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Table 1. Outlines of the geothermal survey of the volcanoes Kirishima in
November 1978.

Item Observation date Method
Surface temperature Ohachi Nov. 13-14 Infra-red radiometer
distribution Shinmoe-dake Nov. 15-16 E.R.I. type Ground Scanner
Iwo-yama Nov. 21-22 Detector: thermistor bolometer
Field of view: 5 mrad.
Heat discharge Shinmoe-dake Nov. 9 Successive photographing
by fumarolic plume Iwo-yama Nov. 22 by camera
Fumarolic temperature Ohachi Nov. 8 CA thermocouple

Iwo-yama Nov. 21 Mercury maximum thermometer
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Fig. 1. Observation points for the surface tempera-
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Fig. 2a. Crater bottom of Ohachi. Surface temperature has been measured for
the area surrounded with the broken line.
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OHACHI, KIRISHIMA
(NOV. 14, 1978)
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Fig. 2b. Surface temperature distribution of Ohachi. The observation was
carried out at night from Nov. 13 to 14, 1978.
1) 40°C-35°C, 2y 35°C-30°C, 3 30°C-25°C, 1 25°C-20°C,
3 20°C-15°C, 6 15°C-10°C.
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Fig. 3a. Summit crater of Shinmoe-dake.
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Table 2. Meteorological data during the observation of Ohachi, Nov., 1978.

Time Air temp. Wet bulb temp. Humidity Dip angle of the
(°C) (°C) (mm Hg) measured profile .
Nov. 13 22:48 230°
23:55 232°
Nov. 14 02:48 7.5 5.0 5.3 234° -
03:23 6.5 4.5 5.3 233°
03:32 6.5 4.5 5.8 231°
04:32 6.6 4.2 5.0 o
04:35 6.4 4.2 5.1 229
05:39 6.2 3.9 4.9 228°
06:56 6.4 3.6 4.5 227°, 226°
07:35 6.4 3.6 4.5 224°
08:00 6.8 3.8 4.5 222°, 220°

Fig. 3b. A sketch of the summit crater of Shinmoe-dake. Surface temperature
has been measured for the area surrounded with the broken line. The
dotted areas indicate altered zones.
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Fig. 3c. Surface temperature distribution of Shinmoe-dake. The observation
was carried out at night from Nov. 15 to 16, 1978.
@ 30°C-25°C, @ 25°C-20°C, ®@ 20°C-15°C, @ 15°C-10°C.
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Table 3a. Meteorological data during the observation of Shinmoe-dake in
November 1978.

Air temp. Wet bulb temp. Humidity Dip angle of the

Time (°C) (°C) (mm Hg) measured profile
Nov. 15 20:05 3.6 3.2 5.6 228°
2225 2.8 2.2 5.1 230~
23:00 4.2 0.4 2.8 232°
Nov. 16 03:42 3.4 2.8 5.3 234°, 2367, 238°
240"
04:00
Nov. 16 i fog
05:00
Nov. 16 06:30 4.8 3.8 6.0 226°
07:10 4.4 3.8 5.7 224°, 222°, 233°
235°, 237°, 239°
09:50 7.8 6.4 6.3
i) Wl (ary)  Eisnyo Table 3b. Positions of marking points of Shinmoe-
"H »(-’wl‘ -7, i'n'] iﬂiL lﬁ: ETL» Ty dake.
4G, H f). K fio#sban Point Dip angle® Horizontal angle*
B D 15T %, SHlD (in degree) (in degree)
BUAETRE B0 P AR @ i 24,9 34,0
5 i ] o s B 241.4 79.0
ARTHY, It'j*""ff’?ﬁ)‘)iﬂkﬂ) A4y ik c 297 .9 65.8
oz > T 5. D 227.7 80.5
i) Mgk Fig. 2a @ A fiics G 934.4 126.0
\WC 11 A 8 HIzK gl s it H 228.5 108.6
kD 96°C OMFLIREE A, *Angles are measured from an arbitrary determined
DEEFNE, 1972 40 SarTR direction.
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Fig. 6, Table 6 (= 1975 45 8 H O flEss B 451,

Fig. 4a. West flank of Iwo-yama.
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IWO-YAMA , KIRISHIMA
(NOV. 22, 1978)
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Fig. 4b. Surface temperature distribution of the west flank of Iwo-yama,
night observation from Nov. 21 to 22, 1978.
@ 30°C-25°C, ® 25°C-20°C, ® 20°C-15°C, @ 15-10°C,
® 10°C-6°C, ® 6°C-4°C.

Table 4a. Meteorological data during the observation of Iwo-yama in November

1978.
N Air temp. Wet bulb temp. Humidity Dip angle of the
1me (°C) (°C) (mm Hg) measured profile
Nov. 21 21:27 3.8 2.2 4.6 246°, 245°
23:00 4.2 -1.2 1.5 244°
Nov. 22 00:30 5.2 —1.0 2.0 243°
02:28 5.6 —0.4 1.5 242°, 241°
04:29 5.2 -1.0 2.0 247°, 248°, 249°
06:40 5.6 —0.4 1.5 240°, 239°, 238°
237°, 236°, 250°
=] [—N=NX
Table 4b. Positions of marking points of Iwo-yama. 3. REREOEEHR
B o e RIS i A AR T
. Dip angle* Horizontal angle* - : Lt s .
Point (in degree) (in degree) HERCIE, BWIRTE ev EEd
< o T RBBITOIERIL, ¥ X O
B 248.3 108.3 SNEREME TN B EDLDE
¢ 244.6 89.7 EHAPNLETHD. ek, %
D 241.0 79.0 . = — N
: R F LR b
E 246.0 73.9 i@ziuﬂ:@&ﬁa BLUFIRT Ak
F 239.7 61.4 NEBLRTWA.
G 238.1 72.0 1) 5 WD T
243.6 116.2 2p
I 242.2 116.2 CHAT . ‘
J 242.2 128.3 2) BIcE SR s & s
X 7.0 81.0 NBGI AR, ZOHROWE

*Angles are taken from an arbitrary determined AT 5.
direction. 3) e yr—ehASkhETHR
EELYT 556, METDORTS 5D HMEERAT 5.
1) oHER B LR D PFHMECHREERORIET -2 &Eh220, FIMCELL
Tovs F7e, BRI BSREHIR 2 D B AT X » TL Gk E (BT B0
LERHEE I, 2), 3)DhEY, e LTkE B TFhIBRREX 200N 5
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Fig. 5. Points where the fumarolic temperature was measured at Iwo-yama
in November 1978. The results are presented in Table 5. The dotted and
striped areas indicate the areas where the fumarolic temperature is higher

than 96°C and higher than 100°C, respectively.

Table 5. Fumarolic temperature at Iwo-yama, November 21, 1978.

Measured point Temperature °C Measured point Temperature °C
1 91.2 6 91.0
95.0
95.5 7 94.0
. 94.5
96.5%
8 174.0
2 94.2 !
95.0 9 139.0%
93.5%
3 94.7
94.0 10 147.0*
9.0 1 104.0%
4 97.0 12 96.0*
5 112.0 13 96.0
123.0
156.0

*Measured by mercury maximum thermometer.
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Fig. 6. Points where the fumarolic temperature was measured at Iwo-yama
in March 1975. The results are presented in Table 6. The dotted and
striped areas indicate the same as Fig. 5.

Table 6. Fumarolic temperature at Iwo-yama, March 1975.

Measured point Temperature °C Measured point Temperature °C
1 95 9 97
*
2 95 154
183* 10 100*
3 95 11 173*
4 180* 94
103*
5 93 94
6 247% 9.5
200* 96.5
96.5*
7 110* N
185* 12 96.5
95.5
8 178* 94.5
186*
186*

*Measured by mercury maximum thermometer.
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Fig. 7. Frequency of the temperature values, Ohachi in November 1978 (Fig.
2Db). The temperature values are given on the mesh points of horizontal

angle 0.1°xdip angle 0.1°.
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Fig. 8. Frequency of the temperature values, Shinmoe-dake in November 1978.
Solid line for the whole area observed and broken line for the right side

on Fig. 3c.
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IWO-YAMA (NOV.1978)
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Fig. 9. Frequency of the temperature values of Iwo-yama in November 1978.
Solid line for the whole area observed and broken line for the right side

of point C on Fig. 4b.
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Fig. 10a. Assumed axial symmetric temper- Fig. 10b. General axial symmetric temper-
ature distribution function. a; represents ature distribution function.

the upper limit of integral calculus.
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Fig. 11. Calculated results of N(). Parameters adopted for N(T) calculation
are shown. Numbers labelling the curves are the values of a;. When T is
equal to T, calculated N(T) has a maximum value.
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Fig. 12. Non-dimensional values (Tu-To)/(Ti-To) are
shown as a function of «;. Numbers labelling
the curves are the values of 1/xo.

Table 7. The influence of the observation range
upon the observed temperature reduction. F is
calculated with 7,=0.0°C, ¢-=1.0°C, T,==30.0°C

and d=100.0.
T

251

-3 -2 -1 0 +1
1.2 0.577 0.586 0.605 0.653  0.829
1.4 1.228 1.238 1.257 1.305 1.481
1.6 1.980 1.990 2.009 2.057 2.233
1.8 2,833 2.842 2.861 2.909 3.086
2.0 3.785 3.795 3.814 3.862  4.038
unit: 10*
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Fig. 13. Estimated value of Ty by Eq. (7). The true value of T, is presented
0.0°C.
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Fig. 14. Estimated value of o by Egq. (7). The true value of or is presented
1.0°C.
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Fig. 15. Examples of S-T relation for an ideally given model. Parameters
adopted for S(T) calculation are shown. Numbers labelling the curves are
the values of «;. T)/ and d’ mean the estimated values of T and d by the
least square method.
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Fig. 16. Estimated values of m; m indicates the
inclination of straight line determined by the
least square method. a: m is determined with S
27, S (26), ..., S (T). b: m is determined with
the whole data higher than T°C. The theoreti-
cally given inclination (m=-—5.91) is also shown
in the figure, for the case without observational
errors.

Table 8. Estimation of characteristic values.

Ty°C ar°C T,°C D deg

Ohachi 6.2 1.1 33.4 8.9
Shinmoe-dake 6.9 1.2
Iwo-yama 2.9 1.2 28.4

Ty: Estimated normal surface temperature.

or: Standard deviation of errors contained in ob-
served values.

T,: Estimated maximum temperature.

D: Radius of thermal anomaly under the assump-
tion of “conelike temperature distribution”.
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Fig. 17. S-T relation for the observation data of
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i) BrRlE Wikl No. 1, No. 22 (A1) KzWMT 25 &, ThEh 1.4X107 watt,
1.2X10° watt X7c%. Mi%& No. 8 XU C & »7:2%, No.1 & No. 2 o
I HVORMITH L6, FEMNIEFE% &5 -, 4.1X10° watt E7e 5. WK
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watt, (A1) %FHT2 & 5.8X107 watt 7\ oh s, —J5, 11 B 71132 R&AD 7w

Table 9. Heat discharge and H.O emission rates from major active craters in
Kirishima in November 1978.

Heat discharge H,O emission SO, emission H,0/S0,

10® watt 10° g/sec t/day
Ohachi 2.1 <0.78
Shinmoe-dake fumarole No. 1 14.
fumarole No. 2 1.2
fumarole No. 3 4.1
inner wall east side 2.0
total 22. 7.2-7.9
Iwo-yama 61. 22. 17.* 110

*BEstimated by corelation spectrometer on Nov. 2, 1976 (KAMADA and Ota, 1977).
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Fig. 20. Recharging areas needed to maintain the H,O emissions estimated in
Table 9 by the annual precipitation of 4300 mm. The larger and the smaller
circles are for the cases where 1% and 100 % of the precipitation are dis-
charged, respectively. For the steaming grounds, presented by broken
lines, the estimated values are the upper limit of H,O emissions.
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Fig. 21a. Surface temperature distribution of the west flank of Iwo-yama,
measured by Canon Thermo-camera CT-5B (field of view: 1.3 mrad.). The

observation was carried out in the morning on March 21, 1977.
@ 61°C-55°C, @ 55°C-49°C, (@ 49°C-43°C, @ 43°C-37°C, () 37°C-31°C.
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Fig. 21b. Frequency of the surface temperature for Fig. 14a. The broken
line is the result of November 1978 (Fig. 9) for the comparison.
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9. Geothermal Survey of the Volcanoes Kirishima.

By Tsuncomi KAGrvama, Kohichi UnIrA, Teruhiko WATANABE,
Fumio MASUTANI and Masaru YAMAGUCHI,
Earthquake Research Institute.

In and around the volcances Kirishima, there were many seismic swarms since
September 1975, especially frequent under the craters Ohachi and Shinmoe-dake. For
the prediction of steam explosion which is most probable at the volcanoes Kirishima,
it is important to notice the variation in their thermal activities. However, the thermal
states of these craters have not been investigated thoroughly. Therefore, the authors
carried out geothermal surveys of Ohachi and Shinmoe-dake which are present active
craters, and of Iwo-yama, the most thermally active area in Kirishima, during November,
1978. The results of the surveys are summarized as follows.

1) Surface temperature distributions are made clear by the measurements with an
infra-red thermometer (Fig. 2b, 3¢, 4b).

2) Statistics of these surface temperature distributions give the surface temperature
of the “normal” area, T, as 6.2°C, 6.9°C and 2.9°C, at Ohachi, Shinmoe-dake and Iwo-
yama, respectively (Table 8). Through these analyses, high thermal anomalies (higher
than 79+30¢7) are recognized at each site.

3) The fumarolic temperature of Ohachi is 96°C, the same as in 1972, which is the
boiling temperature of water at that altitude. The fumarolic temperatures of Iwo-
yama range from 93.5°C to 174.0°C (Table 5).

4) Heat discharge and H:O emission rates from these areas are estimated by successive
photographs of fumarolic plumes and by surface temperature distributions of steaming
grounds. The heat discharge rates of Ohachi, Shinmoe-dake and Iwo-yama are 2.1x10°
watt, 2.2X10" watt and 6.1X10" watt, respectively. The H,Q emission rate of Ohachi
is less than 7.8x10% g/sec, from Shinmoe-dake, between 7.2x10° and 7.9%10° g/sec and
from Iwo-yama, 2.2X10* g/sec (Table 9).




