
Additional file 1. Major element analysis of volcanic glass shards. Th-2 and Layers A–C of Ku-2: event deposits. Ko-d: AD1640 Hokkaido Komagatake volcanic ash. B-Tm: AD946 Baitoushan-Tomakomai volcanic ash.

Additional file 2. List of yielded diatom species. The stratigraphic levels of the samples are shown in Figs. 5 and 14.

Additional file 3. Measurement of the anisotropy of magnetic susceptibility (AMS).
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Additional file 1 continued.
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Sample number HIM-1 HIM-2 HIM-3

Achnanthes  lanceolata Bréb. F 4 36 4

Actinoptychus senarius (Ehr.) Ehr. M 1 1

Amphora coffeaeformis (Agardh) Kütz. B–F 1

Caloneis bacillum (Grun.) Cleve F 6 11

Cocconeis californica Grun. M 2

C. costata Greg. M 1

C. placentula var. euglypta (Ehr.) Cleve F 1

C. scutellum Ehr. M–B 1

Coscinodiscus marginatus Ehr. M 18 5 3

Cymbella proxima Reimer F 1

C. silensiaca Bleisch F 3 2

Diploneis elliptica (Kütz.) Grun. F 3 1

Eunotia glacialis Meister F 1 1

Fragilaria arcus (Ehr.) Cleve F 1

F. brevistriata Grun. F 1 2

F. capucina var. vaucheriae Kütz. F 3

F. construens var. subsalina  (Hust.) Hust. B–F 2

F. construens var. venter  (Ehr.) Grun. F 1 1

F. mazamaensis (Sovereign) Lange-Bertalot F 2

F. tenera (W. Smith)  Lange-Bertalot F 1

Frustulia vulgaris Thwaites F 2 4

Gomphonema parvulum (Kütz.) Grun. F 4 7 4

Hantzchia amphioxys (Ehr.) W. Smith B–F 13 3 8

Meridion circulare var. constricta (Ralfs) Van Heurck F 1 1 2

Navicula accomoda Hust. F 1

N. bryophila Petersen F 8 3 1

N. contenta Grun. F 16 34 17

N. cryptotenella Lange-Bertalot F 1

N. decussis Øestrup F 3

N. elginensis (Greg.) Ralfs F 4 1

N. hustedtii Krasske F 5

N. modica Hust. F 1

N. mutica Kütz. B–F 27 13 12

N. radiosa Kütz. B–F 1

N. senimulum Grun. F 6

N. tenelloides Hust. F 2

Neidium affine var. longiceps (Greg.) Cleve F 1

N. bisulcatum (Lagenstedt) Cleve F 1

Neodenticula kamtschatica (Zabelina) Akiba et Yanagisawa M 48 38 32

Nitzschia acicularioides Hust. F 1 18 45

N. debilis (Arnott) Grun. F 4

N. fonticola Grun. F 3

N. littoralis Grun. B 1

N. ovalis Rabenhorst B 1

N. palea (Kütz.) W. Smith F 9 26 55

N. scalaris (Ehr.) W. Smith B–F 1

N. sigmoides (Nitz.) W. Smith F 1

Paralia sulcata (Ehr.) Cleve M 9 3 4

Pinnularia borealis Ehr. F 6 4 1

P. gibba Ehr. F 1

P. interrupta W. Smith F 1

P. lagenstedtii (Cleve) Cleve-Euler F 1 2

P. microstauron (Ehr.) Cleve F 46 26 34

P. viridis (Nitzsch.) Ehr. F 1 2

P. spp. F 2

Rhaphoneis cf. ischaboensis (Grun.) Merzt. M 2 1

Rhoicosphenia abbreviata (C. Agardh) Lange-Bertalot B–F 1 1

Rhopalodia gibberula (Ehr.) O. Müll. B–F 6 2

Stephanopxis spp. M 23 10 1

Surirella angusta Kütz. F 7 1

Synedra ulna (Nitzsch) Ehr. F 4 1

Thalassionema nitzschioides (Grun.) Mereschkowsky M 10 6 9

Thalassiosira eccentrica (Ehr.) Cleve M 2

T. oestrupii (Ostenferd) Proshkina-Labrenko s.l. M 2 1

T. spp. M 7 12 5

Thalassiothrix frauenfeldii Grun. M 17 12 3

Total number of diatoms counted 300 300 300
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Sample number KUM-3-01 KUM-3-02 KUM-3-03 KUM-3-04 KUM-3-05 KUM-3-06 KUM-3-07

Achnanthes lanceolata (Bréb.) F 8 18 15 8

A. spp. I 4 11

Amphora veneta Kützing F 2

Aulacoseira ambigua (Grunow) Simonsen F 1 49 59 30

Cocconeis placentula Ehrenberg F 1 2 1

Coscinodiscus marginatus Ehrenberg M 2

Cyclotella meneghiniana Kützing F 1 1

C. spp. I 3 3 3 1

Diadesmis contenta (Grunow) D.G.Mann F 7 3 1 5

Diatoma hyemalis (Roth) Heiberg F 7 1

D. vulgaris Bory F 2 2 25 2

Diatomella balfouriana Greville F 2

Diploneis elliptica (Kütz.) Cleve F 2 3 48 2

D. ovalis (Hilse) Cleve B–F 3

Epithemia spp. F 2 1 1 2

Encyonema minutum (Raben.) Mann F 4 6 1

Eunotia pectinalis (Kuetz.) Rab. F 11 2 1 3

E. praerupta Ehrenberg F 4 2

E. spp. F 2 8 5

Fragilaria brevistriata Grun. S.l. F 8 34 10 78

F. capucina Desmazières F 16 11 9 15

F. construens (Ehrenberg) F 1

F. construens var. venter (Ehrenberg) F 31 15 29 64

F. parasitica (W.Smith) Grun. F 5

F. spp I 19 14

Frustulia rhomboides (Ehrenberg) De Toni F 6 1

Gomphonema acuminatum (Ehrenberg) F 1 1

G. gracile Ehrenberg F 21 11 15 8

Hantzschia amphioxys (Ehrenberg) Grunow B–F 4 1

H. sp. (coarse costae) I 9

Hippodonta capitata (Ehrenberg) Lange-Bert. et al. F 1 1

Luticola mutica (Kuet.) G.D.Mann B–F 1

Melosira varians C.Agardh F 1

Meridion circulare (Greville) C.Agardh F 5 17 11 24

Navicula peregrina (Ehrenberg) Kützing B 38 8 4

N. aff. peregrina (Ehrenberg) Kuet. I 5 17 2

Navicula integra (W.Smith) Ralfs B–F 8

N. spp. I 34 14 6

Neidium sp. F 2 3

Nitzschia sp. I 19 18 12 5

Orthoseira roseana (Rab.) O'Meara F 3

Pinnularia borealis Ehrenberg F 4 1 3

P. spp. F 34 16 3 10

Reimeria sinuata (Gregory) Kociolek et Stoermer F 1

Rhopalodia gibba (Ehrenberg) O.Müll. F 5 2

R. operculata (Ag.) Håkansson F 2 10 1

Sellaphora spp. I 1

Surirella spp. I 2

Stauroneis spp. I 2 2

Synedra ulna (Nitzsch) Ehrenberg F 2 4 1 2

S. spp. I 2

Thalassiosira zabelinae Jouse E 1

Total number of diatoms counted 0 0 0 300 300 300 300
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Site Sample number L F P Pj T U

Dec. Inc. Dec. Inc. Dec. Inc. C1a C1b C2a C2b C3a C3b

Kumaishi-Ayukawa KUM1-10 1.008 1.002 0.990 118.1 5.5 209.1 10.6 1.0 78.0 1.006 1.012 1.019 1.019 0.322 0.318 9.8 4 9.6 5.8 6 4.5

KUM11-20 1.012 1.003 0.985 107.7 7.9 198.0 2.0 302.3 81.8 1.009 1.019 1.028 1.029 0.359 0.353 4.4 3.4 4.3 1.9 3.6 2

KUM21-30 1.012 1.003 0.985 107.4 8.1 197.7 2.1 302.4 81.6 1.010 1.018 1.028 1.029 0.296 0.290 8.3 3 8.4 3.2 3.5 2.9

KUM31-40 1.007 1.002 0.991 118.8 14.9 27.8 4.0 283.2 74.5 1.006 1.011 1.017 1.018 0.288 0.284 18.5 3.9 18.6 8.5 9 3.5

KUM41-50 1.021 1.008 0.970 107.8 13.5 197.9 0.5 290.2 76.5 1.013 1.039 1.053 1.055 0.481 0.471 6.3 2.8 6.1 2.8 3.8 2.3

KUM51-60 1.016 1.011 0.973 88.5 11.5 180.4 9.2 308.1 75.2 1.006 1.039 1.045 1.049 0.740 0.735 6.8 2.4 6.8 2.7 3.3 2.2

KUM61-70 1.014 1.009 0.977 88.3 15.2 181.4 11.1 306.3 71.0 1.006 1.033 1.039 1.042 0.681 0.676 14.1 2 14 3 3.2 2.3

KUM81-90 1.006 1.003 0.991 124.8 3.7 34.2 9.5 235.5 79.8 1.004 1.013 1.016 1.017 0.516 0.513 20.3 4.2 20.3 3.9 4.4 3.9

K max K int K min 95% confidence angle

K max K int K min
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(wt%)Sample No. SiO

2
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2
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O
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28 73.10 0.51 13.89 3.13 0.06 2.39 0.68 4.48 1.55 0.21

29 74.25 0.29 13.89 2.85 0.05 2.50 0.62 3.75 1.68 0.11

30 75.50 0.70 12.74 3.07 0.00 3.00 0.49 2.60 1.92 0.00

31 75.27 0.72 13.27 2.73 0.11 2.57 0.53 3.02 1.76 0.02

32 74.83 0.43 13.20 2.61 0.00 2.39 0.75 3.72 1.77 0.28

33 73.55 0.54 13.14 4.57 0.00 3.25 0.53 2.47 1.84 0.11

34 74.64 0.83 12.09 4.54 0.18 3.37 0.44 1.43 2.43 0.05

35 75.22 0.87 12.70 3.03 0.30 2.76 0.67 2.39 1.91 0.15

36 75.19 0.49 13.13 1.98 0.03 2.52 0.66 4.19 1.81 0.00

37 75.40 0.54 13.08 2.42 0.01 2.65 0.72 3.41 1.72 0.05

38 73.72 0.21 11.26 4.04 0.06 0.14 0.13 6.42 4.00 0.02

39 66.63 0.56 15.13 5.15 0.29 1.16 0.15 5.75 5.16 0.01

40 66.23 0.62 14.99 6.15 0.10 1.31 0.17 3.96 6.36 0.12

41 66.16 0.76 13.91 7.16 0.13 1.24 0.22 3.62 6.76 0.05

42 63.98 0.62 15.27 6.98 0.14 1.36 0.10 5.24 6.08 0.23

43 66.49 0.37 15.03 5.44 0.28 1.21 0.18 4.87 6.04 0.10

44 67.56 0.22 14.99 5.30 0.00 1.22 0.12 4.79 5.64 0.16

45 63.79 0.49 16.36 7.28 0.24 1.28 0.14 5.03 5.19 0.20

46 66.92 0.49 15.13 5.11 0.16 1.16 0.19 5.42 5.40 0.03

47 67.34 0.15 15.47 4.81 0.10 1.17 0.09 5.17 5.50 0.19

1 75.24 0.38 12.94 2.42 0.08 2.2 0.72 4.19 1.71 0.13

5 75.45 0.45 13.27 2.28 0.09 2.45 0.68 3.5 1.65 0.17

6 76.56 0.35 12.82 2.44 0.25 2.28 0.56 2.81 1.93 0

7 74.53 0.25 13.81 2.54 0.12 3.24 0.46 3.23 1.77 0.04

10 73.95 0.48 13.45 2.21 0.09 2.62 0.65 4.83 1.51 0.21

12 75.9 0.42 12.66 2.32 0 2.22 0.57 3.94 1.77 0.2

13 74.83 0.45 12.68 3.08 0.04 2.49 0.64 3.7 2.01 0.09

14 75.16 0.37 13.21 2.23 0.15 2.15 0.75 4.28 1.7 0

Th-2 2 75.91 0.62 13.46 1.18 0.00 2.94 0.43 3.46 2 0.00

7 74.9 0.51 13.09 2.63 0.00 2.43 0.55 4.42 1.47 0.00

8 74.86 0.53 13.09 2.55 0.00 2.32 0.62 4.29 1.74 0.00

9 74.69 0.46 13.33 2.44 0.00 2.45 0.64 4.44 1.56 0.00

10 75.12 0.69 13.24 2.25 0.00 2.64 0.64 3.74 1.69 0.00

11 74.8 0.34 12.99 2.09 0.00 2.39 0.82 4.95 1.61 0.00

12 74.91 0.15 13.34 2.27 0.00 2.2 0.6 5 1.53 0.00

Layer C of Ku-2 1 75.36 0.74 12.01 3.10 0.35 2.82 0.54 2.95 2.00 0.13

2 75.27 0.54 12.30 2.93 0.30 2.62 0.48 3.53 1.88 0.15

3 75.50 0.43 12.85 2.49 0.00 2.57 0.52 3.85 1.71 0.08

4 74.20 0.55 13.01 3.06 0.00 2.67 0.60 3.78 1.99 0.15

5 72.89 0.70 14.28 2.73 0.00 2.48 1.07 3.76 2.06 0.02

6 3.51 4.49 1.24 0.00 4.21 3.84 2.85 4.74 3.95 3.97

Layer B of Ku-2 1 75.03 0.36 12.60 2.87 0.20 2.51 0.49 3.81 1.91 0.21

2 75.57 0.41 12.66 2.37 0.03 2.35 0.48 4.18 1.76 0.18

3 74.77 0.64 12.85 2.56 0.16 2.39 0.62 4.39 1.62 0.00

4 74.94 0.38 12.89 2.52 0.32 2.29 0.65 4.47 1.43 0.11

5 75.48 0.71 12.59 2.73 0.17 2.62 0.39 3.13 2.18 0.00

6 75.39 0.62 12.52 2.71 0.08 2.57 0.55 3.60 1.89 0.08

7 74.62 0.52 12.80 2.29 0.26 2.13 0.64 4.77 1.70 0.28

8 74.19 0.56 13.02 2.78 0.00 2.19 0.62 4.90 1.58 0.16

Layer A of Ku-2 18 75.97 0.51 12.67 2.76 0.10 2.76 0.52 2.45 2.17 0.09

19 75.29 0.64 12.80 2.54 0.03 2.48 0.74 3.62 1.80 0.07

20 73.23 0.92 11.37 5.91 0.06 4.42 0.38 0.74 2.89 0.07

21 75.05 0.71 12.63 3.29 0.28 2.83 0.61 2.41 2.08 0.10

22 75.80 0.26 12.90 2.36 0.12 2.45 0.63 3.64 1.77 0.06

23 75.55 0.63 12.94 2.29 0.00 2.41 0.59 3.72 1.88 0.00

24 76.34 0.83 12.07 3.20 0.03 2.75 0.40 1.93 2.36 0.10

25 75.13 0.45 13.26 2.05 0.12 1.96 0.68 4.55 1.60 0.18

26 76.10 0.52 12.59 2.51 0.00 2.41 0.66 3.13 1.90 0.18

27 74.19 0.72 13.15 2.61 0.40 2.38 0.77 3.75 1.98 0.05

Upper volcanic

ash in the

Hirahama lowland

Lower volcanic

ash in the

Hirahama lowland

Volcanic ash in

the Kumaishi-

Ayukawa lowland
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B-Tm 38 73.72 0.21 11.26 4.04 0.06 0.14 0.13 6.42 4.00 0.02

39 66.63 0.56 15.13 5.15 0.29 1.16 0.15 5.75 5.16 0.01

40 66.23 0.62 14.99 6.15 0.10 1.31 0.17 3.96 6.36 0.12

41 66.16 0.76 13.91 7.16 0.13 1.24 0.22 3.62 6.76 0.05

42 63.98 0.62 15.27 6.98 0.14 1.36 0.10 5.24 6.08 0.23

43 66.49 0.37 15.03 5.44 0.28 1.21 0.18 4.87 6.04 0.10

44 67.56 0.22 14.99 5.30 0.00 1.22 0.12 4.79 5.64 0.16

45 63.79 0.49 16.36 7.28 0.24 1.28 0.14 5.03 5.19 0.20

46 66.92 0.49 15.13 5.11 0.16 1.16 0.19 5.42 5.40 0.03

47 67.34 0.15 15.47 4.81 0.10 1.17 0.09 5.17 5.50 0.19

Pliocene tuff 4 75.16 0.19 11.94 1.59 0.48 1.06 0.19 0.91 8.48 0.01

5 77.33 0.23 12.52 0.72 0.09 0.83 0.00 1.38 6.87 0.03

7 77.12 0.10 12.79 0.58 0.21 0.85 0.21 1.62 6.52 0.00

8 76.71 0.11 12.75 0.67 0.18 0.87 0.13 1.49 6.99 0.10

9 77.26 0.19 12.72 0.72 0.16 0.89 0.06 1.67 6.34 0.00

10 76.97 0.14 12.87 0.77 0.00 0.78 0.07 2.68 5.73 0.00

12 73.61 0.05 14.16 1.45 0.03 0.82 0.19 0.58 9.11 0.00

13 73.52 0.22 15.77 0.79 0.00 1.05 0.19 0.83 7.63 0.00

15 73.26 0.07 17.11 0.96 0.23 0.70 0.13 2.45 4.94 0.13

17 77.15 0.00 13.30 0.75 0.07 0.76 0.05 1.58 6.29 0.05

18 72.62 0.18 14.69 1.40 0.22 1.26 0.01 0.45 9.16 0.02
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