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Abstract: Diatom biostratigraphic analysis and U-Pb dating were conducted for the Miocene deposits
in the Satomi area and its environs of the eastern margin of the Tanakura sedimentary basin, where
few age data have been available. The Miocene sequence in this area is composed of the Akasaka and
Hase formations, and the Higashikanasayama Formation including the Tatsukuroiso Mudstone Member
is distributed in the adjacent Central Shear Zone. Zircon U-Pb age of a tuff bed intercalated in the
middle part of the Akasaka Formation was dated at 13.0 = 0.4 Ma. The Hase Formation includes diatom
assemblages correlative with the middle to upper part of the zone NPD5B of the North Pacific diatom
zonation, and this formation was deposited during the period between 12.4 Ma and 11.6 Ma. Furthermore,
diatom zones of uppermost NPD3A, NPD3B and lower most NPD4A were recognized in the Tatsukuroiso
Mudstone Member, indicating that this member was deposited between 16.7 Ma and 15.6 Ma. The age
data revealed in this study allows accurate correlation between the Miocene deposits of the Satomi area
and those of the Daigo, Hitachiota and eastern Tanagura areas in the Tanakura sedimentary basin.

Keywords: diatom biostratigraphy, U-Pb dating, Tanakura basin, Akasaka Foramtion, Hase Formation,
Higashikanasayama Formation, Miocene, Hitachiota, Satomi, Ibaraki Prefecture
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Fig. 3 Stratigraphy of the Miocene strata in the Tanakura sedimentary basin based on Otsuki (1975).
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Fig. 4 Maps showing stratigraphic sections and samples in the Satomi area and its environs. Topographic maps “Fukuroda”,
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— 107 —



WEFHAM MRS 2024 F ET75% H4S

Thickness

¢ .
L 200 ) Akasaka Formation
B
2 |
f 2 X
2 e*%
i sl : Silt-grained Legend
vf : Very fine sand-grained o]
2 X f : Fine sand-grained Conglomerate
| ;E m : Medium sand-grained Calcareous sandstone
f B ¢ : Coarse sand-grained
¢ vc : Very coarse sand-grained [] sandstone
2 ofx Sandy mudstone
[ coemien — Sedimentary structure Felsic tuff
[ Massive & Shell fragments
| E= Parallel bedded Granitic rocks
Cross-bedded
: )
??e Bioturbated Diatom sample
- 150 f 0 -x No diatom
2
2 = (D-(6) Number of stratigraphic sections
T 55 Tt Felsic tuff
L 'x 5883
fRTnits
L R
o TE= -
=l l‘% m
L 8 m
@ Nakaizuka m'cﬁ
L m % o @ Irinouchi
Dc 3 22, -
f i =4 5 § 8% _ 3
2088 3 o3
00 221101-2 ik
: 13.0+04Ma it
(®8U—%Pb Age)
@f @ Shionokusa
I Cc
Tt © f 5 ‘ Tt
L L B s 7 .
. - @ lzumisawa
Nameshi T -
@ f oo el
o TR 5 g P
8 i
i o s I
f e

L 50
o
o [T
(3) Nikouchi

T 255

g8z ve @ T
L ]
LO0m

5 AIREOWEAEIN. JFFe 2 o ¥ a v EEEGEOR - U-PhHUHIE AR O BRINALE I35 4 X DA L BIZTR Y
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Fig. 7 Diatom biostratigraphy of the Tatsukuroiso Mudstone Member of the Higashikanasayama Formation. Locations of
stratigraphic section and diatom samples are shown in Fig. 4E.
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Table 1 Instrumentation and operating conditions for LA-ICP-MS analyses.

Sample 221101-2

Laser ablation system

Model CARBIDE (LIGHT CONVERSION)
Laser type Yb:KGW femtosecond laser

Pulse duration 290 fs

Wave length 257 nm

Energy density 3.8 Jlem?

Crater size 10 um

Repetition rate 30 Hz

Sampling mode
Sampling area

Duration of laser ablation 4 s

Carrier gas flow rate (He) 0.60 L/min

Single-spot per grain

10 pym-diameter circle

ICP-MS

Model New Plasma Il (Nu Instruments)
ICP-MS type Magnetic sector field multi-collector
Forward power 1300 W

Make-up gas (Ar) 0.80 L/min

Data acquisition protocol
Data acquisition

Monitor isotopes
Primary standard

Secondary standard

Time-resolved analysis

9 s (6 s gas blank, 3 s ablation)

ZOZHQ, 204Pb, 206Pb, 207Pb, 208Pb‘ 232Th, 238U
Plesovice*'(U-Pb)

OD-3**** Nancy 91500 ** (U-Pb), GJ-1 *®

*1, Slama et al. (2008); *2, lwano et al. (2012); *3, Iwano et al. (2013);
*4, Lukacs et al. (2015); *5, Wiedenbeck et al. (1995); *6, Jackson et al. (2004)

TUHIEWZ 26, BHERIOFENRS MmO HERMEIEE D
LOLY NG, K TIEING 6k 1Ak 11
MzxdT AL, ZOMEEIES13.0 £ 04 Ma
(20)D U P & 372 (5 8IXIC).

5. E%

5.1 HFREER

BEWIROARIRE 2 S 1 ZHFECAITE L2 5 724,
KEHHOBIKAERHO YL T V2D W TU-PHER
13.0+0.4 MaAMITE X N7z, LA ->T, AREIZ13 Ma
HIRICHERE L 2 DL HEE SN S (BEIX).

HEMIROEARIZ, NPD5BH DOXBINPD5B2 % 6 X
FEINPD5B3 (2@ & 2L G A EEM T2 2 &5, 20D
FERIZ124-11.6 MaDHIRIC & E N 5.

HE LIE ORI e A TR 1%, NPD3AMT L X [
NPD3A2 7% 5 NPD4A4 P 8D X BINPD4A2 O Hi i 12 J& 4
DL & a A, AERED 16.7-15.6 Mad HHRENZ HERS

L72ZEA&RLTWA. &8, Uemura et al. (2006) (37
B OASETEH TYtAzZ &0 13> 5, X
INPD4AL &R CZ 2L AZ MG L T, Zh
AR ORRE —3T 5.

5.2 Xttt

AT S 227 o 7R, Rk R OH S
JE DREFREIE R &, FAIFE AL T 5 JhlE
KA B UV BRIk 12 53 A1 4 % vl & Db b & 55 9
KR L 7z

AR D ACTT VAT E 9 % SO Ml 3 S Do o oD S
ZHh7-0, WEPHAMEZHEEMRKEFECTH L. K
Bl 72 bk o> v BT R IR & APRERE 2 5 75 B (K,
1975). AR IR OB & bR 2 Wk O i B HE
2 5% %%, ik ESEEREAIES H 5 7 0 IR
fge#EZ 6T % (G - bk, 2008). ALRIHREIZARIK
Ji & BT, EISHR OB E 2 5% 5.
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Table 2 Occurrence chart of diatoms from the Hase Formation.

Formation

Hase Formation

Number of stratigraphic section

8

9 10

12-1

12-2

Stratigraphic section

Kawarano Osuge Nakanomachi

Iwaore I

Iwaore IT

Diatom zone (NPD)

5B

9

? 5B ?

Diatom interval

5B2

2

? 5B2 ?

w

B2

w

B3

Sample number

>

1

=
w2
>
=
=3
7
>
=)
=
~
>
o
<
o
—
=

—
—

—
~

—
w0

—
'S

—_
=)

—
=2

Original sample number

JOB6237

JOB6240

Preservation
Abundance

% | Hiot-31

= | Htot-49
= | Htot-48
% | Htot-47
= | Htot-45
= | JOB6239

A | TOB6238

[@Na-}

A | J0B6236

= | JOB6243

w | JOB6241

Actinocyclus curvatulus Janisch
A. ellipticus Grunow

A. ingens Rattray f. ingens

A. octonarius Ehrenberg

A. sp. A

L+
.+
L+

w
[
- &

N
W

W

- &
W =

21

w|m | JOB6242 |7

N
w

N = —|m

Actinoptychus senarius (Ehrenberg) Ehrenberg
Arachnoidiscus spp.

Azpeitia endoi (Kanaya) Sims & Fryxell

A. vetustissima (Pantoscek) Sims

Cavitatus jouseanus (Sheshukova-Poretsukaya) Williams

C. lanceolatus Akiba & Hiramatsu

C. miocenicus (Schrader) Akiba & Yanagisawa
C. californica Grunow

C. costata Gregory

C. vitrea Brun

Coscinodiscus marginatus Ehrenberg

C. spp.

Crucidenticula punctata (Schrader) Akiba & Yanagisawa
Delphineis surirella (Ehrenberg) Andrews

Denticulopsis crassa Yanagisawa & Akiba

(Closed copula)

D. hyalina (Schrader) Simonsen

D. praedimorpha var. minor Yanagisawa & Akiba
(Closed copula)

D. praedimorpha var. praedimorpha Barron ex Akiba

.
.

.

+ o+
-
.

.

'

o

(Closed copula)

D. simonsenii Yanagisawa & Akiba

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

' '
' '
' '
+ + +
' '
' '
' '
' '

:
+ =
!

—_— W,

TR o I SR SR
'

o -
'

Diploneis smithii (Brébisson) Cleve
Grammatophora spp.

Hyalodiscus obsoletus Sheshukova-Poretskaya
Ikebea tenuis (Brun) Akiba

Mastogloia splendida (Gregory) Pergallo

.
'
.
I
—_ = N
+
.

Mediaria splendida Sheshukova-Poretskaya
Melosira sol (Ehrenberg) Kiitzing

Nitzschia grunowii Hasle

N. heteropolica Schrader

Paralia sulcata (Ehrenberg) Cleve

Plagiogramma staurophorum (Gregory) Heiberg
Proboscia alata (Brightwell) Sundstom

P. barboi (Brun) Jordan & Priddle

P. praebarboi (Schrader) Jordan & Priddle
Rhaphoneis amphiceros Ehrenberg

Rhizosolenia miocenica Schrader

R. styliformis Brightwell

Stellarima microtrias (Ehrenberg) Hasle & Sims
Stephanogonia hanzawae Kanaya
Stephanopyxis_spp.

Thalassionema hirosakiensis (Kanaya) Schrader
T. nitzschioides (Grunow) Mereschkowsky
Thalassiosira grunowii Akiba & Yanagisawa

T. spp.

Thalassiothrix longissima Cleve & Grunow

[CICIOVY N
'

Total number of valves counted

+ + 4| 100 100[ 50 50 50

50 50

Resting spore of Chaetoceros

- - -l 12 52] 24 23| 24

84 78

245

Preservation, G: good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare, PD: poor diatom. +: prersent, -: absent.
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Table 3 Occurrence chart of diatoms from the Tatsukuroiso Mudstone Member of the Higashikanasayama Formation.

Formation

Tatsukuroiso Mudstone Member of Higashikanasayama Formation

Diatom zone (NPD)

3B (D. praelauta)

4A (Denticulopsis lauta )

Diatom interval

3A2

3B1

3B2

I

A

i

4

Sample number

—
o«

N~
>

154
4

Original sample number

Htot-115

Preservation
Abundance

w5 | Htot-116

% | Htot-113

Actinocyclus ingens var. ingens Rattray

A. kisselevii Makarova

A. octonarius Ehrenberg

A. sp. A

Actinoptychus senarius (Ehrenberg) Ehrenberg
Azpeitia endoi (Kanaya) Sims & Fryxell

w
—_ W =

+ o

olm | Htot-112 |2

— & »|® T

[SSIEENS |

v 9l | Htot-114 |22

LSS

Sle < |IoB3126[1
Sle | IoB3127[8R
olm | JOB3128[3

—_

W W

D N
oW

|5 | JOB3129(%

wla <|10B3130|3
+|m | TOB3131|R2

R
—

olm | JOB3132[12

w N

2lo ~|IoB3133|2
wlm | JOBs706|@
wlm | 70Bs707|8
ol | TOBS708| %

+ o+

+ a0 —|m o|JOBST09|2(F

,_.
'

w
W N

wla | JoBs710|%

wla o|JoBsT11|2

— ola | IoBs7I2|%

wlm | IOBs713|2
ol | IOB5714|2

NS I

o=

A. vetustissima (Pant.) Sims

Cavitatus exiguus Yanagisawa & Akiba

C. jouseanus (Sheshukova) Williams

C. linearis (Sheshukova) Akiba & Yanagisawa
C. miocenicus (Schrader) Akiba & Yanagisawa

—_

—|o W o=

N
+ o+
LW

(ST S R

o

NS I

Cocconeis spp.

Coscinodiscus lewisianus Greville
C. marginatus Ehrenberg

C. radiatus Ehrenberg
Coscinodiscus spp.

—|+

N o= =W
'
'
'

—_— N

Delphineis miocenica (Schrader) Andrews
D. penelliptica Andrews

Denticulopsis praelauta Akiba & Koizumi
D. lauta (Bailey) Simonsen

D. ichikawae Yanagisawa & Akiba

4+ NN = o

Girdle view of D. lauta group
Grammatophora spp.
Hyalodiscus obsoletus Sheshukova-Poretskaya
Ikebea tenuis (Brun) Akiba
Kisseleviella carina Sheshukova-Poretskaya

+ +]|= +

+ 4+ 4+ | ow

D=2 »n

Mediaria magana Yanagisawa

M. splendida Sheshukova
Melosira sol (Ehrenb.) Kiitzing
Nitzschia challengeri Schrader
Paralia sulcata (Ehrenberg) Cleve

- +

(= N

o+
S+

O

Plagiogramma staurophorum (Gregory) Heiberg
Proboscia interposita (Hajos) Jordan & Priddle
Raphidodiscus marylandicus Christian
Rhaphoneis parilis Hanna

Rhizosolenia hebetata f. hiemalis Gran

R. miocenica Schrader

R. styliformis Brightw.

Stellarima microtrias (Ehrenberg) Hasle & Sims
Stephanopyxis spp.

Thalassionema obtusa (Grunow) Andrews

T. nitzschioides (Grunow) Mereschkowsky s.1.
Thalassiosira mizunamiensis Y anagisawa

T. leptopus (Grunow) Hasle & Fryxell
Thalassiothrix longissima Cleve & Grunow
Triceratium condecorum Brightwell
Trochosira spinosa Kitton

1 - - -

Aulacoseira spp.

Total number of valves counted

100{100 100]100 100

100 100

Resting spore of Chaetoceros

9] 3 71 8

5

2 8

8

12

Preservation, G: good, M: moderate, P: poor. Abundance, A: abundant, C: common, R: rare. +: prersent, -: absent.
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Table 4 U-Pb data for zircon grains analyzed in this study.

sample Isotopic ratios Age (Ma)
name, Th 207py, 206py, 207py, 206py, 207py, Remarks
Grain no. 77 Tvepp— 20 BT 20 BT 20 Py, 20 B 20
221101-2
No.1  0.65 0.0491 £ 0.0046 0.0166 =+ 0.0007 0.1125 =  0.011 106.11 = 443 10826 =  10.71 exc.
No.2 074 0.0474 £ 0.0038 0.0161 £ 0.0006 0.1052 =  0.008 10283 £ 375 101.60 =+ 8.53 exc.
No3  0.61 0.0581 £ 0.0132 0.0020 *= 0.0001 00162 =  0.004 13.01 = 087 1630 =+ 363
No4 042 0.0474 £ 0.0037 0.0165 =+ 0.0006 0.1080 =  0.009 10561 £ 386 10409 =+ 8.72 exc.
No.5  0.89 0.0470 £ 0.0038 0.0157 %= 0.0006 0.1020 =  0.008 10066 £ 373 9863 £ 8.53 exc.
No.6 041 0.0500 £ 0.0041 0.0167 =+ 0.0006 0.1150 =  0.010 10652 £  4.06 11050 =+ 9.60 exc.
No.7  0.58 0.0723 £ 0.0159 0.0021 =+ 0.0001 0.0208 =  0.004 1346 £ 096 2094 £ 4.50 disc.
No.8  0.66 0.0445 £ 0.0033 0.0168 =+ 0.0006 0.1032 =  0.008 10753 £ 370 99.72 £ 7.77 exc.
No.9  0.77 0.029 £ 0.0089 0.0019 =+ 0.0001 0.0080 =  0.002 1256 £ 081 806 =* 2.39 disc.
No.10 0.44 0.0477 £ 0.0050 0.0166 = 0.0007 0.1095 =+ 0.012 10634 =+ 4.80 10554 =+ 11.66 exc.
No.11 034 0.0502 £ 0.0024 0.0155 =+ 0.0004 0.1076 =  0.005 99.27 £ 273 103.75 £ 5.27 exc.
No.12 054 0.0487 £ 0.0037 0.0155 £ 0.0005 0.1044 =  0.008 99.27 £ 350 10081 £ 8.05 exc.
No.13  0.74 0.0443 £ 0.0119 0.0019 =+ 0.0001 0.0117 =  0.003 1233 £ 086 1181 =+ 313
No.14 027 0.0493 £ 0.0030 0.0155 =+ 0.0005 0.1054 =+ 0.006 99.15 £ 3.05 101.76 =+ 6.48 exc.
No.15 074 0.0473 £ 0.0040 0.0173 = 0.0007 01129 = 0.010 11061 £ 427 108.59 =+ 9.73 exc.
No.16  0.70 0.0560 £ 0.0141 0.0020 * 0.0001 0.0157 =  0.004 13.09 = 093 1583 =+ 391
No.17 063 0.0491 £ 0.0035 0.0162 *= 0.0005 0.1099 =  0.008 10362 £  3.12 10584 =+ 7.84 exc.
No.18 0.72 0.0594 *= 0.0135 0.0020 *= 0.0001 00164 =+ 0.004 1286 =+ 0.84 1647 =+ 3.65
No.19  0.71 0.0464 £ 0.0038 0.0157 £ 0.0005 0.1009 =  0.008 10072 £ 336 9758 £ 840 exc.
No.20  0.73 0.0151 £ 0.0071 0.0020 =+ 0.0001 0.0042 =  0.002 1294 = 091 423 £ 1.98 disc.
No.21 051 0.0474 £ 0.0037 0.0174 = 0.0006 0.1139 =  0.009 11121 £ 362 10948 =+ 8.89 exc.
No.22 0.67 0.0576 = 0.0146 0.0020 = 0.0001 00161 =+ 0.004 13.01 =+ 0.94 16.17 = 4.03
No.23 024 0.0484 £ 0.0029 0.0151 = 0.0004 0.1009 =  0.006 96.72 £ 244 9762 £ 5.89 exc.
No.24  0.50 0.0407 £ 00114 0.0022 *+ 0.0001 0.0122 =  0.003 1394 = 095 1227 =+ 339
No.25 063 0.0504 £ 0.0044 0.0164 =+ 0.0006 0.1141 = 0.010 10488 = 387 109.70 £  10.17 exc.
No.26 0.67 0.0504 = 0.0030 0.0165 = 0.0004 0.1146 =+ 0.007 10536 =+ 2.80 11013 =+ 6.88 exc.
No.27  0.78 0.0526 £ 0.0034 0.0171 = 0.0005 0.1242 =  0.008 10933 £ 3.16 118.88 =+ 8.04 exc.
No.28  0.66 0.0463 £ 0.0024 0.0167 *= 0.0004 0.1068 =  0.005 10699 £ 248 103.07 =+ 549 exc.
No.29 039 0.0478 £ 0.0022 0.0164 £ 0.0003 0.1083 =  0.005 105.04 = 225 10445 =+ 490 exc.
No.30 0.69 0.0444 £ 0.0036 0.0169 =+ 0.0006 0.1034 =+ 0.008 107.86 =+ 3.57 99.90 £ 8.54 exc.
Weighted mean of the youngest group (n = 6) 130 =+ 0.4
Standards
GJ1-1 0.06 0.0602 *= 0.0026 0.0968 =+ 0.0053 0.8039 =+ 0.0590 59542 =+ 3396 599.04 £ 5825
GJ1-2 006 0.0605 = 0.0026 0.0962 =+ 0.0052 0.8027 = 0.0588 59227 =+ 33.69 59834 =+ 58.01
GJ1-3 005 0.0606 *+ 0.0026 0.0949 =+ 0.0052 0.7940 =+ 0.0583 58467 =+ 33.28 59343 * 5750
GJ1-4 006 0.0595 =+ 0.0026 0.0961 =+ 0.0052 0.7884 =+ 0.0577 59157 =+ 33,63 59024 *  56.99
GJ1-5 006 0.0603 =+ 0.0026 0.0948 =+ 0.0052 0.7895 =+ 0.0577 58404 =+ 3314 59091 = 57.00
91500 tef 1-1 0.36 0.0721 = 0.0039 0.1795 = 0.0128 17858 £ 0.1633 106450 = 81.95 104030 £ 153.55
91500tef 1-2 039 00719 =+ 0.0037 0.1783 = 0.0121 17687 £ 0.1549 1057.70 *+ 77.66 103406 =+ 146.25
91500tef 1-3  0.46 0.0757 = 0.0041 0.1846 = 0.0136 19280 £ 0.1804 109228 =+ 87.00 1090.84 =+ 16843
91500 tef 1-4  0.42 0.0743 =+ 0.0039 0.1771 = 0.0125 18154 £ 0.1640 105120 * 79.95 1051.02 £ 154.21
91500tef 1-5  0.44 0.0761 =+ 0.0037 0.1843 = 0.0122 19338 £ 0.1646 1090.16 *+ 7826 1092.84 + 15473
OoD31-1  1.51 0.0446 =+ 0.0044 0.0051 =+ 0.0003 0.0315 =+ 0.0035 3298 = 1.89 3153 £ 359
OoD31-2 155 0.0498 =+ 0.0046 0.0050 =+ 0.0003 0.0347 = 0.0037 3241+ 184 3459 + 377
OD31-3 158 0.0478 =+ 0.0043 0.0051 =+ 0.0003 0.0337 = 0.0036 3288 = 185 3365 £ 3.0
0oD3 1-4 1.48 0.0495 =+ 0.0034 0.0053 =+ 0.0003 0.0364 =+ 0.0032 3427 =+ 1.85 3630 =+ 3.29
OoD31-5 143 0.0473 = 0.0033 0.0053 =+ 0.0003 0.0346 *+ 0.0031 3407 = 184 3451 =+ 3.14

Note: disc.: discordant, exc.: excluded from the mean calculation

ARHREIZDOWTIE, BIREROK-ArERE T 4 v
v 3 ¥ - b5y 744 (Takahashi et al., 2001a, b), H:E
b (WIRIZ A2, 2003), PREEAfLRGA (BHHE, 19885
BAIE A, 1998 ; Hayashi et al., 2002), FIKEF /{bhA
(BARIZ 2, 1998) K O A (114 - M, 1991)
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(A) (C) data-point error ellipses are 20
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Fig. 8 Zircon U-Pb ages. (A), (B) “*U—"""Pb age histograms and probability curves for concordant zircon grains. Dark blue bars are

detrital zircons and light blue bars are zircons of the youngest cluster. (C) Zircon U-Pb concordant diagram. Dotted ellipses

are discordant grain ages.
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Geologic Diatom —Western marginal fault
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Fig.9 Chronostratigraphy of the Miocene strata in the Tanakura sedimentary basin. Geologic time scale: Raffi et al. (2020). Diatom
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Okada and Bukry (1980). Planktonic foraminiferal zonation: Blow (1969). Radiolarian zonation: Kamikuri (2017).

— 116 —



HEHIE O RO FNIER BIR - HiH)

) ROIAERRE (ORI ) 2 5 B X L3 (K
W, 1975). KFHUEDOHFHIZOOTE, BRI
Z1E, HENEA, 2008 5 Hosoi et al., 2020, 2023), 4ilk
B b (FEE -, 2023) R ON SRR (Hosoi
et al, 2023) IZH DV T LWERBEAEEI N TS
GBI, Zhickd &, KFHIROHHHITN17.1 Ma
26154 MaDIARNCHERE L 7z &2 & h 5. (g s
JEIT L AT ORISBERIC D &, KW TH
ARG & W 5 22 75 o 7= h LB S O BE RIS
JEix, KTHISEO N R L 5 KBGO T Iz
FITHTE 5.

6. EHWIC

ZOWMERTIE, ThETERT—2BIFLAE LD >
7= WA HERE BN O L3S M 75 A 9 B T T O AR -
RO L % ORI O h IV 2 5 A0 3 5 TR S D
L1 O B EL R R 1= D T, EEER LA AR AT &
JRAEDU-PoAEAHIE & FEhi L 7z
(1) AR JF DB H 6 1ZU-PbEEAR 13.0 + 0.4 Mah 5 S

nr.

2) BA R bR s L A X 2 ONPDSBAT O [X [
NPD5B2 & 5B3 % & &, 12.4 Mah* 6 11.6 MaD AN
ICHEREL - LB X R B,

(3) HE ELRE VRS BB I A & IZNPD3AM [ X [EINPD3A2
(16.7-16.6 Ma), NPD3B# (16.6-15.9 Ma) JX U'NPD4A
Hir DX FEINPD4A1-4A2 (15.9-15.6 Ma) D HEE AL A
FEM L Zo0Zer s RKEBOERIE, H16.7-
156 Mab HEETZ 5.

AHF2IZ & > THEHR & Z DA HHREDOFRA
U THIECZY, ZhickD, MAHBEENTOM
BoOMLOMEN MM Nz LarL, MaHREEN
IR AR T VU3 & 5. HRCHRE
KHH R OHBERE T A 6K F I COMaHERELE
DR TIE, 15 Mall o it oo HERIH 3 B I 12
AHEL TR0 b5T, BRI R TE W
W, AN AHEET ML Tl 6T, FEHIC
EBZHERDT -2 &< WE I THAN., SHI DM
BoWMEEED L Z Lok, MEHEZDOT 2 b=2
ZRBREITTOM R ERT 280 W 5.

iEE - B ERETIEEMIRCS AR L — T RO TR
SEEICE, ZORXOEDEEDITHEDERETH
IREWEEW:, BAOEHERTWERESH, 613
RIS - THRE T A Y M ETEW, ZZIC8L
OB AEET S.

X B

M (1988) fE s Ao A RHE X VET 3
W =Rl E fLRIL G, (R A B

no. 20, 13-27.

Akiba, F. (1986) Middle Miocene to Quaternary diatom
biostratigraphy in the Nankai Trough and Japan Trench,
and modified Lower Miocene through Quaternary diatom
zones for middle-to-high latitudes of the North Pacific. /n
Kagami, H., Karig, D. E., Coulbourn, W. T. et al., Initial
Reports of the Deep Sea Drilling Project, 87, 393—480.
U. S. Govt. Printing Office, Washington D. C.

REF—55(1991) A Wi > TIRET 2 B U HERTZE
HEEHE, no. 36, 77-82.

KEF—55(2008) 3.5 =R, 343MEHEK. HAME
2, HAMTHERS3, BSOS, 206-214. ¥
R, W

R — 55 - RIS - R - AT - Ml 7% (2011)
AR OBE =T 2 b =2 2 & KILiGS) - HER
TERL. HUECAMERE, 11748, 69-87.

Blow, W. H. (1969) Late Middle Eocene to Recent planktonic
foraminiferal biostratigraphy. /n Bronnimann, P. and
Renz, H. H. eds., Proceedings of the First International
Conference on Planktonic Microfossils, 1, Leiden,
Netherlands, 199—422.

Danhara, T., Iwano, H., Kasuya, M. and Yamashita, T. (1993)
The PFA sheet: An improved mounting material for
fission track analysis of zircon. Nuclear Tracks and
Radiation Measurements, 22, 283 —285.

Hayashi, H., Yamaguchi, T., Takahashi, M. and Yanagisawa,
Y. (2002) Planktonic foraminiferal biostratigraphy of the
upper Miocene Kubota Formation in the eastern Tanagura
area, Northeast Japan. Bulletin of the Geological Survey
of Japan, 53, 409—420.

Hosoi, J., Danhara, T., Iwano, H., Matsubara, N., Amano,
K. and Hirata, T. (2020) Development of the Tanakura
strike-slip basin in Japan during the opening of the Sea of
Japan: Constraints from zircon U—Pb and fission-track
ages. Journal of Asian Earth Sciences, 190, 104157.

Hosoi, J., Tanii, Y., Okada, M. and Haneda, Y. (2023) Rotated
transtensional basins formed during back-arc spreading
in Japan: simultaneous rapid tectonic rotation and basin
subsidence. Tectonics, €2022TC007642.

ERPSAS - PrABAE - MR - SPHEE S - NARJEERE
(012) A=Y ra v s EHWz7 4 v 2> - b
7 v 27 &U-Pb & 7 IARGHIE B O RHI — S
KERAPIE T OBEE Y LT Y EHWT—. WEE
MERE, 118, 365-375.

Iwano, H., Orihashi, Y., Hirata, T., Ogasawara, M., Danhara, T.,
Horie, K., Hasebe, N., Sueoka, S., Tamura, A., Hayasaka,
Y., Katsube, A., Ito, H., Tani, K., Kimura, J-1., Chang,
Q., Kouchi, Y., Haruta, Y. and Yamamoto, K. (2013) An

inter-laboratory evaluation of OD-3 zircon for use as

— 117 —



WEFHAMZWE 2024 F BT75% F4a4E

secondary U—Pb dating standard. Island Arc, 22, 382—
394.

Jackson, S. E., Pearson, N. J., Griffin, W. L. and Belousova, E.
A. (2004) The application of laser ablation-inductively
coupled plasma-mass spectrometry to in situ U—Pb
zircon geochronology. Chemical Geology, 211, 47—69.

Kamikuri, S. (2017) Late Neogene radiolarian biostratigraphy
of the eastern North Pacific ODP Sites 1020/1021.
Paleontological Research, 21,230—254.

e 13 (1986) M Bt A D25 & EB). B MRS,
92, 15-29.

2 (1981) BT d5 1) 2 I i T OO Ao 3T L
FEuiE). WESMERE, 87, 475-487.

2t A(1982) HEAL H A SN &8 A+ sk oD 5294 PE—
Vi — T SR AT FEAE IS )35 & 789 o TR 37 it
JE—HAL A AR O it R e 72 b= o
IS —. REEHE, no.27, 33-54.

Lukécs, R., Harangi, S., Bachmann, O., Guillong, M.,
Danisik, M., Buret, Y., Von Quadt, A., Dunkl, I., Fodor,
L., Sliwinski, J., Sods, 1. and Szepesi, J. (2015) Zircon
geochronology and geochemistry to constrain the
youngest eruption events and magma evolution of the
Mid-Miocene ignimbrite flare-up in the Pannonian Basin,
eastern-central Europe. Contributions to Mineralogy and
Petrology, 170, 52. doi:10.1007/s00410-015-1206-8

Maruyama, T. (1984) Miocene diatom biostratigraphy of
onshore sequences on the Pacific side of northeast Japan,
with reference to DSDP Hole 438A (Part 2). Science
Reports of the Tohoku University, 2nd Series (Geology),
55, 77—140.

Noda, H. (1973) Geological significance of Anadara
(Hataiarca) kakehataensis Hatai and Nisiyama in the
Arcid-Potamid fauna in Japan. Science Reports of
the Tohoku University, 2nd Series (Geology), Special
Volume. no. 6 (Hatai Memorial Volume), 205—215.

Noda, H., Kikuchi, Y. and Nikaido, A. (1994) Middle Miocene
molluscan fauna from the Tamagawa Formation in
Ibaraki Prefecture, northern Kanto, Japan. Science
Reports of the Institute of Geoscience, University of
Tsukuba, Section B, Geological Sciences, 15, 81—102.

Okada, H. and Bukry, D. (1980) Supplementary modification
and introduction of code numbers to the low-latitude
coccolith biostratigraphic zonation (Bukry, 1973; 1975).
Marine Micropaleontology, 5, 321—325.

Omori, M. (1958) On the geological history of the Tertiary
system in the southern part of the Abukuma Mountain
land with special reference to the geological meaning of
the Tanakura Shear Zone. Science Reports of the Tokyo
Kyoiku Daigaku, Section C, Geography, Geology and

Mineralogy, 6,25—116.

KAREM - YA - $ARRER] - REH R (1953) b iU
1Ly 3t 1Y R e D M B B A 12 D TR ;KRR L db v
AR DB R OH 220 (£ D 3) —. HWEZHES,
59, 217-223.

KDY R (1975) Ml B B OB MG, SACK 2R
IR A A A BB SRRSO, no. 76, 1-70.

Raffi, 1., Wade, B. S. and Pilike, H. (2020) Chapter 29, The
Neogene Period. In Gradstein, F. M. et al. eds., Geologic
Time Scale 2020, 1141—1215. Elsevier, Amsterdam,
Oxford, Cambridge.

RIS EHE - mAERZ - KEF—55 (1992) 2 W R e
2= ROHE (1/50,000) . KK FEEE.

PERIPE AR A £ v 4 — (2022) 20 T30 1 HAY —
L L ZHVEKIV2 (https:/gbank.gsj.jp/seamless/) ([
BiH : 20234712 H).

BARERE - bk AR - SaAKCR - s BB - AT IR
(1998) st Job Uik AR A s 12 53 A 2 BT =R 0
JEFr L AR WEZEMERE, 104, 296-312.

Slama, J., Kosler, J., Condon, D. J., Crowley, J. L., Gerdes,
A., Hanchar, J. M., Horstwood, M. S. A., Morris, G. A.,
Nasdala, L., Norberg, N., Schaltegger, U. S., Schoene, B.,
Tubrett, M. N. and Whitehouse, M. J. (2008) Plesovice
zircon — A new natural reference material for U—Pb and
Hf isotopic microanalysis. Chemical Geology, 249,1—35.

FUARHER] - KAREMH (1953) RIKIEAKHBTHEIZ 75464
% 55 = 5% D & e 5 WY iF 28— Bl iR 15 3 oD Pl R e 1 2
DT B HAEROHE IR FD2— WHEYPH
W, 59, 35-46.

FHUISERHE - FH A T - HSE - K55 (2008) K
T T HE LS B DAL AR & K- ArfEAA—K
T MU & SR IS RS 2 5 Al s O #
K - R, WESAMERS, 114, 300-313.

TG (2001) B BEREAE O Arcid-Potamid #EH#:.  AMIF
%, 53, 168-177.

ERG 22 (2022) H A D T #LEE TelescopiumlZ DWW T, 3R
WK ARSI S, 61, 191-204.

AR AERD - bk AR (2008) 3. 58 =R, 3.4.4 HUHNA
B HAWESA2Mm, HAMTWERES, By,
214-219. FAREM, S

Takahashi, M., Iwano, H., Yanagisawa, Y. and Hayashi,
H. (2001a) Fission track age of the Kt-7 Tuff in the
Miocene Kubota Formation in the eastern Tanagura area,
Northeast Japan. Bulletin of the Geological Survey of
Japan, 52,291-302.

Takahashi, M., Hayashi, H., Danhara, T., Iwano, H. and
Okada, T. (2001b) K—Ar and fission track ages of
the Kt-1 Tuff in the Miocene marine sequence in the

Tanagura area, Northeast Japan. Journal of the Japanese

— 118 —



HEHIE O RO FNIER BIR - HiH)

Association for Petroleum Technology, 66, 311—-318.

Vrevbe —BE - AHED {8 (1991) 5 5 LA st oD ot A
TRHERE & 0 a2 b, RS RS,
no. 5, 31-51.

Uemura, K., Kikuchi, Y., Nagato, H. and Nikaido, A. (2006)
Middle Miocene plants from marine sediments in
Tatsugoroshi of Hitachiota, Ibaraki Prefecture, Japan.
Bulletin of the National Museum of Nature and Science,
Series C (Geology & Paleontology), 32, 1—11.

FHOE RS - A 7% (2023) SRR TR ISR M 5
HARN KB RE O IRE F 7 ALR AL B AT

i, 74, 179-185.

Watanabe, M. and Yanagisawa, Y (2005) Refined Early to
Middle Miocene diatom biochronology for the middle- to
high-latitude North Pacific. Island Arc, 14,91-101.

Wiedenbeck, M., Alle, P., Corfu, F., Griffin, W. L., Meier, M.,
Oberli, F., Von Quadt, A., Roddick, J. C. and Spiegle,
W. (1995) Three natural zircon standards for U—Th—Pb,
Lu—Hf, trace element and REE analyses. Geostandards
Newsletter, 19, 1-23.

MIIR=EFR (1999) iR FE Bt 1 434§ 5 HfTie D B
ELhkEE. WEEIAAT H®, 50, 49-65.

BIRRGESR - IHEREEZ - kA8 - SR HERC (2003) 16 55
[N = R A s o P I o 1 B i W/ N P R =L
AHBEACRREY &R WE AT AW, 54,
29-47.

Yanagisawa, Y. and Akiba, F. (1998) Refined Neogene diatom
biostratigraphy for the northwest Pacific around Japan,
with an introduction of code numbers for selected diatom
biohorizons. Journal of the Geological Society of Japan,
104, 395-414.

WIRREESR - RiEFF (2020) RIBIRACTIRK - =k sl oD
B R EERE L HALRERE - AMHER L L hE
Fe 7 54570 U 7= PERN—FEmll i HER - M RS
Y - MR RO R OB AR, WEAETR

5, 71, 85-199.

(%2 fF:20244E3 18 5 %2 P :20244E9 H26H )

— 119 —



WEFHAMZWE 2024 F BT75% F4a4E

ot

(0

3T
e

.
e
. aeas

i

&)

W
|

¢
'S

3

W

DI

TEEY

N

&)

19

IR 1 e & b 1L O FEREIR A i A 5 BEH U 7= B
Plate 1 Diatoms from the Hase Formation and the Tatsukuroiso Mudstone Member of the Higashikanasayama Formation. Scale
bar A for figs 1a—16b and scale bar B for figs. 17a-20.

1a, 1b, Denticulopsis praelauta Akiba & Koizumi [Sample 24 (JOB3127), Tatsukuroiso Member]

2, Denticulopsis praedimorpha var. minor Yanagisawa & Akiba (closed copula) [Sample 17 (JOB6240), Hase Formation]

3, 4, Denticulopsis praedimorpha var. praedimorpha Akiba ex Barron (closed copulae) [Sample 17 (JOB6240), Hase
Formation]

5-6¢, Denticulopsis praedimorpha var. praedimorpha Akiba ex Barron (valves) [Sample 17 (JOB6240), Hase Formation]

7a-8b, Denticulopsis praedimorpha var. praedimorpha Akiba ex Barron (girdle views) [Sample 17 (JOB6240), Hase
Formation]

9a-9c¢, Denticulopsis simonsenii Yanagisawa & Akiba [Sample 10 (JOB6239), Hase Formation]

10a, 10b, Crucidenticula punctata (Schrader) Akiba & Yanagisawa [Sample 14 (JOB6243), Hase Formation]

11a—-13c, Denticulopsis lauta (Bailey) Simonsen [11a-11c, 13a—13¢c: Sample 29 (JOB3132), 12a-12c: Sample 37
(JOB5712), Tatsukuroiso Member]

14a—15b, Denticulopsis ichikawae Yanagisawa & Akiba [14a—14c: Sample 37 (JOB5712), 15a, 15b: Sample 36 (JOB5711),
Tatsukuroiso Member]

16, Denticulopsis crassa Yanagisawa & Akiba [Sample 07 (Htot-48), Hase Formation]

17a, 17b, Cavitatus lineris (Sheshukova-Poretskaya) Akiba & Yanagisawa [Sample 29 (JOB3132), Tatsukurosio Member]

18a, 18b, Actinocyclus ingens var. ingens Rattray [Sample 37 (JOB5712), Tatsukuroiso Member]

19, 20, Azpeitia )endoi (Kanaya) Sims & Fryxell (19: Sample 29 (JOB3132), 20: Sample 36 (JOB5711), Tatsukuroiso
Member
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