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Abstract 

THE 1977- 1978 ERUPTION OF USU VOLCANO 

by 

Kiyoaki NUDA, Yoshio KATSUI, Takeo SUZUKI*, 
and Yuko KONDO** 

(with 16 text·figures, 4 tables and 6 plates) 

The 1977 - 1978 activity of Usu Volcano began with a series of major eruptions of dacite pumice from 
August 7 to 14, 1977, which was preceded by a local earthquake swarm. After the First Stage eruptions, 
due to rising of the residual viscous magma, notable crustal movements accompanied by earthquakes 
continued and fumarolic activity increased at the summit. In November, 1977, the Second Stage 
eruptions broke out with a minor phreatic explosion and intermittently occurred in 1978 gradually 
increasing in scale of activity. Thus, moderate phreatomagmatic and magmatic eruptions as well as 
phreatic ones occurred in August and Sptember, then the eruptive activity stopped in October. 

Subsequent to our first report on the First Stage eruptions (Katsui, et ai., 1978), the whole sequence 
of the Second Stage eruptions is described here, together with the nature of the ejecta, and character and 
scale of the eruption. 

Introduction 

Usu Volcano (42°32·N, 1400 50·E) located on the southern rim of the Toya Caldera, 
Hokkaido, renewed activity in 1663 with a large scale rhyolitic pumice eruption, after a 
long period of dormancy for several thousand years. Since 1769, characteristic eruptions of 
dacite magma including nuee ardente and lava dome or cryptodome building, usually 
accompanied by frequent local earthquakes, have been repeated every 30 to 50 years. The 
eruptions occurred both from the summit and the northeastern foot of Usu Volcano. During 
the activity in 1943- 1945, Sh6wa·Shinzan, a new lava dome, was produced by a viscous 
dacite magma on the eastern foot of the volcano (Minakami, Ishikawa and Yagi, 1951). 

Recently, during August 7 to 14, 1977, a series of major eruptions of hypersthene 
dacite pumice occurred from the summit of Usu Volcano, after 32 years of dormancy since 
the birth of Sh6wa·Shinzan. This first stage of eruption was preceded by a local earthquake 
swarm for about 30 hours, and a crustal movement at the summit area. After the major 
pumice eruptions, due to rising of the residual viscous magma, marked crustal movements 
have continued at the summit and on the northeastern flank, being accompanied by frequent 
local earthquakes. The above activity of Usu Volcano, has been already reported by Katsui 
et aJ. (I 978). 

Toward the end of 1977, fumarolic activity increased at the summit, and the Second 
Stage eruptions began with a minor phreatic explosion in November. Such eruptions have 
intermittently occurred in the following ten months from the beginning of 1978, gradually 
increasing in scale of activity. Thus, moderate phreatomagmatic and magmatic eruptions as 
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Volume of the Ash-fall Deposits 

Volume of the 1977-1978 tephras ejected from Usu Volcano was calculated on the 
basis of the thickness contour lines. The results are summarized in Table I . 

The volume of the tephra produced by the major pumice eruptions from August 7 to 
14, 1977, amount to as much as 8300 x 10' m' (Katsui et aI., 1978). The volume of the 

Table I Total volume of the 1977 - 1978 ejecta. 

FIRST STAGE 

SECOND STAGE 

SUBSTAGE I 

SUBSTAGE II 

SUBSTAGE III 

I:Aug.7-14 , 1977 

Nov. 16, 1977- Mar.13,1978 

Apr. 24- lun. 28, 1978 

[

luI. 9-31, 1978 

Aug. 1-31, 1978 

Sep. 1- 31, 1978 

Oct. 1- 27, 1978 

:E Nov., 1977 - Oct., 1978 

24 X 104 m' 

31 x lO"m' 

92x 10" m' 
350 x 10" m' 

210 x 10" m' 
47 x 104 m' 

750± BOx 10" m' 

ejecta yielded by the explosive eruptions throughout the Second Stage amount to 750 ± 80 
x 10' m', being approxllnately equivalent to one-tenth of the volume of the 1977 tephra. 

During the Second Stage the eruptions became intense with time as already mentioned, 
and the volume of ejecta produced by each eruption also increased gradationally. In Text-fig. 
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Text-fig. 9 Cumulative curve for the volume of ejecta produced in the Second Stage. 
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8, the volume of some thick and widespread tephras is given versus time. It is evident from 
the figure that the volume of the tephra ejected in the Substage III increased notably. Such 
progressive pattern of the activity is also clearly shown in Texl-fig. 9, in which the 
cumulative curve for the volume of ejecta shows a moderate gradient up to July, 1978, then 
changes steeply from August to September, and finally becomes gently again. 

Nature of the Ejecta 

I) Modal Variation of the Ejected Fragments 
Fifteen samples of the lapiili-size fractions (4-32 mm) of the ejecta yielded by the 

eruptions during the Second Stage from November 16, 1977, to October 6, 1978, were 
modally analysed by means of counting the number of those of different nature. Besides the 
essential dacite fragments, they are composed of the 1977 pumice, accessory fragments such 
as dacite lava and pumice mostly derived from the 1769,1822 and 1853 nuee ardente 
deposits, the 1663 Us-b pumice, Ko-Usu dome lava, and basaltic rocks from the Usu-somma 
lava, and accidental fragments from the basement rocks such as welded tuff, Tertiary 
volcanks, and quartz diorite plutonics. The results of the modal analyses are shown in Table 
2 and Text-fig. 10. Such a modal composition is useful to consider the nature of eruption 
and the mechanism of rising of magma , and to estimate the internal structure of volcano. 

All of the materials ejected by the phreatic eruptions in Substage I are derived from the 
pre-existing rocks under the Craters A - H. No essential dacite derived from the new magma 
was found . Modal variation throughout the Substage I shows a tendency with time to 
increase in the Ko-Usu dome lava and to decrease in other dacite, the somma lava, and 
basement volcanics. All the craters are located on the northeastern side of the Ko-Usu dome. 
It is inferred from the nature of these ejecta that the geologic sequence beneath the eruption 
points consists of the Ko-Usu dome lava at the. top, natural brick baked by the dome lava, 
nuee ardente deposits, various air-fall deposits including the Us-b pumice, the somma lava, 
and the basement volcanics and plutonics, in descending order. If ejection of these materials 
was restricted above the explosion level, the tendency of the modal variation of ejecta may 

indicate that the explosion level moved upward. during the Substage I. 
Volcanic lapilli ejected by the Substage II eruptions characteristically contain trace or 

small amounts of the essential dacite. For instance, the essential dacite fragments thrown out 
on June I, 1978, attain more than 18 modal %. Though the eruption was triggered by steam 
explosion, the essential ejecta are thought to have been derived directly from the solidifying 
part of the magma. Such an eruption may be classified as phreatomagmatic one . The nature 
of this eruption was also confirmed by the ejection of "hot" essential dacite blocks, which 

was observed at midnight on June 1. 
The modal composition of the accessory and accidental ejecta displays a similar 

tendency to that of the Substage I, i.e. increase in the fragments from the Ko-Usu dome lava 
and decrease in those from the somma lava and another accessory dacite are notable with 
progression of the eruption . This tendency can be most probably interpreted in terms of the 
upward movement of the magma. Because the Crater I is situated on the eastern side of the 
Ko-Usu dome, the modal variation of the accessory and accidental ejecta seems to have a 
similar tendency to that of the Substage I. 
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Table 2 Modal analyses of the Usu 1977·1 978 volcanic tapilli ejected from Craters A-M. 

Date of eruption Nov. 16 Feb.27 Mad Mar. 13 Apr.24 May 26 Jun. 1 , 
Crater name A D H H I I I 
Sample No. 1116-1 227-5 305-3 318-2 428-10 526-1 60Z-Q 
Number of fragments 309 154 217 194 421 296 630 

New essential fragments 0 0 0 0 0 11.1 18.6 

1977 pumice 0 0 0 0 0.7 8.4 3.3 

Dacite frag. from n.a.d. 3.6 0.7 0.5 0 12.4 4.1 2.7 
Dacite pum. from n.a,d. 4.5 0.7 0 0 13.1 2.0 0.8 
Us·b pumice 0 1.3 0.9 7.2 0.7 3.4 0.2 
Other dacite fragments 21.4 11.7 4.2 5.2 24.5 17.2 5.7 
Ko-Usu dome lava 34.9 37.0 89.9 76.3 34.0 38.6 58.3 

Baked fragments (brick) 4.5 1.9 1.8 6.2 3.7 8.8 6.8 
Usu somma lava 19.1 33.8 2.3 4.1 8.8 3.7 2.4 

Welded tuff 0.3 0 0 0 0 0 0 
Tertiary volcanics 10.4 12.9 0.5 1.0 2.1 2.7 1.2 
Basement plutonics 1.3 0 0 0 0 0 0 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Date of eruption l ul.ll Aug.16 Aug.24 Aug.29 Sep.8 Sep.12 Sep.13 Ocl.5 
Crater name l K.L.M K L M K K.L K 
Sample No. 712-2 820-1 824-3 83{)-2 908-2 912-5 913-2 1007-2 
Number of fragments 269 289 197 340 281 830 370 375 

New essential fragments 4. 1 37.4 48.2 42.4 40.9 83.5 59.2 32.3 

1977 pumice 18.2 7.6 13.2 1.8 3.9 0.8 1.1 4.0 

Dacite frag. from n.a.d. 3.0 0.7 1.5 0.9 2.8 0 1.9 2.4 
Dactic pum. from n.a,d. 1.1 0.7 1.0 0.3 0.7 0 1.6 0.8 
Us-b pumice 2.5 0.3 0 0 0.4 0 0.3 0.8 
Other dacite fragments 30.9 15.9 Ill.3 14.1 8.2 1.2 11.9 20.3 
Ko-Usu dome lava 11.9 22.8 4.1 9.7 8.6 3.5 5.9 14.9 

Baked fragments (brick) 13.8 2.8 1.0 0.3 1.8 0.6 0.6 1.1 
Usu somma lava 13.8 9.4 10.7 28.7 25.6 10.2 14.3 20.5 

Welded tuff 0.7 0.7 1.0 0.3 1.4 0 0 0.5 
Tertiary volcanics 0 1.7 1.0 1.5 5.7 0.2 3.2 2.4 
Basement plu tonics 0 0 0 0 0 0 0 0 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

n.a.d.: nuee ardente deposits 
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During the Substage III, a large amount of essential dacite fragments were ejected by big 
eruptions, such as those of August 16, 24, 29 and September 8 and 12- 13 (Table 2), In 
many cases, more than 40 modal % essential fragments are included in the ejecta. Especially, 

those in the ejecta of the September 12 eruption exceed 80 modal %, This is the most 
characteristic feature during the Substage III eruptions. Such abundant essential fragments, 
some of which are fairly vesiculated as will be described later, were produced apparently by 
magmatic eruptions. 

The content of the fragments of the Ko-Usu dome lava in the Substage III ejecta is 
clearly smaller than that in the Substages I and II ejecta. The decrease of the Ko-Usu dome 
lava in the ejecta may be ascribed to migration of the eruption pOint away from the dome. 
Basaltic fragmetns of the somma lava ejected in the Substage III are more abundant than 
those in the Substage II. This seems to indicate that the explosion might have occurred at a 
slightly lower level than that of the Substages I and II. 

Variation diagram of the modal composition for the ejecta of the Substages I, II and III 
is given in Text-fig. 10. It is obvious that the essential dacite fragments appeared in the 

Substage II at first , and the amount increased with progression of the eruptions, reaching to 
the maximum on September 12 in the Substage 1II, and then decreased. 

2) Vesiculation of the Essential Ejecta 
The pumice ejected by the eruptions from August 7 to 14, 1977, shows a considerable 

difference in vesiculation. Apparent density of the pumice from the Us-1977-1 pumice-fall 
deposit (Big I) ranges from 0.25 to 1.45 g/cm3

, the Us-I 977-11 (Big II) from 0.75 to 1.7, the 
Us-1977-III (Big III) from 0.6 to 1.75, the Us-1977-N (Big IV) from 0.45 to 1.2, and the 
Us-1977-SB (SB) from 1.75 to 2.25. It is evident that the degree of vesiculation of the 
essential ejecta decreases with time, except for that of the Us-I 977-N which ejected from a 
new crater apart from the earlier ones. This can be interpreted in terms of water in the 
magma , which may have concentrated in the apex. 

Apparent densities of some essential ejecta thrown out by the Second Stage eruptions in 
1978 are given in Text-fig. 11. In this case, the vesiculation degree of the essential ejecta 
became greater generally with progression of the eruptions, and reached to the maximum, 
then rapidly became less. The most vesiculated essential ejecta, about 1.4 g/cm 3 in apparent 
density, were thrown out on August 29. 

The 1977- 1978 activity of Usu Volcano is characterized by two vesiculations of the 
dacite magma; the first vesiculation occurred in August 7-14, 1977, and the second one in 
summer of 1978. The vesicularity of the essential fragments ejected in the Second Stage 
increased with their volume of ejection, as mentioned earlier. 

3) Nature of the Ash 
A preliminary study on the ash ejected in August 7-14, 1977 has been reported by 

Katsui et aJ. (1978) and Kondo et aJ. (J978). During the Second Stage, dry ash samples 
(<2 mm) were also collected just after the eruption from the points 0 to 3.5 Ian from the 
sources. The characteristic feature of the ash samples is given in Table 3. 

The ashes ejected from Craters B, H and I were strongly acidic (pH=3.4-5.9), and 
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Phreatic-Phreatomagmatic Eruptions: The eruptions throughout the Substage Il took 
place from Crater '- The individual eruption was slightly stronger than that of the Substage '­
A small amount of essential materials was ejected in tltis substage. At midnight on June I , 
an eruption accompanied by ejection of a large number of "red-hot" blocks was actually 

observed . The block faUs baked the surrounding grey ash into orange-color at the contact. 
Such "hot" blocks are considered to have derived directly from the magma. It is not clear, 
however, whether the eruption was caused by a direct action of the magma or not. Because 

the materials ejected are partly essential, but the eruptions are considered to have been 
mainly caused by the secondary steam, several eruptions in the Substage II may at least be 
termed hydromagmatic or phreatomagmatic ones, based on the Macdonald's (1972) 
classification . Many phreatic eruptions also occurred during the Substage II. Therefore, the 

Substage II is generally regarded as a transitional stage from phreatic to phreatomagmatic 

eruption. 

Phreatic-Phreatomagmatic-Magmatic Eruptions: A great number of eruptions took place 

during the Substage 1II as shown in Appendix, opening big Craters J, K, L, and M. A large 
volume of ejecta, including a considerab le amount of essent ial materials, were also produced. 

Therefore, the eruptions in the Substage 1II generally show a phreatomagmatic nature, 
though many phreatic eruptions were also associated with them. The phreatic eruptions were 

intermittent at intervals of several seconds to a few minutes, producing ejecta without 

essential materials . However, several big eruptions on July 15 and 16, August 16,24 and 29, 
and on September 7, 8 and 12- 13 are characterized by ejections of essential materials 
considerably vesiculated. It is not certain whether all of the eruptions were generated 

directly by the action of magmatic gas or by secondary steam, but at least the eruptions on 

September 12-13 are considered to be magmatic ones, as the essential fragments amount 

more than 80 modal %. In the case of August 24 and September 12- 13 eruptions, 
fire-columns were observed several times. It is evident that sudden release of gas from the 
magma played an important role in these eruptions, even though triggered by phreatic 

explosions at first. 

2) Activities at the Crater I 
On June I, 1978, essential "hot" blocks were ejected from Crater I. On the next day it 

was observed that a new dacite Java from which bluish transparent gas issued, was exposed at 

the northern waU of Crater I"{Plate 6, fig. I). With phreatomagmatic eruptions proceeding at 
the crater, a volcanic glow was observed above the crater in nights. In the night of June 16, 

the red-hot dacite lava appeared at the northern wall of the Crater I (plate 6, fig. 2). 
According to measurement by an optical-pyrometer, the surface temperature of the dacite 
was more than 740°C (measured on June 28, 1978). 

It is an important mode of occurrence that the dacite lava intruded into the pre-existing 

tephra (Us-b) and that the surface is surrounded by baked materials .. 
The dacite lava at the Crater I could be observed as a "red-hot" rock until September in 

1978. In the case of appearance of the Showa-Shinzan lava dome, such "red-hot" spots were 
seen for about a month at each new exposure of the dacite lava (T. Ishikawa, personal 

communication). However, recent observations carried out from June to August, 1979, 
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Text·fig. 15 Schematic diagram showing the growth mechnism of base cloud formed by phreato­
magmatic eruptions from July to August, 1978 . 
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Text-fig. 16 Schematic diagram showing the growth mechanism of secondary eruption column and base 
cloud occurred on August 16 and September 7 and 8, 1978. 

of Taal Volcano, Philippines (Moore, 1967). Moore explained that the term "base surge" is a 
ring·shaped basal cloud that sweeps outward as a density flow from the base of the vertical 
explosion column. 

The base cloud appeared in the 1978 phreatomagmatic eruptions of Usu Volcano is 
considered to be different from the base surge defrned by Moore in some aspects, i.e . 
mechanism of its movement (initially lack in a horizontal velocity), density of the cloud, and 
structure of the resultant deposits. 

Concluding Remarks 

Subsequent to the First Stage eruptions of sub·Plinian type in August, 1977, the Second 
Stage eruptions occurred intermittently from November, 1977, to October, 1978, opening 
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4 - 9:00. W tr (Izumi) H (1) 
5 - 6:30- 9:00, S tr (Wakkaoi) H (20x20) 

10:05 - 15:53- , SE tr (adaira) H 
6 - 1:00- . ESE tr (Sekinai) H 

- 7:40-1 6:00-, SSE tr (Kami-Nagawa) H 
7 -7 :50- 13: 25-, ENE-E tr (Showa-Shinzan) H 
8 - 11 :40- 15:30-, 1 1 H 
9 - 7: 15-17:40-, SSE-S tr (Wakkaoi) H 

10 -,?, - , 
11 - 15 :50- 16:30- , NE-ENE tr (SanKei) H 
12 - 12:00- 16:30-, ESE tr (Sonkai) H 
13 - 7:15-14:30-. NNE tr (Sobetsu Spa) H (30x30) 

Apr. 24 - 19:00- 22:50- , N-NW tr (Toyako Spa) 1 (10x5) 
25 - 0 :30- . NNW tr (Toyako Spa) I (lOx5) , 

May 24 - 15: 00-, SSE tr (Kami-Nagawa) 1 (lOx5) 
25 -8: 00- 9 :00- , 12: 18- , NE-SE I (Kami-Nagawa) I (50x30) 

13 :47- , 15:35- 18:20-, E tr (So betsu) I 
- 19:25 - 20:40-, NNE-N 2 (Toyako Spa) 

26 - 5:00-11 :56- , NNE tr (TOyako Spa) 
27 - 13 :15- 21 :00-, ESE tr (adaira) 
28 - 6:00- 10:30-, ESE 1 (adaira) 
29 - 6 :20-, SE tr (Kami-Nagawa) 

23:30- , WSW tr (Abuta) 
30 - 6:40-8: 15- , WSW 1 1 (80x40) 

- 14:30- , - 17:42- ,-, NW-S 1 1 
31 - ,11 :36. (45"),37 - (10"),5 1- (30"), 

12: 16-(1 '), 34- (30"), 36 - (15"), 37-
(27"), 38-(7"), 39- (10"),40- (20") , 41-
(20"), (15"), 43- (20"), 43- (1 '7"), 45-
(1'), 47- (1 8"), 48- (35"), 51-(20"), 
(30" ),52- (10"),53-(13" ), (1 8"), 55-
(20" ), 56- (30" ), 57-(20" ), 58-(15"), 
(20"),59- (5"), 13: 00- (5"), 03-(15"), 
05- (20") , 06- (33"), (5"), 07- ( 20" ), 
09- (25" ), 10- (20"), 12- (1 7"), 15- (18"), 
17 - (13"), 18- (16"), 20- (30"),22- (16") , 
23 - (20" ), 27- (20"),28- (23"),29- (12") , 
(22"), 30-(25"), 40- (20"),41-(6"),46-
(14") , 47 - (12") , 52- (30" ), 14 :03- (35") , 
04 - (55" ), 05- (55"), 06- (25"), 08-(7'50"), 
17- (1'50" ), 20- (2'15" ), 24- (6'7"),30-
(8'10" ), 42-(2'25" ), 45- (1'10") , 50-
(45"). 54- (4'), 15:01 - (40"), 03- (l'iO" ), 
19- (1 '10"), 47- (10" ), - , E-5E 1 

Jun I - 12:00, - 15:00, S-5E 3 (Nagawa) I (l00x50) 
16 :15 - 45, - 19: 30-,-, SE tr (adaira) I 

2 - ,8:20- 30, - , E-ESE tr (adair.) I 
- , 11 :00- 25 , -, ESE tr (Sonkai) 
-, 11 :44 - (40"). 46-(20"), 49- (1 '), 54-
(40") , 12 :08- (10"), 15- (10"),23- (1') , 
53- (2'), 57- (10'30"), 13:33- (2'), 37-, 
15:20, ESE tr (Sonkai) 

3 - 11 :35- 16:30- , NE 2 (Sankei) I 
4 - 10:30- 11 :00- . 1 1 I 
7 1:00-2:30- . NE-ENE tr (Sobetsu) I (130x70) 
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27 - 1:40-, NW tr (Toyako Spa) 
28 - ,11:58-12:17,12:23-,58-,14:16-, 

32- 42,44-, 55-, 15:33-, -. SE-S tr (Wakkaoi) 

Jul. 9 5:30-, -7:30-8:00, 14:00-, ? ? J (?) 
10 -,1, - , 
11 -, 13:05-10, 21-25,27- (30" ), 16:30-

17:00, 18:10-, J (l00x80) 
12 -, 11 :00-, -, 16:00-, ? ? J 
13 -, 13:30-, -, 18:00-, ? ? J 
14 -,?, -
15 10:57- 11:25*. N 10 (Dailo) K (120xI00) 

- 12:35-, - 14:00-,16:48-58,17:04-(1'), 
22:35 - (1 'I, 38- (3'), 41 - (15"), 46- (1 '30" 
),50-(2'30"),59 .... (6'),23:05-(4'),19-
(3'),48- (1'),52- (15") , (10"), - , N 3 (Toyako Spa) K 

16 0:07-(15"), -. N tr (Toyako Spa) 
4:42-, - 6:20-, N-NNW 10 (Konomi) L (IOOx100) 
8:25-29(4'),9:27- 32*,10:37- 40,11:10-
14 , 27-30,45-(30"), 12:00-02, 04- 05, N tr (Toyako Spa) L 
12:25-, N tr (Toyako Spa) K 
12:30- 42, 13:46-51, 15:32-(5'), 52- (2'), 
55-(5'), - 16:15- , 17 : 30-, 17:30-, 22:35 -
39*, 53-(30"),55-(30"), -, N tr (TOyako Spa) L (l00x100) 

17 - ,1, -
18 -,?, - , 
19 -, 16:30-, - , 21:54-(2'), 22:05 - (1'), 

35- (1'), -, ? ? L 
20 -, - 14:50-, -, 17:23- (2'), 18:45- (2'), 

20:01-(3'),50-(1'), -, ? ? L 
21 -, 10:04- 08, -, ? ? L 
22 -, 22:37- 40 , 41 - 45, -, SW tr (Usu) L 
23 -, 10:55-57,58- 59,11 :34- 36,41 - (20"), 

44-(15"),45- (20" ),12:16- 19,27-(10" ), 
29- 32,33- 34,35- (5"), 13:24- (20"), 
14:08- 09, -, ? ? ? 

24 -,11:08-09 (1'30"), 12:33-35 (2'), 16:02-
04 (2'), 37- 44, - , NE-E tr (Showa.shinzan) L 

25 -,13:00-05,13:27-30 (3'),30-31 (I'), 
35- 37 (2'), 40- 41 (I'), 14:12- (30"), 14: 
49-15:00, -, ENE tr (Sobetsu) L 

26 -,1, - , 
27 - ,1, -
28 -, -11:00-, 13:29-30(1'),47-49 (2'), 

14:44 - 45 (I 'I, - , ? ? L 
29 -, 18:50-. -, ENE 1 (Sobelsu) L 
30 -, ?, -
31 -,14:57-(15"),16:44-46 (2'),50- (10'), 

17:55-57 (2'), - 18:00- , 18:11-12 (I') , 
17- (30"),20-(15"), -, NW 1 (Miharashi) L 
- 21:50-, -22:00' -, NW tr(Miharashi) L 

Aug. 1 - ,10:08-13,47-(8'30"),11:24- 32-
(8'),40- 46 (6') , 47- (30"),13:37-
(20"),46-(15"),14:11 -23 (12'), 24-26 
(2'),29-(10"),38-51 (13'), 15:14- 15 
(1'),18-28 (10'), 55- (10"),16:46-48 
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(2'),48- (30"),50-56 (6'), 16:59-(1'), 
17:02-04 (2'), 04-(30"), 05 - (15'), (6'), 
18:10- 13, - , 20:47-(30"), 21:04- 06 (2'), 
19- 20 (I '), 22- (1'30"), 32- (1 '30"), 39-
(1') , 40- (10" ), 56-(4'30")', 22: 14 - 17 
(3') ' , NW-W tr (Mihatashi) L 

2 -, -8: 35 - , -,11:29-32 (3'), 47-48 (I'), 
12:05-20 (15'),15:16- 18 (2') , 15:21-( 
1'20"), - , N tr (Toyako Spa) L 

3 - ,6:25- 30, - , - 16:45-, - 17:17- , W tr (lrie) L 
4 - ,16:07- (5'), - , ? ? ? 
5 -, 9:18-23, - , E-ESE tr (Sonkai) L 

-, 13:46 - 14:04, 15:50- (15"), 16:04-
(45"),18- (15"),33-(5'30"),41 - 48 
(7') , - , 18:18- 20,-, ESE tr (Sonkai) L 

6 -, 9:05- 14 (9'),17-18 (11, 38- (10"), 
42- (10"), 44- (10"),45- (30"),47-
(30"),50- (1'10"),51-(45"),53-
(2'30"), 56-(10"),59-(1'30"), 10:03-
04 ,09- 13, 13- (1'40") , 16- (1 '30"), 
18- 19, 21 - 22,24- 25,28- (5'30") ,34-
(3'30"), 37' (2'30"), 4 1- 42, 47- 48, 
49-55,55- 57, 58-59, II :00- 02, 41-
45 , 12:43-49, -, ESE tr (Sonkai) L 

7 -, 11 :58- 12:16 (18') , -, 18:16- 22 - , NE-E tr (Showa..shinzan) L 
8 -, 8:40- ,11:41 - ,13:20- ,16:38-, 

16:50-, -, ENE tr (Showa..shinzan) ? 
9 -, 8:40- ,10:10- (8'30"), WSW-W tr (Irie) L 

11:40-,12:30- (6'),13:20-, 16:40-, -, SE tr (Muroran) L 
10 -,?, - , 
II -, 11 :50-,13:00-,27-33,38-,50-, 

14:00- , -, W tr (lrie) L 
17:55-(20')', - , SE-5SE 2 (Kami-Nagawa) L 

12 - ,6:40-, 7:00- , -, E-ESE tr (Sonkai) L 
13 -, 6:30-, 7:30-, -, ? ? L 
14 -,?, - , 
15 -, ?, -
16 - , 17:05 - 57' , - , N-ENE 18 (Showa-5hinzan) K,L,M 
17 -, - 6:30-, SW I (Usu) L 

-, 19:00-, -, SSE 5 (Nagawa) L 
18 - , - 6:30- , - , W I (Irie) L 

- 14 :00-,16:10- 20, -, N 2 (Toyako Spa) L 
19 -, ?, - , 
20 -, 10:35-, 53- ,11:07-, 14-, -, N-NW tr (Konomi) L 
21 - ,? , -
22 -, 10:15 - 24 (10'), 26- 32,35-38,39-(30"), 

41 - 44 (3'), 45- (30"), 48- 49, - , ? ? ? 
23 -,?, -
24 3:24-. 4:10- 28**, ESE 20 (Sonkai) K 

-, 22 :10- 11 , 23:06-07', 20-24*, -, S tr (Wakkaoi) K 
25 - ,6:00- ,55 - ,10:35-, 11:27- 29 (2') , 

12:22-27, 13:19- 25,25 - 33,14:15 - 17 (2'), 
45 - (10") ,52- 57, 15:02- 07, 16- 25,16:54-
56 (2'), -, S-5SE tr (Wakkaoi) K' 
17:17- 20,57- 59, E (Sonkai) K' 
18: 10-(1'),19:52- 57 (5'), 21 :30- 32 (2'), 
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23:15 - 20, - , NNW tr (Toyaleo Spa) K' 
26 0:33-35, - , NNW tr (Toyako Spa) K' 

11 :04 - 09, 44-56, E tr (Showa Shinzan) K' 
12:39- (10"), 13:18-22 (4'),-, E tr (Showa Shinzan) K' 

27 - ,1, - , 
28 - , 5:07- 44, -, N-NNW tr (Toyako Spa) K' 
29 -, 16:00- ,17:57- 18:12*, SE-ESE 10 (Kami-Nagawa) L 

18: 17 - (1 '), 19-(1 '30"), 26- (20"), -, SE tr (Kami-Nagawa) L 
30 -, - 8:00- , -, ? ? ? 

31 -,3:45-(10')*, SSE ? (Date) ? 
4:47- (7'), -, S 3 (Wakkaoi) M 
11:38-44, 45- 46,51 - 52, -, S tr (Wakkaoi) M 

Sep. -,11:55-12:15, SSE ? (Nagawa) ? 
12:49- 54 (5')* , 14:49-(30"),-, SSE ? (Nagawa) ? 

2 -,13:20-,25-35,35 - (30"),13:57- (13' 
30"),14:12- (30") , 14:12- 15 , - , NW-NNE 3 (Toyako Spa) M 

3 -,5:00-,10:30- 11:20, NW ? (Miharashi) M 
11 :50-53,12:00- 25, -, NW-NNW tr (Toyako Spa) M 

4 -,1, - , 
5 - , 15:57- (30"),16:00- 14, 17- (30"),18-

(30"), 19- (30"),-, NE 2 (Sankei) ? 
6 -, -14:15-, -, ESE tr (Sonkai) ? 
7 -,10:55 - 11:18*, ESE 2 (Sonkai) M 

11 :19-22 (3'), 24- 27, 28-29, 30-35, 35-
43 (8') , 44- 53,51-52, 53-54,55-(2'30"), 
11:59- (15"), -, ESE tr (Sonkai) M 
23: 10-52, - , SE 2 (Kami-Nagawa) M 

8 -, 8:06- 9:06*,12- 18,19- 21, -, NNE-ESE 2 (Sobetsu Spa) M 
13:35 - 56, -, NE 1 (Sobetsu Spa) M 

9 -,?, -
10 - ,?, - , 
11 -,10:05 - (30"),08- (30"),09- (30") , 26-

0'), SE tr (Nagawa) M 
12:42- (1 '),44-(1 '),49-(1 '), 50- (1 '), 
13:00-06 (6'), 3()'32 (2'), 40-(30"), 53-
(30"), 14:19- (30"),30-(1'),37-(30"), 
-, -16:00-,-, ESE tr (Kami-Nagawa) M 

12 - ,12:28- 48 (20'), N-NNW 1 (Toyako Spa) M 
22:15-23:07**. NW 8 (Miharashi) K 

13 - 23:57- 1:00'*. WoN 30 (Miharashi) K 
1:01 - 15*', 1:25-50*,55-2:06,2:12-13 
(1 '), N ? (Toyako Spa) L 

14 9:50-, WNW ? ? 
17 :05-25, - , W tr (Izumi) M 

15 8:08- (1'30"), 10:06- (30"),-, NW ? (Miharashi) M 
16 -,?, - , 
17 -, 1, - , 
18 -, 1, -
19 -, 1, - , 
20 - , 22:10-18*,20-32* NE 1 (Sobetsu) ? 
21 0:30- 35 , 36 - 40, -, 9:04- (5'), - 10:10-, 

13:25-, 13:42-48, -, NE 2 (Showa Shinzan) ? 
17:16- 18,19- 20,-, ESE tr (Sonkai) M 

22 - , 15 :52-54 (2'), -, ? ? ? 
23 -, 15:38-, 16:05- 07,16:30-, - , E ? M 

21:00-, E ? M 
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24 -,15:48-56,17:02-22, -, ? ? M 
25 - ,7, -
26 -,7, - , 
27 - , - 11:55-, 12:25-, 12:40- , 17:35-

(5'), -, SSE tr (Nagawa) ? 
28 -,13:00-, 17:15-, 33- (5') , 51-(1'), -, SE 1 (Kami-Nagawa) ? 
29 -,1, - , 
30 - , 7:30-, - , 14:20-(1'30"), 31-33, 33-

(30"),41-41., 44-(5'), 56-(5'), 15:39-
40,55-58,58-(30"), 16:03- 06, - , ? ? M 

Oct. 1 -,7, -
2 -, 1, - , 
3 -,1, - , 
4 - ,1,-
5 16:44- 17:07. SE 2 (Kami-Nagawa) K 
6 -6:00- . ESE 2 (Sonkai) K 
9 - 12:25-, W tr (Izumi) ? 

17 -4:00-, -, SSE tr (Date) N 
18 10:00-, 16:10-18:30. N-NE 2 (Sobetsu Spa) N 
21 4:00-, 8:08-(2'). SSE tr (Date) N (25x30) 
27 10:36- (5 '),44- 51, 11 :21 - (30"). N tr (Toyako Spa) N 

l 
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Explanation of Plate I 
Fig. 1 Crater A, about 3 m across, formed by a phreatic eruption on November 16, 1977, at the point 

between Ko-Usu dome and new roof-mou ntain. Photo by K. Nuda. 
Fig. 2 Crater D, abou t 20 m across, formed by a phreatic eruption on February 27, 1978. Photo by K. 

Nuda. 
Fig. 3 Crater H formed by a phreatic eruption on the northeastern side of Ko-Usu dome. Photo by K. 

NUda on March 5, 1978 
Fig. 4 New ash layers intercalated with snow at Kami-Nagawa on the southeastern foot of Usu Volcano. 

The ash ejected by phreatic eruptions on March 5, March 2, and February 27, from the surface to 
lower. 

Fig.S Phrea tic eruption at 17: 15 on May 25, 1978, from the Crater I. Photo by K. Niida. 
Fig.6 Crater J with many active pits, July 12, 1978. Photo by K. Niida. 

Explanation of Plate 2 
Crater L in phreatic cruption, 11: 13 on July 16, 1978. The black cypressoid jet about 100 m high consists 
mainly of accessory and accidental ejecta of sand, lapilli and block size. Photo by K. Niida. 

Explanation of Plate 3 
Plueatomagmatic eruption from Crater L. 13:25-3 3 on August 25, 1978. The eruption column with 
a cap of cauliflower·shaped cloud, about 250 m high, consists of a large amount of dry ash and essential 
dacite blocks. Crater M is observed at the right bottom. Photo by K. Niida. 

Explanation of Plate 4 
Figs. 1-6 Sequence of phreatomagmatic eruption, 13:30-31 on August 25, 1978, showing the growth 

mechanism of base cloud. The main eruption column as seen in Fig. 1 is falling down in the latcr 
pictures, then the base cloud appears in Figs. 3 and 4 , and fmally the base cloud collapses in Fig. 6. 
Photo by K. Niida. 

Explanation of Plate 5 
Figs. 1-6 The biggest eruption in the Second Stage, on August 16, 1978, showing the development of 

eruption column. Secondary eruption column as seen in Figs. 1 and 2 produces a base cloud in Figs. 3 
and 4 . Then the base cloud is rushing down the northern slope of the volcano and spreading further on 
the Taya lake in Figs. 5 and 6. Photo by Mr. S. lwamura. 

Explanation of Plate 6 
Fig. 1 New decite lava appeared on the northern wall of Crater I after the phreatomagmatic eruption on 

June 1, 1978. Photo by K. Nlida, July 12, 1978. 
Fig. 2 "Red-hot" glowing of the new dacite lava on the night of July 12, 1978. The site is same as Fig. 1. 

Photo by K. Nuda. 
Fig. 3 Fire--column, about 300 m high above the summit of Usu Volcano, appeared in the eruption on 

August 24, 1978. Photograph taken from the southern foot of the volcano, by Mr. M. Kotake. 
Fig.4 Magmatic eruption accompanied with many sparks of volcanic discharge, 22:30 on September 12, 

1978. The fi rc-column stood up more than 700 m high above the Crater K. Photograph taken from 
Nagawa on the southeastern foot of the volcano, by Mr. Y. Kawahara. 
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