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Abstract

The volcanoes of Kirishima, located in southern Kyusyu, are a group
of more than 20 volcanoes. At least three volcanoes have historic records
of eruptions, and more than 10 volcanoes have been active within the past
22,000 years. This indicates that Kirishima is a multi-active volcanic group.
According to seismological investigations, the Kirishima area is subject to
NW-SE extensional stress; slight extensional stress is favorable for a fault
system that allows magma to ascend at various points. For this reason, a
multi-active volcanic group was generated in this area instead of a large
stratovolcano. Therefore, it is interesting to reveal the structure and the
magma supply system of the Kirishima volcanoes. From these aspects, a
VLF and ELF magnetotelluric survey was carried out to clarify the electri-
cal resistivity structure around Iwo-Yama, which is the newest volcano and
has the most active geothermal area in Kirishima.

According to the VLF, ELF-MT survey, a low resistivity layer (<30
Q-m) is found throughout the Kirishima area beneath the more resistive
surface layer, which is about 100 m thick. This low resistivity layer is
interpreted as a water saturated porous layer with wide distribution around
Kirishima. The resistivity of the saturated layer is found to have resistivity
is higher than 10 Q+m in the thermally normal area apart from Iwo-Yama,
while it is less than 3 Q-m on and around Iwo-Yama. The summit zone,
which shows 2 or 3 Q+m, is enclosed by an extremely low resistive (1 Q-
m) zone. These zones correspond to the high temperature fumarolic zone at
the summit, and the low temperature steaming ground around the summit,
respectively. These evidences suggest the following geothermal model; an
extremely low resistive and acid hydrothermal zone is created just around
the summit by the interaction of water in the saturated layer and high tem-
perature volcanic gas supplied from beneath Iwo-Yama. The depth of the
heat and gas source is estimated to be about 10 km from another investiga-
tion by ULF-MT presented in this issue.
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Photo. 1 Aerial view of Iwo-Yama and other volcanoes in Kirishima from northwest.
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Fig. 1 Geological map around Iwo-Yama
Byakushi-lke Ro:Rokkannon-lke Fd:Fudo-lke Tw:lwo-Yama Ks:Koshiki-Dake
En:Ebino-Dake Kr:Karakuni-Dake Bw:Biwa-lke On:Onami-Tke Kd:Karakuni-
Dake debri avalanche f:Fan deposit
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Fig. 2 Distribution of ground temperature anomaly at lm depth in degree.
square and star represent major fumaroles around Iwo-Yama.
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Fig. 3 Distribution of apparent electrical resistivity by VLF-MT.
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Fig. 4 Observation sites of ELF-MT around Iwo-Yama. Numerals indicate site No.
The lines, A-A’, B-B’ and others indicate the cross section of the resistivity
structure presented later.
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Fig. 5 Distribution of apparent electrical resistivity in 8 Hz by ELF-MT. Unit in Q * m.
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Fig. 6 Resistivity structure at KV01, KV02, KV03, KV07, KV09 and KV15; around
the steaming ground at the western foot of Iwo-Yama. Vertical axis indicates

relative height to the sea level.
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Fig. 7 Resistivity structure at KV04, KV05, KV06 and KV08; southern side of
Fudo-Ike.
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Fig. 8 Resistivity structure at KV10 and KV11; western margin of the steaming
ground at the western foot of Iwo-Yama.
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Fig. 9 Resistivity structure at KV13, KV14, KV17 and KV37; southern margin of the
steaming ground at the western foot of Iwo-Yama.
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Fig. 10 Resistivity structure at KV16, KV19, KV20 and KV34; the summit of Iwo-Yama.
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Fig. 11 Resistivity structure at KV21, KV22 and KV35; northern part of Iwo-Yama and Fudo-Ike.
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Fig. 12 Resistivity structure at KV23, KV24, KV32 and KV33; geothermal area at the
northeastern foot of Iwo-Yama.
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Fig. 13 Resistivity structure at KV25 and KV26; southeastern margin of Iwo-Yama.
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Fig. 14 Resistivity structure at KV27, KV28, KV29 and KV36; western part of
Fudo-Ike.
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Fig. 15 Resistivity structure at KV30 and KV31; northeastern foot of Iwo-Yama.
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Fig. 16 Resistivity structure at KV 18, KV38, KV40, KV41 and KV42; western margin
of Ebino-Kogen.

k) Z OB

KV18, 38, 40, 41, 4213, 2 UVDOEEOHEEIZH Y, 2 CDED &KMBHN 2 BRHE
Bt & e o> Tw b, JWEl—H13 20 FEERT & CRIEEHTH - 7o BB I3 R E M
2o HRICERERIROAZ Y, BRES, S7VORBEHSH S, KVIS, 381X 2 0H
BohThhRIMELTHEY, Fig 16 ITFT L1500 m, B 20m DE 1 &
DT, 5710 mDE2E, 2~3Q0 m DEIEBFE VT WS, KV40, 41 X ERH#:
BRI I AIE L, HTFOEOES T2 COEDIMKIZ»hoTWw2 EBbh, &
DHIZRERD, 100~200Q *mDE I BOTIZI0Q0 - mBEDE2, E3IBL, LVE
HEfck>Tw3, KV, ZTDEDILIETEIZH D, BkQ -mll F0E 1E,
100Q - mDFE2ME, 300 - mDEIFL, BHVHEFEETRLTWS,
D) BB LILAEE

KV43, 46, 48, 49, 50, 51, 521, HRILOEMEICH D, AEHEBES X UCEEL
BWEDECH 5, Fii—H M T, HPEERY b\, Fig 1TETRTE51E, &
BT 3 EBbNBER 50~150m, #1000 - m OEHEFHOE 1B, £2E
(KV50, 51 TIXZE1E) 2’5V, ZOTIZ10Q mEEDOBE R > T3,
m) Z VOB

KVI2, 394, ZUVDORRLHBILE OBREFIAEL T3, PLCEBEEND 2
e, MOHED FT—F DENREL, HLLERITERLY, HOSLIZPPER 2
BEZRLTWw3, KVI2iZ, Fig. BIZRT E312300 - mDE 1, E2EINE L 5
&, F3BR10Q -mBEEZ->TWS, KV39it, 3BEFVTCRROESRD L 57
TERELBH, BESKEL, ABETNVCENT S &, HOBHHO X 512, 700Q + m
DIKBBOEIBESQ mOE2BOTIW, KVREFRAL X 31240Q  mDE3E,
100 * m OF 4BIFELFERBVEOSNT WS, KV ZZVOEFEKTVOBRHED S
GESWKAIEL, BOBEESSERBLIL CEETAEERLTVEDTHS S,




ZEXILE - MEILUAZLOVLF, ELF-MTHIE 223
m Ku43 m Kuds m Ku4g
1300, 1300 1400
1200 1200 1300
C
1102 1100 1 1200 | |
|
1008 1000 1120
998 900 1009
1 18 190 1000 10000 1 1@ 100 1000 1@oCe 1 10 100 1eg0 12000
Q-m Q-m Q+m
m Ku4g m Kus@ m Kus1
1300 1300 1300
q ]
1200 ! 1200 1200 |
|
1
1100 1100 1100
1000 1000 } 1200
920 920 900
1 1 1o 1000 10000 1 1 162 1000 10@00 1 i@ 100 1000 10000
Q-m Q-m Qem
m Kus2
1320
1200 |
1100
1000
928

1 10 100 1009 10000
Q- m

Fig. 17 Resistivity structure at K'V43, KV46, KV48, KV49, KV50, KV51 and KV52;
southern flank of Shiratori-Yama.
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Fig. 18 Resistivity structure at KV12 and KV39; the boundary zone of Shiratori-
Yama and Ebino-Kogen geothermal area.
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Fig. 19 Cross section of the resistivity structure along the line, A-A’ in Fig. 4.
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Fig. 21 Cross section of the resistivity structure along the line, B-B’ in Fig. 4.
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Fig. 23 Cross section of the resistivity structure along the line, D-D’ in Fig. 4.
E S w N

I A S R

22 35 4 6 5 29 36 28 27

water level

1000

>1o
VA>3

Fig. 24 Comparison of the resistivity structure around the Fudo-Ike. The vertical
sections are presented clockwise from the north.
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Table 1 (Continued)

¢av

date

dyy r ©0av r

oyy

Pyx
-126.6
-125.7
-127.9

8.77 -108.4 17.5

r OXy @Xy r oyx
58.1

@ XX

0 XX

NO.

MAY 09,1990

16.4 18.4 57.5 5.1

1.81 -130.0 15.4 22.6

1.94 -138.5
1.85 -143.7 16.1

2.9
2.5

7.3 22.9
6.1 26.8
6.2 27.1

14.2

43.4 8.7 18.5
43.2~ 5.5 23.2

3.24
3.34

2.

288 8

4.3

56.7

57.2
56.3

14

4.7
15.9

55.6

9.53 70.3

10

23.5
-16.3 103.8 16.2

3.2

11.7 23.5

39.8

44

DEC.07, 1989

40.7 170.7
31.9 63.9

0.20
0.74
0.90

70.6

9.84

0.69 49.9 41.6
11.1

0.14
0.05

29

FEBKIE - BMEZRIUEILOVLF, ELF-MTHIE

16.5
74.9 22.2

6.23 66.8 10.6

72.1
9.86 68.3

.6

67.2 11.7 9.59 -101.7 21.3

65.6 139.9
80.2 434.8

0.56 -135.8 50.7

14
20

-96.8 29.5

7.6

67.5 14.9 1

14.9

APR.17,1990

76.7 98.7

05
0.39
0.48

0.

5.3

9.47 -116.5
13.4

31 69.8 15.9
7.99 68.9 11.0

7.60
5.89

4.

8

30

7.6

53.7 34.5
51.3 47.5

0.003 -37.7 191.7

4.3

-113.5
-112.1

3.39 -114.8
5.16 -112.0
4.02 -111.8
5.27 -123.4
6.37 -123.8
6.01 -125.0

0.70 -119.7 20.0
1.56 ~145.0 47.1

9.76 70.0 15.7

9.3

14.0

68.2 22.1
68.8

20

6.7 APR.17,1990

4.48 66.9

5.9
4.8

7.5

47.7
91.9 92.8

0.04 125.1
0.04 -164.8 202.1

0.08

8
14
20

31

4.8

6.77 67.9

0.01 -170.3 143.2

0.11
0.02
0.01
0.03

4.8
17.7

87 67.6

8.
8.25

69.3 13.1

5.71

74.8 76.6
143.7 94.8

8.5

69.9

APR.26,1990

5.0
4.1

3.72 60.5

3.6

6.4

65.0
61

66

38
3.60
3.65
5.26
4.53
1.44
2.32
3.27
1.79
2.48
2.56

15.9 2.
0.12 -134.0 20.9

0.12 -140.1

8
14

32

4.64 58.7

168.0 110.0

91.1

2.4
4.5
5.1

.

7.7
8.1

.

3.

4.58 57.8 6.1
5.90 62.7

7.59 62.0

7.4

60.9

0.25 -130.6 19.0
80.4 43.2
81.4 48.2
0.02 131.0 211.5
0.25--131.9 26.2

0.12

APR.26,1990

6.6
5.6

0.22 -127.6 36.3

-120.1
-118.7
-120.2

6.01 -124.4
6.40 -126.5
5.57 -128.4
2.17 -124.8
2.72 -123.7

10.1
6.2 11.4
13.8 10.1

1

65.6

33

0.39 -132.9 30.4

62.7 5.1

07

0.

6.72 63.0 11.3

2.84 64.1

0.04 -142.7 78.9

0.04
0.10
0.16

0.
0.

8.9

66.4

20

APR.26,1990

9.2
10.6

76.9 68.9
68.8 53.5

63.0 36.9

5.1

7.4

3.3

72.5

8
14
20

34

3.66 61.8

13.8

70.1

0.35 -124.2 33.7
0.14 -138.8 64.1

0.07 -159.1

9.7
4.8

4.12 61.0
1.91

7.3

12.0

69.8

58.3 APR.26,1990

55.7 32.1

09
14
0.24

5.0 .
6.0 4.8
2.13 -121.7 11.5
0.

59.9

27.1

8

35

5.4
9.0
4.9

2.54 57.3
2.26 58.1
8.11

16.0 10.5
17.3 10.8

43.8 23.4
0.42 -176.6 63.6

57.1

0.05 -153.2 26.3

43.9 34.0
82.4 22.0
68.1

6.5
6.5

4.8

56.0

0.05 -156.5 48.7
0.22 -108.3 35.0

20

MAY 09,1990

59.7

3.2 39

3.70 -120.8
4.68 -121.6
5.23 -121.6

6.8 40.0
13.9 42.9
58.5 . 16.5 33.6

61.3

18.8
24.8

8
14

36

3.8
5.3
5.5
8.5

58.9

0.41
0.46

2.8
2.7

4.2

60.3

-99.0 22.1
0.90 -108.0 20.0 25.0

0.26

57.2

64.3

8.0

57.3

MAY 16,1990

58.1

18.4

-128.8
-131.0
-133.0

68.6
62.8

8.14
8.45

5.8
3.67 -139.5 21.3 10.4

9.6

3.48 -137.2
4.52 -144.4

8
14
20

37

235

54.4

0.29 131.7 75.3 18.4

3.0
8.0

51.5 12.3

0.36 107.5 109.0 17.8

(to be continued)
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Table 2 Resistivity structure estimated from VLF, ELF-MT.

No. 1st. layer 2nd. layer 3rd. layer Error*
Resistivity Thickness Resistivity Thickness Resistivity
(Q - m) (m) (Q - m) (m) (Q - m)
1 26 ( 3-260) 9 ( 1-89) 5( 1-49) 93 ( 9-930) 1.2 ( 0.1-12. ) 0.29
2 61 ( 6-610) 4 (2-6) 6 ( 4- 7) 105 ( 96-114) 0.8 ( 0.7- 1.2) ~ 0.71
3 6 ( 4- 12) 21 ( 2-40) 4 ( 3- 6) 81 (68-100) 1.0( 0.8-1.3) 0.75
4 30 (29- 34) 13 (12-14) 8 ( 6-11) 52 (49-54) 1.1 (1.1-1.2) 0.16
5 70 ( 61- 150) 12 (11-13) 12 ( 8- 16) 30 ( 28- 32) 0.5 ( 0.4- 0.5) 0.31
6 81 ( 73- 140) 16 (16-17) 7( 5-11) 24 ( 11-32) 2.0°( 2.0-2.1) 0.24
7 56 ( 5-560) 5 (4-5) 4 ( 3- 4) 59 ( 56- 62) 0.9 ( 0.9-1.0) 0.20
8 28 ( 13- 350) 9 ( 8-10) 1( 1- 1) 68 ( 65- 76) 0.3 ( 0.2- 0.3) 0.36
9 56 ( 25- 150) 6 ( 6- 6) 4 ( 4- 5) 44 ( 42- 46) 1.3 ( 1.3-1.3) 0.10
10 37 ( 36- 40) 13 (13-13) 5 ( 5- 6) 130 (110-160) 2.0 ( 1.7- 2.4) 0.15
11 51 ( 45- 110) 10 ( 9-11) 7( 7- 8) 110 (100-130) 2.8 ( 2.7- 3.0) 0.19
128 31 ( 30- 34) 45 (14-86) 26 ( 24- 37) 200 (190—220) 6.9 ( 6.4- 7.7) 0.27
12 30 ( 28- 37) 11 ( 9-18) 11 ( 10- 11) 380 (370-560) 2.0 ( 1.6- 6.9) 0.52
13 110 (110- 140) 17 (17-18) 28 ( 25— 31) 84 ( 82-8) 1.8 ( 1.8-1.9) 0.12
14 110 (100- 160) 19 (13-28) 48 ( 32- 77) 57 ( 46- 64) 3.6 ( 3.4- 3.8) 0.40
15 18 ( 16- 27) 8 ( 7-10) 5( 5- 7)) 72 (71-74) 0.8 ( 0.8-0.8) 0.16
16 14K ( 1K-140K) 12 ( 5-15) 14 ( 12- 22) 90 ( 79-100) 4.1 ( 3.9- 4.4) 0.39
17 96 ( 88- 120) 37 (33-49) 10 ( 9- 14) 98 ( 17-230) 7.6 ( 7.1- 8.6) 0.47
18 40 ( 39- 43) 18 (18-19) 5( 5- 6) 58 (50-64) 2.1(2.0-2.1) 0.12
19 14 ( 9- 24) 14 ( 1-79) 13 ( 11- 26) 104 ( 97-112) 2.4 ( 2.2- 2.6) 0.43
20 53 ( T-530) 5(2-8) 12 ( 11-14) 142 (138-150) 2.0 ( 1.9- 2.3) 0.32
21 87 ( 83- 100) 22 (16-30) 39 ( 21- 71) 34 ( 27- 42) 2.3 ( 2.1- 2.4) 0.39
22 250 ( 41-2500) 22 (20-25) 14 ( 6-45) 71 ( 68-74) 1.2 ( 1.2-1.3) 0.28
23 54 ( 53- 57) 14 (14-14) 15 ( 14- 17) 65 ( 63- 66) 1.7 ( 1.6- 1.7) 0.08
24 110 (100- 140) 21 (20-22) 18 ( 16-28) 89 ( 87-91) 1.7 ( 1.7-1.8) 0.14
25 78 ( 62- 170) 20 (15-29) 20 ( 18- 30) 158 (154-164) 2.6 ( 2.4- 2.9) 0,29

( ):Confidential limit of each parameter
* :Normalized squared residuals

(to be

continued)
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No. 1st. layer 2nd. layer 3rd. layer Error*
Resistivity Thickness Resistivity Thickness Resistivity
(Q - m) (m) (Q -m) (m) (Q - m)

26 250 ( 20-2500) 8 ( 1-11) 30 ( 26- 36) 220 (210-230) 4.8 ( 4.3- 5.7) 0.44
27A 160 (150- 210) 28 (26-32) 34 ( 31- 50) 138 (133-143) 6.1 ( 6.0- 6.4) 0.18
27B 140 (120- 460) 19 (18-22) 24 ( 23- 26) 199 (197-202) 5.1 ( 5.0- 5.2) 0.08
284 160 (160- 190) 28 (27-39) 43 ( 40-100) 147 (134-158) 10.6 (10.3-11.1) = 0.27
28B 1000 ( 67-9900) 11 ( 9-12) 54 ( 52- 59) 186 (181-191) 11.5 (11.4-11.8) 0.12
29 220 (200- 310) 31 (27-36) 53 ( 39- 91) 214 (211-218) 1.7 ( 1.5- 2.0) 0.27
30 640 (590-1200) 90 (87-95) 12 ( 5- 23) 133 (122-145) 1.3 ( 1.1- 2.1) 0.50
31 1200 (190- 12K) 34 (30-38) 140 ( 80-200) 91 ( 85- 96) 1.9 ( 1.7- 2.1) 0.48
32 50 ( 48- 62) 20 (19-22) 5 ( 5- 5) 163 (162-168) 1.2 ( 1.1- 1.3) 0.09
33 6500 (250- 65K) 16 (14-18) 35 ( 26- 59) 103 ( 98-108) 2.9 ( 2.8- 3.1) 0.35
34 120K (2K-1200K) 35 (34-36) 4( 4- 6) 85 (80-90) 1.2(1.2-1.3) 0.21
35 31 (29- 43) 20 (18-23) 3( 3- 5) 56 (49-64) 1.1 (1.1-1.2) 0.26
36 320 (220- 1K) 37 (33-42) 35 ( 20-110) 75 ( 66- 83) 5.5 ( 5.3- 5.7) 0.28
37 850 (140-8500) 35 (24-53) 94 ( 36-340) 63 ( 22-110) 13.9 (13.0-15.1) 0.80
38 51 ( 43- 100) 17 (15-24) 7 ( 5-17) 65 ( 23-110) 3.0 ( 2.7- 3.5) 0.77
39 15.( 15- 16) 470 (440-700) 6 ( 2-490) 180 ( 60-1800) 2.1 (0.04-19.4) 0.47
39** 680 ( 13-6800) 3 (0.4-T) 5( 4- 7)) 17 ( 11-27)

39 ( 32- 66) 190 (160-210) 9.8 ( 9.0-11.0) 0.49
40 200 (200- 240) 39 (38-45) 16 ( 16- 17) 230 (220-330) 10.0 ( 9.9-10.3) 0.21
41 96 ( 44- 590) 27 (14-41) 15 ( 9- 69) 48 ( 11- 86) 6.4 ( 6.2- 6.9) 0.50
42 48K (760-480K) 17 (14-20) 95 ( 81-130) 60 ( 28-140) 28.6 (27.6-30.9) 0.56
43 460 ( 62-4500) 9 (1-170) 570 (150- 6K) 68 ( 51-100) 9.8 ( 8.6-11.9) 1.88
46 410 (350- 710) 18 ( 3-36) 530 (410-800) 95 ( 90-101) 6.8 ( 6.6- 7.2) 0.35
47 no solusion
48 550 (530- 640) 34 (28-39) 300 (270-340) 100 ( 98-103) 5.8 ( 5.7- 5.9) 0.13
49 200 (160- 350) 25 ( 8-42) 290 ( 92-900) 85 ( 77- 91) 7.2 ( 7.0- 7.6) 0.36
50 180 (150- 260) 66 (56-79) 23 ( 20- 35) 160 (120-200) 8.2 ( 7.3- 9.5) 0.51
51 230 (210- 300) 66 (60-76) 25 ( 24- 32) 190 (160-230) 9.6 ( 9.0-10.9) 0.33
52 150 (130- 250) 17 ( 9-27) 1200 (200-12K) 58 ( 49- 68) 10.1 ( 9.8-10.8) 0.54

( ):Confidential limit of each parameter

* :Normalized squared residauls

*%

4 layer model




