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View of Mt. Shirane and Goshikinuma Pond from Mt. Goshiki. Summit of Mt. Shirane is covered
by Shiranesan Lava erupted 3000 years ago. Photo taken on September 2016.
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Fig. 1. Distribution map and age of the Quaternary volcanoes in the Nikko area. Nikko Volcanoes (Yamasaki, 1958) are shown with bold borders. Ns: Nikko-Shirane Volcano;
M: Mitsudake Volcano; N: Nantai Volcano; S: Shirodake Volcano; Kw: Keizuka-nishi Volcano; Nk: Numanokami Volcano; Mt: Mitsugamine Volcano; Kg: Kasagatake Volcano;
Sn: Suzugatake Volcano; Sk: Shirane-kakushi Volcano; Mm: Mitsumata Volcano; Su: Sukai Volcano; Ne: Nenakusa Volcano; Y: Yusengatake Volcano; Ko: Konsei Volcano;
Og: Orogura Volcano; Sb: Sanno-boshi Volcano; Tr: Taro Volcano; Km: Komanago Volcano; Om: Omanago Volcano; Tz: Tanze Volcano; NA: Nyoho-Akanagi Volcano.
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Fig. 4. Distribution of the craters around the summit of Mt. Shirane.
Individual crater rims are outlined in red and identified with letters (a to o). Crater a
formed by 1873 eruption and was the eruptive center of 1889-90 eruption. Crater e
and f formed by 1649 eruption. Crater b—d probably formed by 7-8" century and 12*
century eruptions. Crater i and j formed by the eruption of Shirane-gongen Pyroclastic
Deposit. This map uses GISMAP® 25000R+ by Hokkaido-Chizu Co., Ltd..
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Fig. 8. SiO2-TiO: and SiO:—K:0 diagrams of volcanic products from Nikko-
Shirane and Mitsudake Volcanoes (without mafic inclusions). Whole rock
compositions of Mitsudake Volcano from this study (four samples), Sasaki
et al. (1993) and Takahashi et al. (2017) are also included.
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Table 2 Whole rock chemical compositions of volcanic products from Nikko-Shirane and Mitsudake Volcanoes.

Location no.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Voleano Keizuka- Nikko-Shirane Mitsudake
nishi

Unit name Kw Mrn Sg Nd Zn Ohg Oss Osn Gp Osc Sgp Cj Shs Kk Kt
SiOy (wt.%) 59.78 63.60 63.57 64.57 62.95 68.24 68.32 62.86 62.45 64.56 61.45 63.27 63.53 61.91 63.41
TiO, 0.71 0.54 0.57 0.53 0.53 0.41 0.41 0.55 0.55 0.48 0.58 0.55 0.54 0.58 0.54
Al Oy 16.85 16.21 16.00 16.02 15.99 14.96 15.01 15.87 15.92 15.84 16.60 16.03 16.09 16.31 15.76
FeOx* 7.09 5.72 5.86 5.37 6.02 4.11 4.09 6.17 6.31 5.40 6.51 5.90 5.72 6.45 5.98
MnO 0.13 0.11 0.12 0.11 0.12 0.09 0.09 0.13 0.12 0.11 0.13 0.12 0.12 0.12 0.12
MgO 3.89 2.85 2.91 2.52 3.31 1.83 1.84 3.40 3.46 2.78 3.69 2.94 3.01 3.50 3.17
CaO 7.25 5.94 5.92 5.67 6.28 4.48 4.43 6.27 6.37 5.73 6.70 6.18 6.05 6.56 6.07
Na,O 2.83 3.00 2.97 3.10 2.85 3.16 3.13 2.86 2.93 3.01 2.74 3.00 3.00 2.74 2.91
K0 1.33 1.91 1.96 1.99 1.86 2.64 2.59 1.80 1.78 2.00 1.48 1.90 1.82 1.72 1.94
P,05 0.15 0.10 0.11 0.10 0.10 0.08 0.08 0.11 0.11 0.10 0.11 0.10 0.11 0.11 0.11

FeO* (3 2#AFeOLLTHREILIZH 0. 7 — 23T X TXRFTIIEL, MK 1005 TRUT. #IFl= = bOlg ST KA SR,

* total iron calculated as FeO. All data analyzed by XRF and calculated on anhydrous. Unit names refer to the geological map.
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Table 1 List of historical eruption and volcanic activities of Nikko-Shirane Volcano.
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Geology of Nikko-Shirane and Mitsudake Volcanoes

The Nikko area is located in the southern part of the Northeast Japan arc,
where more than a dozen Quaternary volcanoes have formed over the area of
about 30 km from east to west and 15 km from north to south. Among them,
Nikko-Shirane, Mitsudake and Nantai Volcanoes erupted in the Holocene,
and only Nikko-Shirane Volcano has a historical record of eruptions.

Mitsudake Volcano consists of monogenetic lava domes with andesitic to
dacitic compositions. The domes have been built on Ryuzunotaki-Arasawa
Pumice Flow Deposit, which erupted at 17 ka from Nantai Volcano, until 3.5
ka. Mitsudake Volcano consists of Karikomiko Lava, Kotoku Lava and a
related tephra layer (Mt-1).

Nikko-Shirane Volcano is an andesitic to rhyolitic composite volcano
made up of 12 lava flows and some pyroclastic deposits. It has three eruptive
centers at the summits of Mt. Shirane (or Mt. Oku-Shirane: peak 2,578 m)
and Mt. Zazen (2,317 m), and around Chinoikejigoku. Eruptions at Nikko-
Shirane Volcano started around 20 ka, as indicated by the oldest Marunuma
Lava which is covered by a paleosol including Asama-Itahana-Yellow pumice
(As-YP). Mt. Zazen consists of Zazen Lava and Zazen Pyroclastic Deposit,
which erupted at around 7.6 ka. A bowl crater 200 m in diameter was formed
at the summit at the end of Zazen pyroclastic eruption. Mt. Shirane consists
of Ohirogawara Lava, Okushirane-higashi Lava, Okushirane-minami Lava,
Okushirane-kita Lava, Goshikinuma Pyroclastic Deposit, Okushirane-chuo
Lava, Shirane-gongen Pyroclastic Deposit, Shiranesan Lava and Jigokunagi
Pyroclastic Flow Deposit. The latest Shiranesan Lava covers the summit of
Mt. Shirane, and was erupted at 3.5-3.2 ka with Jigokunagi Pyroclastic Flow.
Chinoikejigoku Lava was likely erupted during 2.9-1.4 ka.

Since 1.4 ka, the volcanic activity of Nikko-Shirane Volcano is
characterized by the repetition of phreatomagmatic and phreatic eruptions.
The largest eruption in the record was a phreatomagmatic eruption in 1649
with VEI scale: 3. The related pyroclastic fall deposit (Nks-A) is preserved
in Senjogahara with a maximum thickness of 20 cm. Eruptions in 1873 and
1889-90 were phreatic eruptions with VEI: 1-2 and the corresponding lahars
were sourced from the crater on the western side of Mt. Shirane, which
flowed down through Shirane Hot Spring and Katashina River to Tone River.
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