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Statistical Analysis of Volcanic Smoke (Part 3)

Volcanic ‘Smoke and Témperatﬁre of Fumarole
Y. Tanaka

R Seismological Section, J. M.'A. )
(Sez'smologz'cal Laboratory, M. R. L.

In this paper, writer investigated about quantity and height of volcanic ‘smoke,
temperafure of the fumaroles and time of volcanic eruptions. ‘
There are intimate relations among volcanié sm‘okes,' temperature of the fumaroles
and volcanic eruptions. Volcanic smoke and temperature of the fumérdles of the -
" volcano increase or decrease with grade of activity of the volcano, but state of
volcanic smoke change are found sofne earlier than temperature of the fumaroles

v

change. }

At the several volcanoes (eruption type: Vulcanian), qua‘ntity variation of volcanic
smoke:was found 1 to 2 years earlier than temperature variation time of the fuma-
roles (Table 1, Figs. 3, 4, 5, 6, 7). But iu the case of the Volcano Mihara (erup-
tion type: Strombolian) this time lag was véry short (Figs. 10, 11). ’

Generally speaking, eruptions of the volcago take place after temperature of

the fumaroles change or quantity of volcanic '/smoke change.
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Fig.1 An example of horizontal temperature
profile (30 cm in depth) in and near a strong
fuming active fumarole at the “Hachimanyake-

Fumarole” of the Volcano Azuma. (Survey on
Jul. 8, 1965).
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Fig.2. Examples of temperature-depth curve of
the solfatara field. ®

Left figure : In the case of no fume issue from
surface of earth, at the solfatara field of Noji-

" Hot-Spring near the Volcano Adatara. Geother-

. ‘mal temperature increas very gradually with
depth Irregular temperature varlatlon in sha-

 liow depth caused by air- temperature is found.

" (Survey on Jul. 4,1965).

Right figure : In the case of weak fuming active
solfatara 'field at the Volcano Hokkaido-Ko
magatake. Geothermal temperature in shallow
depth increas gradually, but it becomes to
constant under ca.30¢m. (Survey on Sep. 7,
1964) : ) :
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Fig. '3. Meakan

The 1st figure: Pits of the summit. ‘They were
born by the explosion in 1955. No. 1-pit is
~issuing smoke at present. Temperature of the
fumarole is measured.in the No. 2, No. 4 & No.
6-pit. :

The 2nd figure (°C): Temperature variation of

" the fumarole. | =Explosion. .

The 3rd figure (@) : Quantity variation of vol-
canic smoke. ’
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Fig. 4. Tarumae i

The 1st figure: Summit of the volcano. -
(®=Temperature observation point.

‘The 2nd to 4th figures:
°C—Temperature variation of the fumarole.
m—Height variation of volcanic smoke.' &
@—Quantity variation of valcanic smoke. -
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Fig.5. Showashinzan
. The 1st figure : Showashinzan.
temperature observation point.
‘The 2nd figure : Temperature variation. of the
fumarole at the observation point No. 1.
The 3rd figure : Temperature variation of the
fumarole at the observation point No. 2. '
The 4 th figure : Quantity variation of volcanic
smoke. . : -
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‘ ) . The 1st figure: Summit of the volcano.
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1956 1960 - - 1965 " The 2nd figure: Temperature variation of the
) ) fumarole. : : ,

Fig. 6. Koma{gétake

“The 1st fi .S t of the vol ' "~ | =Explosion. A
@ez;em;geﬁgiﬁreugilrtvgtignepc\)ri(;tc.ano. . The 3rd figure: Quantity variation of 'vqlcahic
The - 2nd to 4th figures : S . smoke. _ C
°C—Temperature variation at the observation ) i i
) point “C”, - B ’ :
@—Quantity variation of volcanic smoke.
m—Height__variatior’lef volcanic smoke.
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Table 1 Coefficient of correlatlon between: quantxty of volcamc

" smoke (Q) ‘and temperature 1ns1de ‘the” fumarole (). t: Year

Q@ L -3 i—2 =1 ot R R t£2
T ' R ¢ i ¢ F R S ot
- Meakan 0.01. 0.00 0.68 0.48 - —0.68 —0.50
Tarumae | =0.54 |  0.85 017 ~0.35 —0.95. —0.87
- Showashinzan - —0.40 0.29 0.88" 0.37. —0.12° £ 0.09
- Komagatake ’ 0.33. " 0.55 0.10 . T —0.02 —0.63 —0.03
Nasu 0..50 0.54 075 | 071 012 |° —0.25

§ 4. WER ERIBEOTHEEKOHY

@%%ﬁﬁ%ﬁﬂbfuéﬂﬁk%kmﬁ_ot
KLU TR L7z

D epsRE (Fig.3)

Z @ﬁﬂ'%fﬁti [} ﬁ.gﬁﬁaﬂqj@wj(bi
37‘&%@(%071#
s LIRS 57
R, TERICIE §3 Tl RE O
NEZLRD.

MLKDTWXLLD@&@&k

WER B

<55,

W B R D R R0 5\ R
La L, BEAREIELT.

- LU,

6, 1073, 19574

C19554£11 0, 19564E3, 5,
108, 1960

2, 5, 19584 2 F, 19594 8,
eoH. ,
2) #EE Fig D -

f:wmﬁ@%km @@E,ﬁﬁaﬁﬁa%ktﬁ

BRI D, 1963FOMKIL, HERS THE

BT, %%%ﬁfﬁ&ﬁﬁh%btt%kt_o‘
oo WTFROBALPMZIRLDTH T,

ﬁ[ﬁ?ﬁﬁ&f Wk Lﬁ.@&i{ﬁ(@ EBOTHS (19565313.

' 1960£ﬁ10}§ 1963£ﬁ11}§

_ 18 —



3 +HE (Fig 8)

& O KT E L ds - 775, HEAE

EK@@%&%E%&@,&<K,H%¢,wm¢
DHFE KA, B AHEKHOBIIBE D FFL, H

FEIACEE S TBK EBELBGER D -7 X 51T

FExbhB. 1962FEOREKICE L T, HEILE

EEAS 2 4RI KR DB fe ERBEAR R L T s

ELEBYNES LTHE. HEAR LHAHKD

100+ .
S (T T3
~
c | | ol
200 b o ’ e es®0 * - P
100 o —_
T - |- R -
Y
200}, ' e Q
100 0 s ee e
I - I R T

" Fig..8. Tokachi

- Temparature observation points of the fumaroles
(0.P.Q.), and temperature variations of the
fumaroles. - .
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Fig. 10. Variation of height of ‘volcanic smoke .
at the Volcano Mihara, Oshima Is.,and temper-
ature variation inside the fumaroles at the
observation point “C” and “D’’ of the crater.
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) Table 2. Observed data of temperature inside the fumarole. -
1) Meakan '
'Tlime‘ " Temp. l())(l))i?&rvation ~Time . Temp I?(]J)iiirvétion T’ime. ) iemp, S&iﬂzryation
R N °C | |
Jun. 1958 96 6 Oct. 1961 95" 6 Jun, 1964 . 95 2
Jun. 1959 95 - 6 Oct. 1962 92 2 Oct. 1964 94 2
. Déc. 1959 - 95 4 Jul 1963 | o2 2 Jun. 1965 % 2
Jul. 1960 9% 6 ’Oct. 1963 | . .96 2 Sep. 1965 9% | 2
. 2) Tokachi
o Observation point ° Observation point Observation point.
Time - Time “Time
: 0 WP |-Q 0 }P ' Q ) P Q
| C[ ¢ = ‘ | Cc| _°C C| Cc| °C
Jun. 1953 | 318 — | 178 | Aug.1959 - — 128 || Jul. 1963 — 94 —_
Aug. 1954 | - 198 — " — | Oct..1959 | 270 | 137 — | sep. 1963 | 242 94 —
Aug. 1955 | 379 160 159 ‘| Nov.1959 | — — 95 | Jun. 1964 — | s 95 -
Aug.1957. | 300 | 148 | 115 | Mar. 1960 — [ 129 90 || Aug.1964 | 256 — | 90
Feb. 1958 | — | 161 — | Jun. 1960 | . — | 149 | - 90 | Oct. 1964 | — 93 —
Jun. 1958 | 217. | 167 ,| 136 | Oct. 1960 | ~— | -146 | - 92' | Jun. 1965 | — — | o4
'Sep. 1958 — 187 — || Mar. 1961 — 162 - 96 | Jul. 1965 | 246 — —
Oct. 1958 | — | — | 220 | Aug.1961 | 188 | 157 94 | Sep. 1965 | — | 40 | 121
Mar.1959 | — | 145 | 200 | Mar. 1962 — |10 e ' o
*Jul. 1959 — | 133 — |l Jur 1962 | 270 200 —
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3) Tarumae

‘B OE M W B2 EIMT

Time Temp. Time 'Tefnp. Time k Temp. I Time " Temp.

) °C °C °C -°C .
Aug. 1960 . 130 Oct. 1961 180 Oct. 1963 1220 Oct. -1965 -135
Oct. 1960 120 Sep. 1962 . 200 Sep. 1964 235 ‘ )

Jun. 1961 170 Jun. 1963 241 May 1965 222
4) Showashinzan
Observation point - Obsérvation point ObserVation point
Time Time - "Time -
1 2 1 2 1 2
°C °C ] °C . °C °C - °C
Jul. 1957 740 — Jul. 1960 - 710 645 Apr. 1964~ 610 - 600
Oct. 1957 747 696 Apr. 1961 - 710 " 625 Jul. 1964 © 680 550
Apr. 1958 750 — Jun. 1961 720 620 Oct. 1964 - 650 590
Oct. 1958 740 670 May 1962 650 600 Apr. 1965 650 460
. Apr. 1959 720 670 Oct. 1962 - 615 615 Jul. 1965 " 640 455
Jul. 1959 725 . 645 - May 1963 625 560 Oct. 1965 —_ 520
Oct. 1959 705 660 | Jul. 1963 630 — I
Apr. 1960 715 — Oct. 1963 660 —
5) Komagatake (observation point : C)
Time Temp. -  Timé Temp. Time Termp. Time “Temp.

N — 5C A °C ,' . ] °C . °C
Sep. 1957 94 May 1960 9 Sep. 1962 .93 Jun. 1965 95
May 1958 93 Sep. 1960 92 " Jun. 1963 96 Oct.. 1965 95
Oct. 1958"° 95 May 1951 91 Sep. 1963 97 |-

Jun. 1959 95 Sep. 1961 - © 90 Jun, 1964 95
Oct. 1959 93 Jun. 1962 92 Sep. 1964 !
) 60) Nasu \
Time Temp. i ‘Time‘ - Temp. Time -~ ‘Temp. Time “Temp.
°C - °C °C °C
Oct. 1958 155 Oct. 1961 ca. ‘200 Jul. 1963 350 Oct. 1964 320
Oct. 1960 ca. 250 || - May 1962 ’ 321 [ Nov. 1963 360 Nov. 1964 330
Nov. 1960 ca. 300 Oct. 1962 270 | - Aug. 1964 325 Jul. 1965 325
May 1961 ca. - 300 May 1963 350 Sep. 1964 330° Sep.. 1965 324
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CIEEEBL S OfET (B3 —HF 101 .
7) _ Izu-Oshimab (Mihara-Crater)
Observation point Observation point
Time - Time — -
A- | B C D E A B .C D E.
] SC °C ‘oc SC oC "oc" = oc O.C °C “o°C
1943 o Aug. 37 47 57 44 47
Jan. 89 110 ‘112 9% 98 Sep. 38 50 60 43 49
Feb. 8 | o1 90 87 86 Oct. . 31 56 58 1 42 52
~ Mar. 82 .88 87 85 84 " Nov. 35 58 | 58 42 48
Apr. - 82 87 86 85 83 Dec. " 36 58 - 57 .48 57
May 81 88 85 85 84 || 11949 , ‘ ‘
Jun.. 78 83 84 84 83 Jan. 31 58 57 | 53 56
Jul. 78 84 | 84 86 85 Feb. 31 58 . 57 53 58
Nov. . 75 80 78 81 8 || Mar. 31 58 57 53 58
1944 | Apr. 32 56 55 51 51
Jan. 71 77 76 80 80 May 30 55 55 " 50 48
* Feb. 71 76 75 | . 80 79 Jun. 30 52 56 45 46
Mar. 70 | .7 | 76 79 79 Jul. 28 55 55 .| 46" 53
Apr. 69 73 | 74 78 78 ~ Aug. 35 57 59 1 48 52
May 66 73 72 79 78 Sep. — 56 62 | ' 48 51
Jun.- 61 73 0 7| 76 - Oct. — 55 57 46 55
Jul. - 73 75. 74 77 77 ‘Nov. — 57 57| 42| 47
Aug. 63 71 73| 7 78 Dec. — 52 56 38 | . 48
Sep. - 64 71 69 77 77 |l 1950 _ .
" Nov. 74 74 74 72 | 75 | Mar = 54 52 44 | 46
1945 ' Apr. — | 48 51 41 43.
Jan. 60 70 |70 73 — May — 55 54 48 | &
Apr. . 58.| 68 69 59 71 Jun. — 52 54 45 48
1947 ' Jul. 4 53 54 54 44 a7
Jan. 65 63 59 | 70 a7 16 — | 83 56 | 36 -
Feb. . 50 62 58 67 66 (great eruption took place on Jul. 16)
Mar. 54 60 57 68 63 JuL18 | — 50 | 55 |0 — -
May 43 55 57 69 50 23 | — 52 54 — —
TJun. 44 57 58 |- 70 51 24 — 54 55 67 —
Jul. 43 57 58 5% | 56 2 - 51 56 — —
Aug. 50 60 61 57 | .53
Sep. 46 .56, 61 50| 53
Oct. 44 55 60 45 53
Nov. 43 62 59 53 55
Dec.’ 41 61 .59 58 53
1948 '
Jan. 41 60 59 59 57
- Feb. 41 60 .59 58 54
Mar. 41 60 59 58" 52
May 35 43 51 52 51
Jua. 38 ‘50 | .54 46 50
Jul. 39 51 ' 43 48

52
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8) Izu-Oshima (Yuba-Fumarole)
. Temperature " Temperature Temperature
Time Time ; Time -
Max. l Min. ‘ Mean Max. | Min. Mean Max‘ Min. Mean
: °C °C sC °C °C 5C °C 'oC °C
1950. ‘ 1954 . Feb. 47 44 45
Jun. . — — 49 Jan. 47 47 47 Mar. 47 43 44
Jul. — — 49 | Feb. 48 47 | 47 Apr. | 47 .42 44
Aug. — — 49 | Mar. 47. | 47 47 | Jul 46 | 40 44
Sep. — — 49 | Apr. S48 | 47 47 | Aug. 46 | 40 4
~ Oct. — — | 50 May 48 46 47 Sep. 47 39 44 .
Nov. — — 50 || Jun. 48 A7 47 | Oct. 46 | - 41 43
1951 Jul. 47 45 47 Nov. .46 43. | 44
Jan. 51 49 50 Aug. 47 45 46 Dec. 46 43 44
. Feb. 51 47 49 .| Sep. 48 46 | 46 | 1963 :
Mar. 50 - 44 49 || Oct. 47 | - 38 46 Jan. 47 43 45
Apr. 50 48 48 Nov. 48 27 46 ,| Feb. 46 43 4
May 50 | .48 49 | Dec. 48 47 47 | Mar. 47 | 43 44
" Jun. 500 | 44 48 | 1955 _ " Apr. 47 43 | 45
Jul. 49 46 48 Jan. . 48 47 47 May 47 38 45
Aug. 49 46 47 | Feb. 48 27 47 | Jun. 46 | 40 | 44,
Sep. 49 46 | 46 | Mar. .48 | 45 47 | Jul 46 43 45°
Oct. 49 28 45. |  Apr. 48 .43 46 .| Aug. 47 42 | 45
Nov. . | = 50 45 46 | May 47 45| 46| Sep. 46 42 a4
Dec. . 50 47 - 49 Jun. 47 | 43 46 Oct. - 46 36 - 44 -
1952 : SR Jul. 46 | . 30| 45 Nov. a7 | 42 | 45
Feb. 47 47 | 47 | Aug 46 | .30 43 Dec. 47 44 45
‘Mar. 48 43 47 Oct. 46 31 | . 43 1964 ' ’
May 48 32 47 | Nov. 45 4 | 44| Jan. 47 | 42 44
Jun. 48 41 | 48 Dec. 46 43 | 44 | . Feb. 46 43 | 44
_ Jul. " 48 38 7| 47 '||1956 ' " Mar. a7 42 44
Aug. 48 38 | 47 | Jan. 46| 43 45 | Apr. 47 43 45
1953 , o | Feb. 46 44 | /45 | May 46 | 41 44
Aug. 48 30 - 46| - Mar. 46 44 45 Jun. .47 39 i5
Sep. 48, 28 45 || Apr. . 44 41 | - 43 Jul. 47 43 45
~ Oct. 48 | 27 46 Jun. . 44 41 43 || Aug. 46 42" 45
Nov. 49 47 .48 ||1962 o Sep. | 47 41 4
- Dec: 49 47" 47 || - Jan. 47 41 45 Oct. 46 42 44
£ 3 (1958) 50. }
E I3 ‘ 5) R 9 H”$D37¢6EZQE®+%§‘EJJ’OL T
, " C HbEesEEET2 (1963) 246, ‘
R WER oG (818D, st 6 GABES, Ml 4 ABE I
2) ARIE + R S h B L DTS FRCED 2T BEOIES, RIS TIRH
(D), BFFem: 3 (1951) 257. 44 (1956) 2530, .
3) HABRF, B MELT FEAEEFILERE LT HErREERE BRSO fEt (%2%{) Eﬁ B%“fiﬁ32
megepy ¥ 3 (1953) 95. - (1969)79—90.
4) Bl R ﬁ%@f@ﬁ%lﬂis&%ﬂ%@ﬁ%, kil 2,



