Bﬁﬁhﬁxbt@wﬁ%%®ffﬁﬂ6héivu
otz FNERTIO 1D BFKHEIERIH TR0
MR A B Wt & 7= B R O R L R ORI
Ef/mEfbéﬁ,%@ﬁﬁi?ﬁﬁ@iif%ot
A2 IR EEEENR OIS D &, Z OBERAMILED
EﬁﬁﬁﬁiwﬂE%®MDM%®L@HEQJM@E
HBZEEMRL . ERCREEEREOEARI S Mk$ 5
&, Z ORI, NPD6AR ik LA & NPD6B i ¥
EICHEY 55, ZORERBACETEEE, HAUbR
TRO» 5> TOWBERAMIA%ETES 3OO AIKEATL
HEHED S B, R EMOO-1BHEIITIER LIS, F
WA LR, HREF 7 bh ROl S OB 1
FEFREA LR CIRFRCREEA DB 2. 202k
i, M AREKBTER TS - 72 M0 AARIZ, K
S & PR BRSNS RA L 72 2 & AR § 5.

FAEH b3k O 2] 1A~ AR T HH & 72 13 8ris s o0 Sir e S
& 7= B it ]~ i B O B AR, FEHR A
ST RS 52 —RICEE I BN T X -
B2, ke, 1988). La L, AKEF /{LARETL
HOF =426, Z ORI 2 BRANZIERATA
U725 WVRBIHOAIERRIO N B K5 IZ k> 7.

W s Tl NS g b, TRl fLER &
VW, WEOBEA LI E GIKEOEA A LA HPET S
R0 2 AR A FLRBHE D FEH ¢ B RgHER o W T ks
D, “Blue zone” & TN T 7z (M, 1976). —77, [l
FH (1981) 1AL H 5 sk o> h i A & Okada and Bukry
(1980) D CN9 A DAIK'E F /LA EEIE L, HESD
IZBEFRSR D DiscoasterlB RN EEN BT & 6. ZDORHH
OWEFROAL LA 48R L 7=, 72, MM (1988) & CN9HF I
REENDAIKE S 7 balEEs, BHEE WEROH
Fr oL, ThE[RRO /84 7 JEIFATE.

Z D, FHERUBROBHHKA &, BRIRAEE &
LA FLRBEE R KB F 7 UL REE O WS 28

' PESERANR A ITST MR A L v & — R

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

" Corresponding author: YANAGISAWA, Y., Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: y.yanagisawa @aist.go.jp

— 459 —



WEFHAMZEHE 20214 B72% Hes

[ Alluvium Legend

[Z7]sand dune deposits
Terrace deposits
| [ ] Takaoka & Katanishi F.
[ [:-]1Sasaoka Formation
[ Tentokuji Formation
[ B Andesite
[ Dolerite
Quartz diorite
Ryolite
B8 Basalt
Yamaya Formation
[ 1Funakawa Formation
[ 1Onnagawa Formation
Sugota & Sunakobuchi F.
@8 Hatamura F. & correlatives
| Il Kanotsume F. & correlatives
Cret. [ Granitic rocks

Geologic
Structure

_+ Anticline
_+ Syncline
" Fault

(broken where
concealed)

Plio- Pleistocene-
cene Holocene

Miocene

Japan Sea

N
139°53'E

91 5k
3921N—|— m

Koyoshi River

00 km
S140°E == 144°E

:
o . Yokote

Basin

51X FXEE SR O TR OB K. KR - ZEH (1980) K& USKIRIE A (1988) % fEimg(t. FHHNIE A (1978) KU AL IE A (1993)

12D W T—ERIBIE.

Fig. 1 Geological map of the Dewa Mountains and its environs in Akita Prefecture, simplified from Ozawa and Suda (1980) and Ozawa et
al. (1988) with minor modification based on Usuta et al. (1978) and Shiraishi e al. (1993) .
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Fig. 2 Map showing the location of diatom samples of the Funakawa Formation at Shimo-arakawa, Daisen City, Akita Prefecture.
Geographical map “Ugosakai” (1:25,000 in scale) published by the Geospatial Information Authority of Japan.
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Table 1 Fossil diatoms from the stratigraphic section A.

Diatom zone (Diatom interval)

NPD

6A (6A)

Sample number

A-

10

Original sample number (Kyw-)

Preservation (P: poor, M: moderate, G: good)
Abundance (R: rare, C: common, A: abundant)

wlo

Q&%
N}
G

n 2|88

n 2|83

[ =
& (R |w

w[—
[l E=N )

W=
& e

w|=
~ ol |

Actinocyclus ellipticus Grunow

A. ingens f. ingens (Rattray) Whiting et Schrader
A sp. A

Actinoptychus senarius (Ehrenb.) Ehrenb.
Adoneis pacifica G.W.Andrews et Rivera

o= —> ZB[R

© Lo —~|0
=)

]
o — w0 X|R|S

W = N

= —

P - i

S

-

O — N

W o= 00

L]

[

v

Arachnoidiscus spp.

Azpeitia endoi (Kanaya) P.A.Sims et G.A Fryxell

A. nodulifera (A.W.F.Schmidt) G.A Fryxell et P.A.Sims
Cavitatus jouseanus (Sheshukova) D.M.Williams

C. miocenicus (Schrader) Akiba et Yanagisawa

+ + o

w o=

o

SRy

Cestodiscus peplum Brun
Cocconeis californica Grunow
C. costata Greg.

C. curviritunda Brun et Temp.
C. scutellum_Ehrenb.

C. vitrea Brun

Coscinodiscus marginatus Ehrenb.

C. radiatus Ehrenb.

Delphineis surirella (Ehrenb.) G.W.Andrews
Delphineis ? sp.

(SN ) [N

Denticulopsis crassa Yanagisawa et Akiba
D. dimorpha var. dimorpha (Schrader) Simonsen (Closed copula)
D. praedimorpha var. praedimorpha Barron ex Akiba
(Closed copula)
D. hustedtii (Simonsen et Kanaya) Simonsen

+ +

+

D. hyalina (Schrader) Simonsen

D. katayamae Maruyama

D. praekatayamae Yanagisawa et Akiba
D. simonsenii Yanagisawa et Akiba

D. vulgaris (Okuno) Yanagisawa et Akiba

o+ W

+ w v

—_ 0+

(I = N

+

S-type girdle view of D. simonsenii group

D-type girdle view of D. simonsenii group
Diploneis bombus Ehrenb.
D. smithii (Bréb.) Cleve
Eucampia_sp. A (= Hemiaulus polymorphus Grunow)

+

I

Goniothecium rogersii Ehr.
Grammatophora spp.

Hemidiscus cuneiformis G.G.Wall.
Hyalodiscus obsoletus Sheshukova
lkebea tenuis (Brun) Akiba

B S ]

-

Mastogloia splendida (Grev.) Cleve
M. sol (Ehrenb.) Kiitzing

Nitzschia grunowii Hasle

N. heteropolica Schrader

N. praereinholdii_Schrader

+ +

+

Odontella aurita (Lyngb.) J.A.Agardh
Paralia sulcata (Ehrenb.) Cleve
Proboscia alata (Bright.) Sundstom

P. barboi (Brun) Jordan et Priddle
Rhabdonema japonicum Temp. et Brun

o= o

Rhi lenia heb, f. hiemalis Gran
R. miocenica Schrader

R. styliformis Brightw.

R. sp.C

Rouxia californica Perag.

Stellarima microtrias (Ehrenb.) Hasle et P.A.Sims
Stephanogonia hanzawae Kanaya

Stephanopyxis spp.

Thalassionema hirosakiensis (Kanaya) Schrader

w

T. nitzschioides (Grunow) Mereschkowsky
T. schraderi Akiba

Thalassiosira brunii Akiba et Yanagisawa
T. grunowii Akiba et Yanagisawa

T. leptopus (Grunow) Hasle et G.A Fryxell

=N

+ ol

T. manifesta Sheshukova

T. marujamica Sheshukova

T. minutissima Oreshkina

T. temperei (Brun) Akiba et Yanagisawa
T.sp. A

T. sp.B

Thalassiothrix longissima Cleve et Grunow
Triceratium condecorum Brightw.

T. arcticum Brightw.

Aulacoseira sp.

Total number of valves counted

100 100

100 100

100 100

100 100

Resting spore of Chaetoceros
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Fig. 6 Stratigraphic occurrence of diatoms in the stratigraphic

section B.
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Table 2 Fossil diatoms from the stratigraphic section B.

Diatom zone (Diatom interval) NPD 6A (6A) 6B (6B1)

Sample Number B-| 01 02 03 04 05/06 07 08 09 10f{11 12 13 14 15[16 17 19 20|21 22 23 25| 26 27 28

Original sample number (Kyw-) 86 85 84 83 82|81 80 79 78 77[76 19 75 74 20{70 71 73 07[08 09 10 14 15

Preservation (P: poor, M: moderate, G: good) PP PP P PP P P P
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Actinocyclus curvatulus C.Janisch B
A. ellipticus Grunow -
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A.sp. A + 1
Actinoptychus senarius (Ehrenb.) Ehrenb. 13
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Adoneis pacifica G.W.Andrews et Rivera [ e e
Arachnoidiscus spp. + + - - - -1 -+ -+ -
Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell e 1 e
A. nodulifera (A.W.F.Schmidt) G.A.Fryxell et P.A.Sims S e
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+
+
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©
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[
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Cavitatus jouseanus (Sheshukova) D.M.Williams e S S [ ] [N S S
C. miocenicus (Schrader) Akiba et Yanagisawa e -
Cocconeis californica Grunow ! o e |

C. costata_Greg. I I T R

+ o+ o+
+
+

+
+ ow o+
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C. curviritunda Brun et Temp. [ s
C. scutellum Ehrenb. ! - -
C. vitrea Brun + + 1 -1 2
Coscinodiscus marginatus Ehrenb. 16 - 1 2[2 + 1 2 2f+12 4
C. radiatus Ehrenb. - - - - - 4
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C. spp. T e I T
Clavicula polymorpha Grunow et Pant. + - - -+ - - -
Delphineis surirella (Ehr.) G.W.Andrews B L

Denticulopsis crassa Yanagisawa et Akiba e § T

D. dimorpha var. dimorpha _(Schrader) Simonsen R R

+
L
+ 4 =]
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+

4+ o+
++ + =

(Closed copula) e
D. dimorpha var. areolata Yanagisawa et Akiba e
(Closed copula) e e
D. hustedtii (Simonsen et Kanaya) Simonsen B
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+ +[+

+
+
+ o+ +|
+
— 4+ + +|+
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D. katayamae Maruyama + 2 2 4 4+ 5 4+ 3 6 2 - - - - - - - - - g - - - - g - - -
D. lauta (Bailey) Simonsen e
D. praedimorpha var. praedimorpha Barron ex Akiba (closed copulef - -
D. praekatayamae Yanagisawa et Akiba + o+
D. si; i Y i et Akiba - -

1

. 1
D. vulgaris (Okuno) Yanagisawa et Akiba -+ o+
S-type girdle view of D. simonsenii group - -+
D-type girdle view of D. simonsenii group - -
Diploneis bombus Ehrenb. - -
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D. smithii_(Bréb.) Cleve 2 2 - 1 -2 1 2
Eucampia sp. A (= Hemiaulus polymorphus Grunow) - - -1 -
Goniothecium rogersii Ehrenb. - - - - -
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T. sp. A (sakiboso) e
Thalassiosira brunii Akiba et Yanagisawa B ] B
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p—— Pumice fragments
v Rosselia (trace fossil)

Y Warm planktonic foraminifers and
calcareous nannofossils
(Inoue, 1995; Miwa et al., 1995;
Hiramatsu et al., 1997)

[0 g =
0% 20| ® SIS — —
[ T— E Qo % K] Q ©
Abundance| S £ 2 s @ g 2
© T Q o m g 2 o
o ® c - & 35 - 8 & o -
E < £Egw S gg & =
o
g 2 o2 2888 |E|E
(7] 4 Q = £ g Q § = 9 [e) o
- 2 Qo S 8 2 5 oL 8 9o - |8
c E £ a 3 ﬁ S S o 1%} © ©
£ = s E S g £080 08 &8 4 = | =
S ¥ £ & = S £ 5 5 Ok & (= =
F B 3. & SS§5E3
4 L,\\"N’gé Q daoaQ Q& Kk |[NPD
= —
E ) 6B | 6B1
0 % 91" p65 (8.7 Ma) 6A | 6A

BTN L Y 3 YCIZk T b RO RN .

Fig. 7 Stratigraphic occurrence of diatoms in the stratigraphic
section C.
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section D.
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Table 3 Fossil diatoms from the stratigraphic sections C, D and E.

Section

C

D

E

Diatom zone (Diatom interval) NPD

6A (6A)

6B (6B1)

6B (6B1)

6B (6B1)

Sample number C-

01

02

03 04 05 06

07

01 02 03 04 05 06 07

14

15

16 17

Original sample number (Kyw-)

05

06

65 64 66 67

62 61 63 58 60 59 57

42

41

56 40

Preservation (P: poor, M: moderate, G: good)
Abundance (R: rare, C: common)

G
C

P
R

]
-~

P
R

P

-~
-~
-~

Actinocyclus curvatulus C.Janisch

A. ellipticus Grunow

A. ingens f. ingens (Rattray) Whiting et Schrader
A sp. A

Actinoptychus senarius (Ehrenb.) Ehrenb.
Adoneis pacifica G.W.Andrews et Rivera

[SIERRE N

[

-0 o
=
=
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(@]
+|m =

P
C CRCC
2
+
1

1
1
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Arachnoidiscus spp.

Azpeitia endoi (Kanaya) P.A.Sims et G.A.Fryxell

A. nodulifera (A.W.F.Schmidt) G.A.Fryxell et P.A.Sims
A. vetustissima (Pant.) P.A.Sims

++ —

+
+
+

Cavitatus ji (Sheshukova) D.M. Williams

Cocconeis californica Grunow
C. costata Greg.

C. curviritunda Brun et Temp.
C. scutellum Ehrenb.

C. vitrea Brun

—_ o =]

++ —

+

Coscinodiscus marginatus Ehrenb.

C. radiatus Ehrenb.

C. spp.

Clavicula polymorpha Grunow et Pant.
Delphineis surirella (Ehr.) G.W.Andrews

PRNSR v
NS
w o
o=
-

— o =

+ ol +

oo+

(S

Denticulopsis crassa Yanagisawa et Akiba

D. dimorpha var. dimorpha (Schrader) Simonsen
(Closed copula)

D. hyalina (Schrader) Simonsen

D. katayamae Maruyama

+

+ o+ o+

D. lauta (Bailey) Simonsen

D. praedimorpha var. praedimorpha Barron ex Akiba (Closed copula)
D. praekatayamae Yanagisawa et Akiba

D. simonsenii Yanagisawa et Akiba

D. vulgaris (Okuno) Y: i et Akiba

+

S-type girdle view of D. simonsenii group

D-type girdle view of D. simonsenii group
Diploneis bombus Ehr.
D. smithii (Bréb.) Cleve
Ei pia_sp. A (= He

polymorphus Grunow)

IS -

Goniothecium rogersii Ehrenb.
Grammatophora spp.

Hemidiscus cuneiformis G.G.Wall.
Hyalodiscus obsoletus Sheshukova
Ikebea tenuis (Brun) Akiba

IS R

Mastogloia splendida (Grev.) Cleve
Melosira scopos A.Mann
M. sol (Ehrenb.) Kiitzing
Nitzschia grunowii Hasle
N. heteropolica_Schrader

S}

N. praereinholdii Schrader

N. rolandii Schrader emend. Koizumi
Odontella aurita (Lyngb.) J.A.Agardh
Paralia sulcata (Ehrenb.) Cleve
Plagiogramma staurophorum (Greg.) Heib.

++ +

-+
16 41
-+

Proboscia alata (Bright.) Sundstom

P. barboi (Brun) Jordan et Priddle
Rhabdonema japonicum Temp. et Brun
Rhaphoneis amphiceros Ehrenb.
Rhizosolenia hebetata f. hiemalis Gran

+ 1 - 2

I
-2
+

R. miocenica Schrader

R. styliformis Brightw.

R. sp. B (flame)

Rouxia californica Perag.

Stellarima microtrias (Ehrenb.) Hasle et P.A.Sims

Stephanogonia hanzawae Kanaya
Stephanopyxis spp.

Thalassic hirosakiensis (Kanaya) Schrad
T. nitzschioides (Grunow) Mereschkowsky

T. sp. A (sakiboso)

o —

+

+
w +
+
=N
w
o +

Thalassiosira brunii Akiba et Yanagisawa
T. grunowii Akiba et Yanagisawa

T. leptopus (Grunow) Hasle et G.A.Fryxell
T. manifesta Sheshukova
T._minutissima_Oreshkina

T. nidulus Jousé

T. temperei (Brun) Akiba et Yanagisawa
T. sp. A

T. sp. B

Thalassiothrix I Cleve et Grunow

Triceratium arcticum Brightw.
Navicula spp.

Total number of valves counted
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100
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Diatom chronology of the Funakawa Formation distributed around Shimo-arakawa, Daisen City, Akita Prefecture. Geomagnetic
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and Yanagisawa (2005); Lithostratigraphy in the Kariwano district: Tsuchiya and Yoshikawa (1994); Nannofossil zonation: Okada
and Bukry (1980); Planktonic foraminiferal zonation: Blow (1969) and Maiya (1978); Benthic foraminiferal zonation: Matsunaga
(1963) and Maiya (1987).
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IR 1 TR ORI & e U 7= BE LA,
Plate 1 Diatoms from the Funakawa Formation in the Shimo-arakawa area. Scale A: figs. 1-20; Scale B: figs. 21-30, 32, 33; Scale C: fig. 31

1-5: Denticulopsis dimorpha var. dimorpha (Schrader) Simonsen [closed copula]

[1: B22 (Kyw-09); 2: A02 (Kyw-21); 3: B28 (Kyw-15); 4: B15 (Kyw-20); 5: B20 (Kyw-07)]
6-8: Denticulopsis dimorpha var. areolata Yanagisawa et Akiba [closed copula]

[6: B28 (Kyw-15); 7: B12 (Kyw-19); 8: B22 (Kyw-09)]
9, 10: Denticulopsis dimorpha var. dimorpha (Schrader) Simonsen

[9: B20 (Kyw-07), valve; 10: B30 (Kyw-18), girdle view of valve and copula]

11-13: Denticulopsis dimorpha var. areolata Yanagisawa et Akiba
[11: B27 (Kyw-14), valve; 12: B15 (Kyw-20), valve; 13: B23 (Kyw-10), girdle view of valve and copula]

14, 16: Denticulopsis praekatayamae Yanagisawa et Akiba
[14: B21 (Kyw-08); 16: B22 (Kyw-09)]
15: Denticulopsis vulgaris (Okuno) Yanagisawa et Akiba [B12 (Kyw-19)]
17: Denticulopsis simonsenii Yanagisawa et Akiba [A05 (Kyw-24)]
18: Denticulopsis katayamae Maruyama [A07 (Kyw-26)]
19: Denticulopsis crassa Yanagisawa et Akiba [B27 (Kyw-14)]
20: Denticulopsis hustedtii (Simonsen et Kanaya) Simonesen [B20 (Kyw-07)]
21: Delphineis? sp. [A05 (Kyw-24)]
22: Thalassionema hirosakiensis (Kanaya) Schrader [D07 (Kyw-57)]
23: Rhizosolenia sp. B [B15 (Kyw-20)]
24: Rhizosoleina sp. C [A05 (Kyw-24)]
25: Rhizosolenia miocenica Schrader [A05 (Kyw-24)]
26: Thalassiosira minutissima Oreshkina [B26 (Kyw-13)]
27: Thalassiosira temperei (Brun) Akiba et Yanagisawa [D07 (Kyw-57)]
28: Actinocyclus ellipticus Grunow [B25 (Kyw-12)]
29: Adoneis pacifica G.W.Andrews et Rivera [B25 (Kyw-12)]
30, 31: Thalassiosira sp. [B12 (Kyw-19)]
32, 33: Diploneis smithii (Bréb) Cleve [32: B20 (Kyw-07); 33: B22 (Kyw-09)]
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XhR2 Frlllof)IE» 5 PEH U 72 RS LA,
Plate 2 Diatoms from the Funakawa Formation in the Shimo-arakawa area. Scale A: figs. 1-8, 10-14; Scale B: fig. 9.

la—1d, 2a-2d: Hyalodiscus obsoletus Sheshkova (with organic particles) [B22 (Kyw-09)]
3a-3d: Cluster of organic particles similar to those of figs.1a—1d and 2a-2d [B22 (Kyw-09)]
4: Hyalodiscus obsoletus Sheshkova [B26 (Kyw-13)]

5: Azpeitia nodulifera (A.W.F. Schmidt) P.A. Sims et G.A. Fryxell [B22 (Kyw-09)]
6a—6¢: Diploneis smithii (Bréb.) Cleve [B22 (Kyw-09)]

7: Actinocyclus ingens f. ingens (Rattrey) Whiting et Schrader [B22 (Kyw-09)]

8: Lyrella sp. [B22 (Kyw-09)]

9: Cocconeis californica Grunow [B22 (Kyw-09)]

10: Denticulopsis praedimorpha var. praedimorpha Barron ex Akiba [B22 (Kyw-09)]

11: Hemidiscus cuneiformis G.G.Wall. [B22 (Kyw-09)]

12: Paralia sulcata (Ehrenb.) Cleve [B22 (Kyw-09)]

13: Bogorovia puncticulata Yanagisawa [B21 (Kyw-08)]

14: Actinoptychus senarius (Ehrenb.) Ehrenb. [B22 (Kyw-09)]

15: Grammatophora sp. [B22 (Kyw-09)]
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SN - Article

AFEZFH - BEHRR=FEOER LEDFHEILSEHEL /-
PRI BEILRIEEE Mesodictyon japonicum Yanagisawa & H.Tanaka

WiR =E=X'*

YANAGISAWA Yukio (2021) Fossil freshwater centric diatom Mesodictyon japonicum Yanagisawa
& H.Tanaka from the upper Miocene marine deposits distributed in the Ninohe-Sannohe area, near the
boundary between Iwate and Aomori prefectures, Northeast Japan. Bulletin of the Geological Survey of
Japan, vol. 72 (6), p. 479-493, 5 figs, 1 table, 3 plates.

Abstract: Modern freshwater planktonic diatom assemblages appeared near the middle/late Miocene
boundary when the nonmarine Actinocyclus was replaced by the genera of the family Stephanodiscaceae.
The genus Mesodictyon was a frontier that first entered the lake environment in this turnover among the
family Stephanodiscaceae. In this study, Mesodictyon japonicum Yanagisawa & H.Tanaka, an important
constituent of late Miocene lacustrine planktonic diatom assemblage in Japan, is reported from the
Neogene marine deposits of the Shitazaki and Kubo formations distributed in the Ninohe City (Iwate
Prefecture) and Sannohe Town (Aomori Prefecture). The first occurrence of this species was recognized
in the lower part of the diatom zone NPD6B (Thalassionema schraderi Zone) and was dated at ca. 8.3
Ma. Fossil evidence from this study and previous researches in Japan indicates that the first occurrence of
M. japonicum in Japan is confined within relatively limited time range of 8.2-8.7 Ma, implying possible
isochroneity of this diatom biohorizon. Mesodictyon japonicum seems to appear in geological record at
around 8.6-8.7 Ma near the base of the NPD6B.

Keywords: diatom, freshwater, Mesodictyon, upper Miocene
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HBHILHEMLIZ £z, ThECICENREDD 5
WTORMOER N EZGIR L, KO RE e
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b HIEEORIEEERT I AL 2IC L7, BAEE T
IS o7 — 215D &, M japonicum O Hy BB HA
(ZNPD6Bir D FRAFILOD 8.7-8.6 Maiith & HEE & 5.

BESGED 7 T v o b VHEREL, R AT
THIERBRIE D ZALIZIB U TR A K& <A LT &
Z W, WK RIEE Nz @E»r 5HITE N T
W13 (Krebs et al., 1987 ; Krebs, 1990 ; Bradbury and Krebs,
1995 5 24, 1999 5 7k - Bk, 2009). ZHh 512 Xhig,
R & BRI i, DI O X 5 ZbEgidlia
DTy b VEEERHROZS R 5722 L3 5
IZE¥hTnws. 9, gi-hHhEtoWEo 7 7 v
7~ VAR, Aulacoseiral@ U8 Actinocyclus)g 75 £
ko THY»SNT W 2D B, Aulacoseiral 3Bt
HEOTE L A N — L LB E TR AHIT TE -
M, Actinocycluslg i3 H HIHET R 2 & 2 T I 200
TIEEALCERLAELS KD, &b TR LI,
StephanodiscaceaeFHIJE 3§ 2 EEW B AR A IC B L, B
EOWALE T 7 v o b VHEER RN b L T& 2. C
OBMPHHISEZ 5722075 v o F VEEDORL N
ILTOANEED D (turnover) 1, HRKHTFEOD 5N T

' PEEHATR A I AT BT AR A £ v 4 — MRS HIFZEE™ (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation)
" Corresponding author: YANAGISAWA, Y., Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: y.yanagisawa @aist.go.jp
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B, WHARNZZIHR TH 5 (Hayashi et al., 2018).

Mesodictyon)& (Theriot and Bradbury, 1987)i%, Z®DKk
T RFHEARD AN DD IZHE T, Stephanodiscaceae
RO CIRYNSHNABRRICEN U 2 BB AR L — T
TdH 5 (Krebs et al., 1987 5 Krebs, 1990). AJF 13 A icHK
fiA G CHAMATISHEAMS T WK - A,
2016), HAD 5 1% Mesodictyon japonicum Yanagisawa &
H.Tanaka (Yanagisawa and Tanaka, 2014) & M. yanagisawae
H.Tanaka (Houk et al., 2014) D2 M@ EH L TW5. 2D
5 % R WL Pl ] ) 1| s oD v i g (b Wi A )
5 ECH & N7z M. japonicum X, FrE R N& I 5Am 3
% WG 2 & FE S %13 A (BIRIZ A, 2003a, b, 2010
MIRR - THE, 2011, Yanagisawa and Tanaka, 2014, BIR -
W, 2017), FKHELA QMR E (BIR - 3832, 2011) R,
KRN OUFHE WIRIZ A, 2004 5 BIR - RH#E, 2020)
PEEWMEINTODEEIN). WAREMMEHRIND
AR Y YRR E 2> b OWMEPEINZH, £ O®%ES
BT OE KA LT 7 OWMRHERM 2 5 & Won D,
PRARAERETH 5 Z LMD 5 N7z (IR - Hrh, 2016).

WA E TICHBHL T AW A» 6, M. japonicum 3tk
B F IR A ARDHYSAWEHICAER L T2 &
b5 EEIX). LaL, ZopEtiibid—abEic -
THD, M. japonicum O HUBRN) 53 A7 G <0 28 AU HE
ETETINW A 572, KR TIE, M. japonicum Dl
B GMDILEN D 2N DB 120, ThE TIIAENHRE
ENTOEWETF - ERENOUKREEZ IR E LTH
EiTo7z. ZOMR, AFROFHEERE=FH=F
W2 5540 BT =R A & M. japonicum D FE /', % fiff
U, T OY)E R UE 23 i B R F O NPD6B
NHEIS3IMa)IZdh BT L AL NI T,

2. MEtEHE

SHBRERRNE, BT PO BRSSO,
FROFHE ERE =PI OBR () & 5> T 5R
(BRE 2 ¥ 3 V) THRWLZ (E2K). 20—t T3,
3 CIZ Maruyama (1984) 12 & » THBE LA A L & h
THD, M japonicum DREH VAT CTE 3 RUENTHI L
TWBZENbhr > Tz,

ZFiie s Z PRI o (ZF - Eﬁriﬂ;ﬁ&)\(:
3, BB =REL AL Tl 0, TRk 0 CAOFR,
L0k, 0 e, R,k AL,
J&, MIRRE, EwRE, KPR R OSHITEICIX sy & e (88
74, 1958a, b;Chinzei, 1966;BFIEA, 2018). ZDH 5,
iﬁﬁ%“(ﬁiﬁﬂﬁtﬁiﬂlg oD EHRE & ARIETH 5 (553
X). &gk id L HEEERE - EBOL AR - BR
WL VaEERE» S, AREIZEREEE TS & AR
WERE» 5% 5.

AR AR L 28R 2 > 3 VI2iE, HIEOEE
NN ERE - BRBEYL M EREE, ARBEOERECH

T
138°E
N

- 42°N %

Japan Sea

Aomori

[~ Ninohe-"

. 20ga Sannohe 4\

L)
) )Talnal

3)9)6) Tsugawa
| 7 sado 38°N

3)8)
Kamo Takatama®)

Caldera

Takahagi 10
Hitachi (Tajiri)'”
36°N}

Pacific Ocean

Q 140°E 142°E 0 km 100

Reference 6) Yanagisawa et al. (2010)

1) This study 7) Yanagisawa & Watanabe (2017)
2) Yanagisawa & Watanabe (2011)  8) Yanagisawa & Kudo (2011)

3) Yanagisawa & Tanaka (2014) 9) Yanagisawa & Tanaka (2016)
4) Yanagisawa et al. (2003b) 10) Yanagisawa & Ando (2020)

5) Yanagisawa et al. (2003a) 11) Yanagisawa et al. (2004)

1K Mesodictyon japonicum O FE Hi .

Fig. 1 Map showing locations of Mesodictyon japonicum.

g THATIT 5. HREOEI L FERE, F
CHEHOY L P ERUOBEY L E»S 5D, ®E
EIZIEE B em ~ B O BRIR O MR DA % Bk
. BIRE YL VERBOES AN, EEELER %
8 < 2 YR~ AR T d B4, IR R0l
RALLTHE L MELEE>TWE, 72, KR TH
Tk, BIbGEROREHEICIHET B, —E AR
HiRosselia isp. 5N 5. KEFEHIZIZTZHDOL LT
i OHEREMREIREREAFEL Tk, & IZAE
JEREIZIE, EE 10 mDEVEIRKERB R E > Th b,
AR OB IEE A TR L, BIKEE 2T 5 EREOM
~HREERE 2 5 %5 5. AERISTPATREENIET 5 28,
— TR AR 5D (BB4XA). £72, 2fEHETHE
ﬁf‘?ﬂﬁERossezliggsp. BRBDEN S (F4XB).

AEHE, BRIIE OAFI S & i BRSO RO
i E TCOXMIT, Aate7EREL 72 (BE2X). 2fEE
1389210 m T, REHIEE 23 mEE THELL 7=, LA L,
i RO ANRRE O A REEKCE TR T, AR 2D

— 480 —



TF - Pk _EET T D Mesodictyon japonicum  (HIIR)

141°6°E
40°25'N

Takko Town
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J

Aomori Prefecture

A

Nanbu Town

Kamassawa™
e N

Kindaichi-
Onsen St. }

Karumai
Town

/”‘ /
/ ( (/
/S ‘\ A/

/ '\ ‘Mt Terécjate (

=)
)
I\

a

20X GABHRH EX.  [E M EEReRAT 275 5 Tr 0 L BIXI] =7 | 2 JTic Rk

Fig. 2

Sample locality map based on geographical map “Sannohe” (1:25,000 in scale) published by

the Geospatial Information Authority of Japan.

BIKET, B thoEaEM G cE v eIl i
728, VA DOEIEIA T dH B Rosselia isp. % 2 Ja e TERHL
L7DATHB.

PREL U 72 5B, Akiba (1986) @ unprocessed strewn
slide DFEEFHNT T LI8T — FEER L 72 FELW
HIMIR (1999) IZitib T 5. HEER O, B
PIBEMEE 600 15 D5 N T, Chaetoceroslg DIKIRIZ T %
RO, B SN2 I N TOMDERNS0IZ%55FT
frotz. ZD#%, EHICH/N—=2F ZADIES mm O HilH

EEAL, ZTORBETHZICERD SN, KRUOBH &
L TODAED b 7=fdid present (+) & U TACERL 7=.

H AR IX 731, Akiba (1986) & Yanagisawa and Akiba
(1998) DHF 5 =LA PR AT X 2 EH L, 1t
AHIENPDT — F, EfFHEIE DT — F (D10-D120) % H
W7z, 4RI Watanabe and Yanagisawa (2005) % FIW T
EL, Raffi ef al. (2020) D MMEERNEIZADE
THEEL 7=
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P— Freshwater
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Fig. 3 Stratigraphic occurrence of diatoms in Kamassawa stratigraphic section. Lithostratigraphy is based on

Chinzei (1958b) and Tsujino et al. (2018).

3. ®R

L 72678 D 5 5, 3K, 21, 29D 350k & B <
64 A & HEBEAL A NPEH L 72 (581K). RAKDMIHEE
H:EETIlE, Mesodictyon japonicum DX 5>, Aulacoseira
sp. & Aulacoseira praegranulata var. praeislandica (Jousé)
Moisseeva 2SEH U 722 (KU 1) . —JF, #pEREE LCi8s
SFERENPEM U 72, A X2 & XAR3ISRT.

e DA iEERE & U I, Denticulopsis katayamae
Maruyama, Thalassionema schraderi Akiba X U* Nitzschia
pliocena (Brun) Merz 2 FE ) U, D. katayamae O #% F¢ 1,

J& U (4 G HED6S, 8.7 Ma), T. schraderi D)% | & e
(D66, 8.5 Ma), N. pliocena DYIFE N FEHE (D68, 7.9 Ma)
BREDOENZ(FHIX). ZhonAEE,S, Rt
v g VICHBMT A ERBEOEL L P EERNE - BR
Wa L b AR & A LR RE O % P RS e R TR
1, H:REALA A O NPD6AME (D. katayamaetts) & NPD6B

(T schraderi®y) I3 Z &R I N7, Zhik
Maruyama (1984) DTSR & —33 5.
BN U 72 M. japonicum X, #IZ B T, E£2IE

12-22 um, SHREANIFEOAIRIZ S ta-> Tk D, @HhM
O (X101, 3, 8) Lo (X102, 4-7, 9, 10)
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T - IR IR O Mesodictyon japonicum  (HIIR)

FaX AREERERETEOBREEGE (BIL— b). A fIREE L T EBlO R E L 7= GBS R GR
#67). B : AR LA Rosselia isp. GRF}66).

Fig. 4 Photographs of the Kamassawa Tuff Member of the Kubo Formation at Kamassawa stratigraphic section. A: Cross
and parallel bedded tuffaceous coarse-grained sandstone (Sample 67). B: Trace fossil Rosselia isp. (Sample 66).

DD 5N B, HI|OERHIHBBEIRIZ AL, Z DK
1310 pm {2 6-10%1, RO 2 RS 2 RS 10 pm ISHY
8-14fHTH 5. AR TR I NAFERIZONTE, &
A T BHISE (SEM) 12 & 2 TR & O RfERR I 1T - T
WEWA, EFHAMEBE TR TE AIRE TS 51D,
Yanagisawa and Tanaka (2014) 12 & - T HriE B Hug o
PPRTRE 2 6 Bl#R & 7z M. japonicum & [R]—F8 & J T =
5.

IRt v 3 VT, M japonicum DH)EEHIZ NPD6B
T DA FEHED66 (8.5 Ma) & D68 (7.9 Ma) I8k & 7= [X ]
IZR® 5N 5 (E3X). MAERBHEDFENEFIZZ DXH
TOHERGHRFE A —7E 72 LARE U THERK U 7= HERGH R
2k, BIRvI Y 3 v TDM. japonicum DHIFEH DA
RIIM83IMa L HE E N 3.

4, EE

AMIZ K- T, 5F - FHRRNOWBRIE =R TEM
Japonicum 3 HERE E 4, PEH MU EH oMk & kD, 4
MFHAB X IRV EBbhr -2 (EIX). £/, —
Foe SRS, Ao YRR A T O
NPD6BAH N D 8.3 MaDEHEIZ & 5 Z & 35 21275 >
7z, RWRIZK 2 T F - SFHUOERE G T, it
WTORMEOENFRHHEESHICE LD 7.

W OPAGHIALEEES(L L, B & F 0 BERA
Felz RS, BRI & EEREICE N 5 20T
3% <, —HPEROWIBHERM I RAE S h 721212, =&
SN TR AEW S WRFE S M- RO ATH 5.
Z D%, —WIXZTOWREIELEL TRESN IR, £
IHHPROZE XN CER S, B O R 2R HER
T5Z2&eDdHbD. 25 L-HUEREYH D280, WE)E
FROIRAITAA R LA T, REEH I EE S & <,
WIRE R D AN B A > CT\5. 22T, ZIZTik

S &K, AREOYIRE R HEDFAUZ DV TRET
5. 127U, HIRENEEE, FEEEOBREERIE Y & i
BAER S NIBD AR L T BIZTEY, Z0HE
HEOHEDOHHA LD LD L BN THWE Z LICHR
THRUELD .

FRHIL O FREMIR T 13, AR LT SR O R (i
IR fe 8B, B FIRRE S O KETRE) A 5 Fidb ¢ 20 128
a5 WIRR - ¥4, 2011), MR MR TH
&<, TOYIRELEEE B 5 Z L I3E LW GRS,

FREAN TR HOWGRSE S & AN HE S h T 5.
9, RAIETIE,  EEHORT ~ T SRR O R
Td DWNAENIETM. japonicum DEEHBRD SN, ZD
PIRE 13 NPDOBHF N O# 8.2 Mafshit D G H#EIZ & 5 (HIIR
17, 2003b ; Yanagisawa and Tanaka, 2014). %7z, [
B O EN I TIE, M. japonicum (X g _E 3 v R
DRI &R S PEM L, #1PE MY e HE I3 NPD6BAY
i N 08.6 Mad G HEIZ A7 1E§ 5 (MIIRIE A, 2003a,
2010 5 Yanagisawa and Tanaka, 2014). —J7, {EEHURT
R A0S 2 R LA TR O IR & &
T~ T S TR O B IR E O T 82> & M. japonicum
A X b (Yanagisawa and Tanaka, 2014 5 MR - ¥,
2017). WAEFESEA ARG 5D O TR U 22 HERE R S
iR &, VeI T OARTEDHIPE I FFHEIL 8.3 Ma & 5
ETED, KR TS, BELSORFELY v 3 Ol
B T M. japonicum O FE R PR ST B (IR - L
%, 2011 ;> Yanagisawa and Tanaka, 2014). AMEIZE LA
JIlfE EESONPD6BA CTREH L Tx b, fx & pEHIR
A FEHED6S (8.7 Ma) & D66 (8.5 Ma) DIIZH 5. LA L,
Z OB ORI FRCE OB A TREAELATOTHIR
MafER T 52BN TELRVEY, ThE EOFROK
DAARIZTE V. L2 T, NKHKToOARMED
HIPEH DAL 8.7-8.5 Ma L HEE N 5. MR T,
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Table 1

HE

ERINEIE R e I

Occurrence chart of diatoms in Kamassawa stratigraphic section.

B B HRERE R

el 20214 72 6T

Formation

Shitazaki Formation

Member

Main part siltstone

Diatom zone

NPD6A (Denticulopsis katayamae Zone)

NPD6B (Thalassionema schraderi Zone)

Sample number

02 03 04

09| 10

11

15

16

17

18

19 20

22

23

24 25

26

27

28

Original sample number (San-)

55 56 57

62 63

64

68

69

70

71

72 73

76

77 78

79

80

81

Preservation

P

P

Abundance

P P P
" o =
a4 d -

10.0|
25|~

28|z

38|

28|

18|

I

P P
S a
“ o

P
)
~

P
IS
% O

P
=
el

P
o
°

Actinocyelus cf. curvatulus C.Janisch

ellipticus Grunow

ingens f. ingens (Rattray) Whiting & Schrader
ingens f. nodus (Baldauf) Whiting & Schrader
ingens f. planus Whiting & Schrader

=

15 15

+
+ — o

&)
[

[

octonarius Ehrenb.

sp. A

Actinoptychus senarius (Ehrenb.) Ehrenb.
A. splendens (Shadbolt) Ralfs

A idi. SD.

il

Asteromphalus spp.

Azpeitia endoi (Kanaya) P.A.Sims & G.A.Fryxell
sima (Pant.) P.A.Sims

Cavitatus jouseanus (Sheshukova) D.M.Williams
C. linearis (Sheshukova) Akiba & Yanagisawa

A. vetus

C. miocenicus (Schrader) Akiba & Yanagisawa
Clavicula polymorpha Grunow & Pant.
Cocconeis spp.

Coscinodiscus marginatus Ehrenb.

C. radiatus Ehrenb.

C. spp.

Cymatosira debyi Temp. & Brun

Delphineis surirella (Ehrenb.) G.W.Andrews
D. cf. surirella (Ehrenb.) G.W.Andrews
Denticulopsis spp.

D. katayamae Maruyama

D. praekatayamae Yanagisawa & Akiba

D. simonsenii Yanagisawa & Akiba

D. vulgaris (Okuno) Yanagisawa & Akiba
S-type girdle view of D. ii_group

o+

+ 4

D-type girdle view of D. simonsenii group
Diploneis spp.
Eucampia sp. A (= Hemiaulus polymorphus Grunow)
Grammatophora spp.
Hemidiscus cuneiformis G.G.Wall.

ot

+

o

+

w o,

H. ovalis Lohman

Hyalodi bsol heshuk
H. radiatus (O'Meara) Grun.
ITkebea tenuis (Brun) Akiba
Lyrella spp.

w o

Mastogloia splendida (Grev.) Cleve
Melosira sol (Ehrenb.) Kiitzing
Navicula spp.

Nitzschia grunowii Hasle

N. heteropolica Schrader

=

N. pliocena (Brun) Merz

N. cf. porteri Frenguelli

N. rolandii Schrader emend. Koizumi
Odontella aurita (Lyngb.) J.A. Agardh
Paralia sulcata (Ehrenb.) Cleve

Plagiogramma staurophorum (Greg.) Heib.
Porosira glacialis (Grunow) Jorg.
Proboscia alata (Bright.) Sundstém

P. barboi (Brun) Jordan & Priddle

P. barboi (Brun) Jordan & Priddle var. 1

[

Psammodiscus nitidus (W.Gregory) Round & D.G.Mann
Rhabdonema japonicum Temp. & Brun

Rhaphoneis amphiceros Ehrenb.

Rhizosolenia stvliformis Brightw.

Rhi: sp. A

Rhizosolenia sp. B

Rouxia californica Perag.

Stellarima microtrias (Ehrenb.) Hasle & P.A.Sims
Stephanogonia hanzawae Kanaya

Steph is_Spp.

v

~

[

[

w o

Thalassionema hirosakiensis (Kanaya) Schrader
T. nitzschioides (Grunow) Mereschkowsky

T. schraderi Akiba

T. sp. A (sakiboso)

T. sp. (1 1

[
)

[

Thalassiosira cf. antiqua (Grunow) Cleve-Euler
T. brunii Akiba & Yanagisawa

T. grunowii Akiba & Yanagisawa

T. manifesta Sheshukova

T. marujamica_Sheshuk

T. minutissima Oreshkina

T. nidulus Jousé

T. singularis Sheshukova

T. temperei (Brun) Akiba & Yanagisawa
T sp. A

T. sp.B

T. spp.

Thalassiothrix longissima Cleve & Grunow
Triceratium condecorum Brightw.

T. arcticum Brightw.

Tryblionella granulata (Grunow) D.G.Mann

Non-marine diatoms
Aulacoseira sp. (fine)
Ar a var. dica (Jousé) Moi
Mesodyction jc Yanagisawa & H.Tanaka

Total number of valves counted

50

25

Resting spore of Chaetoceros

Calcareous annofossil

Preservation, G: good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare. +: prersent, -: absent.
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EAES
Table 1

Continued.

Formation

Shitazaki Formation

Kubo F.

Member

K dstone and Siltstone Member

K

Diatom zone

NPD6B (Thalassionema schrader i Zone)

Sample number

50| 51 53 55

>

Original sample number (San-)

88|
89

Preservation

Abundance

27|| 90[2

3.5|o| 92|12

59(| 93|35
55|g| 94|2
50|| 95|53
49|z| 96|

19| 99[&
21| 100[%
29| | 101[5
5.5|| 102|%
6.1|g] 103

37| | 105 [
12| 106

22| 107]2

16| | 104

1.2]| 109]2

17| | 110]4

18| 111]%
15|| 112]

09| 113]2

21| 114

07]z|115]3
23|l 116]2

18] 118]2)

155 119(2

Actinocyclus cf. curvatulus C.Janisch

ellipticus Grunow

ingens f. ingens (Rattray) Whiting & Schrader
ingens f. nodus (Baldauf) Whiting & Schrader
ingens f. planus Whiting & Schrader

)

+

+
+

octonarius Ehrenb.

sp. A

Actinoptychus senarius (Ehrenb.) Ehrenb.
A. splendens (Shadbolt) Ralfs
Arachnoidi. SD.

NN

P

oo 4

+

(S

wo—

+ o+ o+

+

Asteromphalus spp.

Azpeitia endoi (Kanaya) P.A.Sims & G.A.Fryxell
A. vetustissima (Pant.) P.A.Sims

Cavitatus jouseanus (Sheshukova) D.M.Williams
C. linearis (Sheshukova) Akiba & Y: i

+

+

+
-+
.+
"+
+
+
+
+ 4

T

+

C. miocenicus (Schrader) Akiba & Yanagisawa
Clavicula polymorpha Grunow & Pant.
Cocconeis spp.

Coscinodiscus marginatus Ehrenb.

C. radiatus Ehrenb.

<k |

+]

+
&

+

W+
ENRE
e

o
~

— s+ |
w
AN+

— =

S

-+

C. spp.
Cymatosira debyi Temp. & Brun
Delphineis surirella (Ehrenb.) G.W.Andrews
cf. surirella (Ehrenb.) G.W.Andrews
SDD.

+ =

ofw oo,

+|

+ o+

N}

katayamae Maruyama

praekatayamae Yanagisawa & Akiba
simonsenii Yanagisawa & Akiba
vulgaris (Okuno) Yanagisawa & Akiba
S-type girdle view of D. ii_group

ISESESRS] SRS

ot
4o

+ o+
+
+

D-type girdle view of D. simonsenii group
Diploneis spp.
Eucampia sp. A (= Hemiaulus polymorphus Grunow)
Grammatophora spp.

Hemidiscus cuneiformis G.G.Wall.

S
[

+

+
©
o
[
T
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Plate 1 Freshwater lacustrine diatom fossils from Kamassawa stratigraphic section.

1-10. Mesodictyon japonicum Yanagisawa & H.Tanaka [1: Sample42; 2: Sample53; 3: Sample49; 4: Sample46;
5-7: Sample50; 8, Sample49; 9: Sample48; 10: Sample49].
11. Aulacoseira sp. [Sample67].

12-14. Aulacoseira praegranulata var. praeislandica (Jousé) Moisseeva [10, 11: Sample31; 12: Sample32].
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Plate 2 Marine diatom fossils from Kamassawa stratigraphic section. Scale bars A and B for figs 1-7 and 8-40, respectively.

1, 2: Denticulopsis katayamae Maruyama [Samplel1]

3: Nitzschia cf. porteri Frenguelli [Sample45]

4, 5: Nitzschia rolandii Schrader emend. Koizumi [4: Sample53; 5: Sample63]

6: Nitzschia pliocena (Brun) Merz [Sample63]

7: Nitzschia rolandii Schrader emend. Koizumi [Sample59]

8: Thalassionema hirosakiensis (Kanaya) Schrader [Sample63]

9: Thalassionema sp. (lanceolate) [Sample63]

10: Cavitatus linearis (Sheshukova) Akiba & Yanagisawa [Sample52]

11, 12: Thalassionema sp. A (sakiboso) [11: Sample66; 12: Sample65]

13: Rouxia californica Perag. [Sample63]

14-24: Thalassionema schraderi Akiba [14: Sample63; 15: Sample44; 16: Sample53; 17: Sample52; 18: Sample59;
19: Sample64; 20: Sample63; 21: Sample45; 22: Sample62; 23: Sample65; 24: Sample55]

25: Proboscia alata (Bright.) Sundstém [Sample53]

26: Rhizosolenia sp. A [Sample64]

27: Rhizosolenia sp. B [Sample59]

28: Proboscia barboi (Brun) Jordan & Priddle var. 1 [Sample62]

29: Proboscia barboi (Brun) Jordan & Priddle [Sample57]

30: Delphineis cf. surirella (Ehrenb.) G.W.Andrews [Sample62]

31: Delphineis surirella (Ehrenb.) G.W.Andrews [Sample59]

32. Cavitatus jouseanus (Sheshukova) D.M.Williams [Sample64]

33: Hemidiscus ovalis Lohman [Sample55]

34, 35: Actinocyclus sp. A [34: Sample55; 35: Sample49]

36: Navicula sp. [Sample55]

37, 38: Cymatosira debyi Temp. & Brun [37: Sample65; 38: Sample59]

39: Tryblionella granulata (Grunow) D.G.Mann [Sample53]

40: Thalassiosira sp. A [Sample53]
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Plate 3 Marine diatom fossils from Kamassawa stratigraphic section.

1: Thalassiosira temperei (Brun) Akiba & Yanagisawa [Sample55]
2: Thalassiosira singularis Sheshukova [Sample63]

3: Odontella aurita (Lyngb.) J.A.Agardh [Sample53]

4, 5: Thalassiosira cf. antiqua (Grunow) Cleve-Euler [Sample45]
6: Thalassiosira marujamica Sheshukova [Sample63]

7, 8: Actinocyclus cf. curvatulus C.Janisch [7: Sample63; 8: Sample62]
9, 10: Thlassiosira sp. A [9: Sample63; 10: Sample45]

11: Stellarima microtrias (Ehrenb) Hasle & A.P.Sims [Sample44]
12: Hemidiscus cuneiformis G.G.Wall. [Sample64]

13: Thalassiosira brunii Akiba & Yanagisawa [Sample10]

14: Thalassiosira sp. (convex) [Sample59]

15: Actinocyclus ellipticus Grunow [Samplel5]

— 492 —



)

.

F ik D ¥R BT HR D Mesodictyon japonicum  (H

S =

0

JOLUX

S

— 493 —






WEREMREE £72% (BE1E5-%$6%8)

F15
LA ]

HCERIFALER P 5 (2 o0 A9 B i o = ACEEIR BRSO A AR & LR SRR B O AU 1

= 1 PO 1-21
[ a3 ]

HIE IO HB IS T~ 7 O

PG - NHERES - HEZTEHE - BT LA Y - HIHEHL et sesetsese s seeaeseaes 23-40
E3e

20 Ji53 0 1 WEIXIE [ L] OHEHISOTRBCA D 2 v 3 & U-Pb 44

I T R B (., 41-64
e

DB R VPR 1B 35 1 B SOk i e DL R O HERBR 20

oy R (Ui - B = = = S USRS 65-80
RUES

B © F 72 HARD B Al e &4

AN 15 R o~ S N USSP 81-94

F25 HE GALHOLBLLEELSTESNAHMESFTHO 1 ERIE 4] CHVT—
[ &S ]
5T3r0 1 WEXE [l R s —kRT — 2 RS L oRE %

2 1TSS 95-97
[ B ]

AT IE SR AT A O LB AL LIRS 2 515 5 bl Y 2 FAE Y L a VR RN & ik

DAL

PAIEPBEE 17 +eeeeeerrreeeeeesssuneeieniitteeeieeitteeeee e cttee e e e bte e e e e s bt s e e e e ba s s e s e s s ba s s e e s e s baasee e sbaaseaeesbasaeseessasseeeasssnsaesansssnaes 99-107

[kt - M3 ]

JEERAL BAF s, ¥ 2 7 ACT IR KA O HIERAL 2 R & i

A5 5PN 109—118
[ B ]

AT IR G, ACERAE_ b R RS O AR h o rh AU R A

T L i o N (. USSR 119-127
[ B ]
BRI TR, KANREO TGS S Wz FRIHAA# 7 7 7

HT R
B IS = V[ 1 129-138

KA E A XY T ORBEEEED R U2 72 0 FHEOBE & i8R « LS R, SFERIBISE T 250K
Crassostrea gigas VA1 B ERg D

il K- RS - RN - BT - MRS T - ISR - mEEE - IR - AFIEZ 139-171
[ ]

ATERARHIKIZ B 2AEBAE B Y 2 7 RAIHEE RIZHRAET % 2 SR EUE O LA & AL

=1 U ETRS 173-190

F45 BE: BERUHEES, [REREF] g0y La

[&UHE ]
55y 1 MBI R4 K e R | koD )t R O SR
L S OO 191-200



[ ]

RSB P 2 FACHHIAROHE L5tk 2 5 J5570 1 EXIE [HlE X 2R ] stk oRE!

=S | OO 201-285
[ B 1

Radiolarians from Jurassic accretionary complex of the Ashio belt in the Kiryu and Ashikaga District (Quadrangle series

1:50,000), central Japan

ITO TSUYOSH +++erererererererererereseserertststststststs ittt e e e e 287-324
[ B 1

Conodont fossils from the Kiryu and Ashikaga District (Quadrangle series 1:50,000), central Japan with emphasis on the

reexamination of “ Carboniferous” conodonts from the Ashio Belt

MUTO Shun and ITO TSUYOSR «-+sesesesesereserererererererrurmrmntririststs ittt seaenes 325-344
[ BRE - R ]

Occurrence report of Triassic and Jurassic radiolarians from the Jurassic accretionary complexes of the Ashio belt in eastern

Mt. Narukami, Ashio Mountains, central Japan

ITO Tsuyoshi, NAKAMURA Kazuya, HINOHARA Tatsuya and KURIHARA Toshiyuki ss-«ceeeeeesereeesscssneirisisnneeen. 345-358
[ R - ]

ERBIMD Y o FRIE K 4 2 2 7Ly 7 22 65 L 2R R OH LR

IR Tl - SAARKCTE - FEHHIETD oo e 359-370
[ ]

RO Y 2 7R IEKE 4 2 2 7Ly 7 2008 £ 5 RESHO MERAL 2 1R

LB |~ = OO U OO .371-381

[ Bk - i ]
WAL IR AT 44 B2 3 AT S % )R R R o) B ZE REAERA P Je O RS e

LGS | = = B o - RPN -383-396
$55
[F3 ]

AR O i~ RIS BT it 7 7 7 805 - Ik BRI O Brachl & KA1 -SSR A E 2 72 W HERTY)

D e

LLITTZE L +eeevrvvrrereeessreneeensesittneeseeeiitteeseeeeistaseesseesatseeeee s ssassseesassasseeeeessataaseeessstasaesasessssaaseeesssssnsesnsesssssaannnns 397-420
[ ]

BRG] 7 — & O - A

=5 N OO 421-445
[ B 1

B SIS SARER 12 34T 9 B Mehes D 7 1 A 2 ¥ R ALZERK

I X 1 QB 2y P PR PN 447-458
$65
[F3 ]

FREVR KA TSNS 53404 2 ot B O R 12 35 1) 2 Wi Roda B A G A o o 4 0D s 474K

N OO 459-477
[ ]

HFR TN - HFAR S PR O TR S BEH U 22 AR A AL A EEEE Mesodictyon japonicum

Yanagisawa & H.Tanaka

N3 U 479-493

—_ 11 —



CONTENTS OF VOLUME 72

No. 1

[Article]

Intrusive age of Paleogene felsic plutonic rocks in the Tango District, northern Kyoto Prefecture, and chronological

correlation of the plutonism in the San’in Belt, Southwest Japan

NAKAE SAOSH cvveeeerereesrsreesssrerssssrersssueesossessssstessssstesosseesssssessssstesosseesssssessssssesosssesssssessssstesssssssssstesssssesssssesssssses s 1-21
[Article]

Construction of Crustal Stress Map in Chugoku Region, western Japan

IMANISHI Kazutoshi, UCHIDE Takahiko, SHIINA Takahiro, MATSUSHITA Reiken and NAKAI Misato «--«eeeeeeeeeen 2340
[Article]

Zircon U-Pb ages on plutonic rocks in the eastern area of 1:200,000 quadrangle, Toyama, central Japan

TAKEUCHI Makoto, JTA Sui and SHIMURA YUSUKE ++-sessessessessersassassessasessassassassassassassassasasssssassassassassassassasssassanss 41-64
[Article]

Sedimentary environmental change after the Last Glacial Maximum in the Miyagawa Plain, southwestern coast of the Ise

Bay, central Japan

SATO Yoshiki, MIZUNO Kiyohide and NAKASHIMA Rei «++-esererereresecnenrrrrsrsesestsmsrseseseseseseststsesesesesesasasssssasasaes 65-80
[Report]

Physical properties of Neogene granitic rocks in Japan

OKUMA Shigeo and KANAYA HIrOshi -+s+seeeeecsesrsesrsesesesesereresesesuststesesenssssesenesesesesesesessssassssesstssssssssssssssesasaes 81-94

No. 2 Special issue: New data from the North Kitakami Belt in the Kitakami Massif, Iwate Prefecture:On the Sotoyama
District, Quadrangle Series 1:50,000
[Preface]
Significance of the Sotoyama District, quadrangle series 1:50,000, and the special issue on its primary data
UCHINO TaKAYUKI -+e+eseseseerseesesesesssrseseststststststststststst st sttt ettt sttt e .95-97
[Report]
Middle Jurassic zircon age from sandstone within the accretionary complex in the North Kitakami Belt, Kamatsuda area in
Iwaizumi Town, Iwate Prefecture, Northeast Japan: Verifying the age of the accretionary complex containing the Okawa
Sample
UCHINO TaKAYUKI -+++esesesrerscesesesesmststststseststststststsest sttt sttt e e 99-107
[Note and Comment]
Geochemical features and origin of basalt within the Jurassic accretionary complex in the southwestern margin of the North
Kitakami Belt, Northeast Japan
UCHINO TaKAyUKI «-+serererererererererenemesestmeseststututututttststatatt sttt sttt st st sttt sa s nensanes -109-118
[Report]
Mesozoic radiolarian fossils from mudstone within the accretionary complex in the southwestern margin of the North

Kitakami Belt, eastern Morioka, Iwate Prefecture, Northeast Japan

UCHINO Takayuki and SUZUKI NOIOSR +++ereseseseseseresrsesesrrasssststeessstuesenessnsreressasasssssssesasasssesestssessasasacas 119-127
[Report]
The Towada-Ofudo Tephra found along the Oishi River, Yabukawa, Morioka City, Iwate Prefecture
KUDO Takashi and UCHINO TaKayuKi «+«+«+«+e+eseseseseserererereresassrerurssmstntserasesasaststststststsasesesasasasssasesasasssssasesasaseses 129-138
No. 3
[Article]

Destruction and restoration processes of fossil oyster reef influenced by repeated large-scale waves: An example of Holocene
Crassostrea gigas shellbeds around Pashukurutou Lagoon, eastern Hokkaido, northeast Japan

NANAYAMA Futoshi, ANDO Hisao, KONDO Yasuo, YOKOYAMA Yoshiharu, NAKATA Akiko, SASAJIMA Yui,
SHIGENO Kiyoyuki, FURUKAWA Ryuta and ISHII Masayuki -+-----scsesesescsesesesescsesesesesesesesesesesesesesesesesesesesesenes 139-171

— iii —



[Article]
Geochemical composition and origin of mafic rocks of the Jurassic accretionary complex in the North Kitakami Belt, the
Kuji area, Iwate Prefecture, Northeast Japan.
NAKAE SAtOSh «+veeeeveeerereereersreessuesseesssressuessstesssessstessstesssessstessseesstessstesssessstessstsssaessstesssesentessssessaesostesssesenees 173-190

No. 4 Special issue: Geology and fossils of the Kiryu and Ashikaga District, southwestern Ashio Mountains

[Preface]

Special issue on geology of the Ashio belt of the Kiryu and Ashikaga District (Quadrangle series 1:50,000)

ITO TSUYOSH ++eererererernrserereremememtuemtutueaenttstatt ettt ettt .191-200
[Article]

Geology and correlation of Jurassic accretionary complex in the Ashio Mountains, central Japan: Investigation on the Kiryu

and Ashikaga District (Quadrangle series 1:50,000)

ITIO TSUYOSII «eereeererererererererereststststststt sttt e e 201-285
[Report]

Radiolarians from Jurassic accretionary complex of the Ashio belt in the Kiryu and Ashikaga District (Quadrangle series

1:50,000), central Japan

ITO TSUYOSH +++ererererererereseresrsrsesttrratatatatatttt sttt ettt ettt 287-324
[Report]

Conodont fossils from the Kiryu and Ashikaga District (Quadrangle series 1:50,000), central Japan with emphasis on the

reexamination of “Carboniferous” conodonts from the Ashio Belt

MUTO Shun and ITO TSUYOSH «+++s+eerereererererererururtrurururtrtntstntststststst sttt eaens 325-344
[Note and Comment]

Occurrence report of Triassic and Jurassic radiolarians from the Jurassic accretionary complexes of the Ashio belt in eastern

Mt. Narukami, Ashio Mountains, central Japan

ITO Tsuyoshi, NAKAMURA Kazuya, HINOHARA Tatsuya and KURTHARA Toshiyuki -««eseseeeeeeveeresecescneieninnes 345-358
[Note and Comment]

Radiolarians and foraminifers from the Omama Complex of Jurassic accretionary complex in the Ashio Mountains, central

Japan

ITO Tsuyoshi, SUZUKI Noritoshi and SASHIDA KatSUQ «+eeesererereserersrarscearatsesestsesesensaesenensssrsssssasasasasasasasens 359-370
[Report]

Geochemical characteristics of basaltic rocks from the Omama Complex of Jurassic accretionary complex in the Ashio

Mountains, central Japan

ITO Tsuyoshi and KUSANO YUK] ++eeeeeererereresesesesarurusmemsmererenemeueneneseseesesetattsseetstssst s tsesesssssssasasasasasnss 371-381
[Note and Comment]

Biotite granodiorite of the Ashikaga Body and contact metamorphic rock in Nagusa, Ashikaga City, Tochigi Prefecture,

central Japan

ITO Tsuyoshi and NAKAMURA YOSHIRITO «+++seserererererereususrersununmsuneririntstststtteestsesesesssesenessssnenensasssssasasasases .383-396
No. 5

[Article]

The Middle to Late Pleistocene tephrostratigraphy around the Nasu Volcano Group, NE Japan: new description of the

Kawatani Pyroclastic Fall Deposit and the horizon of the Yosasagawa and Higashi-iwazaki Debris Avalanche Deposits

YAMAMOTO TaKARIT0 eeeeeeeeeserseesssreessssrersssueessssessssstesssstesssssessssseesssssesssssesssssessssstessssaessssessssssesssssessssesssssens 397-420
[Article]

Preparation and release of gravity and magnetic data collected by R/V Hakurei-maru

ISHTHARA TaKEMI c+vveeeeerereessrreerersueesssueesssstesssssessssstesssstesssssesssseesssssesssssessssssessssstesssssessssstessssssessssessssssessssan 421-445
[Report]

Geochemistry of chromian spinels from serpentinites distributed in eastern margin of the Kanto Mountains

HARA Hidetoshi and HISADA KEN-iChiT0 +«cessseeeersseersssreesssurersssuersssseessssuesssssressssessssssesssseesossaessssessssssesssssees .447-458

— v —



No. 6

[Article]
Diatom biochronology of the horizon of warm water calcareous microfossils in the upper Miocene Funakawa Formation
distributed in Shimo-arakawa, Daisen City, Akita Prefecture, Japan
YANAGISAWA YUKIQ ++creveeessrveersruersssrecsssstessssueesssseesssstesssseesosstesssstessssssssssessssstessssessosstsssssssssssssesssssesssssens 459-477

[Article]
Fossil freshwater centric diatom Mesodictyon japonicum Yanagisawa & H.Tanaka from the upper Miocene marine deposits
distributed in the Ninohe-Sannohe area, near the boundary between Iwate and Aomori prefectures, Northeast Japan
YANAGISAWA YUKIQ ++crereeeesrsreessruersssueesssueesssstesesseesssstesssssesssssessssesssstesssseesssstesssssesssssesssssessssstessssessosssesssssen 479-493

AEBHRNOERE TRERVERZDA X ICEBEVLELE. E<HILBELLETET.

I I
I I
| HBED RO - DR NBFREZ R I JIIIfiI‘éI /J\aaws SRETFEC (50|
I I
I I

Bk - BRI GRIERS) - F¥PAAC - B B - SR — - G - HR b
- ki - BB - MUTHEEZ - AR B CRrEoR) -l it ﬁ BLpR (HUFrRiig )
L — .



WHERERE > 4 - HRAEHE

718 WU - FAVEHIER VIO 7260 O MK A BN 0 T d (RIS (e 55 - AL A — - /N R i -

IhihX) i RO 5% - ZEL BB - %8 BUd
719 B REKLHER (H5EMK 2021) JI FEA
720 hEMHUEOHRNIE T~y 75— 4 S Mtk - N S22 HER St

T vy - e RH

721 WERAVT 7 KRR TEAOWEEIE T — 4 ] SR - IR AR

722 KUK KRS RY 7 — 2 % 2D 2 TRl R - b AE - R
723 HEEARA L O A RE S BNl fefkss

725 2 FAMAENT -4 AEE SLHE - N

726 PERRAFHL KRS BUN I 5 2B AR O 720 O fUFRRIE TEO - RO 55 - S RA
TG FHE ORI HIR T 5 729

727 HHO [JEEE] (i) el &

728 JEFHE - - SRA - R - @RS - sl b O K BUSERK O IEGE B 2 - w1 G - Fal R
Bl & K HERS

vi—



WEAERE 2 7 —ORIERY

5 Ji5r0 1 HVE (Xl W
FErhpd
20 530 1 MR X g B (8 2 0
R X E-8 2ol - ERPAR FEA X ~ U [E] sk~
ARSCEREEA No. 6 g (55 2 KD

No.12 O JIIEE

Zerhifig X No. 48 s U5 R Sl v A Mtk 5 2 R B 22 v g S R i X
EHHIX No.34  AhEHEENR (7—7 —5HE)

WbEY — 4L Z B S-7 WEHE Y — 2L Z W RUE | ARSI

T Ofty W T Y TR KT (5 3 M)
HrEB b O HIER( 27X

— vil —






WE ARG WM ERR S
R E &K e

HZAE T % K 5R &t

x5 =i = O O R
AR i
N S
=2 NI TR
JIl 3 B B
X B W
£ A& E W
W kM
T &
WK
H OB OE

FH

EEFZE AN B R A 2e T

HEFER S 2—

MBS e o — AR
https://www.gsj.jp/inquiries.html

Bulletin of the Geological Survey of Japan Editorial Board

Chief Editor: SUZUKI Atsushi

Deputy Chief Editor: SASAKI Munetake

Editors: MIYAGI Isoji
MATSUMOTO Dan
TOGO Yoko
TAKAGI Tetsuichi
KAWABE Yoshishige
OHTANI Ryu
NAGAMORI Hideaki
NAYA Tomonori
KUDO Takashi
ITAKI Takuya
MORIJIRI Rie

Secretariat Office

National Institute of Advanced Industrial Science and Technology
Geological Survey of Japan
Geoinformation Service Center Publication Office

https://www.gsj.jp/en/

WEER BN 728 ek
wHI3H12H24H  F1T

E ek PE R A WFZE T
WEREBERAE Y 2—

T305-8567
FIRE O H1-1-1 e ZE7

Bulletin of the Geological Survey of Japan
Vol. 72 No. 6 Issue December 24, 2021

Geological Survey of Japan, AIST

AIST Tsukuba Central 7, 1-1-1, Higashi,
Tsukuba, Ibaraki 305-8567 Japan

©2021 Geological Survey of Japan, AIST

https://www.gsj.jp/



Online ISSN : 2186-490X
AIST16-G68699-72-6 Print ISSN : 1346-4272

BULLETIN
OF THE

GEOLOGICAL SURVEY OF JAPAN

Vol. 72 No. 6 2021

CONTENTS

Diatom biochronology of the horizon of warm water calcareous microfossils in the upper Miocene
Funakawa Formation distributed in Shimo-arakawa, Daisen City, Akita Prefecture, Japan

VANAGISAWA YUKIQ ++eveevereererseremsertementertmsentautntestauestesestentasentesessestesessesessestesessestasentesessestasessenessentesenses 459

Fossil freshwater centric diatom Mesodictyon japonicum Yanagisawa & H.Tanaka from the upper
Miocene marine deposits distributed in the Ninohe-Sannohe area, near the boundary between
Iwate and Aomori prefectures, Northeast Japan

VANAGISAWA YUKIQ «+eveevereererseremsertememtertmtentauensestsuestesestentasentesessentesessesessestesessestesentesessestasessesessentesenses 479

W3 WF W
Bull. Geol. Surv. Japan

Vol. 72, No. 6, 2021

Geological Survey of Japan, AIST




	表紙
	目次
	秋田県大仙市下荒川に分布する中新統上部の船川層における暖流系石灰質微化石産出層準の珪藻年代（柳沢）
	岩手県二戸市・青森県三戸町の海成上部中新統から産出した淡水湖沼生化石珪藻Mesodictyon japonicum Yanagisawa & H.Tanaka（柳沢）
	72巻　総目次
	附表
	奥付
	裏表紙

