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Fig. 1. Measuring sites of electrical resistivity in the Zycdoduaira
area of Azumasan Volcano.
ZA-7ZB: Schlumberger array for the vertical sounding.
E1l, E2, W1, W2, W3, W4: Potential electrodes for the current
electrodes ZA-ZB.
OA-OB: Electrode arrangements for the bipole-bipole measurements
at Okenuma.
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Table 1. Vertical soundings by Schlumberger arrangements in Zyddodaira.

AB/2(m) MN/2(m) I(A) 4V (mV) pa(2-m)
5 0.5 0.389 134 27.1
7 0.5 0.389 35.4 14.0
10 0.5 0.389 8.2 6.62
10 1 0.389 17.2 6.95
14.5 1 0.586 8.3 4.68
20 1 0.586 3.58 3.84
20 2 0. 586 7.00 3.75
30 2 0.586 2.50 3.01
50 2 0.586 0.87 2.91
50 5 0.586 2.22 2.98
70 5 0.976 2.00 3.15
100 5 0.976 1.12 3.61
100 10 0.976 2.41 3.88
150 10 1.38 1.40 3.59
200 10 1.92 1.28 4.19
200 20 1.92 2.48 4.06
300 20 1.19 0.88 5.22
300 30 1.19 1.28 5.06
435 30 1.05 0.56 5.27
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Fig. 2. Results of vertical soundings in Zyddodaira by Schlumberger arrangements.

Table 2. Apparent resistivities by means of bipole-dipole arrangements

in Zyb6dodaira and its surrounding area.

No. I(A) 4V (mA) I(m) 74 (km) 75 (km) pa(2-m)

WI1(NS) i 1. 568 1.35 100
W2 (NS) 1.568 0.17 100

(EW) 0.43 100 1.025 1.250 13.6
W3(NS) 1.573 0.07 100

(EW) 0.04 100 1.275 1.175 2.77
W4 (NS) 1.552 0.30 95
El (NS) 1.568 0.48 80

(EW) 0.55 70 0.713 0.425 6. 90
E2 (NS) 1.568 0.04 100

(EW) 061 1 1.025 0.525 16.2
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Table 3. Apparent resistivities (p,) and phase differences (¢) obtained by

229

magnetotelluric technique for a single frequency 17.4kHz. ¢ is the
phase difference between the electric and the magnetic field.

Sites | pa(2-m) | ¢(degree) Sites pa(2-m) | ¢(degree)
0 ‘ 7 78 31 13 63
1 13 72 32 9 55
2 25 58 33 5200 18
3 16 — 34 600 61
4 10 63 35 1000 59
5 510 63 36 790 60
6 130 30 37 200 7
7 590 74 33 450 67
8 640 80 39 1200 62
9 200 73 40 70 (5]

10 510 76 41 23 76
11 510 65 42 7 70
12 640 70 43 110 65
13 400 62 44 80 60
14 2200 62 45 500 62
15 1450 62 46 20 88
16 3500 55 47 1 03
17 1600 64 48 67 64
18 60 77 i 49 46 10
19 9 78 i 50 23 72
20 10 63 ;51 8 07
21 120 74 : 52 2 11
22 400 79 ! 53 2 10
23 380 70 ! 54 5 14
24 780 70 | 55 18 77
25 750 77 56 10 04
26 140 70 57 10 10
27 390 69 58 10 74
28 | 90 64 59 9 (E
29 280 74 60 8 06
30 75 66 61 7 10
8Hz ThH 5. Tk T OFori#3kc2 T, Fig. 6 o 7 {ffr T magnetotelluri .
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!Fig. 5. Apparent resistivities obtained from measurements of VLF waves of 17.4 kHz.
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Fig. 6. Measuring sites of natural electromagnetic field of ELF frequency range.
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Fig. 7. Apparent resistivities obtained from measurement of the

fundamental mode (8 Hz) of Schumann resonance. Radius of
an ellipse represents anisotropic apparent resistivity.
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Fig. 8. Vertical distributions of the electrical resistivity obtained by a magneto-
telluric technique at (a) Torikodaira and at (b) Zy6dodaira. Thick lines are
the best fitted models, and the thin lines indicate ranges of uncertainty of
the models.
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foo WLABRZ AR 0 RER TH 5. AkoliEz (11-18, V1-V3), (12—I3,
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Table 4. Apparent resistivities obtained by bipole-bipole arrangements

across Okenuma crater. R is the distance from the center of the
two current electrodes to that of the potential electrodes.

Electrodes I(A) ’ 4V (mV) R(m) pa(2-m)
(11.12) — (V1. V2) 1.16 94 0 130 3806
(I1.18) — (V1. V3) 1.57 180 220
(12.183) —(V2.V3) 1.95 0 55 230 7.93
(I12.14) —(V2.V4) 1.58 ; 1.10 280 8.38
(I8.14)—(V3.V4) 1.56 1 0.17 330 10.3
Okenuma -
L Okenuma
i vaov2 v I . B u
g5m-1- 105 = 100 100~ 109 ~-100m 2
m’;
160 m -
Fig. 9. Electrode arrangements for I
bipole-bipole measurement at 3
Okenuma. 2
V1-V4, potential electrodes. WwE
11-14, current electrodes. E
Fetd UL @ oehii (A), Vo bRz I
(V), R iz 1o LiimohOofL
- 10F
i & TR TR 0 .o & COBTEE (m) :
DL2%FT. wE R &hce v, C
R IR prastlihic s Lico s Fig. i
10 Th 5. A Higdiiz R 25 230m
N, - 1 . . .
ECOMCRA L, Thi hinec T 20 W R
ATIEMN e BRI LT 5. L7 Fig. 10. Apparent resistivities obtained
T V2, V3 a3 S o Itz by the bipole-bipole arrangements at
RLTU B i, S b0 Lo Tl Okenuma.
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Fig. 11. Distribution of magnetic meas-
uring sites.

M1-M9: Sites for total intensity.

M3, M5, M8: Sites where the field
components were measured as well
as the total intensity.

Total intensity F, inclination I, hori-
zontal component H, and vertical
component Z at the individual
measuring site. They are noted
by relative values to those at
Kakioka, for instance, 4F=F (at
the measuring site)—F (at Kaki-
oka).
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Table 5. Repeat stations.

No. Site Longutude Latitude ‘ Altitude ‘Component Height of sensor
M1 | K o Fe | 140°1674N 37°44’4N ' 1270m F 2.00 m
M2 | 53 LR 16.2 43.8 1460 F 2.00
M3 | ® W OSE 15.6 43.6 1490 F 2.00
| D, I 1.20
MéndRTF 15.4 43.5 | 1570 F 2.00
M5 % + % 15.3 43.2 . 1570 F 2.00
i D,I 1.20
M6 | & FE L 15.0 43.1 ' 1620 F 2.00
M7 | — W& 1y 14.8 43.5 | 1840 F 2.00
M8 | W S 15.6 42.8 1510 F 2.00
D,1 1.20
MY\ B F P 15.1 2.1 1610 F 2.00

1) Latitude, longitude and altitude are taken from a map of the Geographical Sur-
very Institute (1/25000).

2) Components: F=Total intensity, D=Declination, I=Inclination.

3) Height of a sensor is measured from the top surface of bench mark. The center
of the sensor of the proton precession magnetometer is located at 2.00 m height,
and that of the search coil of the GSI magnetometer at 1.20 m height.

4) Geomagnetic latitude (¢) and longitude (2) of Zyddodaira measuring point: ¢=
27°44’N, 2=207°12'E.

Table 6. Gradient of the geomagnetic field at repeat stations.

Field gradient (Total intensity)
No. Site Lateral (nT/m) Vertical A4H (cm) (dF(nT/m)
East West ‘ South ’ North (nT/0.5 m)

Ml | X% o pE| +11.5 | +17.4 | +20.9 -5.7 | —-16.1 13.5

M2 | 24 LR -2.0 +8.3 +14.7 —-12.5 —-2.8 12.0

M3 | 5 ¥ F -2.0 +13.3 | +10.3 —-17.0 —-3.7 10.0 | —25.7/5
M4 |5 ETF| +12.5 —2.8 —-1.5 +2.2 -12.6 10.0

M5 | + % +0.3 +0.6 | —4.7 +5.3 —1.5 7.0 | —17.2/5
M6 | Z& 3 4 +7.0 —-2.5 -10.9 +11.9 —-0.8 10.0

M7 | — ) & 1 -3.0 +14.0 © —-5.0 +4.7 —2.0 16.0

M8 | % F +7.5 —20.1 +7.5 ¢ —11.1 +4.8 7.0 | —0.1/4
MO | B F F| +41 -3.9 -3.9 +1.4 +6.5 3.0

1) Lateral field gradient is the difference of total intensity between the measuring
point and its 1m east (west, south or north) site at the height of 2.0 m from
ground level.

2) Vertical field gradient indicates the difference at two levels, 1.5m and 2.0 m.
Given are (1.5m-2.0m).

3) 4H is the height of the top surface of the bench mark above the ground surface.

4) AF is the difference in the total intensity between the center of the theodolite
and that of the sensor of the proton magnetometer. Given are center of theodolite
(1.2m height) —center of proton magnetometer (2.0m).
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LoXEThL. ThboiERsy Table 6 iR L7

g, TNTHERO Ema2EHEE LTw5A, bR 9o BhitH b
DT, WENISHMOLHE TOEILER L. ¥, RALLBIOHEHLENBLK
BT, BES IRRS B, SRR EESY —F 24 LR ECEE LTR
Hic. GHBRVELENYERGET 285 EOMTEYEE LT, TOMEEIFERALTHS.

T DIED, SRR E L OHIREGIE O 7o FEIRR BB S 2 BT T oEs
Fe e & B R S5 L.

6.1 SRLNHERSR
A Liciligsiz, Geometrics #:44 G816 FuikiisM 7 = + vRiIEH (No. 813)

Table 7. Results of total intensity measurement (1979).

unit: nT

No. l Date ’ F l Fyr AFyk 4Fg
M1 Oct 14 1980

13: 09—13: 24 47046.7 46634.5 1105.9 1104.2
M2 Oct 18

06: 55—07: 09 46712.1 46655. 3 750.5 750.5
M3 Oct 15

17. 22—17: 31 46424.9 46646.2 472. 4 476.1
M4 Oct 15

16: 37—16: 51 46161.2 46650. 8 204.1 207.4
M5 Oct 16

14: 18—14: 88 46664. 4 46646. 4 711.7 710. 4
M6 Oct 17

13:54—14: 13 46832.7 46655. 9 870.5 870.4
M7 Oct 16

10: 37—10: 56 46701.0 46624.5 770.2 771.9
M8 Oct 17

10: 06—10: 25 46554.5 46628. 9 619.3 619.8
M9 Oct 17

09: 10—09: 29 46917.1 46627.2 983.6 985.8

1) Corrections of constant biases inherent to the individual instruments were
made to all the measured values.

2) F': Observed total intensity.

3) Fy: Total intensity observed at the reference station, Makukawa.

4) A4Fyg: Total intensity values relative to that of Kakioka Magnetic Observatory

AF,‘[A':F_F_I[+JFC,

where 4F; is a difference of night time values between Makukawa and Kaki-
oka. 4F; was obtained to be 693.7x1.1nT by averaging the differences of
minute-values from 0* 00™ to 3" 59™ JST on October 15, 17 and 18, 1979.

5) A4Fx: Simple differences in total intensity between repeat stations and Kaki-
oka Magnetic Observatory.
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T, Aot (MOPKB) & o G816—MOPKB i3 +1.4+0.3nT TH2%.
JlsEstina Table 7 iR, #£M&ckir 3 IEM F) 1, #ES &b EoflEH
P LTENIE L, X510 ~200HoMlER FHLTELRMTH S ZA
LR DER KD BN TE, IMEREG I L OMIEZE R Dl T 510, BRGRHNOD
e (108158, 17H, 18H® 05004575 3 K595 ¥ T4 MM QN ) &
LCHlifE & D& RIC X hkdie

F=J5Ef (FEmiEF4)

Fy= S0 iS3 a2 o3RI (ZRERMIEFA)

AF,=10F15H, 17H, 188 ® 015005 — 3 1594 > F)Ig i & il ZEHE i D2 D

et (693.7+1.1nT)

AFy g =F—Fy+dF =311 F{ii % A U 7o DU S —Hlifa o 48 J) 28

AFK:‘?ﬂU,'ﬁ_W["E

feds, A UmER R A i s 5 K-35y, $XT2 il T
Hote. Fie, TR N LeEE MO %% Fig. 11 ofilgo 27K R L
fe.

LREHONEIL LS EHIAETH b, KA, 5008 & M o2 & IR I YT« 15
BTk FE ot flif & o¥EDRKRE ML JIERMORED 1106 nT, f/ANL M4 JE5
2 #2F 204nT Tdh - 7.

¥ HRL KB OMER (1975) 2 b EIEKILNL G O FEERES 2 R, FREZLILD
IEA 4T » CLEOMELER & il Uie. 400 A0 & R (46280 nT) L DEDOKE
WA, EEodeiflcir ML Koo 767 nT, #ilo s Tk MY LTFo
637 nT, EDO/NI WA E T M3 BiED 145nT, M4 < £ TFo 119nT
TH ok

6.2 LREIIAHEINE R H

ENBERECRS WL IS TIEZI0A4EA L8R AT THE L. HLAY
e b vREHEHE, 108150 % Tt Geometrics #1851 G805 # > = + vREHEF (0.1nT
R, #e£0.2nT), 16H DRTEBLETIHE (B % PPM61IG Y = b vR&JJEH (AnT
Foi, g —0.6nT) Ths. BIEROZ)I, fliMMOLRHAE Bk ITZDED
g% Fig. 12 127R Lic. MO T 1 Sofiiiz200 9 TH 5.

BN O LREIZL 3BT AR O ZE b oiRE . G RIM) ZkoThb & AL
iz 0.89 & FINDZHEDIRIGIZAIENZ TRV Lied» T, BZLD R 3R
Bl CI R A 4T e\, PRI & I35 &2 nT 239HBRSZE Lo LIk b & LTIllE
W T BN B . E, 100 ORI L ORI A 14FHT DT
RDBTHBE 0.62+0. 14 DFERMAEGL NI, b ofER% Fig. 13 1R L. Koft
TiEIRIE e, RSN ZEE D HERIIER () & ¥eiT. ©WEAUIZL, @k B LDIRE
ths.
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Fig. 12. Comparison of diurnal SPUBUILE, KD = PTG 80
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Fach ot st ) AT o 0 1 &R P EEL,
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7 % JRUE L LTSI Ui B 7 hn - 1o,

Table 8 & WADRS, AKFEHT1, SVIAIOWEM L, *iET 2HMEOM, KbV
ARG EMFAOELR L. 4ENE, 3RHDLRABIEIETE 5h -7-0T, il
HEMMOERTEDOXETH S, Fic Fig. 11 ok, KEDD, ST TIOMEE DX
N L.

WRHIIBOFEDRLTE L F -7 < FA—Tikle\hd (AT E 2 BHE LTED %1z 1
~2m DEEFEEHEE SN D), RAKDWTEE T TIREZLD Xx HELT, £@D
RERZHE L CAh B &, M8 TPT 1.4 oA, M3 FEHEET 53 o#in, M5 Gt
T 42" OWAhE R LI

M8 % & & ORI TA E 721t T Table 6 WA ORMSHIE) S B TLE m
DR FE DN TR WI A2 v, ME G- FoBfilfy 200 m Dl ~ v = 7 »
~DFAY L LTRGTIZ bl » THIME R TV 2 ERRCT, TIEMSED K & ol
AN RB DI ot RS ORI DET ARSI, SHOBIMORETE S 4
Dfdo THRRET L7cu.

7. 2ENEEER

Pl &3 B IR ORSIHEEE M B 2 Lx By & LT, &R OBT NS
Mo Ltc. RIEOWA TTRE LIcHIR D TUTEH—H T & Tehs o 7o 388 Ic D UL TIIE 2 47 75
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Fig. 14 il gz, e fimozZ 4F % 10nT Hfzcr L, 500nT oS
AR ATH D, AF o iz EFILPE LA E TR R T, ZOREEIREEDE
+EBUOIADOHRACERT 2 L D EHEE S B, AF oKk, 4705 HiE
fHENERZ HIL - T %, Z oz, TRIRFIOFFELY il &% h Tk D JURE
L.

Fig. 14. Distribution of total intensity (in the unit of 10nT).
Values are relative to those at Kakioka.
AF=F (at the site)—F (at Kakioka)

¥io, Tig. 15 @it Tadbe LTl An4 54 v (212 N3O°E) Zv-o B
A DT A BEUERIE & DFEI X DR Lic, MI~MO &Ry,  BOud® Dl &
BiCTH B, I, BHRIBEORELKELZT b b5, Fig 4 LF
B PR OB AMEN & E DB TH %,
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Fig. 15. Anomalies of total intensity obtained by subtraction of
field values read from a magnetic chart in this area. Full
circles are measurements at temporary sites and double
circles are those at repeat stations.
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12. Distribution of Electrical Resistivity and Geomagnetic
Field Components in the Zyddodaira
Avrea of Azumasan Volcano.

By Takesi YUKUTAKE, Toshio YOSHINO, Hisashi UTADA,
Earthquake Research Institute,

Makoto KAWAMURA, Ko OCHI, Yoshiaki MIZUNO,
Katsuharu KOIKE,

Kakioka Magnetic Observatory

and
Masahiro KOSUGA,

Geophysical Institute, Tohoku University.

During the period from October 12 to 18, 1979, measurements of electrical resistivity
and geomagnetic components were conducted in the Zyoddodaira area of Azumasan Vol-
cano. The area includes fumaroles that have repeated small eruptions since a great
eruption in 1893. The electrical resistivity near the surface was measured by direct
current methods. A vertical sounding conducted at the center of Zyédodaira indicated
that the resistivity was extremely low near the surface, 2.8 2m at depths from 2 to
50m and 6.5 2m below that (Fig. 2). This was confirmed by an electromagnetic induc.
tion method, and the lateral extension of the low resistivity zone was examined. Elec-
tromagnetic waves of frequency range from 17.4 kHz of artificial source to 8 Hz of the
fundamental mode of Schumann resonance were measured at the ground surface, and
the magnetotelluric techniques were applied. It has been revealed that the area of low
resistivity less than 10 2m extends over 1 km from the fumarole sites in a SSE direc-
tion, forming a narrow belt with a width of about 500m (Fig. 5).

Geomagnetic total intensity was measured at nine repeat stations and at 38 tem-
porary sites. Inclination and declination were observed at three of the repeat stations.
The results show complex features of field distribution. Some are related to the terrain
features, and others not. It should be noted that the total intensity is also low in the
narrow zone of low resistivity.




