WOE B K B & #
Bull. Earthq. Res. Inst.
Univ. Tokyo
Vol. 72 (1997) pp. 19-65

LM AR T OBHESEERE (1
—EIG-KRAER, BE-FARRR—

e RV - gL fEHED - WHE OKED - fHE BV BE Y
Al D - fEE O FIED - RN BAEY - =& ERP - LR o
ks B - g BOe - MHE e

VIREARFHBENSRE P SAATEEE Y EEAYEER 0 R
Y [ETHRISEIET O RERFEEE D HBEMNE e s -
*BEBCEIRR ¢ BAERSAFEER o BEIRT IR

o B R EUREHUERT AT '

Resistivity Survey Across the Southern Part of the Kyushu
Island

Hiroshi MUNEKANED, Tsuneomi Kaciyama?, Hisashi Utapa?, Wataru Kanpa®*,
Fumio Masurtant?, Shigeru Kovyama?, Kazuhiro Amita® **, Shigeyuki Opa?,
Masaaki MisaiNA®, Tetsuya Yamamoro® ***, Akira YaMmazakr®, Wataru KaTo® ****
and Koji UMEDA?

D Earthquake Research Institute, Univ. of Tokyo ? Fac. of Science, Univ. of Kochi

¥ Fac. of Science, Univ. of Kyoto ¥ Fac. of Science, Univ. of Tohoku

» Magnetic Observatory, Japan Meteorological Agency ® Fac. of Science, Univ. of Tokyo
” Tono Geoscience center

* Now at Institute of Physical and Chemical Research

**Now at Fac. of Science, Univ. of Kyoto

*** Now at Meteorological Research Institute, Japan Meteorological Agency

*** Now at Earthquake Research Institute, Univ. of Tokyo

Abstract

In recent years resistivity surveys have been conducted in and around the Kirishima
Volcanoes and a structural boundary was found between the northwestern and southeastern
parts of them. The boundary is located at the northern extension of the eastern margin of the
Kagoshima Graben. This suggests that the graben may play a critical role in magmatic activity
in this area. : :

We carried out an extensive resistivity survey along two lines across the southern
Kyushu ; M-M line from Miyazaki city to Minamata city, and N-A line from Nichinan city to
Akune city. We obtained fairly good data on apparent resistivity and phase at almost every
site and determined the 1-D resistivity structure using determinant averaged values.

On the M-M line, we had a high phase(above 45°) at sites in the middle of the line, and a low
phase (below 45°) at both sides. Through a 1-D inversion analysis we found the low resistivity
layer (LRL) at a depth of 10km or deeper in the middle of the line. As for the N-A line, we
found the LRL at the western part of the line.
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Fig. 1. Locations of observation sites. Small circles and small squares denote
observation sites of the H-M line and N-A line, respectively. The- hatched large
circles denote two major calderas in the southern Kyushu : Aira caldera and Kakuto
caldera. The large solid circle denotes the Kirishima volcanoes.
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MM 06 D% 38, MMO7 25 MM 11 & TOE 4 Bloshind 2 {EHIEDE & LT MM 12
TIRESRE MMIS TIRELABERATVS. LaL, 2ho0oBTRIEROEZESD
PAEL MMI12 & MM 13 TEERERIETB S HEICHEET 5 L RS0,

42 BE-FAXRAROEE ’

HEg- Pl AR O B BRI B B 0o, Paa D75 7 % Fig. 2c iR d. BILGEHR
E, BIEBBIRTA v —Ya vORBRICXZFEMETH S, 2B NA02, NA3 NA
05 CRAEBHOBERUENEREEDLNS /4 XD, ELF, ULFH & bic A v
Y=V RF VI NERETHIEBTEEL DT,

O VF4 v IS h—TE2R5E, NAO 25 NAOT E TOBIRS T ULF HFOAAEA
BIE A ELUTRNE > TW5, - T OB TRER-KEAKRDO MM 01 2> 5 MM 05
T CEABBICEL BB IR » THIERWE K3 EEICH B EEZ 505, NAOS I3FEEE
EOERNFHEITIC LB LEEbNE /4 XY, BITKRAS 24 vE—FvRr7vY
VBB ONEEESRONTOVAEMBAHEOF— %245 & NAOL S NAOS £ T
KEEMCE B> TRHEBER L THEEBATVS. ZOFREVIRS KL
HES D2 EARELTEY, FERFOERIIINAMBLS NARRZTROTWS, #-
T T OHIR— & BRI BRI B A B> T 8 FEa 3, NAL3 T, L Bkt
EBEOEBLEOLNE /A ZADEHELFEDF— 4 ICBELTRBA VE—S Y AF VYV
Bk ENF, ULFEOF— 2 LT, BRI 358 aMRo T LE 50, it
OF— Sy PERAPETAHAELRI TVEDOTNAI D S NA 12 ORI A & R ER



10 0,0001 0.001 0.0 0.1 1 10 100 1000
Period (s)

NAO4

~rrrrm—rrry N i o e SR 80
= 1000
; 70
2
=3
- Q . 60
: o
s 100 3 50
ER ; 5
é ‘ r ] = 40
g 10 k 30
&
g 20

d d . suwd L

S

Period (s)

NAO6

Period (s)

NAO7

,; 1000 3 70
2
1= [ ~ 60
2 &
i &y 3 S s
B H 3
@ & 40
z
o~
~ 10 F 30
S ]
g F 20
g

sl L L d A 10

1070 0.0000 0.000 001 0.1
Period(s)

5 10

10> 0.0001 0.001 0.01 0.1 1 10 100 1000 . 10

1 10 100 1000 10

001 1
Period (s)

NAO4

NAO1 80 ey -
i A LR B B BARA
1000 b 70 £
) £
8 [ k|
§ [ E 60
> =
2100 w50
2 _‘3 T o0 ]
@ a 40 ¥
i ' i
€ obeo Soo ) SRS S 1, 3 A
£ € : : li)
5 ] 20 ]
g 1 d d_4 % IITITY BT s |\:
< 1 A ul " L d 10 +
"5 0.0001 0,001 o 10100 1000

LRALL oL L  aLL e

T

Ty

\aRazas

I
?
1

ul

L sl A 'l

0.0001 0.001 0.01 0.1 1

Period (s)

NAO6

100

1000

T R B e

1
4l

O

#

sl

al. il d xaud “..l

e — 80
~ 1000 E 3
g E 70
& . ] :
= &, b 5 60F
2100 =28 5 E
2 3 2 50 F
o @ £
By < {
2 £ 40
==
g 10¢ 30
o E
g 3 E
2 s 20 F
g E
l ud. l ! o d. ] d uu] ]0
10° 001 000 0.0) 01 1 10 100 1000 108

0.0001 0.001 0,01

0.3 1
Period (s)

NAQ7

T S ERRRL T

A

ul ol il wd

0.0001 "0.001 0,01 0.1 1 10
. Period (s)

Determinant averaged apparent resistivities and phases at stations along the N-




RN EWT ISR < D BRERU GRS (1)

NAO8

T T T y T Ml
1000
P °
Fl
&<
=2
>
= 100
5
= 3
2 £
2 [
]
=10
s
S
L
H]
8
=Y
< 1 A d_sovied ool 4o
10° o000 0001 001 01 1
Period (s)
TSy
= 1000
2 ]
=2
z ¢
Jey
= AT OO
s 100 f ~E
2
2
» x
& Q
- 10
=
S
e
H] ]
g2 {
-
1 d . d d Ly PRI B
10° 00001 0000 001 01 1 10 100 1000
Period (s)
NA10
L A
1000
8 £
a8
k] r
e
>
= 100 E
s o
o
O
=10 DBy :
= - |
L
o
8
g .
=< g o~ L W EPTVI RO B
105 0001 0.000 001 0.1 1 100 1000
Period (s)
NA11
SN —— . . SR ——
’.a‘ 1000 3
2 F ]
s £
> [
=z 100 £ o
@
‘a
S
&
< 10
]
s F
= £
s r
I
-
l d ul d
1% 0000 0001 0ot 01 ) 0 100 1000
Period (s)

— 99

Phase (deg)

Phase (deg) .

Phase (deg)

Phase (deg)

NAO8

80 eI T
70 F
60 e onianand
50 6
40
30
20
10 ol d ad 1 _ssnud al J 3
0% o000 000t 001 01 1 10 100 1000
Period (s)
NAO9
80 vy m Ty
70 F
% & ﬁ
50
E oS
40 £
30 F ]
20 F 3
10~ T EEPETTI MR STIT R TIT W e M1 ud. 3
10° 0000 00m 001 01 1 10 100 1000
Period (s)
NA10
80 ey
70 F
60 F ﬁéi
50 F i T
)
40 F
30
20 :
10 L o oaud el L ennd 4
10° 00000 0001 001 0.1 1
Period (s)
NA1l
80
70 :
60 F Q 1
50 | ﬂlr
: <00
10 F
30
20
10 E ul. L d s od ol
0% 0o 0000 001 01 1 0 100 1000
Period (s)



DEHIEIBOBEAET 2D EELO5N5,

Fig. 2d it ¥/N— Y a v OFERRD b 1 - P& £ RT. NAOL 25 NAOT £ T
BER-KEREKEO MMOL 5 MM 2 TERIC & i, PPHEROFGVELR, *®
DHIEFR OEVEKBISHET 5 EEZ 0N 5H 2B, HEROPPEVEIBEWL I
Wo xR LT3, NAOT TiIfhoHifik D SRBOHIBHAE B >TWVEY, <
NREBEAFKBRBE-TVWELLEELLNS, NAMB DS NALB KLY TRE
7R O X 5 7SBABETS 4 BREEIE NA DY, NAID 2RV TALNHEVHDODE LB
O HAEPTIIEL 78 » T O FH-KREAEEDO MM 06 » 5 MM 11 KiEd 5 EE X 60
%. NA12 3EBRPEROMGHEBEIE-> TV 500, THEIEESICOERE
KThHBERBIUNHBIEND, BLUEIATRIEREICL-TWVWEEEL LN, ZDT
DIE2BOHIBIRIELL B> TWVWEEEL LGNS, NAL2OF 2 BlZHIEFEOFEHEE

3t

NA12 NA12
MELLLC B ELLELL B el S L B B 80 T T T S A
1000 |
.E E 70 I ...................
£ b B,
< ? g g o0 9
2 100 3 I
z g 507 T
@ & £
2 i 40 F
z 3 30 F
I
é L 20
=< 1A5 sl | . d AL 10 E o d s A Y IR uud
10 0.0001 0.001 001 0.1 1 105 0.0001 0.001 001 0.1 i 10 100 1000
Period (s) Period (s)
NA13 NA13
T ™y ™ g T T 80
1000 ok
-]
: §
Si ’5 60
o =
£ o S 50
Z 2
- A 40
3 A
10 30
4
;:} 20
= 1 ul A A Lol s " s L ok

5

10

5

107 0.0001 0.0 °l-,°e‘ri°§~(;) Voo 10 o0 000 0.g o 10 100 1000
fest <@
_ NA13 NA1Z NAL1  NALO NAQ9  NAO8  NAO7 NAO4 NAO1
| 20
o T 180 179 liso 130 <Y
—_ 450
£ 100 T 6 _éO_
& 1 10 10 70
5 0 ﬂ 570 40 340 190 110
10000 T m 1 10 0
4+ 2 10 20 L
100000 o10

Fig. 2d Result of 1-D inversion at stations along the N-A line.
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Fig. 3. Distribution of the low resistivity layer (LRL) in the lower crust (i.e. deeper than
10km), the hatched area.
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Table 1. - Site information on the Miyazaki-Minamata (M-M) line.

Site |lat (deg) f(min) (sec)|lon(deg) (min) (deg)| app spanx spany
S R MMOL|— 31 48 16 [ 131 21 27 U36thk2 | 70 63 -

MMO2 31 50 44 131 16 16 U30kvo 49 52

MMO3 31 51 5 131 9 28 U36kto3 | 31 59

MMO4 3t 53 1 131 4 o7 U36aso2 48 58

MMOS 31 57 2 131 3 0 U36ERI2 | 52 74

MMO6 32 1 59 130 58 32 U36ERI1 58 64

MMO7 31 57 30 130 56 17 [U36kto921} 57 75

MMO8 32 3 9 130 43 22 | EM109-1 | 41 59
MMO9 32 4 18 ©130 - 39 39 U36kto 68 44
MM10 32 6 8 130 36 30 | U36thk 1 |- 47 53
MM11 32 8 11 130 34 47 | EM109-2 | 52 44
MM12 32 8 27 130 29 47 | U3GERI3 | 59 64

9 13 130 24 31 U36ngy 70 56

MM13 32

app:Apparatus used, spanx:distance between N-S electrodes (m)
spany:distance between E-W electrodes (m)

Table 2. Site information on the Nichinan-Akune (N-A) line.

Site |lat(deg) (min) (sec)|lon(deg) (min) (deg)| app [spanx spany
NAQ1 31 35 43 131 19 3 |U43ERI| 46 31
NAO2 31 38 15 131 13 38 |U43ERI| 50 55
NAO3 31 37 57 131 6 60 |U43ERI| 49 50
NAO4 31 37 43 131 3 9 |JU43ERI| 80 54
NAOS 31 42 16 130 59 30 JUA3ERI| 65 70
NAO6 31 44 32 130 54 50 |U43ERI| 62 42
NAO7 31 47 40 130 50 23 |U43ERI{ 45 37

" NAO8 31 49 2 130 42 48 |U43ERI| 67 70
NAO9 31 50 12 130 38 3 |U43ERI| 55 58
NA10O 31 53 23 130 37 8 |U43ERI} 32 53
NAll 31 55 41 130 30 4 |U43ERI| 16 33
NA12 31 58 36 130 25 44 U43ERI|{ 40 40
NA13 31 58 37 130 20 39 |[U43ERI| 57 57

app:Apparatus used, spanx:distance between N-S electrodes (m)
spany:distance between E-W electrodes (m)
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Table 3. Results of VLF measurements along the M-M line.

|
freq  (Period)| rho phi rho ph1 rho phi [rhoave phiave r ) '

MMO1 | 22200 4.50E-05[ 89 50 115 49 123 50 109 50 14
MMO2 32 52 33 50 34 52 33 51 2
MMO3 241 55 161 51 137 56 180 54 25
MMO4 79 47 109 48 133 50 107 48 20
MMO5 161 51 [ 124 53 80 48 122 51 27
MMO6 . 326 41 320 41 373 41 340 41 7
MMO7 228 53 195 51 94 56 172 53 33
MMO8 54 52 29 48 30 52 38 51 30
MMO9 39 46 49 47 54 44 47 46 13
MM10 45 67 53 63 36 63 45 64 16
MM11 49 37 41 40 38 41 43 39 11
MM12 308 50 158 52 145 52 204 51 36
MM13 105 42 107 43 41 38 84 41 36

freq:frequency (Hz) rho:apparent resistivity (Ohm-m) phi:phase (degree) r:error (%)
rhoave, phiave:averaged values ofrho and phi taken from three measurements
Period:period(s)
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Results of ULF measurements at the site MM 08, M-M line.

Table 5h.
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Results of ULF measurements at the site MM 09, M-M line.

Table 51i.
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Results of ULF measurements at the site MM 11, M-M line.

Table 5k.
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Table 6. Results of VLF measurements along the N-A line.

] freq Period) Jrho phi rho phi rho phi rhoave phiave r

NAOL | 22200 4.50E-05{ 34 51 18 54 30 56 27 54 25
NAO2 175 51 137 51 89 51 134 51 26
NAO3 46 55 113 62 136 63 98 60 39
NAO4 177 65 270 64 255 67 234 65 17
NAOS 82 36 100 36 141 37 108 36 23
NAO6 ) 197 43 265 46 272 48 245 46 14
NAQ7 1540 57 1340 57 850 58 1243 57 23
NAO8 679 47 642 49 736 47 686 43 6
NAO9 181 35 97 41 117 39 132 38 27
NA1O 74 47 61 58 69 50 68 52 8
NAL1 71 60 67 60 73 61 70 60 3
NA12 163 37 257 40 133 37 184 38 29
NA13 443 46 224 48 670 43 446 46 41

freq:frequency (Hz) rho:apparent resistivity (Ohm-m) phi:phase (degree) r:error (%)
rhoave, phiave:averaged values of rho and phi taken from three measurements
Period:period{(s) :
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