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KUDO Takashi and YANAGISAWA Yukio (2020) Chronostratigraphy of the Upper Miocene to Pliocene
succession of the Tsubokawa Section in Shichinohe Town, Aomori Prefecture, Northeast Japan. Bulletin of the
Geological Survey of Japan, vol. 71 (3), p. 215-233, 8 figs, 2 tables, 4 plates, 1 appendix.

Abstract: Diatom biostratigraphic analysis and fission-track (FT) dating were carried out for the Upper
Miocene to Pliocene successions exposed along the Tsubokawa River (Tsubokawa Section), in Shichinohe
Town, Aomori Prefecture, Northeast Japan. The Upper Miocene to Pliocene are divided into the
Wadagawa, Kotsubogawa and Ichinowatari formations in ascending order. The Wadagawa Formation in
the Tsubokawa Section was correlated to the diatom zones NPD5C and NPD6A. The FT age of a pumice
lapilli tuff layer of the Ichinowatari Fomation was dated at 4.1 + 0.4 Ma (10). The age of each formation
estimated from stratigraphic relations, biostratigraphy and FT age is as follows; Wadagawa Fomation:
12-8 Ma, Kotsubogawa Formation: 10—8 Ma, Ichinowatari Formation: about 4 Ma. Andesitic volcanic
rocks (10—7 Ma) correlated to the Kotsubogawa Formation are widely distributed in the northernmost part
of the Ou Backbone Range and the Osoreyama Mountains. This shows that vigorous andesitic submarine
volcanism simultaneously occurred in these wide areas in 10—7 Ma.

Keywords: diatom, fission-track age, chronostratigraphy, Wadagawa Formation, Kotsubogawa Formation,
Ichinowatari Formation, Miocene, Pliocene, Late Miocene volcanism, Aomori, Northeast Japan
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Table 1  Occurrence chart of diatom fossils from the Wadagawa Formation

Diatom zone (NPD)

>
wn
@]

5

@)

5

Q
X
2
)
X

Sample

08080110
09080508
09073005
09073003

<
s~}
<
s~}
<
s~}
<
s~}

Preservation

= | 09080509

-
w)
=~
~
~

Abundance

Actinocyclus ellipticus Grunow

2 4w | 09080506
S +|a ol 08080109

A.ingens f. ingens (Rattray) Whiting & Schrader + 38 24| 60 70
A. ingens f. planus Whiting & Schrader - -

Actinoptychus senarius (Ehrenb.) Ehrenb. + 12

+ B +lm ol 09080505

(98]
—_

13| 14 15 3 10
Actinoptychus vulgaris Schum. - 1 - - - - - -

'
J—
—
'
'
—

Arachnoidiscus sp. - -
Asteromphalus sp. - -
Azpeitia endoi (Kanaya) P.A.Sims & G.A Fryxell - 4
A. vetustissima (Pant.) P.A .Sims - 21
Cavitatus jouseanus (Sheshukova) D.M.Williams - -

Fl+ <9 0w
)
—
[\)
=)
—_
=)
w
—_

Cavitatus miocenicus (Schrader) Akiba & Yanagisawa - -

Cocconeis curviritunda Brun & Temp. - -
C. vitrea Brun - -

w +
\
!
\
|
.

Coscinodiscus marginatus Ehrenb. - 11
C. radiatus Ehrenb. - - - 10 - _ _ _

C. spp. -1 - 4 3 - -
Denticulopsis lauta (Bailey) Simonsen - - - - - - - 1
D. crassa Yanagisawa & Akiba - -

w +
\
!
]
|
!

D. hustedtii (Simonsen & Kanaya) Simonsen - 1

\
\
!
IS
\
\

D. katayamae Maruyama - -

'
'
'
—
'
'

D. praekatayamae Yanagisawa & Akiba - -
D. simonsenii Yanagisawa & Akiba -

[[CIS I

1
D. vulgaris (Okuno) Yanagisawa & Akiba - 1
S-type girdle view of D. simonsenii group - +
D-type girdle view of D. simonsenii group - - - - -

+

Eucampia sp. A (= Hemiaulus polymorphus Grunow) - -

!
]
+
]
!
!

Grammatophora spp. - -
Hemidiscus cuneiformis G.G.Wall. - 2
Hyalodiscus obsoletus Sheshukova - -
Tkebea tenuis (Brun) Akiba - -

+ -
+ + o
'
.
—
'

Lithodesmium reynoldsii Barron - -
Nitzschia heteropolica Schrader - -
Odontella aurita (Lyngb.) J.A.Agardh - -
Paralia sulcata (Ehrenb.) Cleve - -

+ o+ o+
.
+
.

.
'

'
'
\S)
'
'
'

Proboscia alata (Bright.) Sundstom - -

+

P. barboi (Brun) Jordan & Priddle - 1
Rhabdonema japonicum Temp. & Brun - -

+ o+ o+
.
.
.
.
:

Rhizosolenia hebetata f. hiemalis Gran - -
R. styliformis Brightw. - + - - - - - -
Rouxia californica Perag. - -

Stellarima microtrias (Ehrenb.) Hasle & P.A.Sims - -
Stephanopyxis spp. + 8
Thalassionema hirosakiensis (Kanaya) Schrader - -

o AN+ |+
W —
o e]
[}
[
_
o
(98]

T. nitzschioides (Grunow) Mereschkowsky - 2
Thalassiosira grunowii Akiba & Yanagisawa - - 10 - 1 - - -

T. leptopus (Grunow) Hasle & G.A Fryxell - - - 4 - 1 - _
T. temperei (Brun) Akiba & Yanagisawa - -

+ &
'
'
'
i
'

T. yabei (Kanaya) Akiba & Yanagisawa - -

+

Thalassiothrix longissima Cleve & Grunow - -

Total number of valves counted + 100 100 100| 100 100| 100 100

Resting spore of Chaetoceros - 4 3 5 2 5 7 10

Preservation, P: poor, VP: very poor. Abundance C: common, R: rare, PD: poor diatom
Occurrence, -: absent, +: present.
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Chronostratigraphy of the Neogene succession of the Tsubokawa and Takasegawa Sections. Geomagnetic polarity time
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Table 2 Results of zircon fission-track dating

Sample  Geological Latitude (N) Spontaneous Induced  Dosimeter P(x’) U Age (x 10)

; ; 4 Not
name unit  Longitude (E) pscm?)  pem?)  piem?) (%) " (pm)  (Ma) otes
(Ns) (N;) (Nq)
272x10°  3.30x10° 12.63x10°
OmmommBldmmWMNi4m4T1&€'45 (122) (1479)  (4548) 2+ 0069 250 4.1:04
Formation 141°6'18.8" 53 4.33x10°  3.30x10" 12.63x10* 0 0379 250 6.4+05 reference
(229) (1760)  (4548) ' 40 age

Fission track age (T) = (1/Ao)XIN[1+enoX(Ps/Pi)%Pl, O = TX[1/ENGHI/ENH1/EN +(0 o/ Gen)]

n, number of grains. p and N, density and total number of counted tracks, respectively. Ap: alpha decay constant for U (1.55125x 107 yr™:
Steiger and Jager, 1977). Analyses were made by using the external detector method that applied to external surface of zircon (ED2: Danhara
et al., 1991). NIST-SRM612 standard glasses were used as a dosimeter. P(x?), probability of obtaining the x? value for v degrees of freedom (v
= number of crystals - 1) (Galbraith, 1981). r, correlation coefficient between p, and p;. U, uranium content calculated based on the induced track
densities (Iwano et al., 2000). Zircon grains were irradiated using the pneumatic tube of reactor unit JRR-3 at the Japan Atomic Energy Agency,

tempereri (Brun) Akiba & Yanagisawa®D#]pE ! f&#E € D55.8

FOENZAESLD.

7k kF 09080506 12, Denticulopsis simonsenii Yanagisawa
& Akibak D. vulgaris (Okuno) Yanagisawa & Akiba%' g H}
L, D. dimorpha (Schrader) Simonsen & D. praedimorpha
Barron ex Akiba% & % 2\ Z & 2 5NPDSCiir & b & h
5. 61T, ZOBHE, D. hustedtiiz &1 INT. temperei
EEMLANWZ &5, A RgUEDSS.2 L D5S.8 DI (11.2-
102 Ma) IZfLED I 6h 5 GE5X).

Z @O _ERLOFR 08080109 & [FBkIZD. simonsenii & UD.
vulgarisD BEHY &, D. dimorphal U'D. praedimorpha® JE
PEH A ENPDSCHE & fBE T 5. ZORKHID. hustedii
LT tempereiz IZET DT, HJGUEDS5.8 12IFIF 3T
BT tempereiDHIPEWEHEL D & LALICHIET 25 Z &2
bbb, LEnoT, ZORBHIAREHEDSS.8 ¥ NPDSC
WO LRE O OXE (10.2-10.0 Ma) IZA . &5, D.
hustedtiillENPDSCHE D FER K D & b4 212 T TS
50T MR - #54, 2017), ZOakO_ERFEAIX10.0
Mak D bF2icdinelElbh s CEsK).

X 512 FfE0iAKRH09080505 & D. simonsenii & D. vulgaris
EbHETPIZEN U, D. dimorphak D. praedimorpha’ &
¥ NPD5CHir &L 5B T & 5. & 7z, D. hustedtiih ¥}
EINENDT, D. hustedtiiDFRFEH K 0 A, bbb
NPDSCH D EERE D D2 PALICATE S 2 T REME A &
% (BB5IX).

ANEEIT E el o0 2 540K (09080508, 09080509) (=D T i,
AAEH09080508 I IERE S o B LA DREEIL T X 22
> 7273, FRH09080509 i3 Denticulopsis katayamae Maruyama
& A, D. dimorpha &b N2 L5, NPD6A (D.
katayamae i, 9.3-8.7 Ma) & RBETE % (E5KI).

PRI 3 THRIX U 72 258084 (09073005, 09073003) 1=
DWTIE, WIS A L sz baamid
ETERP T

4.2 FTERAE

BIERERAS 2T, VLT VR EOMEREE A
ZUIRT. Akogogo12BIc & E B YL a v ig, Hk
GERETAELETZET D, ZoMcBEEr 2T 5
iSRS 5. B G & ARBE G & SRS O R
DE L 728, B R TR W O 30K T 5 S3RIT
CHR L, HWEREEED. WELES3RTOF —
5130 ~ 10 Ma, 15 Mafihifi, 40 MafhiEiZ5380d 5 (586
X). akith 5 0EMRMEE LTIE, 6.4+0.5 Ma (435
1o, UUTRBE) BAEsNR7-(EE2%K). LirL, 204
RAEIX PRREICEBR T 226, ZORKIEEHEVR
PR E G DIRKSEMOBIEE B A 5hb. BEIIC
RGO EEIT S —DDOHHEE LT, P REICER
T 5 CRTFEROBVIEIC 1R+3 DR LR A
To72. ZOHR, 129 Mak D HHWE»FENREHD S
WTERALEZEZATHAK L DEoZer s, 5E
4507 & —FREMCETIEDEREL, 41+
0.4 MaD B 2572 (5522 5 FHelX).

5. RWEDHBFER

5.1 FHEIIE

S oMz & v, FMIED & HFEL 7283k D
5 B, 3k B AANPD5CHF (11.4-10.0 Ma) 12, 1ak k48
NPD6A# (9.3-8.7 Ma) EfBE 7z (F5IX). 2D 5,
NPD5CaH & YW & A7z 350RHT VW 37 & ZE g %ED55.2
(112Ma) &0 & EMIThET 5. Lan->T, ¥k
oY a v TCHBMTAHEIEE, PaE< &g 11.2 Mar
5 8.7 MaDHERFH A G Z E N L 2. &k, /INMF
N &0 EFMTERE X 72 50809080509 1%, FEIRIX]
12 &R 09080506 &L 0 & WA b, ARG UE IS E S
25 (F3X), FEEETIE K DHEONPDOAH I L & 7.
ZDZ ki, AK09080506 & D & RA T T EHED
F A O FE AR AR (553 X O HARK R AT 12 50T,
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Fig. 6 Diagram showing the FT ages of individual zircon grains. The gray area shows the FT age with error calculated

from younger 45 grains.
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Fig.7 Distribution of the 11-7 Ma volcanic rocks in the Osoreyama Mountains and the northernmost part of the Ou Backbone Range,
partly modified from Geological Survey of Japan, AIST ed. (2019). Distribution of volcanic rocks in the Towada Ko District is from
Kudo et al. (2019). Quadrangles show the outlines of quadrangle geological map series, 1:50,000 by Geological Survey of Japan.
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Fig. 8 Stratigraphic correlations of Upper Miocene successions in the Osoreyama Mountains and the northernmost part of the Ou Backbone Range.
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Plate 1  Diatom fossils from the Wadagawa Formation. Scale bars A and B are for Figs. 1-9 and 1015, respectively.

1-3: Denticulopsis hustedtii (Simonsen & Kanaya) Simonsen [08080109]
4: Denticulopsis simonsenii Yanagisawa & Akiba [08080109]

5-7: Denticulopsis vulgaris (Okuno) Yanagisawa & Akiba [08080109]

8, 9: Denticulopsis katayamae Maruyama [09080509]

10, 11: Thalassiosira temperei (Brun) Akiba & Yanagisawa [08080109]
12: Actinocyclus ingens f. planus Whiting & Schrader [09080505]

13: Thalassionema nitzschioides (Grunow) Mereschkowsky [09080505]
14: Cavitatus jouseanus (Sheshukova) D.M.Williams [08080109]

15: Cavitatus miocenicus (Schrader) Akiba & Yanagisawa [08080109]
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Plate2  Diatom fossils from the Wadagawa Formation.

1-3: Hemidiscus cuneiformis G.G.Wall. [1, 2: 09080505, 3: 08080109]
4, 5: Rhizosolenia hebetata f. hiemalis Gran [08080109]
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Plate 3  Diatom fossils from the Wadagawa Formation.

1-3: Azpeitia vetustissima (Pant.) P.A.Sims [09090505]

4: Actinocyclus ingens f. planus Whiting & Schrader [09080505]

5, 6: Actinocyclus ingens f. ingens (Rattray) Whiting & Schrader [09080505]
7: Coscinodiscus marginatus Ehrenb. [09080505]
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Diatom fossils from the Wadagawa Formation.

1: Thalassiosira leptopus (Grunow) Hasle & G.A.Fryxell [09080505]
2: Arachnoidiscus sp. [09080505]

3: Actinoptychus senarius (Ehrenb.) Ehrenb. [08080109]

4: Thalassiosira grunowii Akiba & Yanagisawa [08080109]
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Table A1 Fission-track data of each zircon grain

Grai S Ps Pi Age (£ 10)

rain 5 6 7 ge (1o

No. N, N; x10 x10 x10 (Ma)

(cm?) (cm?) (cm?)

1 3 22 0.6 0.5 0.37 6.73 + 4.14
2 1 10 04 0.25 0.25 494 + 518
3 6 36 0.6 1 0.6 8.23 + 3.63
4 3 20 1 0.3 0.2 74 + 459
5 4 93 2.7 0.15 0.34 212 + 1.09
6 2 18 1.4 0.14 0.13 548 + 4.09
7 0 23 1.6 1 0.14 0
8 4 123 1 04 1.23 161 £+ 0.82
9 7 34 1.2 0.58 0.278 10.16 £ 4.22
10 5 18 14 0.36 0.13 13.7 + 6.93
1" 5 75 3 0.17 0.25 329 + 152
12 34 130 2.4 1.42 0.54 129 % 2.5
13 13 113 1.5 0.87 0.75 5.68 + 1.67
14 2 8 1 0.2 0.08 1233 + 9.75
15 3 26 1 0.3 0.26 57 + 3.47
16 6 19 0.9 0.67 0.21 1558 + 7.3
17 4 71 0.9 0.44 0.79 278 + 1.43
18 2 31 1.6 0.13 0.19 3.19 =+ 232
19 2 56 1.2 0.17 0.47 176 £ 1.27
20 1 21 0.6 0.17 0.35 235 + 2.41
21 2 12 1.2 0.17 0.1 8.23 + 6.28
22 4 39 1.6 0.25 0.24 506 + 2.66
23 1 16 0.6 0.17 0.27 3.09 + 3.18
24 1 22 0.6 0.17 0.37 2.24 + 2.3
25 9 35 0.6 1.5 0.58 1269 £ 475
26 5 13 0.9 0.56 0.14 18.97 + 9.99
27 1 17 0.2 0.5 0.85 29 = 2.99
28 3 30 1.8 0.17 0.17 494 £+ 299
29 4 38 1.2 0.33 0.32 52 = 273
30 4 58 2.8 0.14 0.21 34 + 176
31 1 6 0.3 0.33 0.2 8.23 + 8.89
32 1 19 0.6 0.17 0.32 26 + 267
33 16 45 0.6 2.67 0.75 1753 £+ 51
34 24 29 0.6 4 0.48 4074 £+ 1.3
35 2 1" 0.2 1 0.55 8.97 + 6.9
36 0 15 1 0 0.15 0
37 0 3 0.4 0 0.08 0
38 1 10 0.3 0.33 0.33 494 + 518
39 4 22 0.8 0.5 0.28 8.97 + 4.88
40 0 8 0.6 0 0.13 0
41 0 9 0.4 0 0.23 0
42 1 8 0.4 0.25 0.2 6.17 £+ 6.55
43 7 96 1.8 0.39 0.53 36 + 141
44 6 68 0.8 0.75 0.85 436 + 1.86
45 4 12 0.4 1 0.3 16.44 + 9.5
46 3 86 1.5 0.2 0.57 1.72 £+ 1.01
a7 13 15 0.9 1.44 0.17 4266 £+ 16.2
48 1 7 04 0.25 0.18 7.05 =+ 754
49 0 10 1.2 0 0.08 0
50 0 28 0.9 0 0.31 0
51 2 11 0.3 0.67 0.37 897 + 6.9
52 1 7 04 0.25 0.18 7.05 = 754
53 1 8 0.6 0.17 0.13 6.17 + 6.55

N, number of spontaneous track; N;, number of induced track; S, crystal
area; ps, spontaneous track density. p;, induced track density.
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