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Abstract

Of the several central-cones of the world-widely known volcano Mt. Aso, Naka-
dake is the only one which is still active now as of old, and its fourth crater erupted
many times during the years 1928-1930. On each occasion, one of the writers,
Namba, examined carefully the distribution of bombs around the vent, together with
various other matters, and found that the area of distribution was elliptic in form
and its center was extremely eccentric from the vent.  The present paper aims at
clucidating such peculiar distribution of bombs.

Judging from the circumstances, this scems due to the fact that the fourth crater
of Aso has a cylindrical vent of remarkable depth and_ the pit in it usually deviates
from the center of the vent’s bottom.

Thus, making the depth of the vent % and the distance of the vent wall in an
azimuth 8 from the pit y, we calculated the maximum range, &y, of bombs projected
out with the initial velocity » on the atrio, and we obtained
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This cquation represents generally an elliptic curve, and specially, if # is in-
dependent of azimuth 8, then it becomes an ellipse exactly.

Applying the formula to the real activity of Aso crater, we sec that it proves
sufficiently reliable.

I. Activity of Mount Aso during 1928—1929

§1. The Position and the Present State of the Recent Center
of Activity of Aso.

In the group of central-cones of the great-Aso volcano, five typi-
cal cones called “ Go-Gaku” in a lump have been very famous from
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ancient times. Their ancient names are Neko-dake, Taka-dake, Narao-
‘dake, KEbosi-dake, and Kisima-dake, taking them in order from the
cast, and the whole view of them can be spectacularly commanded
only from Miyazi, the chief town in this district. Narao-dake was also
known as Naka-dake, and undoubtedly it included the active region
of Aso which is named * Naka-dake” in the recent map produced by
the Land-Survey Department, and numerous eruptions of it in historical
times are recorded. It is also the only one which has maintained its

[

volcanic activity down to the present. Naka-dake is a “ somma type”

volcano, and its ancient great crater is now enlarged to an elliptic

m

form of nearly 2000" x 1000" in

. .. ancien U 3omwmo
extent, and its atriv is developed i

mostly at the south part called

“Suna-senri-ga-hama ”.  Of the
several recent craters on its cent- Y e
ral cone, the conspicuous ones are wﬁ‘mﬁ‘é‘i‘,&“é

named the first, the second, the
third, the fourth, the fifth, and the
sixth (or New crater) in order from
the north. They are arranged

roughly in the direction NW—SE . WA‘{%"\

which is generally considered to | C’l\_\/J-’V"“/

indicate a structural weakness (Fig.

1).

Of these craters the fourth
has been most energetic since .
1923, and its encircling ring is . Fig. 1.

- m oATG s Ancient and Recent Craters of Naka-dalke.
roughly 400 EWx 300 NS in Craters 1,2,3,4,5 were named by Mr.
extent and is partly sunk in E, <N6tomi. 6 is called also * New-Crater ”.>
N, W and SW portions. The vent
was slightly dislocated to the west from the center of crater. The
whole crater is not an inverted cone but funnel-like (IFig. 2), owing

to its frequent outbursts.
Numerical data of the vent measured on 20th Dec. 1928 and
8th Nov. 1929 are as follows :— ,
Vent’s diameters=30" (by a clinometer and tape measurement),
Depth of the bottoms=160" below the level of Senri-ga-hama
(by a tape measurement),
Max. height of the sommas=70"™ above the level of Senri-ga-hama
(by a hand level).
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The Fourth Crater and its Vent (July 1931).

On that occasion a pit filled with red-hot magma could be witness-
cd at the bottom of the vent, and also half-way down the vent-wall
some old black magma was perceived to have adhered at a depth of
about go meters below the level of Senri-ga-hama.  The latter was
inferred from its state and situation to be perhaps the residual head
of the magma reservoir at the initial stage of recent activity. It seems
indeed to the writers to be very probable that in the Aso crater also
some rise and fall of the magma-head may take place at intervals.

The vent can be regarded as forming practically a vertical cylinder
up to the level of Senri-ga-hama, though its upper rim has been
slichtly enlarged by collapsing.  Since we are concerned only with
the maximum range of projected bombs, it is scarcely necessary to
take into account the effect of the somma, since through its sunken
portion the ejecta are casily dispersed on the atrio.

§ 2. Sketch of the Eruptions of the Fourth Crater.

The dates and types of the eruptions of Mt. Aso from Sept. 1928
to Sept. 1929 are tabulated below.
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Type I ' Type II Type III

Great eruption after Activity after a short Activity after a short
a long repose repose in rainy season repose in dry season

1. 1928 Sept. 6~ 1. 1929 May 9- 1. 1928 Dec. 19~

2, 1930 Sept. §5- 2. 1929 June 22- 2, 1929 Jan. 22—

July 11- Jan. 30-

July 25~ Feb, 20-

3. 1929 Ang. 24— Mar. 6-

o 18-

» 29-

3. 1929 Sept. 14—

Oct. 06—

22~

»

4, 1929 Nov. 4-

M. Namba observed all these eruptions, except that on Sept. 6,
1928, and the general aspect and characteristics of each type will he
sketched below.

(1] Great eruption after o long repose.

Let us describe here the eruption on s—10 Sept. 1930 as a model
of the first type.

The fourth crater had ceased being active since 8th Nov. 1929,
and in January 1930 a hot water pool filling the vent became visible.
The bottom of the vent was constantly being buried by the ashes
poured into, especially during the * Tsuyu” (most rainy secason in
Japan), till at last on 26th Augast 1930 the water head rose up to 60
meters below the level of Senri-ga-hama and the crater-wall was
thoroughly eroded to the naked rocks by the rains. An active point
existed at the west part of the vent pool. On the z29th the pool he-
came so tumultuous that people began to fear an eruption, and on
2nd Sept. white smoke began to rise from the pool, accompanied by
rumblings. At 17 o’clock 4th Sept., the white smoke abruptly began to
blow out much more quickly and was gradually mingled with ash.

At last at about half past eleven o’clock on the sth, the first
great explosion took place. A gréat amount of so-called “ Ku-sui”
(#7K, hot water in the vent) was effused out in all directions in an
extremely muddy state. Vast clouds of volcanic dust, “ Yona” (i)
as it is called in this district, were thrown out into the sky, and bent
to SW by the NE wind blowing at the time, and showered ashes on
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the ground in that direction., Thus at.the hot spring sanatorium of
Tochinoki roughly g kilometers SW: of the crater, the ash accumula-
tion was more than 100 grams per square meter in onec day (18" sth-
18" 6th Sept.), and at the SW part of somma it was about 60 cms.
thick on 8th Sept.

The bombs ejected during this eruption were distributed in an
elliptical region whose extent was longest NNW-—-SSE and whose
center was extremely deviated from the vent in the NE direction in
spite of the NE wind as shown in Fig. 3

Ol
~
N
i \\
N\
A
\
\
;- BN
I \
H \
1] s, \\
1
§v |l
I
“: . i
' . I'
» i
N !
7
. v/
s
s
’
. 4
\\ . ,/
~, . . e
~. -
\\\\\\ X _,,a/
125" Sep, 1930, _1278% 561930
{Externa b o...e0 200 {intarnat)
o
Fig. 3

) Vent and Pit. ~ Wind Direction (Smoke).
(O Remarkable Bombs.

Bombs weighing about 200 kgs. ejected in the north were carried
cven to the second crater.

As the bombs afterwards would often be buried out of sight by
the accumulation of Yona, it must be borne in mind that as time
passed the real distribution of the bombs might possibly be misjudged.

From the sun-set hour on the 7th, the percentage of fragments
of plastic magma among the ¢jecta increased.

On 10oth Sept. the outburst ceased, and only rumbling was heard
from time to time—about once every 3o minutes. During several
hours immediately after the outburst had ceased, the inside of the vent
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remained vacant and clear so that there was an excellent opportunity
to observe the condition of the vent-bottom.

After that period the vent was filled with white smoke caused
by water juveniel or vados, and then a hot water pool gradually re-
appeared at the bhasin as time passed.

We shall add here two more facts which are very important for
our present purpose.

After the eruption on sth Sept., a mass of old ash and debris
could be observed still left at the east side of the vent, showing that
the outburst occurred at a point on the west wall-side and that it was
to he called a ‘“ wall-side eruption”. It was this indecd, together
with the fact that in spite of the NE wind the distribution of ejected
bombs was in an elliptical form as in the outer curve in Fig. 3, that
caused us to write the present paper.

Moreover, since by the successive outbursts almost all the pre-
existing old ash and debris in the vent were swept away and also
an abundant amount of new magma was c¢jected out as bombs or
other materials, the depth of the vent gradually increased and the dis-
tribution area of bombs at the later outburst became more and more
circular as is shown by the inner curve in Fig. 3. This fact too
agreatly attracted our attention.

In short, a great eruption after a long repose advances as fol-
lows :—

1. In the time of repose, the vent bottom gradually ascends
owing to both the pouring in of the old ash and debris from without,
and the internal action of upheaval of the magmatic head.  When
the accumulation of old ash and debris has sufficiently advanced, liquid
water begins to stay on it and gradually forms a mysterious pool of
hot water.

2. At the carliest stage of activity the white smoke gencrally
becomes much denser and the water of the pool boils and spouts up
vigorously as described frequently in the history of Aso.

3. Meanwhile the eruption begins with thick white smoke mingled
with ash and gradually sweeps out the old Yona and bebris in the
vent by successive outbursts.

4. About the time when the old ash is swept away down to the
magma dome, it develops into a most splendid black-smoke-eruption
loaded with plastic lava fragments.

5. If the old ash has been entirely swept out and the eruption
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has become a phenomenon of only the magmatic reservoir, then the
terrible noise ceases and the fall of Yona diminishes but the propor-
tion of plastic lava increases. The depth of the vent gradually in-
creases owing to the successive outbursts.

6. After several days the eruption ceases, except for a few
occasional rumblings.

7. During a few hours immediately after the end of the eruption,
the vent is vacant and clear with no smoke, but it then becomes in
a day filled up with white vapour of steam. The whole process just
described is then repeated in the same order.

(L] Actevity after a short repose in rammy scasor.

This type passes through a course of activity of type I but less
vigorous. Owing to severe rain during the rainy season, a great
quantity of old Yona and debris is poured into the vent and the floor
of the basin ascends and water accumulates to form a pool. Though
in this 2nd type of eruption the store of energy may not be very
great, the emitted smoke is very dark due to its being densely laden
with ash and rises up very high, often over 3000", because the scason
is usually calm so far as wind is concerned. IHence in this case also,
there is a risk of the bombs being buried by plentiful ash and there-
fore of misconception as to the real distribution of them. Some varia-
tion in depth of the vent during the eruption could be expected
empirically as well as theoretically, but it is not so distinct as in the
case of type I. V

(I}  Activity aficr a short repose i dry scason.

In the eruption of this type, the most of the ash is very newly
made from the internal magma, and the total amount of Yona is
necessarily comparatively small. Conscquently the emitted smoke is
lighter in colour, rather brown than black, but its baneful influence
upon fields and life is surprisingly serious. When heavy smoke passes
over the ground, vegetation on its path is frequently blighted. A good
example is afforded by the withering of trees in the prefectural planta-
tion on Ebosi-dake by Yona in.March 1929. On the contrary, in the
rainy “Tsuyu” season the baneful influence of Yona on forests is
negligible, though sometimes it is appreciable on the crops.

An eruption of this type is most convinient for tracing the dis-
tribution of bombs, because the quantity of ash is comparatively small
so that bombs are left bare on the ground.
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§ 3. Distribution of Bombs.

The observation of the distribution of bombs was execcuted as
follows :(—

During the eruptions, the observer only watches conspicuous cjecta
and the positions where they fall are noted in a field-book.  After
the eruption has come to an end, their locations are verified on the
ground and marked in a detailed map. In the case of the cjecta on
the atrio, the positions of the most distant bombs in every direction
are carcfully examined with a tape and a compass. When the eruption
was on such a small scale that all the bombs fell down into the
crater, direct observation and ready mapping were possible.

Some examples of the distribution-arca of bombs thus obtained
are shown below [Fig. 4 to 8].

Fig. 4 Fig. 6
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The position of the pit
could be inferred from the ob-

servation of the inside of the
vent at the time when there 9214 Qoo apom Sep 1929,
was no smoke immediately after

the end of the eruption, and
also from many other states during the eruption, e. g., the column
of smoke in the vent [Fig. g].

Il. Law of Distribution of Bombs from a
Cylindrical Vent.

§4. A glance at the preceding diagrams of bomb-distribution
will show that although the bombs all come from the same vent, the
distribution-areas of the ejected bombs are ramarkably unlike one another,
and they are extremely eccentric and asymmetrical with reference to
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Fig. ¢

Smoke revealing the pit’s position deviating from the center of the vent-bottom.

(a) July 1929, from the NE side of the crater.

(b) 7th Sept. 1930, from the N'W side of the crater.

e o - 3 s

the vent, and are often elliptical in form. What is the reason of this ?
It cannot be the effect of the wind. In the eruption on sth Sept.
1930, in spite of the NE wind, the bombs were ejected eastward from
the vent and the boundary of the distribution-area was such an ellipse
as is shown in Fig. 3! Then could it be the effect of the direction
of the conduit tube of the pit and consequently of the initial direction
of the ejected bombs ? This also is not probable. In the same eruption,
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the pit was obviously located near the west wall side and the mouth
of the conduit tube itself was rather inclined to the west, as already
described.

In our opinion, the distribution of bombs from the Aso crater
seems to be chiefly affected by its tolerably deep cylindrical vent and
by its pit, which generally deviates from the center of the vent-bottom,
Thus if bombs are ejected with such projection-angles that they can
hardly pass over the upper rim of the vent, they will reach the most
distant points in each azimuth, and consequently they will limit the
external boundary of the distribution-area.

From such a point of view, we will next investigate theoretically
what distribution boundary must result on the atrio when bombs are
cjected out with the same initial velocity from a point on the bottom
of a ecylindrical vent, but for the sake of simplicity, neglecting the
atmospheric resistance.

§5. Maximum Range in one Azimuth attained by the Bombs
from a Volcanic Vent.

Generally the path of a projectile in vacuo ejected with initial
velocity I7 and projection angle ¢ is given by

oo — I QU -
s=ax.tan a - V' (1 +tan’a), &7, (1)
where x and z are respectively the horizontal and the vertical distance
from the point of projection.

The two values of x corresponding to v=/ are

P . T
X =, cosas Sin o= [ gin? a~———~~—/l— . (2)
£ -

Now let us consider bombs projected in one azimuth from a pit of a
cylindrical vent.  In Tig. 10 let O be the pit on the bottom of the
vent and put
/r=the depth of the vent,
A=the distance of the vent-wall from the pit in the azimuth
considered,
a=the projection angle by which the bomb can arrive on the
atric whose plane is assumed to be horizontal,
ay, ap =the minimum and the maximum angle of projection by which
the bomb can arrive at just the point A (4, %), the rim of the
vent.
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to
(=)

Fig. 10

Then the possible value of « must be
A=

and all the bombs projected at angles of projection without the ahove
two limits @ and @ must return again into the vent,
Substituting =4 and 2=/ in (1), we have

2

fan o= —— {1 == 3

tan a o) {1 ( a)
Hence

_ 2071 S

= i=yi- 2l - £ (4)
and

T 2o Pare }

tal‘l(lg—*w’é;*)‘;“'{I +/ | - Ib;,,__',,,v __wfwr;r .

In order that the above equations should be possible in reality,
the following relation must hold :—

Especially when 7 is very great, it follows that

. /)
oyi=go’,  and tzmal—-?T.

A
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Now at the Aso crater during 1928-1929
At g™ I 60™ V/
i==30", /J=160", and WF>I,

and consequently in our case « must be greater than 45". But when
projection angles are greater than 45", the smaller the angle is, the
greater the range becomes, so that the max. range x,, attained on
the plane =/ will be the value of x obtained from

g;( 1+ tan‘o)a”

I

1
f=zxtan g ——— -
2

when eq. (4) is substituted in it.

/¥
e+ )

i. e. Ko =

{(I/2__g_/l)+1 (Vz—g./},)z——gz(//z—i—f)}- (6)
And inversely the initial velocity corresponding to the known x,, is

|26 2#--———2 /zioxm {/f(x,,,,%—/l)"—#)?x.fn} (7)
which is very useful in the case of a bare atrio as that of Aso, since
there is no other good means of estimating the initial velocity in such
a case.

86. The Form of the Distribution Area of Bombs from a
Cylindrical Vent of any Form.

Now to derive the locus of
maximum points in all azimuths,
take the x-axis in the direction
of the maximum value of 4, the
distance of the wall-side from the
pit, and the r-axis perpendicular-
Iy to it (Fig. 11). let 7% be the
max. range in an azimuth-angle
f measured from the x-axis.

If the form of the horizontal
section of the vent be

A=), (8)

we substitute this in eq. (6), and

get
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I(17*—o.10) F(6)

Ry=w3. o TE - f-’(ﬁ)]

where » . ( 9 |
. P +40)]
=1+ A/ NG

This equation determines the form of the distribution-area of bombs.

The coefficient 72 is generally a function of 6, but in the follow-
ing several important cases it is independent of & and may be considered
as a constant between 1 and 2

1°). If 777 is very great as compared with ¢4/ 7f+ A and con-
sequently the distribution area be very large, then =2,

2°). If 77 is very small and the distribution-area is so small that
bombs can hardly. pass over the vent rim, we have from eq. (5)

Vgl gV i+ R
or (V= o =g (P + 1)

and therefore m=1.
37). If the depth of the vent is very great compared with its
breadth, we can neglect 4 in comparison with /2 so that

which is independent of 6.
47). I the vent be a circular cylinder of radius 7, and the pit
gituates at the center of the vent-bottom, then

Y/
=1 +A/ (f}(‘zj—o}/z))

which is also independent of 6.

§7. The Distribution Area of Bombs from a Circular Cylindrical
Vent.

‘When the vent is a circular cylinder of radius 7, and the pit is
on the x-axis and distant —/ from the center of the vent-bottom, we
have

A=A0)=1. cos O +1/ 7= . sin®0 .

Substituting this in eq. (g),
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[V
O

(V3 — g )L cosd+1/ 7% — I, sin’tl]
42 +[L cos 0+1/7 — % sin*0)}

where ‘ , (10)

J— +’/I__gg' AL C()Sﬁj-‘]/fg':lz sin"f ]
) (I# =gy

Ro=711.

and also 1=ZmZ2,

In many important cases as shown in the preceding article, the
coefficient 72 may be taken as independent of @,

The above eq. (10) denotes generally an elliptical form, but if
is independent of 8, it becomes an exact ellipse as indicated below.
Rationalizing the denominator in (10), we have

(B4 r=F—2"— 1. lcos+ (/P + 77— W =P+ [.cos’l

Ry=21 P+ 77— PP+ 4 JP L% cos'l

where

ﬂl:ﬂ"M’ (11)

Further, if we put

b=/ttt =0,

(b= 207 —1I%)).0. cosl + v/ 17*— 2+ [, cos*t ]
P4/t costt

then Ry= 27,

In order to transform this into rectangular coordinates, we write it as

{]\, M [k—2(r*—= )] cos 8 }ezﬂfz (= 1)+ 72 cos*l]
¢ B+ 4/l? cos’d (A + 4.2 cos™l)?
or Rl 72, sin®0 + (J2 + a4/ *)cos™0 )

— 2 [k — 27— )i costl— A/ (3 — [F)=o.
Putting here x=/Ry cosl and 1=~ sinf, we get

{x_ Ml 27— )Y }2

e s ‘

M: (7'2 - Z",)(K’z + 4/[212) + k- 2(7-5’- — P
ESVER

t 2

%
(P — PYFE + a PPy + [~ 20— P PE
Wak sV AN

+
A7?
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SRR 2
lamd g 2= (12)

i. e, Ve

where

(72— (=5

c=M, [/Z2+7,'~’.— Zz]: + 4&213

A= gV =N A" = EY + 42 F] + [ = (7 = P)FP P
) (E+ 7 =TV + 4/°F

. \ (1 =
P ) (it Vi il Yl
(ﬁ2+7;1~12)1/(/52—}—7’2*12\)‘“’1‘-4/12/2”
. WA= <
B VA7 =Y A4

Thus, when 72 and consequently M is independent of 8, the area
of distribution must obviously be an ellipse whose center is at (¢, o),
and whose major semi-axis is /5, and minor A. We will call this
ellipse the * Distribution Ellipse ”. If we denote its eccentricity by ¢,
then

€= = = 4
]/(/114“7‘3—12)3%—4./&21: (I 1)

The distribution ellipse will bhe more eccentric as /Z decreases.
The greater %2 is in comparison with 7, the smaller the eccentricity
becomes, and the ellipse gradually approaches a circle.

Morever at a given vent (%4 and 7 given), the eccentricity must
depend only on /, the deviation of the pit from the center, and not
on V7, the initial velocity.

Special cascs. ;

1). If /=0, that is in the case of a “central activity 7, egs. {(10),
(12) and (13) give

Ry=A=B=qu.

o /12 . +_ 7.‘3
o ) . (13
c=0
Therefore the distribution ellipse becomes a circle whose center coin-
cides with that of the vent-bottom.

2). If /=y, that is in the case of a “ wall-side activity ”, eq. (10)
becomes
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o 2. cosll
Ro= - 7+ (2r).costl

Transforming this into the rectangular coordinates,

x—c) a
( : Yoy =1
A Vit
where
. . (V7 —el »
minor radius A= ( £h) 3 5
& 75 gt
. . Vieoh 7 N
major radius B=1. 2 A (13")
& VIRt grt

center of the cllipse c=.4
and

cccentricity == mn*:—.},:::«
VI 4
. (1a")
BlA= V47
y/

Hence the distribution-area is an ellipse which touches the vent-
rim above the pit and has the major axis in the y-direction.

At the Aso crater during 1928-1929, activity of this type hap-
pened very often; and especially in the great eruption after long
repose, a definite change in the depth of vent-bottom was clearly
perceived.

Tet us consider such a case where the activity is of the “ wall
side type” and the depth of the vent differs at each outburst but its
diameter does not change appreciably. At any two outbursts, if the
depth of the vent and the eccentricity of the distribution-ellipse of
bombs be /u, ¢ and A, ¢ respectively, then from (14) the following
relation between them must hold :—

B (15)
s .
e

This expression can conveniently be used to estimate the variation
in depth of the vent by the observation of the distribution-ellipse
only.
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I1I. Application of our Formulae to the Activity of Mt. Aso.

§8. The Activity on Nov. 4—7, 1929.

As the eruption of the fourth crater of Mt. Aso on 4~7 Nov.
1929 occurred in the dry season and after a short repose, it was very
favourable in all respects for our present study and we could obtain
reliable data.

In the greatest outbursts at 14" on 6th Nov. 1929, a bomb weigh-
ing about 8 kgms. fell on Senri-ga-hama, south atrio (Fig. 8). It
by tape-measurement after the erup-

m

was ascertained to have x,,==400
tion ceased.

On 8th Nov. the depth and the diameter of the vent were measured
by the tape and found to be

ne

ME=160™,  2ri=30™.

Red hot magma in the pit was actually witnessed at the north
wall-side of the bottom, and therefore this eruption could certainly be
regarded as a ““ wall-side activity . The distribution of bombs is shown
in Fig. 8. In the figure we notice that the arca of distribution lay
entirely southward from the vent. This can be said indeed to harmonise
well with the position of the pit stated just ahbove.

If we take x,=400™ as the maximum range, we get from (7)

V=115m/sec.,
i. e., the maximum initial velocity during the last activity of 1929 was
perhaps in the order of about 120 2/sec.

At any rate, I* on this day was very great, and the activity
was ‘perhaps a case where we can take 7z=2.

During this eruption the minimum initial velocity by which the
bombs could hardly fly over the upper rim of the vent would be

V=58 e /set.,
assuming x,~x30™ and /2*160" in eq. (7).
Finally in this wall-side activity, eq. (14”) gives

n

27 I B _ v+ g

IRz Y

3
2

[T

These numbers show that the eccentricity must be so small that in a
reduced diagram of the distribution-area it will be difficult to perceive
whether the boundary is a circle or an ellipse, and it may only be
determined on the real ground by the surrounding states or actual
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measurements. The sketch in Fig. 8 agrees very well with these
statements.

§9. The Eruption on 5—10 September 1930.

This was the greatest eruption of those which the writer happen-
ed to witness, and is a suitable example which exhibited most clearly
the distribution-ellipse of bombs. The distributions of bombs projected
out by two outbursts on the sth and the 8th are separately shown
in Fig. 3, in which we find :—

Dates Minor radius Major radius
About 11%, 5th Sept. 1930 (external) \=:300m B ==gq00m
About 13% 8th »  (internal) 2= 160m ByE=170m

As already stated, a mass of old ash and debris was still left at
the ecast side of the vent bottom after the eruption on the sth, and
so the pit must have been located on the west wall-side, deviating a
little to the south. Thus, this eruption also undoubtedly belongs to
the wall-side type. Moreover the bottom of the vent on the sth was
obviously somewhat shallow, while on the 8th it was seen to be
tolerably deep. Thesc points agree with the fact that the distribution-
arca on the sth was very cccentric while on the 8th it became very
nearly a circle.

Applying cq. (15), we have

LON— Ar 360°
i By — A 400° — 360
- [ 3 160°
o B — AR 170~ 160"
w//L__A/ 360 . 170°—160° . 51 . 100
/5 400" — 360° 160° Y61 T 120

These figures show that the outburst occurred at first at rather the
upper part of the vent, but the hottom descended day by day till at
last at about 13 o’clock on the 8th it became 1.2 times as deep as on
the sth.



