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Abstract

The Hydrographic Department actively participates in the national programme for prediction of

volcanic eruption since the beginning of this programme in 1973.

This paper shows a review of the analytical results of thermal distribution and chemical

compositions of several volcanic discolored waters observed and collected by the Hydrographic

Department.

Thermal distribution of discolored water by the airborne thermal infrared radiometer makes

clear the complicated thermal distribution pattern around the spouting point of the Kaitoku

Seamount and the Hukutoku-Oka-no-Ba submarine volcanoes.

Relative temperature differences between the sea surface temperature and the volcanic discolor-

ed water temperature are in harmony with the submarine volcanic activitites.

Total Fe is decreasing and pH value is increasing according to the distance from the spouting

point of volcanic discolored water.

Triangular diagram on Fe-Al-Si and/or (Fe+ Al)/Si from chemical analysis of volcanic discolor-

ed waters indicate the degree of submarine volcanic activities and make possible to compare about

volcanic activities of submarine volcanoes in different time and/or at different places.
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Table 1. Specification of the thermal infrared radiometer (AGA Thermovision 780).

Item

Specification

Scanner

Lens

Monitor

Digital recording equipment (MT)

Monitor (visible images)

HgCdTe sensor

thermal resolusion 0.1C

spectral band 8xm-14xm

field of view 20°X20°

geometrical resolusion 3.4 milliradian

focal distance 33 mm

black and white CRT

screen size 50mm X50mm

Sensitivity 2'C~1000"C with isotherm function
1/2 inch 9 tracks

reel size 7 inch

density 1600 bpi

record size 1024 characters

picture elements 112 X64

color video camera with color video monitor
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Fig.2 Surface temperature distribution of discolored waters near S crater and Ako lava flow, Miyake

Sima

Fig. 3

Index map showing the distribution of

craters and lava flows. Letters from A to T
indicate groups of the vents, (after Aramaki
and Hayakawa, 1984)
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Fig.4 Surface temperature distribution of discolored water around the Kaitoku Seamount on Mar. 9,

1984.
time . 1030 altitude : 300m

Fig.5 Surface temperature distribution of discolored water around the Kaitoku Seamount on Mar. 9,
1984, showing thermal distribution pattern 5 minutes later of the Fig. 4
time . 1035 altitude . 300 m

Fig.6 Surface temperature distribution of dis-
colored water around the Kaitoku Seamount
on Mar. 13, 1984,
time © 0620 altitude : 1000 m

Fig. 7 Surface temperature distribution of dis-

colored water around the Kaitoku Seamount
on Mar. 13, 1984, showing thermal distribution
pattern 5 minutes later of the Fig. 6

time : 0625 altitude . 1000m
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Fig.8 Surface temperature distribution of dis-

colored water around the Kaitoku Seamount
on Mar. 29, 1984,
time . 1256 altitude : 700 m
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colored water around the Kaitoku Seamount
on Mar. 29, 1984, showing thermal distribution
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Fig.11 Surface temperature distribution of dis-
colored water around the Hukutoku-Oka-no-
Ba (submarine volcano) on Jan. 23, 1986.
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Fig.12 Isothermal Map around the Hukutoku-
Oka-no-Ba drawn by the data on Fig.11
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Fig.13 Surface temperature distribution of discolored water around the Hukutoku-Oka-no-Ba on Jan. 29,

1986.
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Fig.14 Surface temperature distribution of discolored water around the Hukutoku-Oka-no-Ba on Feb. 14,

1986.
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Fig.16 Surface temperature distributions before sunrise and isothermal maps of discolored waters around
the Hudesima,lzu Osima on Dec. 9, 1986, Jan. 28, 1987 and Mar. 3, 1987. (upper to lower)
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1987 observed in the daytime.
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Fig.18 Topographic

map of the Kaitoku

Seamount and the sampling points of discolor-

ed waters.
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Fig.19 Relationship between pH value and Fe
content in discolored water and the distance

from the spouting point of the Kaitoku

Seamount.

Table 2. Sampling positions of discolored waters around the Kaitoku Seamount

Sa&rg?le Date Position ]S);(S)ﬁ?gg 52?3&1;3 Collector
1 Mar. 14,1984 | 26° 10.2" N 141° 02.5E 9 Patrol vessel [URAGA |
2 Mar. 15,1984 | 26° 07.9’ N 141° 03.3'E 5 n
3 Mar. 22,1984 1 26° 09.0' N 140° 50.1'E 27 Survey vessel [SHOYO]
4 n 26° 07.3 N 140° 55.1E 18 "
5 Mar. 23,1984 | 26° 06.1” N 140° 57.6'E 14 n
6 Mar. 24,1984 | 26° 02.9’ N 140° 57.3'E 18 n
7 n 26° 03.6" N 140° 57.5E 17 "

Table 3. Chemical compositions of discolored waters around the Kaitoku Seamount

%%I‘l’lple pH Fe(mg/1) Si0, (mg/1) g;sgsggz ggﬁ H(]n?)
1 7.8 0.28 0.37 9
2 7.39 0.32 0.58 5
3 7.99 0.05 27
4 7.49 0.17 18
5 8.01 0.04 14
6 8.15 0.01 18
7 8.11 0.02 17
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Fig.21 Relationship between pH value, Fe content

and SiO, content in discolored water and the
distance from the spouting point of the
Hukutoku-Oka-no-Ba.

Table 4, Sampling positions of discolored waters around the Hukutoku-Oka-no-Ba

IS\Iag.nple Date Position ]s)plgiat?rfg gcgnmt (tlgne) Collector
1 Jan. 20,1986 | 24° 14.33' N 141° 32.24' E 7 Survey vessel | TAKUYO|
2 Jan. 22,1986 | 24° 12.27 N 141°32.8 E 10.5 Patrol vessel [URAGA
3 " 24°16.6/ N 141°29.27 E 0.5 n
4 Jan. 24, 1986 | 6.2 miles, 68" from Minami-Io Sima 9 "
5 N 2.0 miles, 45° from Minami-Io Sima 3 n

Table 5. Chemical compositions of discolored waters around the Hukutoku-Oka-no-Ba

Sample | ppy Fe (mg/1) Al (mg/D S0, (mg/) | Distance brom (e
1 8.28 0.03 tr. 0.95 7
2 7.66 0.2 0.9 1.1 10.5
3 7.46 1.9 1.6 1.8 0.5
4 8.15 0.1 tr. 1.0 9
5 7.88 0.3 0.8 1.1 3
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Table 6, Chemical compositions of discolored waters around the Hudesima,Izu Osima

Date Position pH | Felmg/l) (%) | Allmg/l) (%) | Silmg/l) (%)
1986 Dec.l | Hudesima N.E. 200m | 8.4 | 0.12 | 7 0.23 | 13 1.44 | 80
u Hudesima N.N.E. 350m | 8.2 0.11 4 0.32 13 2.00 | 83
" Hudesima S.W. 200m | 8.4 0.20 11 0.20 11 1.35 78
1986 Dec.10 | Hudesima N. 230m 8.1 0.19 5 0.64 18 2.69 77
" Hudesima S.W. 100m | 8.1 0.14 8 0.41 | 25 1.11 67
y Hudesima N.E. 320m | 8.1 0.23 7 0.84 | 27 2.03 66
u Hudesima N.E. 620m | 8.1 0.14 5 1.32 |47 1.33 48
1986 Dec.16 | near Hudesima 8.2 1.25 11 3.94 | 35 5.99 54
1986 Dec.20 | Hudesima S.S.W. 300m | 8.2 0.96 17 2.36 | 42 2.33 41
" Hudesima S.W. 130m | 8.2 0.44 8 1.37 | 26 3.51 66
i Hudesima N. 100m 8.2 0.46 9 1.79 i 34 2.95 57
” Hudesima N. 420m 8.2 | 0.39 8 1.96 | 39 2.62 53
1987 Jan.7 | Hudesima N.E. 100m | 8.0 0.56 10 1.76 | 31 3.27 59
" Hudesima N.N.W. 200m| 8.1 1.07 10 3.98 | 38 5.52 | 52
" Hudesima N. 400m 8.1 0.37 9 1.01 | 24 2.91 | 67
» Hudesima S.S.W. 300m | 8.1 0.30 11 0.76 | 27 1.76 | 62
1987 Jan.8 Hudesima S. 50m 8.1 0.04 6 0.13 19 0.50 75
" Hudesima S.W. 250m | 8.1 0.11 8 0.30 | 22 0.98 70
y Hudesima N.E. 300m | 8.1 1.18 12 3.32 | 34 5.24 54
" Hudesima N.N.W. 200m| 8.1 0.20 9 0.55 | 25 1.48 66
1987 Jan.22 | Hudesima S. 250m 8.3 0.05 2 0.12 5 2.13 93
,, Hudesima N. 300m 8.2 0.18 5 0.35 9 3.39 86
1987 Feb.26 | Hudesima S.W. 200m | 8.4 0.01 1 0.02 | 2 0.85 97
" Hudesima S. 80m 8.3 0.00 0 0.13 | 18 0.59 82
" Hudesima N.E, 130m | 8.4 0.00 1 0.07 | 8 0.78 | 92
y Hudesima N. 350m 8.2 0.06 1 0.12 3 4.42 | 96
" Hudesima E. 230m 8.3 0.00 0 0.02 3 0.56 | 97
" Hudesima N. 2100m 8.3 0.01 1 0.09 10 0.78 89
1987 Mar.26 | Hudesima S.W. 200m | 8.2 0.03 3 0.04 4 0.83 | 93
" Hudesima S. 20m 8.2 0.06 7 0.02 2 0.78 | 91
" Hudesima N. 300m 8.3 0.03 3 0.08 7 1.02  § 90
" Hudesima N. 4600m 8.4 0.01 2 0.04 6 0.59 92
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Fig.23 Time change of Fe, Al and Si ratio of the discolored waters around the Hudesima, Izu Osima
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Table 7. Chemical compositions (Fe, Al and Si) and (Fe+Al)/Si of discolored waters (7 exemples from

3 submarine volcanoes and 3 volcanic islands)

No, P Volcano Date | DI |(mgt) (50| (/) (6)| (/) (56| FeTAS
1 Nisinosima-Sinto 1973. Oct.9 10.45§29 | 11.78 132 | 14.10 { 39 1.6
2 " 1974, Mar.14 31.99 {74 | 4.53110] 6.99} 16 5.2
3 ” 1974. July 8 25.56 {65 | 3.11{ 8|10.73 |27 2.7
1 Hukutoku-Oka-no-Ba | 1977. Mar21 | 7.9 | 0.15:39 | 0.09 {24 | 0.14{37 1.7
2 " 1977. Mar.24 | 8.0 | 0.13142| 0.09{29 | 0.09 29 2.4
1 Satuma-JTo Sima 1978. Aug.29 | 5.52 | 3.32 24| 8.3 160 2.24116 5.2
2 " 1978. Aug.29 | 6.65 | 2.07 21| 5.5 i57| 2.10{22 3.6
3 u 1978. Aug20 [7.25| 1.76 37| 1.5 {32 1.45{31 2.2
4 y 1978. Aug.29 |7.41| 0.9322| 2.0 {48 1.23{30 2.4
5 " 1978. Aug29 | 7.65 | 0.97123| 2.2 i52| 1.03{25 3.1
6 " 1978. Aug.29 | 8.05| 0.61{19| 1.3 {42| 1.22{39 1.6
1 Hukuzin Seamount | 1981. Jan8 | 4.3 | 0.83{38| 0.6 (28| 0.75{34 1.9
2 " 1981. Jan8 |5.2 | 0.52{48| 0.2 18| 0.37 34 1.9
1 Kaitoku Seamount 1984, Mar.14 | 7.8 | 0.28 i 62 —1 0] 017 i 38 1.6
2 i 1984, Mar.15 [7.39 | 0.32154| — 1 0| 0.2746 1.2
1 Hukutoku-Oka-no-Ba | 1986. Jan.20 |8.28 | 0.03} 6| — i 0| 0.4594 0.1
2 " 1986. Jan.22 | 7.66 | 0.2 {12| 0.9 {56| 0.51 32 2.2
3 " 1986. Jan22 | 7.46| 1.9 44| 1.6 (37| 0.84{19 4.2
4 " 1986. Jan.24 |8.15| 0.1 i18| —i 0| 0.47 {82 0.2
5 " 1986. Jan.24 |7.88| 0.3 (19| 0.8 {50 | 0.51]32 2.2
1 Osima (around Hudesima) | 1986. Dec.1 8.4 | 0.20111| 0.20{11| 1.35}77 0.3
2 y 1986. Dec.10 | 8.1 | 0.14 8| 0.41i25| 1.11}67 0.5
3 y 1986. Dec.16 | 8.2 | 1.25 11| 3.94{35| 5.99 |54 0.9
4 " 1986. Dec.20 | 8.2 | 0.96 17| 2.36i42 | 2.33 |41 1.4
5 " 1987. Jan7 |8.0 | 0.56 10| 1.76]31| 3.27 {58 0.7
6 " 1987. Jan22 | 8.3 | 0.05 | 0.12{ 5| 2.13{93 0.1
7 y 1987. Feb.26 | 8.4 | 0.01 | 0.02 | 0.85} 97 0.0
8 " 1987. Mar.26 | 8.2 | 0.06 | 0.02{ 2| 0.78}91 0.1
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Thermal Distribution and Chemical Compositions of Discolored Waters Derived from Submarine Volcanic Activities
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Photo 1. S crater and discolored water at Miyake Photo 2. Discolored water around the Kaitoku
Sima on Oct. 5, 1983 Seamount on Mar. 23, 1984

Photo 3. Discolored water around the Hukutoku-

Oka-no-Ba new born volcanic island on Jan.
23, 1986

Photo 4. Discolored water around the Hudesima,
Izu Osima on Jan. 7, 1987
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