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Fig. 1. Distribution map and age of volcanic activity of Zao volcano
group.
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Geology of Zao Volcano

Zao Volcano is a Quaternary stratovolcano located in the middle
part of the volcanic front of the northeast Japan arc. The volcanic
activity started at ca. 1 Ma, and has continued to the present. The
activity can be divided into six stages.

Stage I: The eruption products (Robanomimiiwa Pyroclastics and
Dikes) of ca. 1 Ma are hyaloclastites and dikes. The former includes
bombs showing a pillow-like structure. Most of dikes elongated from
north to south. The heads of the dikes dispersed to be trains of bombs
having a quench structure. These eruptions would have taken place
under lake water. Rocks are tholeiitic basalt to andesite.
Robanomimiiwa Pyroclastics and Dikes constitute the Robanomimiiwa
Volcanic Edifice.

Stage II: Around 0.5 Ma, Torikabutoyama Lava, Yokokurayama
Lavas, Gorodake Lavas, and Sanpokoujinsan Lavas were formed in the
north. These would have constituted one volcanic edifice
(Torikabutoyama-Yokokurayama Volcanic Edifice).

Stage III: During ca. 0.35 to 0.25 Ma, several small to middle
sized andesitic to dacitic edifices were formed. Zaosawa Lavas,
Senninzawa Lavas and Kaerazunotaki Lavas were formed in the central,
westerm, and eastern part, respectively. The compositions of the
Zaosawa Lavas are slightly various in places, thus several small sized
volcanoes would be formed from distinct vents. These coupled with the
Senninzawa Lavas and Kaerazunotaki Lavas are grouped to the Old
Kumanodake Volcanic Edifice. At around 0.27 Ma, Nakamaruyama
edifice was formed, which is composed of basaltic andesite lavas.

Stage IV: During ca. 0.25 to 0.20 Ma, andesitic to dacitic lavas
were swelled out from Kattadake summit area, and formed Kattadake
Volcanic Edifice. The eruption products are Bodaira Lava,
Ichimaiishizawa Lavas, Sainokawara Lavas, Seizandaira Lavas,
Kanabukisawa Lavas, Zao Echo Line Lavas, Odanokami Lava,
Kattadake Lava. The lavas flowed down both eastward and westward
from Kattadake summit area.

Stage V: During ca. 0.13 to 0.04 Ma, andesitic lava flows with
pyroclastic materials erupted from several vents between Kumanodake
and Jizosan summits, which constitute Kumanodake-Jizosan Volcanic
Edifice. The pyroclastic rocks characteristically observed with
associated lavas near the summit area. Eruption units are
Kumanodake-seiho, Kanshodaira Lavas, Jizosan Lava, Jizosan-higashi
Lava, Kumanodake, Umanose-kabu, Kumanodake-sanchou Lava,
Umanose Lava.

Stage VI: The most recent stage of the Zao Volcano began at ca.
35 ka, when the horseshoe-shaped Umanose erosion caldera (1.7 km in
diameter) was formed. Numerous small- to medium-sized explosive
eruptions of calc-alkaline basaltic andesite magmas have occurred
since then. The pyroclastic deposits of various types of explosive
eruptions are divided into Kumanodake, Komakusadaira, and
Kattadake Pyroclastics (ca. 33 to 13 ka), Umanose Agglutinate (ca. 9 to
4.1 ka), and Goshikidake Pyroclastics (ca. 2.0 ka to the present). Lava
flows swelled out in two periods, one is before Kattadake Pyroclastics
activity and the other is before Goshikidake Pyroclastics activity.
Kattadake-hoppo Lava, Goshikidake-toho Lava, and Nigorikawa Lava
were formed in the former time, and Furikodaki Lava and
Goshikidake-nanpo Lava were formed in the later time.

Systematic temporal change in petrologic characteristics can be
observed. All eruption products of stage I belong to low-K tholeiitic
series, while the others belong to medium-K calc-alkaline series. The
potassium levels of stage II products are lower than those of stage IV
and V products. Geologic units with both of those two potassium levels
can be observed in stage III. The stage VI products show compositional
trends crossing the boundary between low and medium-K series. More
in detail, temporal and spatial variation in compositional trends within
each stage can be observed. Especially, the variations are relatively
intense in stage IV and V products.

From the record of AD 1230, many historic activities were
recorded in written accounts. All were generated at the Okama crater
lake. From 17th to 19th century, the eruptions continued for ca. 100
years with intermittent dormancies. In 17th, the eruptions have
occurred in 1620-1625, 1641, 1668-70?, 1694. From late 18" to 19", the
eruptions were taken place in 1794-96, 1809, 1831-33, 1894-1897. The
activities are characterized by outbreak of lahar. Among the activities
from AD 1894 to 1897, phreatic to phreatomagonatic eruptions
occurred. The latest volcanic activity in Okama occurred during 1939 to
1943.
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Table 1 List of historical activities.
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Table 2 Representative whole rock chemical compositions of rocks from Zao Volcano. FeO*, total iron calculated as FeO.

Y e 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
(LR I I I I I s v v v v \% \% A% \% VI VI
1=y b d d Rmp Tkl Zsl Nml Snl Kbl Skl Odl Jzl Ksl Usl Kmp Knl Fkl
Si0: 5341 5411 5276 6153 6483 56.66 5781 6333 5841 5954 5830 5565 5301 5821 56.73 57.54
TiO: 0.96 0.83 0.76 0.69 0.61 091 0.83 0.74 0.80 0.76 0.81 0.81 0.81 0.78 0.87 0.88
Al:O; 1827 1834 1729 1627 1564 1729 1697 1637 1656 1644 1666 1723 1691 1628 17.09 16.64
FeO* 10.15 911  10.08 6.79 5.88 8.56 8.10 6.44 7.77 751 791 8.34 941 8.44 8.32 847
MnO 0.23 0.19 0.19 0.14 0.12 0.17 0.15 0.13 0.15 0.14 0.15 0.15 0.18 0.13 0.15 0.15
MgO 4.20 470 6.42 346 249 4.26 4.24 321 4.65 412 4.26 5.25 7.34 4.67 4.66 4.39
CaO 9.96 993 1012 6.82 5.72 8.37 7.90 5.05 7.46 7.35 7.81 892 8.92 7.57 8.40 8.14
NaxO 2.50 243 1.97 3.05 3.35 2.79 2.80 2.86 2.80 2.68 2.68 252 2.39 2.53 2.62 2.65
K:0 0.16 0.26 0.32 1.10 1.26 0.81 1.05 1.74 1.25 1.35 1.30 1.01 0.86 1.27 1.02 1.00
P05 0.16 0.11 0.09 0.14 0.11 0.19 0.15 0.13 0.15 0.11 0.12 0.12 0.17 0.12 0.14 0.13

i AR e & p 2 S %, 200146 12 H i
Central part of Zao Volcano viewed from the southeast. Photo taken on
June 12, 2001.
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