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Amounts of Tephra Fall Deposits from Shinmoedake Volcano, Kirishima Volcanoes,
during March 2011-Febrary 2012
A Preliminary Study for Immediate Estimation of the Eruptive Mass

Kuniaki NISHIKI*, Teruki OIKAWA*, Ryuta FURUKAWA*, Masayuki OISHI*,

Shun Nakano™ and Isoji Mivacr™

Since even small amounts of tephra fall can have a significant negative impact on infrastructure, a rapid estimate of
the eruptive mass of magma, which is one of the most important indicators of the scale of eruption, is required.
Shinmoedake volcano, part of the Kirishima volcanoes, Japan, began erupting on 19 January 2011 after a dormant
period of 300 years. Sub-plinian eruptions occurred on 26-27 January, followed by vulcanian eruptions and eruptions of
ash fall thereafter. Here, we report the results of a preliminary study that sought to estimate the eruptive mass and the
distribution of ash fall based on observations of tephra fall within 2 weeks of an eruption at Shinmoedake. In cooperation
with municipal authorities, we observed temporal changes in the amounts of ash erupted during volcanic activity at
Shinmoedake volcano from 24 February 2011 to 29 February 2012. Observations were made at 35 sites in five
municipalities (Miyakonojo City, Takaharu Town, Kirishima City, Kobayashi City, and Ebino City). The observations
enabled estimates of the eruptive masses of ash from seven eruptive events. The eruptive masses are between 1 X 10° kg
and 2% 10° kg, with the largest being the eruption of 13 March 2011. We found positive correlations between (1) the
eruptive mass and the height of volcanic cloud determined by radar echo and between (2) the eruptive mass and the
height of cloud that reported by the Japan Meteorological Agency. The former correlation is consistent with a relatively
well-known geophysical relationship between the maximum height of a convection current and the amount of thermal
output pulse. The empirical correlation may allow us to easily and rapidly estimate the eruptive mass from the observed
height of the volcanic cloud top.

Key words: Shinmoedake volcano, Kirishima volcanoes, tephra fall deposit, estimation of the eruptive mass, 2011
eruption
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Fig. 1. Location of Shinmoedake volcano in Kirishima volcanoes, and observation sites of tephra fall deposits. 1: Shintomi
town, Miyazaki Prefecture, 2 Itsuki village, Kumamoto Prefecture, 3: Higashi-ichiki town, Kagoshima Prefecture.
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List of volcanic activity of Shinmoedake volcano (2011.2.28-2012.2.29). Data of timing of eruption, height of

volcanic cloud above the crater and direction are after Fukuoka district meteorological observatory and Kagoshima local

meteorological observatory (2011a, b, c, d, e, f, and g). Data of height of eruption cloud echo is after Shimbori and Fukui

(2012a,b).

Height of volcanic cloud®

Timing of eruption above the volcanicash  eruption  Duration Direction Eruptl\:’e Remarks
crater’ advisories’  cloud echo® mass
time d m \ (m) (m) (m) __(minute) (ka)
3:38 24 Feb. 2011 600 N not explosive
7:33 28 Feb. 2011 n.d. 2200 n.d. 2%107 not explosive
17:08 28 Feb. 2011 300 n.d. continuous very minor eruption
19:23 1 Mar. 2011 not clear n.d. explosive eruption (No.13)
15:15 3 Mar. 2011 1500 SE low eruption column
2:50 8 Mar. 2011 1000 1000 3200 12° n.d. 9x107
13:29 8 Mar. 2011 100 n.d. continuous minor eruption
17:45 13 Mar. 2011 4000 9400 6200 65° SE 2x10°8
8:23 23 Mar. 2011 1000 1000 3300 40° SE 7x10°
2?2 29 Mar. 2011 500 122 SE 1x10° very minor eruption
8:41 3 Apr. 2011 3000 5600 50° E 4x107 minor eruption
1:06 9 Apr. 2011 not clear <30° ENE 2x10’ very minor eruption
19:22 18 Apr. 2011 2000 2200 5700 <128° SE 3x107
18:05 16 Jun. 2011 n.d. E very minor eruption
20:49 23 Jun. 2011 200 400 E very minor eruption
10:27 29 Jun. 2011 1000 1000 2600 2334 N minor eruption
9:41 6 Aug. 2011 not clear NW very minor eruption
18:29 6 Aug. 2011 not clear n.d. very minor eruption
2:43 31 Aug. 2011 500 700 9287 SW 7x10°% continuous minor eruption
6:00 7 Sep. 2011 300 400 750 NE continuous very minor eruption
a: Height is from the crater of Shinmoedake.
b: Eruptive mass was estimated by the method of Hayakawa (1985).
c: The duration was estimated from images of the observation camera at Onami-ike and Inokoishi.
1: Fukuoka District Meteorological Observatory and Kagoshima Local Meteorological Observatory (2011b, d, e, f, g)
2: Tokyo Volcanic Ash Advisory Center (2011)
3: Shimbori and Fukui (2012a, b)
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Table 2. List of observation points and weights of weekly tephra fall deposits from Shinmoedake volcano.

) ! ) weight(kg/m?)
point No. facility distance direction 24 Feb- 3 Mar~ 10 Mar~ 17 Mar— 24 Mar~ 31 Mar~ 7 Apr= 14 Apr= 21 Apr= 9 Jun- 23 Jun- 4 Aug- 1 Sep-—
3Mar. 10Mar. 17Mar. 24Mar. 31Mar. 7 Apr. 14 Apr. 21 Apr. 28 Apr. 23Jun.  7Jul. 18 Aug 15 Sep.

(km) (°)  AAAA AAA A A AA A A A A AA  AA A
Mi-1 Yoshinomoto elementary school 99 1622 000 000 0.10 (0.00) (0.00) (0.00) (0.00) 000 (0.00) (002) — (0000 —
Mi-2 Miike elementary school 78 1313 000 041 024 003 000 (0.00) (0.00) 000 (0.00) (0.00) — (000) —
Mi-3 Takasakifumoto elementary school 15 915 001 000 000 (000) — 006 001 002 (0.00) (0.00) 0.00 — —
Mi-4 Fuemizu elementary & middle school 223 844 001 000 001 — — 008 004 001 (001) (0000 — (000) —
Mi-5 Nishidake civic center 122 1496 000 000 0.11 000 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) — — —
Mi-6 Natsuo cvic center 112 1307 0.01*% 0.33* 0.18% 002« (0.08) (0.00) — 0.04% (0.05) — — — —
Mi-7 Takasaki branch office 18.1 1042 000 0.06%x 0.00 0.00 — — — 006 — — — — —
Mi-8 Shonai civic center 20.1 1402 000 000 002 000 (000) (0.O1) — 000 (0.00) (0.00) — — —
Mi-9 Yamada branch office 182 1261 000 0.29¢ 0.19 003« (0.00) (0.00) (0.00) 0.01x (0.01) (001) — (0000 —
Mi=10  Arimizu middle school 253 1039 001 001 000 (003) — (0.00) (0.00) 008 (0.00) (0.01) — —
Mi=11  Miyakonojo city office 271 1414 001 001 002 000 (0000 (0.00) (0.00) 000 (0.00) (0.000 — (0000 —
Mi=12  Yamanokuchi branch office 294 1196 0.0 — 006 000 (000 (0.00) (0.00) 002 (0.00) (0.00) — — —
Mi=13  Nakago civic center 309 1437 001 002 003 000 (0.00) (0.00) (0.00) 000 (0.00) (0.00) — — —
Ta-1 Takaharu town office 11.9 81.3 001 001 0.00 — — 010 005 0.00 — — — — —
Ta-2 Takaharu elementary school 121 812 002 007« 008 001 — 016 006 001 (001) — — — —
Ta=3  Sano elementary school 9.3 951 008 001 000 000 — 001 000 002 — — — — —
Ta—4 Hirowara elementary school 115 61.1 — — — — — 006 — 000 (0000 — — — —
Ta—5  Ushirckawauchi elementary school 17.8 853 000 0.00 o0.01 — — 011 003 001 (000 — — — —
Ta—6  Ojibaru park 7.3 937 0.13 0.01 — — — 009 000 002 (001) — — — —
Ta-7  Mike camp village 93 1103 002 001 012 001 — — — X051 — — — — —
Ta-8 Personal residence 17.9 37.6 —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ — — —
Ki-1 Kirishima elementary school 71 1958 nd nd 003 — —  (000) — —  (000) — — — 0.00
Ki-2 Takachiho elementary school 6.6 2432 nd n.d 0.04 — — — — — — — — — 0.02
Ki-3 Manzen elementary school 127 265.1 nd nd  0.00 — — — — — — — — — —
Ki-4 Ota elementary school 10.7 2034 nd nd 003 — — — — — — — — — —
Ki-5 Makizono elementary school 138 2436 nd nd 0.00 — — — — — — — — — 0.00
Kb-1 Sachigaoka elementary school 8.3 211 nd nd nd nd nd nd nd nd nd — — — —
Kb-2 Hosono middle school 10.5 477 nd nd nd nd nd nd nd nd nd — — — —
Kb-3 Nagakutsu middle school 14.4 33.1 nd nd nd nd nd nd nd nd nd — — — —
Kb-4 Nojiri middle school 19.5 737 nd nd nd nd nd nd nd nd nd — — — —
Eb-1 Oyabeno branch school 108 3267 nd n.d nd nd n.d nd nd nd nd nd nd n.d —
Eb-2  Okamoto elementary school 151 3229 nd nd nd nd nd nd nd nd nd nd nd nd —
Eb-3  Uwae middle school 135 3446 nd nd nd nd nd nd nd nd nd nd nd nd —
Eb-4  Old Kirishima branch school 99 3496 nd nd nd nd nd nd nd nd nd nd nd nd —
Eb-5  Ebino city office 164 3352 nd n.d nd nd n.d nd nd nd nd nd n.d nd —

0.00: falled under 0.00 kg/mz, n.d: not set, —: not falled, ( ): reworked sample, *: contaminated sample of pumice erupted at January, 3: for refer.
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Fig. 3. Isopleth maps of tephra fall deposits for each observation period. Date and hour in closing line is the timing of eruption.
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Fig. 4. The relationship between eruptive masses and heights of volcanic clouds. These data are shown in Tables 1 and 3.

Gray zone is domain calculated by the formula related to the thermal eruption after Koyaguchi (2008).
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Table 3. Data on eruption of Asama volcano which are known eruptive masses and column heights.
Timing of eruption Eruption Hgght of Reference Eruptive Reference
style eruption cloud mass
time d m y (m) (kg)
20:02 1 9 2004 vulcanian 3500-5500 JMA(2004) 4.9x10”  Yoshimoto et al.(2005)
20:59 14 11 2004 vulcanian 3500-5500 JMA(2004) 2.5x107 Yoshimoto et a/.(2005)
1:561 2 2 2009 vulcanian 3500 Shimbori et a/.(2009) 2-3x10” Oikawa et al.(2009)

*: Height is from the crater of Asamayama.
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