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Abstract
　According to previous studies, the Middle Miocene Abetsu and Nibutani Formations and the Upper Miocene Nina 
Formation are in contact with each other across the Biratori Fault in the vicinity of the Hae River, Hidaka District, 
Hokkaido. However, no exposure of the fault has been observed so far in this area, and it is difficult to classify 
strata on the basis of lithofacies alone, since the strata in this area are mainly composed of fairly monotonous 
mudstone although accompanied by minor sandstone and conglomerate. Therefore, we determined the age of the 
strata and fault locations, taking radiolarian and diatom stratigraphy into consideration. As a result, the radiolar-
ian Lithocampe subligata, Dendrospyris sakaii, lower Eucyrtidium inflatum and Lychnocanoma magnacornuta Zones 
and the diatom NPD3B, NPD4A, NPD4B and NPD5C Zones were recognized, with the lack of the upper part 
(subzone B) of the E. inflatum Zone and the NPD5A and NPD5B Zones approximating the location of the fault. By 
digging the gravel of the riverbed at the presumed location and observing the bedrock, we were able to confirm 
the fault outcrop where the Abetsu and Nina Formations are in contact with each other across the fault crush zone. 
The estimated age of the Sakae Formation indicates that the Takinoue Fauna is correlated with the Burdigalian 
stage.

キーワード：平取断層，新第三紀，放散虫，珪藻，生層序，滝の上動物群
Keywords: Biratori Fault, Neogene, Radiolaria, diatom, biostratigraphy, Takinoue Fauna

Miocene siliceous micro-biostratigraphy near the Biratori Fault, Hae River, 
Hidaka District, Hokkaido, Japan.
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Fig. 1. Index map. Geological units and boundaries in 

figure B are after Imai and Sumi (1957).
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北海道日高地方波恵川における平取断層付近の中新統珪質微化石層序
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Fig. 2. Neogene stratigraphy of the northern Hidaka district (Imai and Sumi, 1957) and geological ages of 
formations (Sagayama et al., 1992; Motoyama and Kawamura, 2009). Radiolarian zones are based on Shilov 
(1995), Kamikuri et al. (2007) and Motoyama (2019). Diatom zones are based on Akiba (1986), Yanagisawa 
and Akiba (1998) and Yanagisawa and Watanabe (2017). Geologic time scale is after Gradstein et al. (2012).
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Fig. 3. Geologic route map and sample localities along the studied section. 
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Fig. 4. Detailed map showing sampling localities (aerial photography with a drone, DJI Mavic Pro, taken on 
September 24, 2021).
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Fig. 5. Detailed map showing sampling localities near the Biratori Fault (aerial photography with a drone, DJI 
Mavic Pro, taken on September 24, 2021).
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Fig. 6. Geologic column and stratigraphic distribution of characteristic radiolarian and diatom species.
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Fig. 7. Photographs of the Biratori Fault in the Hae 
River section taken on July 11, 2022. A, Photo-
graph of the locality of the Biratori Fault. B, 
Underwater observation using a hydroscope. C. 
Fault crush zone and the Nina Formation.
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北海道日高地方波恵川における平取断層付近の中新統珪質微化石層序

400

1000 100

Akiba 1986 Yanagisawa 

and Akiba 1998

GTS2012 Gradstein et al., 

2012 2017

50 49

B, VR, 1 1 10 R, 10 100
C, 100 500 A, 500

Table 1. Occurrences of radiolarians. Abundance: B, barren; VR, very rare (1–10 specimens in a slide); R, rare 
(10–100); C, common (100–500); A, abundant (more than 500).
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21061908 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21061907 C ● ● ● ● ● ● ● ● ● ● ● ● ●
21061906 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21061905 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21061904 C ● ● ● ● ● ● ● ● ● ● ● ● ●
21061903 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21061902 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21061901 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21061909 A ● ● ● ● ● ● ● ● ● ●
21061910 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21092401 R ● ● ● ● ● ● ●
21092402 R ● ● ● ● ● ● ● ●
21092403 C ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21092404 R ● ● ●
21092405 C ● ● ● ● ● ● ● ● ●
21061911 A ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21092406 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21092407 C ● ● ● ● ● ● ● ● ● ●
21092408 R ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21061912 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21092409 C ● ● ● ● ● ● ● ● ●
21092410 C ● ● ● ● ● ● ● ● ● ● ● ● ●
21092411 R ● ● ● ●
21061913 A ● ● ● ● ● ● ● ● ●
21092412 R ● ● ● ● ● ● ● ●
21092413 C ● ● ● ● ● ● ● ● ● ● ● ● ●
21092414 R ● ● ● ● ● ● ● ●
22070803 C ● ● ● ● ●
22070802 R ● ● ● ● ●
22070801 C ● ● ● ●
22071101 C ● ● ● ● ●
22071104 R ● ● ● ● ● ● ●
22071102 C ● ● ● ● ● ●
22071103 C ● ● ● ● ● ●
22071105 C ● ● ● ● ● ● ● ● ●
22071106 R ● ● ● ● ● ● ● ●
21092415 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21092416 B

21092601 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21092417 A ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21092418 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21092602 C ● ● ● ● ● ● ● ● ● ● ●
21092603 A ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21092604 C ● ● ● ● ● ● ● ● ● ● ●
21092605 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21092606 A ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
21092607 C ● ● ● ● ● ● ●
21092608 C ● ● ● ● ● ● ● ● ● ● ● ● ●
21092609 C ● ● ● ● ● ● ● ● ● ● ● ●
21092610 C ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
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6 8

49

Spongodiscus spp. Stylodictya camerina

Larcopyle buetschlii Larcopyle 

polyacantha Siphocampe arachnea

Actinomma miocenica Carpocanarium 

papillosum Collosphaera reynoldsi Cornutella pro-

funda

Lychnocanoma 

magnacornuta 11.8 9.1 Ma Eucyrtidium 

inflatum 15.3 11.8 Ma Dendrospyris sakaii 

16–16.8 15.3 Ma Lithocampe subligata 17 

Ma 16–16.8 Ma

6

21061908 22071104

L. magnacornuta

L. magnacornuta  

22071102 21092418 E. inflatum

L. magnacornuta

E. inflatum

22071105

D. sakaii 16–16.8 14.8 Ma

21092601

Cyrtocapsella tetrapera 22.84 Ma 12.6 Ma

21092618

Cycladophora ochotica

14.8 Ma

22071105 21092418 E. inflatum a

15.3 14.8 

Ma

21092602 21092608

D. sakaii E. inflatum

Fig. 8. Photographs of radiolarian fossils. 1, Dendrospyris sakaii Sugiyama and Furutani, Sample-21092605. 2, 
Dendrospyris suganoi Sugiyama and Furutani, Sample-21092610. 3, Cornutella profunda Ehrenberg, Sample-
2021061906. 4, Cycladophora ochotica Vitukhin, Sample-21092418. 5, Cycladophora funakawai Kamikuri, 
Sample-21061906. 6, Lipmanella pilva Vitukhin, Sample-21092415. 7, Lipmanella redondoensis (Campbell and 
Clark), Sample-21061907. 8, Lychnocanoma magnacornuta Sakai, Sample-21061909. 9, Eucyrtidium inflatum 
Kling, Smaple-21092417. 10, Stichocorys delmontensis (Campbell and Clark), Sample-21061905. 11, Stichoco-
rys peregrina (Riedel), Sample-21092408. 12, Lithocampe subligata Stöhr, Sample-21092609. 13, Cyrtocapsella 
japonica (Nakaseko), Sample-21061912. 14, Cyrtocapsella tetrapera Haeckel, Sample-21092605.
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Table 2.） 

NPD zone 5C 4A ? 3B

Sample no. 2106 2106 2106 2106 2109 2109 2109 2109 2109 2109 2109 2109 2109 2109 2109 2109 2109 2109 2109 2109

1906 1910 1911 1912 2413 2414 2415 2416 2601 2417 2418 2602 2603 2604 2605 2606 2607 2608 2609 2610

Abundance R C C R C C PD ND C VA VA C C C R C C R R A

 approximate number of diatom valves per slide ( X 100) 5.1 19 12 7.2 12 18 + 12 108 144 24 27 12 2.8 12 4.5 3.3 6 60

Preservation P/VP P P P P P P/VP M/P M/P M/P M/P M/P P P P P P P M

Marker diatoms

e Denticulopsis hustedtii s.l. 53 51 61 53 62 61 + 59

e D. hyalina 2 1 1 1 1 1 4 91 92

e D. lauta 1 + 2 6 + 9 17 3 11 3

e D. praelauta 1 3

e Rouxia californica 1 +

Ecology
Marine, extinct 37 75 69 80 76 77 83 0 0 84 95 97 92 87 76 75 61 74 78 61 69

Marine, planktonic 17 23 23 15 14 17 10 0 0 12 5 3 8 13 23 22 38 26 21 34 21

Marine, benthic 19 2 8 5 10 6 7 0 0 3 0 0 0 0 1 1 1 0 1 1 8

Non-marine 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 4 2
74 100 100 100 100 100 100 0 0 100 100 100 100 100 100 100 100 100 100 100 100

M A R I N E   D I A T O M S
b Actinocyclus kuetzingii (A. Schmidt) Simonsen +

e ingens Rattray 5 8 12 11 4 13 + 15 2 3 81 78 61 53 56 57 74 61 15

P A. spp. 1 1

b Actinoptychus senarius (Ehrenberg) Ehrenberg 1 8 3 6 4 5 + + + + 1 4

b Amphora spp. +

b Arachnoidiscus sp. + +

p Asteromphalus spp. + 1

e Azpeitia endoi (Kanaya) Sims & Fryxell + + + +

e A. vetutissima (Pantocsek) Sims + 4

e Cavitatus jouseanus (Sheshuk.) Williams 1 1

e C. lanceolatus Akiba et Hiramatsu 2

e C. linearis (Sheshukova) Akiba et Yanagisawa 1

e C. miocenicus (Schrader) Akiba et Yanagisawa + + + + + + 2 + + + 3

e C. spp. 1

b Cocconeis costata Gregory 1 +

b C. spp. +

e Coscinodiscus lewsianus Greville + 3

p C. marginatus Ehrenberg 2 + + 1 1 + + + 1 1 4 2 2 2 1

p C. radiatus  Ehrenberg + + 1 1

p C. oculus-iridis  Ehrenberg 1 +

p C. symbolophorus  Grunow s.l. + 1 1 + + + + + 1 + 1 1 1

b D. spp. + + + 3 + + + + + + + + + 1 + + + 1

e Crucidenticula nicobarica (Grunow) Akiba et Yanagisawa 1

e Delphineis miocenica (Schrader) Andrews 2

e Denticula norwegica Scharader 1

e Denticulopsis crassa Yanagisawa et Akiba 1 1

e D. hustedtii ( Sim. et  Kanaya) Simosen s.l. 53 52 61 53 62 61 + 59

e D. hustedtii ( Sim. et  Kanaya) Simosen s.s. 1 +

e D. hyalina( Schrader) Simosen 2 1 1 1 1 1 4 91 92

e D. lauta (Bailey) Simonsen 1 + 2 6 + 9 17 3 11 3

e D. miocenica (Schrader) Simonsen 2

e D. praedimorpha Barron ex Akiba + 1

e D. praelauta Akiba et  Koizumi 1 3

b Diploneis smithii (Brebisson) Cleve +

b D. spp. +

p Fragilariopsis cf. oceanica (Cleve) Hasle 1 +

b Grammatophora spp. 2 1 1

p Hemiaulus spp. 1

b Hyalodiscus obsoletus Sheshukova-Poretzkaya + 1 +

e Ikebea tenuis (Brun) Akiba 5 7 3 1 5 2 2 2 4 4 5 2 6 + +

b Isthmia spp. + + + +

e Kisseleviella carina Sheshukova-Poretzkaya 1 22

e K. sp. A 13

e Medialia splendida Sheshukova-Poretzkaya 1

e Melosira sol (Ehrenberg) Kuetzing + + + + + + + + 1 + + 1

b Navicula spp. 1

e Nitzschia heteropolica Schrader 2 1

p N. umaoiensis Akiba + +

p Odontella aurita (Lyngbye) Agardh +

b Paralia sulcata (Ehrenberg) Cl. 1 + + 1 1

b Porosira gracilis (Grunow) Joerg. + + 1

e Proboscia barboi (Brun) Jordan et Priddle 1 + + 1

b Rhabdonema japonicum Tempère et Brun + + +

b R. sp. +

p Rhizosolenia cf. hebetata (Bailey) Gran + +

p R. cf. styliformis Brightwell 1 + 2 1 + 2 1 1 2 1 1 1

b R. spp. 1 1 1 3

e Rouxia californica Peragallo 1 +

e R. peragalli Brun et Heribaud + 3 3

e Stephanodiscus hanzawae Kanaya 4 + 1 1

p Stephanopyxis schenckii  Kanaya +

p S. spp. 6 3 8 3 3 + 8 5 2 7 9 21 16 33 23 17 30 12

e Stictodiscus kittonianus Greville 1

e Thalassionema hirosakiensis (Kanaya) Schrader 4 2 1

p T. nitzschioides (Grunow) H. & M. Peragallo 11 19 9 4 11 5 + 1 + 2 1 1 1 1 5

e Thalassiosira cf. grunowii Akiba et Yanagisawa 1

e T. manifesta Sheshukova-Poretzkaya 1

e T. cf. umaoiensis Akiba 1

e T. yabei (Kanaya) Akiba et Yanagisawa 2

p T. spp. 3 1 1 1 + +

p Thalassiothrix longissima Cleve et Grunow + + + + + + + + + + + + + + + + + +

b Triceratium arcticum Brightwell + +

e T. condecorum Brightewell 4

N O N - M A R I N E   D I A T O M S
p Aulacoseira granulata (Ehrenberg) Simonsen s. l. 1 2 4 2

Total number of diatoms counted 100 100 100 100 100 100 0 0 100 100 100 100 100 100 100 100 100 100 100 100

Resting spores of Chaetoceros 25 36 41 24 36 42 - - 2 2 2 12 21 29 28 21 27 13 4 45

number of taxa recognized 29 19 25 20 23 21 8 0 23 14 11 10 14 12 16 10 14 13 12 31

5C ND - PD 4B
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D. sakaii

C. tetraperaya C. ochotica

D. sakaii

21092609 L. subligata 21092610

Dendrospyris suganoi

15.0 Ma 2 E. 

inflatum D. sakaii

L. subligata

20 19

2

21092610

6

NPD5C

Thalassiosira yabei 11.4 10.0 Ma NPD4B

Denticulopsis hyalina 14.5 13.1 Ma NPD4A

Denticulopsis lauta 15.9 14.5 Ma NPD3B

Denticulopsis praelauta 16.6 15.9 Ma

6

6 21091906

21092414 Denticulopsis 

hustedtii s.l. Denticulopsis 

dimorpha Denticulopsis 

praedimorpha 2

6

NPD5C 21092415

21092416

21092417 21092418

Denticulopsis hyalina NPD4B

21092602

21092608 Denticulopsis 

lauta D. hyalina

NPD4A

21092609

21092610 Kisseleviella carina

Denticulopsis praelauta D. lauta

NPD3B

L. subligata L. magnacornuta

NPD3B

NPD4A NPD4B NPD5C

NPD5A NPD5B

21092601

21092417

21092610

21092601

E. inflatum a

NPD5C

2 m

VA, A, C, R, PD, ND, M, 
P, VP, 5C, Thalassiosira yabei; 4B, Denticulopsis hyalina; 4A, Denticulopsis lauta; 
3B, Denticulopsis praelauta p, ; b, ; e, .

Table 2. Occurrences of diatoms. Abundance: VA, very abundant; A, abundant; C, common; R, rare; PD, Poor 
diatoms. Preservation: M, moderate; P, poor; VP, very poor. Diatom zone: 5C, Thalassiosira yabei; 4B, 
Denticulopsis hyalina; 4A, Denticulopsis lauta; 3B, Denticulopsis praelauta. Ecology: p, planktonic; b, benthic; 
e, extinct.
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22071102 22071105

–

–

3

21092601

NPD5C 21092417 NPD4B

NPD5A  NPD5B

E. inflatum a

22071102 22071103

20 cm a b

a

22071104

22071102 b 12.6

11.8 Ma L. 

magnacornuta 21061908

22071104 Hexacontium akitaensis

11.4 10.9 Ma Dendrospyris uruyaensis

11.8 10.1 Ma

L. magnacornuta

2009 Thecosphaera 

akitaensis Dendrospyris? sp.

L. 

magnacornuta

22071104

22071102

12.6 10.9 Ma

22071102

22071103 b

L. magnacornuta 11.8

10.9 Ma

21092601 NPD5C

21092417 NPD4B NPD5A  

NPD5B

1957

2002

21092601

2019 NPD5C

HAE54

HAE55

NPD5C

, 1957

L. subligata D. sakaii

E. inflatum a

2

L. subligata D. sakaii 

1957

E. inflatum
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E. inflatum a

2009 2009  

E. inflatum a

−

1998

L. subligata

NPD3B

L. subligata NPD3B

L. subligata 17 Ma

16.0–16.8 Ma NPD3B 16.6 15.9 Ma

L. subligata

16.0 Ma Gradstein et al.

2012 GTS2012

Langhian 15.97 Ma

L. subligata

Burdigalian GTS2012

1992

16.0 Ma

Richard W. Jordan
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22K03791
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