HOKKAIDO UNIVERSITY

Title NT3E IS & 2 BRI O TS
Author (s) FH, E—; ®A, & LA, #HN
Citation ILEERF IR ERLAF IR E, 72, 387-398
Issue Date 2009-03-15
DOI https://doi.org/10.14943/gbhu. 72. 387
Doc URL https://hdl. handle.net/2115/38169
Type departmental bulletin paper
File Information 29 Hirata, pdf
%,
3

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




000ooooooooooo
Geophysical Bulletin of Hokkaido University, Sapporo, Japan.
No.72, March 2009, pp.387-398

MTOOOO4oooooooooo

o ooood goob obobdoo boooo O
ooooOoOoO0oO0oO0OO0O0O0O0O00000000000000

(20090 10 20000)

Subsurface structure of the Kuromatsunai area using MT survey
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A magnetotelluric (MT) survey was conducted in the Kuromatsunai area
to identify resistivity structures and their features. A basin that formed in the
Kuromatsunai lowland area during the Miocene contains a thick Miocene to
Plio-Pleistocene sediments. On the west side of the lowland is an active fault
zone that is experiencing ongoing, east-down displacement. Three magnetic
field components and two horizontal electrical field components were observed
over 200 40 hours at eleven sites, and magnetotelluric impedances were calcu-
lated for a frequency range of 32000 0.00034 Hz. The strike direction of domi-
nant resistivity structures was determined using a phase tensor estimation
(Caldwell et al., 2004). A two-dimensional resistivity structure was obtained
through a two-dimensional inversion with smoothness constraints and static
shift corrections (Ogawa and Uchida, 1996).

The results show that relatively resistive Plio-Pleistocene to upper Miocene
strata occupy the shallow subsurface of the lowland. Conductive lower to mid-
dle Miocene strata underlie the Plio-Pleistocene units. Resistive granitic rocks
present at greater depth below the lowland differ from the material present at
similar depth outside of the lowland area. Granitic rocks are also exposed at the
eastern end of the lowland.

Induction vectors observed in the MT survey at Komagatake Volcano
(Yamaya et al., 2004) suggest that telluric current flows toward the Japan Sea
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from the Pacific side of Funka Bay through a conductive layer at the back of the
bay. It is likely that this conductive unit corresponds to the thick Miocene
strata of the Kuromatsunai area.

u. ogoo

goooooOooOooOoooooOoo, ooogooooooooooooo 2-5km, OO
kmOODOI0O0OO0OOOO. ODOOOOO, ODODO0ODDOOOO0ODODODOOOOODOOOODODO
gooo, ooobooobooooooogooooooo, bgoboooooooooog (@
goo, 2003). O0oO0O0oOo0oOooOoOoOoOoOoO0oOoOoOooOoOooDOoOgoOooOOo0. oboogo, oo
gooboboooooooobobobobooboobooooooobobobobooboobooo
gooobo, ooooogooobooboboboobooboooo, obobobobooboobooo
goo, joooooooooobooooooooono (wooo, 2003). 00, oOoOoooo
goobooooooobooooboo (ooobog, 199, JooooboOooooooboooo
gbobobooobooboobobobooo.

o000 (004) O, DOOODODODOODOOOODOODODODOOOOO (MTO)
gobobobooo, bobobobobobooooboooboooboobobobob, obbooboo
gboboboooooboooboobobobobooooooboo. obo, obobooobooboo
go, oooboboboobooboobboboboobooboobbo. oboobo MTO
goooooo, oooooooooooooooooooog (cooo, 2005), oOoOO
goooooooooogoooOoooooooooooooog (@O, 1977), oooooo
0oooooooo0oooo0o0booO (ooooD) booooooooooOooogd (Yamaya,
2008). OOOOOOOOOOOOOOOO0ODOOOOO0ODODODOOO, DOoODOOoOoDbDDbOO
goobobooooogooooboobooboboobooooo . obobobob, bboobooo
gooooobo (oooo, 2002, OO, OOOOOOOOOODD (DDOOoOO, 1989)
goboobobooooooooboobo. obo, bobooooboboboboooboog,
gbobobooboobooboobobobobooooooboobobobobooobooo.

goooo, boooooMTODOODODOOODOOoODOODOoODOO, boobooobooo
goboboboooooooboobob, bo, obobooobooooboboboboobooboo.

. oooboogd

o000doOo0oo0O0oOOoOooU0O, O0DO0O0 DO0O0oDO00O0ooOo0o (@@9%) oood
0, (2003) OOOOOOOOO. DOoOOO0OODO, OODoOOoO0oDoOoboOoO0, oooooo
goobobooooogooobooboboboobobooooooboboboboobooobooo
goobobooooobogoooboboboboobooooo . obobobobobobooobooo
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goboboboooooooobo. obooooboooo, bobo, oboboooboobooo
goboboboooo, oobooboobobo, oboboooboooobobobo. oobooboo
gbobobooooobooobooboboboboob. oboobooboboboboobooboon
gobobobooooobooobo, bobobooboooooobooooboboboboo. oo, o
gboboboooooboooboobobobobooooboooboooobobobo, oobooboo
gboboboooooboooboobobobobooooo. oboo, oboboboobooboon
oo, obooooobooobooboboboboooooobooboo, oboboboobooboo
gooooooooooooooooo (obooo, 1982). DOoO0ODoOOooOOoOoooOoon
gooobo, ooooogooboobobo, obooboooobobobUoboboboooo
oo, obooooogooooboobobobooboooobL .. boboboboboboo, o
gooooooooO0ooo0oOooo0oobooOoooogoooDo 10-15kmOO0O0OoOoOooOon
U, dobobooooogoobooboo, obobooooooooboboboboobooobooo
goboboboooooooboboobo.

gbobooooooooobobobooooobooooobooobooboboob, obobooo, gobo
goooooooboooboo, oboooooooooooobbO (o) booooog (@
gooo) ooobooooboooob. oo, boooooooboo, boboooooboooo
gboboboboooooooboobooboboob, booooobooboboboboo, obooo
gboboboooobooboobobobobooobo. bobooboboboboobooboon
U, 0boboooobooboobobobobooooboobo. boboboboboobooboon
gooobobooooodgo, bobobobooboooboooDobOobobob . bboo, oo
goobobooooodo, bobobobooboooooobOobUoboboobooooo
00000 (Otofujietal, 1994), 000000000000 O0O0OO0O0OOOCOOOOOOO
gooo.

oooooooooooogooooobobooogoooooooo0ooobD (ooogg,
1991). JO0OOOO, OOOOO0ODO (goUOO) bOOODOOD, boDOobOoOO
goooboobooobobooobob oo o500y mboboooooboooO, O
oooOoognD eococoOs000 00O ODOODOOOODOODOO (bbOO, 2004). O
u,oo0o0ooobobo 1boboobooboobobooboobobobobooboooboooon,
ooooo (oo 32km) DOQOOOOOOOoOO, OO @9rs) Doooog, M7.30
goooooooooobooob. oooooooooooboooobo 2smbbb0goo, oOoO
00o0o0oo0oooO0ooopoooooOoOon seoons000 00O OOOOO (DODODO
goooog, 2005). 00O, O0OO0O0O0OO0OO0O0O (2005) DO0OOOO0DOOOOOOOOO
goboo. booboobobobgobbob 194 0g0obog w00 ooboooboorn o
goooooobooooboobogo, 8 00o0dgo o000, boobooooo
gooooobobooooo. oo ePsObgboobobobboboboobOobD, oboo
goobobooooogooooboobobobooboobooobo . 0o, obobobobo, obooo
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gboooooobooobooobooobo, oobooobo 3eoco05000 0000, DOOOOOO
0 e0co0 005000 000C00000000CO0000O0, DOOOOOOOOOOOOOOOO
o0ooodoo1o016e0000D0, DOODO0OOOOOODOOOCODOOO (2001) ODODOOO
gooooo, oo pobooooobooogoD 205000000, ODODOoDOOoOoOOoDOOoOo
gbobobooboobooboobobobooo.

. MTOO

1. 0000

gooboooooooMTOOO, 20000 90 20060000 100 180020000
gooodo. 000, DoDo0oo0ooooOoooOoDooboOoD 2kmO00Od0 11000
o0 (Fig.1). OO0OODOOOOOOODO 103, 10400000, DOOODOOOODO 107
gooooooboooob. ob, ob1090000b0oo0bob0booboobobooo, o
O00000oO00o0O0oO0D0D (booo, 1982).

000, Phoenix GeophysicsO OO MTU-5 000, 000O0O00OOOO Pb-PbCl, OO,
goooooooowMTCSODOODOOODOOoOoDOOoOooOO, oo 200000300000
oo0o, 320-0.00034 HzODO so0UDOOoOoOOooOOoOoOOoDOoOobOOobDObObOO. OoOoo

100 300

Altitude (m)

Fig. 1. Location of MT survey sites.
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gooo, oooob, 0o 4000b0000DL0O, UDODDOODODDUOOODDUOOODLODOOD, O
gdbobooobuoooboobooboobo.
MTOOOOOOO (Z,) 0, 0000000 (), 00 () 0000000000000
od
E, =2, H+Z,0,
E,= Z,H,+Z,H,
ooz, ¢, j0z,y0000, D0OOOO0ODOOO, OODODOOOOOD) ODO0DOOOO
000, 000000 (e,) 00000 (¢) 00ODO0O0OODOOOO. Z;, 000000, O
ggooooboobobooboobbooboon
1
wi
0od, w, x,000000OO0OO, OO0 (ODODOOOOODO) OO0DO. OO, OO
0ooo A, Boooooooooood
H,= AH,+BH, (©)
O0A,BOODODOOOOOOOOOOO (V) O, 00000000 (abs) 00O (dir)
goooooo
abs(IV) = VA +B,2, dir(lv) = — tan '(B,/A,)
ooo, 4,, B,000000000000OO. OD0DOooOooDOoOoooOo o, oooood
gogoooobgoobboobboo, booboobboobbo.
o00oo0ooo0ooopOoo, JoDo0ooDoo0ooO0 (oooogo, 39°14'N, 141°21' E)
0oMTOOOODODODODODODODODOODODOOOOOOOO (Gamble etal., 1979)
000, dooDooooooooooooo. 0d, PhoenixOO MTEDITOROODOOODO
goooooboooooooboooobo, booboooboobobooboo. ooooo
goooooobooobooooboobboo, bobobooboobbooboooboo, oobo
gooobooo. ooobogo, MTODOOODODOOODDOOODODOOODDODOOODODOOODO
gobooooboobooboooboobobooboobbo, bbboobbooboobobooobo
gooooobogoobobooo, oobbooboobtbooobUoobbuooboob . oobo
000000000 Phase Tensor (Caldwell et al., 2004) OO O0OOOOOOOOOOOO
00000000. MTOOODOOOO0O Z;=X,+iY, 00000, @ = Y,/X,; 0 Phase
Tensor (PT) OODODDOD, OODODODODODODODODOOOO ¢,,, 0000 ¢, 0000000
gogoooobooooobo. obodob, ooboobbooboobbooboobboobo
000 (Galvanic Distortion) 000000 0OO00O0OO0O0OOOODOODOOO (ODODOOO
0) doooooooo.
Fig.20000OO0OO0OOOO IvO PTOOOOODO. ODOODOOO 0001HzO IVODOOO,
gooobooooooboooobooooobbooooobooooo . oo, PTOODOOO

@

‘Z ’ by = arg<Zif> @

Ouij —

i



392 o0 0DoDogo oooo DbDoooo ooooo 0
140° 15 140° 30" 140° 15' 140° 30" 140° 15' 140° 30'
| 0.001 Hz| | 0.01 Hz 0.1 Hz
42° 45' . 42° 45
SO . I
~ LN '
S~ i - ” "j
2 30 Jas a0 Al a0
. 20 T - 20 g - 20
i 10 ~ 10 L 4 10
0 -0 0
-10 --10 --10
-20 . -20 -20
Jnit T ad Unit vector 3 Jnit v £
42° 30" : i : 20 : ' 30 Y40 50
140° 15' 140° 30 140° 15' 140° 30 140° 15' 140° 30"
1Hz 10 Hz 100 Hz
42° 45' 42045
3]
o
. o° o
@
o [»] a@
29 - 30 @900 - 30 9 - 30
G{?_ 20 P, 20 20
@ 10 0 - 10 4 10
0 0 -0
-10 -10 --10
i -20 ; -20 --20
50 el .30 Unit vector -30 Init 0 -30 ia
140° 15’ 140° 30’ 140° 15' 140° 30' 140° 15' 140° 30"

Fig. 2. Induction vector and phase tensor ellipse in each MT site at various fre-
guencies.

gooooooooooobo, boobooooooobooooooDb. o0 o001HZOO, VO
gooo 3goooooobooobuoobobobo, boobooboobobobooooo
gooogoo. og, pPTOOOOOOOOOODOODOODO. 0OAHzZODODOOOOODODO
o, ivobobooobooooooobuoooobgooboo, boboobooooboobooo
goooooo. prO0000O0, ODODODODODOODO sO000O000 N4O°eWOODOODO
gooob.1HzOOO 10Hz, 100 HzO O, IVvOOOOOooooooo, ooooobooo
gooooooboobobooboobob. obobobob 10200000 bOob0bO, oooo
goooooboboooooboboooo. oo, PTOOOOODODODOODOODOO
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Fig. 3. Rose diagram of principal di-
rection of phase tensor ellipse at
various frequency ranges.
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Fig. 4. Observed and calculated sounding curves for the apparent resistivity and phase of TM
mode (a) and TE mode (b). Dots with error bars, observed apparent resistivity and phase; Red
line and blue dot line, inverted model curves before and after the static shift correction, re-
spectively.
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gooooo, bobooooooooogoog (Fig.3). Oooooo, 0.01-0001 HzOO,
pTrObdddboboodobbooobobbooUbDbU00U. bbbooobbooooboo
ooo0oo, OD0obOoOobOOobooOobO N3gewOOOooO. Obogoo eoc°oooooooon,
ivooooooogooooobooo, gobbbooogbobobbooooobobbooo . o
obooDb, boboooooOobDobo NsgewOooooooooo.

Fig. 4000000000000, OO0ODODODOODOO0OOO. Fig.4 (@ O0TMOOO
(00oodoooo0ooUooo, JoopoooooooDoooooooooog), Fig. 4 (b)
OTEODDO (O0DDOOO0OUDDOOO0OOD, DODO0OUDODODOOUDOODODOUDOOOOOOO)
00o0o0o0o0. D00o00o0o0oo0O0, 0000000000000 0000000O0ooOO0on
goooooboooobboooo. bbb 104010700000, 1Hz-01HzOODODOOO
gooooobooboooobooobo. booboooboobbooboobooboooobo
go, 0bdoobooobooobooo. oo, o0lHzODDOOODDOODODDODOOODO
gooo, obooboooboobobooboobboooboobboobooobbooo . o
0o, 0dbi1oe000 1100 001 HzOODODOODOD o0c°OULD, boobboooo 2
gooooobooboooobodgobboo, bobboobuoobbuooboobbouobo
(Ichihara, 2008).

2. 0000000000

OoooooooN3gewOooooooooooo, TMOOOO TEODOOOO, Fig.
40000000o00o0obbo0oooboboooD, Dobobbooobooooooboooobobooooooo
gooooooobo. TMOOOOD o001 HzZOOOOOOOODOOO 0O DDOOODOODBOO
o, 00, boooooogoooooobog eo01-000HzODODODDOO, PTOOOOOOOO
goobobooooooooboobobob . bbb, bobobobobooboobooo
g, 0oogobooobooobooboo oo0rHzOODDOOOOOoDOoODbOoooboOooD. OO
Oo00000000 Ogawa and Uchida (1996) O OOO0O. 0000000, OO0O0O0O0OO
goob, bobooooooog
ooooooooogAasicOO
gooooooooooobobooog.
go, bobobooooooog
gbobobobooobooobooog
gbobobobo. boobooog
O0oO0o00 Frg.5000. 0
o, TEODOO, TMOODOOO
gooooooooooo (@oo)

0oobobooo (voooog
( Fig. 5. Resistivity structure obtained by the two dimen-
goooooo, oboooooao sional inversion.
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Fig. 6. Convergent process of the inversion.
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goboboboooooooobobo. oboobo, bobobobobobobooboobooo
goo, oboi100b000bo0ooobobobooboooboboooboo. oobooboooon
gboboboooooboooboobobobo, oboboooobooboboboboobooboon
gboboboooboo. goboobobobo, ooboooobooboboboboobooboon
gboboboooobooboobobobooo.

u. o g

goooo, booooooboooMTOOOoooDooobooboo, boobooobooo
goobobooooog, oboboobobooboooooooobobobu. oo, DOoo
goobobooooobogoooboboboboobooboooooooboboboboobooobooo
gobooooboobbooobooboboobboboboobo. boobboo 1020109 OO
o0 12km0d0o0o, OO0, OOO0OOOOOODOOOO skmOOOOOD. OOOOOOO
ooooogooo o015 kmd00Ooooooooooo. oo, Ooooboooo, oo 1b2
kmOOOOO 100Q@mO0 10@QmI000000000000O0OOOOOOOOOO, OO
goobogooooob 1wooob1eocomboboboooo, booboobooboboboooon
ooooooooooooo (coogg, 1989). DOoooooUUooUOo, Dpopooooo
gooooooooooog (oogo, 2002) O, DOOOOOOOOOOOOOODOO
gbobobooooobog, obobobobooooobooboobobobobooboooboon
goo. oboooo, gobobobobobobbo, boboboboboboboboo, o
0, 00000000000D0000C0D0. 0000 (994 oopopooooooooooo
MTOOOOOOOOooOOoooooo . bgboooboo, gbobooboobogooooobooogoon
gooobob, booogooobooboboboobooooooobobobo, oobooobooo
gobobobooooogoobooboboboboob . ooobooboboboboboboobooo
gbob, boooooboooboobobobooboobooooboooboooo.

gboboboooooooobob, boboboooboooobooboboboobooboooboooboobobo
gboogoboobooboob, obooboobooooooooobobooboobobooboon.
gobobobooo, bobooboboboobooooboobo, boboboboboobooboo
gbobobooooobo. bobobo, oboooboooboooboobobobobooboobooon
gbobobooooobooboobobobobooo. bobooboboboboobooboo
goboboobo, bobooobobobobobo, bobooobooboboboboobooboo
oo, bobooooogooooboobooo.

000000000 0oooooooo 10miI00oDoooooooooooooD
. oo, booooogoobobobobooboboooooooobobobooboobooo
go, bobooooodgogo, ooboboboobooooooobobobobooboobooo
goooo. oobooboboobooogo, ooboboboMTODOOOODOODOOODOD vODO
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