HOKKAIDO UNIVERSITY

Title THEICHSITHEREBMEY R LURAE
Author (s) =4, E—; Miyamura, Jun’ichi; @&, #2 fib
Citation itiEERFE Mk YIBEHRERS, 74, 1-19
Issue Date 2011-03-19
DOI https://doi.org/10. 14943/gbhu. 74. 1
Doc URL https://hdl. handle.net/2115/45144
Type departmental bulletin paper
File Information P1-19miyaura. pdf

kaido
wo¥ U"/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




AeiE Ko Bk B 2R ge R S
Geophysical Bulletin of Hokkaido University, Sapporo, Japan
No. 74, March 2011, pp. 1—19

TE-EICHE TS BARELMBEY R LAE

BOR
ACHEE R SR BEER OS2 Be bt Ja Rk LA S il 2 o & —
i o
ALHEE AR A T TERS A Y ELRITIE P

e i
B KK % s
HEF
REUT ALK LR
N

JEHEE KR BEBL AT TR Bebft @ gk L ZE @l o~ & —
(2011 4F 1 A 6 H5zH)

Repeat Surveys of Self-potential in Tokachidake Volcano

Jun’ichi MIYAMURA
Institute of Seismology and Volcanology,
Faculty of Science, Hokkaido University
Noritoshi OkAZAKI
Geological Survey of Hokkaido
Yuji FusHIYA
Sapporo District Meteorological Observatory
Nobuaki SHIGENO
Volcanological Division,
Seismological and Volcanological Department,
Japan Meteorological Agency
and
Takeshi HASHIMOTO
Institute of Seismology and Volcanology,
Faculty of Science, Hokkaido University
(Received January 6, 2011)



2 A b

We have performed repeat surveys of self-potential (SP) in Tokachidake Volcano since
1995, in which some elevated volcanic activity followed the appearance of fumaroles at 62-0
Crater. Since thermal anomalies had always preceded to the eruptions at Tokachidake in the last
100 years, we expected some temporal and spatial variations of SP anomalies accompanying the
thermal activity beneath active craters.

Topography-related SP distribution was seen on the northwestern flank in the surveys of
1995, 2008 and 2010. This characteristic feature with a gradient of -0.3 mV/m was independent
of the survey year and thus thought to be generated from stable flow of ground water. We
assumed that the gradient is uniform over the survey area and corrected the topographic effect
prior to the following analyzes in order to emphasize the SP of volcanic origins.

We found positive SP anomalies on 62-Craters and Taisho Crater where thermal anomalies
have been seen throughout our SP surveys. These SP anomalies are probably related to the
hydrothermal activity beneath the craters but the corresponding electrokinetic current sources should
not be very deep since spatial size of these SP anomalies are smaller than a few hundred meters.
We also detected temporal variations of SP anomalies corresponding to the thermal activity at
62-Craters. The positive SP anomaly on 62-Craters gradually developed toward 1998 up to +100
mV, being accompanied by an increase of thermal activity. The anomaly showed a subsequent
attenuation down to -50 mV by 2001 in accordance with a decrease of thermal activity. In
addition, another large positive SP anomaly with an amplitude of approximately +200mV appeared
near the active fumaroles on Taisho Crater where fuming was enhanced in 2010. The result of
our SP surveys implies that main thermal activity in the near future may develop at Taisho Crater
rather than at 62-Craters. We point that attention should be paid not only to 62-Craters but also
to Taisho Crater in monitoring the volcanic activity until the next eruption at Tokachidake.
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Fig. 1.

tions of the historical eruptions listed in Table 1 (Modified from Ishizuka et al.,

Map of craters erupted in the last 100 years at Tokachidake.

Stars with numbers show the loca-
2010).

Table 1. List of historical eruptions at Tokachidake.

No. Year Iirrllte;g:rl Place Type Volcanic phenomena

— | 1856 unknown | unknown unknown black smoke, fire

— | 1887 30 unknown unknown black smoke, ash fall

1 11926 39 Taisho Ctarer magmatic explosive eruptions, sector collapse,

mud flow
2 11926-28 - Taisho Crater phreatic small explosions
3 11952-59 — Showa Crater phreatic small explosions
. sub-plinian and strombolian erup-

4 11962 36 62-Craters magmatic tions, ash fall widely

5 11985 — 62-1 Crater phreatic smoke

_ . explosive eruptions, pyroclastic flow
6 |1988-89 26 62-1 Crater magmatic | ., q surge, ballistic bombs, ash fall
7 12004 — 62-1 Crater phreatic smoke
BEMEORAZEEL TWD (KT, 2008). DR O AEMPRIE, 19 Ao 2[5

DUER S EH D LIFE T 3325 F L 722 (Table 1).
P HREIC 22 SEDSREE L TR Y,

T TIEEZ D~ 7~ K3
LTAD, 199542 Biczy,

Mg

2010 £ 5 THRAL D~ 7 <1 Kk (1988-894F)
BAGR T T IR KIS 5 B D SR I
L 72 1989 4 3 H LI,

FVOOHhHB,

LiE 5 <EFERERHV Tz,
EQIGE 251 L Tz 62-0 KO B H EDFFWIES 2 it
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DREGTHHE K LBRFTRE R R L. 2ok, WEOKRET A mliERH TR LR
IR KIS EN S BIR S D 72 &, KINEB SR ITIE AL T 2 BT 2B 2 B ivie (FLIRE XK
%+, 2001).

KUTEEI DO ZEACITEE S HARENL (Self-potential, LLTF SP & FEE) OZEEME X 6 472 FHp 03
INETILHEZ < HESNTEY (& x1%, Hashimoto and Tanaka, 1995), SP Z#hix k(L
AT D7D DOFNRIEELEZ LN TS, ok, TRk DEICHE T 2 5EME
HOERFEE LT, SERITKITEBOIERICHE 5 BUKHROTEIIL (7, 1981) &5 Wik
IESIGEFALIC X Dk AIRO KK FEROW R (shido et al,, 1997) R ENRBZ LTV, Kl
TliE, Ishido (2004) 23fikk, WHKHL, RBER, E—FBMREOYH T A —F 2EE L K
iy alb—va URERICESE, KERIOKEBTUAPETE 2B 2R L TE Y, Bukkt
MEHBIIEEMEEICHEVEEBELE X RN EIRTNS, FIR (2008) 1%, IHEKOIETIC
TEET 2 BUKSEIR D i 2 8% 5 RNid K23 KITEE OIEFILIC L - T S 5 728, SPAH)
D Z D ATREME TR L, KIIEENE =& 1281 5 SP A DA WM E R TNW D,

FHREEIC B W TIE, MIFIE A (1994) 55 1988-89 4FEME k£ ™ 62-1 K [ J& 7 T 1989 4> 5
1993 22 T VLF-MT 8l L O BRIEE 4 0K LEKE L T, BUEEhoEERICHET 5K
HIEFUA M ORMZE L 2R 2, HERFUES P RAREKTHO—FEL L THZTH S &b
RTWWD, 5 1E 1992 4 0 HARHUAE O BRIC SPIE 2 PRI TV, BB RIS BILE)
2 X VIR S IR HESUIR & RIE 8T 5 2 L R L .

o2 TIEBDNERIG L 72 1995 AEDRER T, HIBESBWRTIEEZRBR LT WAL TH L Z L
IZEH L, MEE> (1994) OBAFER T E 2, BUREhCfES SPEEZIE X 5 BT, 2
IHEOETVRHRHEIND 62 KABB L OEDOETICB N TSP VIR LIIEZFGL 2. +#
R L WIHERIE 2/ L T 572w, BHIRA S X OMIEERICITRERAHRP2Y, 15H)
KK TOEMICO 7 2 MEME IS 2 L2 ES B2 bk, LarL, SPHIETHERT
5 BRI N R TR A OB/ NS STIEERE AR b IEFICHETH 2 Z & n, HIETHR
ViR L SPIE 2Rk IC FE T 2 BT EIR ERE < L ¥ L 7z,

ZO/NFRTIE, R T 1995 LR FEME L T & 72 SP#: VK LIE T b A7 15 Bk D
BT 5 SP AAAORKFHICOWTRET D L L big, RiEOBIEEHZL & SP 254 OEIfRICHOWT
HTFDOEREZITO.
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SP#:V IR LPIEIZ62KOFEE FDEN 2T 1995 FE DB I E TIC8EEMRL TX /7.
He VR UBIE ZBsE L 72 1995 4R1%, dbvERlm R0 SP 24 #4842 BHEYC, dbv{flLEE o
YEERIEEE L, 200 AKEERETH 3.4km BEALZ 62 K OBEE TORWHIF 2364 L LT
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Fig.2. Compiled location map of SP measurement for all surveys since 1995 through 2010.

FEhaL 7z, F7z, 2008 43 L2010 L, %ikd 2 HERROBIME LM#ET 2 BT, I
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odevastm EE ARG L UCERL 72, ik 8 EOEICHEIT 54 TORL P % Fig2 ILRT,
1995 49> 6 2001 4R E TOR MDA 62 K OFEITHEF L TWHEHIE, BVELUAEZREBL
TeBYNTEIEEY S 62 K OFEZ R ONCET T2 L PR L 2icd TH S,

SPHIEITIE, eI Td 2 REEE O —MEEIAEMS L OAA v E—F 2 10MQD T
UHNT AR EHER LT, JIEFEE, 2001 FFF TIEERE 100m O > — KEFAWT2 20
BBELZAICEESERBLHET D, Wby RIRVEEZRA LKL, kiEL, £EICIBHE
HEHOBREIIHOL S 1 oOEMHBEFEL, 2WESKTT2ETEHES L, LirL, R
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Table 2. Survey condition for each SP measurement.
Year Start time End time Number of ;oop error (number of points
points in loop)
. . loop 1: —0.3mV (11)
1995 Aug. 1 14:25 Aug. 4 17:07 72 loop 2 © — 106mV (22)
. . loop 1: — 16.8mV (25)
1996 Jul. 25 09:45 Jul. 26 16:13 57 loop 21 — 22.7mV (28)
1997 Jul 25 09:30 Jul. 25 15:30 30 2.2mV (30)
1998 Jul. 23 13:11 Jul. 25 15:45 46 —30.1mV (46)
1999 Jul. 7 09:38 Jul. 7 16:31 38 — 28.0mV (38)
2001 Jun. 26 11:12 Jun. 26 16:55 27 —11.0mV (27)
2008 Sep. 20 11:47 Sep. 21 14:31 80 no loop
2010 Jul. 13 16:02 Jul. 14 16:47 61 no loop
Sep. 8 08:57 Sep. 8 15:29 40 no loop
ZIET L TEMEZEBEUNET S, Whw o REMEEZRH L2, FEO# Y K URIE O ERIR
% Table 21CE &%, PRAEOFHMEILRE Tl <, FOHEBE TG 438E L

To. PR OEEMEE, 2001 4 F TIIXERE & HOHA Z RO THIFER? SEE - BF - 5%
e o T, 2008 FELARRIZRE S GPS IC L VR - BREZFHAIL, PN OG22 - 7.
B OP ST 27 ~ 80 TH S, 2001 4FE TORIY ETIE, KIEK D ETEER D HEAE S % 46 5
ETHN—TROAME RIS Sz, —THAAREIR/NT—03mV (SER 1), HKTH
30mV (% 46) ThoTz. ZHH DN — TEAEEREITENLGD b ORBIFHIC L D FIEL 72,
7z, 2010 EOPEZTALIAD2ENCTHITTEMMLE., #12 r ADMBEH T2 LTk
% SP B DREEZAL 2 HefB 3 2 728 4 AR THH 24TV, —11.7 ~ 0.9mV O#iFH T SP E 3 8L
SNTWEZ L 2B LTz, LD T, 7THBLV9 HOKRET —% /b, 2010 4
ORET—4 & LTHY oz,

¥, KRIEAPACHER O —HR A 121X 1962 FEHLK ORI X > TR IRF O fif B 5 (L2 B3
DM EPIER L TV, 2010 FORIERFICITRIE X BEAE B &AL 250m Hi i R 23
IR EEODOW e gk B OBl & £ DO JEN T SPRIEZ1T o 72, £ OFER, Bifefic TiX +400mV 2
FEOBMAENRLND Z LR hotz, LL, Bifgs 5 10m BRI 25T O SP B IX @i
DEBPIRN L HHERTEL., ZOBRETEE X, BHEPERL T3 &E 2 b DHEFIC
L, 22, ZEOREIOM S & EMZENS0mV LA EdH D 2 [>T, R OERD
% LWL T, LARRORENT A DRI L T2,

2. MEPHR
1995 SEDRER R Z Fig3 12 d. BB 2EEL Lo SP M L HEES 2T D L, &
& 1340m L2 6 (LM (Fig3 FOKMD) © SP oA ldHi RS & MERICIZIE—E D %
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HR EEHE TRV 3380 LIS BN K DIRICAE T2 Z & 25, BUSENICBIE L 7o F O iiE)
EBAPREELTZSP A E R LTS EEZILND.
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KA (Figd Fo C) BIELS ML TEY, 0 EALICiE 1926 FRIEKH D25 OREKIZFEH
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Fig. 3. Profiles along the northwestern flank of Tokachidake by the SP measurement in
1995. (a) SP referred to the Bogakudai, (b) topographic height and (c) temperature

at a depth of 30cm or 10cm. Topographic effect is recognized for the section @), but
not for the section .
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Fig. 4. Geological map (after Ishizuka et al., 2010) and survey points of SP measurement in
1995. Cm and Cl denote the 1926 debris avalanche deposits and the Central Cone lava,

respectively. Small closed squares denote the points with topographic effect and small
open squares denote the points without topographic effect. Sections @ and @ correspnd

to those in Fig.3.

T HEWIHE T, HEFKOSTRK OECETE Of B D LA L TW AR s, Lz
D35 T, #EE 1340m A2 S 1610m 13T % TOE TIL, HTKDEE 2R T 2 ZBMROH
VN 1926 SFIRTRHEREY) 21208 L 7ok, S e la e i i 2 b AtE T 5 ICma > TR T 5
KREREEDSIFEL TVWD LHEES RS,

Fig.5 12i%, AbvtRtif o LW EFH T SP#IIE 21T - 72 1995 4, 2008 4E3 X 1Y 2010 420> SP 43Af
AR E OBR &g, 2008 43 K UN 2010 2D SP AT IC H 1995 4 & Rk O i 2R 233
bND T LD, MIEBERPEO ONDHAO T — 2 [Th/NE REZEH L TR 72
BhEDOEEAE, 1995 425 0.31mV/m, 2008 £4£7%0.33 mV/m, 2010 ££430.29 mV/m & 729, 3 Al
DRETIZIZR CMEEZRTZ DD hole. TOZ 5, dbvasiE Lo XKEQ D= E 1340m
~ 1610m OFEFICITRE L TKBREERFET D L EAbND. UBEDO SP vy VU 71E¥ETI,
BT — 2 2 HA4R3 0.3mV/m (1 X W #IIERh R OEEEZ T Y R\ 2% O SPE A2 vz,
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Fig.5. Relation between the topographic elevation and the observed SP for each mea-
surement in 1995, 2008 and 2010. In all cases, coefficients of topographic effect

are about 0.3.

3. BEBNEEST

Fig.6(a), (b){ZiX 8 BV K LEIE TH LGB O EIICEITSH SP ~ v BV 7 OfER
2T, WIS RIEKDEETZE%E (B w) L LEHEOMHIEMLSI M THS. Fiko
FEATIC X VIR DY 62 K OBEEDICEFR L TV D e, LS OFEER TIX SP 4345 O FEMA AR
HZRHEFEL D 5.

H VR LHIE 2506 L 72 1995 £ 5 2010 4 £ CTOHRIFIT, JIE 5T G460 N T 25 B 25k
FLTWEDIX2 KAHEBIUCKEKOTSHS, 62 KOFETIE, 62-0kHA5H 62-1:kK0IC
P22 T ORI T EEAL R 2 1995 LA, KEICH KT 2 ReHIZAF 2380 S hie. 1998 4£1T
VX 62-T K DAL & e, ZOdbHA o KIE K O HEE EE THTeMEK T +100mV %8 2 5 =
BALREPHBE L 72, 61, 62-T K RILEANCAIE S5 62-1 KH 225 62-0 KHIZATTO
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Fig.6(a). Distribution of SP from 1995 to 1998. Stars denote the location of voltage reference.
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Fig. 6(b). Distribution of SP from 1999 to 2010. Stars denote the location of voltage reference.
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Fig.7. Close-up view of the active craters area with measured points (solid squares)
and major vents (stars). Measurements in the area enclosed by PR-1 (62-Craters)

and PR-2 (Taisho Crater) are projected in Fig.8 along the line A-B.

AB T # 5 & W72 SP 22 94 % Fig8 1nd. PR-1 Tl 62-T k&b 42 5HE
100mV LA EICEZEL, ZEDENBVIF400m FRE L 725> TWD, —JF, PR-2 TIIHEEEILLH
DETHEBEMEF D62 KOO EBMAEE 2B %2 T200mViLE<ICETEL, %
250m FRJE & 72> T 5. Fig8 22 b Fi Al 5 MfEIR O @B TH OIE V1%, FlxiX, BERL
At EE 7D 1~ 2km (Nishida et al., 1996) (ZHAR TR0 RN 0¥k L T, 5
MERE 2 b 72 b TERROES I TERW EHEHI SN S,

wIZ, 62 KHFB LOREKDICR N EEMRE L BVEBORKRICOWVWT, RHZRIC
EHLARBLREAT S, Table 31%, 62 KOFEOKLKIIIZONWT, KHOHFLHBH 100m AN O
AP HRD T2 SPHEDOFERE I OEEREZRICEEL LD TH D, Figd IZid& k0o SP
SEAME & 62- 11 Kk 1 O RERE S ¥ X Ok R DRI Z28b & 1995 4E LA DR A 7 5 7 Ty
62 K BETIE, 19954 2 A @ 62-0 kK HIZRIT 2EKIGEN O FHBHLIE, BUSEA KB IR L
7z, 1998 £FICiE 62- 11 k 1 TEJE/KMEHIC KL IR, KA 5 < B2 5 BIZR AN K & 1B
Sh, BUEEIv—2 20z 7. ZOBEHOEEV ICHINT D X 51T, KKOOEBEMER
SR T DM Figd 226 THIVS . 20, 62-11 K 1 O MR R K HIREE 1T 2000 4 %
FIRFICERL, 62 K HBEOBAWEENIREEICER Lz, ZHUCMEIGT 2 K 918, 62 KH#ED SP
b REMT L., BT, 62-0 kKOS 62-1 kK0 T SPEMEEAMBER ICKEL, RITRIC
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Fig. 8. Spatial distributions of SP in PR-1 (top) and PR-2 (bottom) along the AB line

in Fig.7.

— 100mV Z# 2 2SS HBE L7z, BLED X 51T, 1995 4 LKAk IZAT > T & 72 SP # V) ik
LAEIZE - T, 62 KABEICHIT 2 BIEBOHRICHIS L 72 SP 2 ORFFE ML 2 2 5 Z & 23

T&T.
Fig.10 {3 K IE A 1 A O 538 PR-2 W ORIS 2 ALV — B 5 OJIFR AB Wil icfe g S ¥
Table 3. Temporal variation of SP value in mV for each crater in the 62-Craters.
v 62-0 Crater 62-1 Crater 62-1I Crater 62-1I Crater
ear

Average S.D. Average S.D. Average S.D. Average S.D.
1995 +21.7 17.2 +31.8 37.3 +60.9 217 +51.1 33.4
1996 +23.8 20.1 +26.1 31.0 +83.7 28.1 +60.4 25.8
1997 +35.3 18.6 +39.9 36.1
1998 +46.2 25.5 +56.1 36.1 +114.8 39.2
1999 +27.8 271 +55.7 57.3 +55.2 319 +59.5 274
2001 -16.9 24.8 -55.5 54.9 +69.6 46.1 +38.2 52.8
2008 +37.5 11.1 +30.1 43.8 +81.7 41.9 +108.4 51.7
2010 +2.1 23.1 +23.0 35.2 +75.8 28.9 +47.5 37.8
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SP A ORI 7R3, 2010 SO AR ICIE, KIEK D HEE TIREH oL ILME 2 o & T
%, + 200mV 1238 2 AR @ EMEFE SR LD, L, KEKOFEZDICEIT 5 2008 4L
BTORSIIERICD 2L, ZOGEMEFOHBIRY ZIETS 2 LidTE v, 272, K
IEK D TIEHEBEESALOBESED 2010 FICA VML TWAREBE 25 &, ZOEIEEHO
BE VITKRHE U TR AL R AL L 72 ATREME D B 2.

m % %

T2 TIE, BB T 2006 SELLEIC R B TW S BUEB 025k & SP Y IR LIIE Ofs i1z
WTEZT S,

Fig 11 lC B8 D 1991 FLIGEOBIEB OB 2 £ L 5. 62-T1 KD OMEEEE (a) 1 2000
FEHEZE—27 &L TREIEDTL2HACHY, Zhcxind 2 X9k miRE (b)) HIEFHE
MZpRL TWD., Z0%, 2006 4FFREICEE S 2SI T L, 2007 42 LARE 1% 100m #2 B &
BNV THERB LT, —, FLIRE XK S E D 2003 LA 0 3K LFT > T & 7= GPS Bl X
- T 2007 FEICHAE 5 K D E FEH TORFTHREENMEZ bk (KT, 2009). %0k,
JeEE KB L & 72 o T 2008 FELAREAT > CTEX MV IR LESKHEIC L > T62-T KN DOET
MR CEEMNE Z > TWE Z RO o7z (BAIES, 2010). Zh 0B ERA
BICHRIAT DM E T UVTE LB LN TRV, [IHAZERICR T 5 MBIE B B D755
EBRZHENTWRNWZ LDl 25 &, v~ 7 ~BEAREICI DGO O T2 72 BME A3 E
U7z TiEe <, OGO OB BE LD LEZLLND.

Fig1l (e) 12iE, +E-EALEMILED AEGRRICH 2R T HBE LB 2 AL 35
GPS FEM AT TH DTz, 62-T0 K 1 PRI ALE S 2 BT+ GPS B s o R P8 5[] D AL D R ]
BAbERT. 77 7 RRERHEO 2003 FA+ B HIE I 9 coseismic step (5 cm 2 O 2072
FA~DOERL) ZERINL TR L, 2007 FEICIHHE o 2 KAE FEBOBIRICLD LEX LN
% PRI~ DZERLIL 2009 FELARE, REBICHLT 2 AR b, £, 62-11 KN OE FHE
ETRLN TN AEGEHIC bELOEASED SN TWnDE (A, FAE). LaL, 62-1 kAT
VI FE DM TR L 72 REEDMESR & L TlREV TR Y, 2006 4ELARTOBUEEN L~ L& THEIE L T
W, —7F, KRIEAXMICHZIRLE % L, Figll (d) 1CRTX 91T, 2005 FEEHP S K OBEDFR
EIREN AT 2HEABEO 6N TEY, 2010 FICRESICFRLEZIEDSP->TNS, 2
TxHET 2 L 51T, 2010 FIC AV BEEOBEMARD LTS (Figll (¢). Zh ko7
Bt OEEHEGEB ORI OZIE, # 0K LRIE TH b e s EAL R E ORI & Ffi T H
5. Lo T, BEMEF O ITETEIEE O P 0L 62 KON D KIEKA~NEE LS
HDHZLEFBELTNDLO0S LRy, BTE, KIEKHHEE LICEET D IER 2K OE
X, BEK 100 E£MICh > THEZBRVIEL 20 CBWEE 2k L CXGFcd Y, 4%0
EMBIEBI OHL e R D AREM L HD LB X HNLD.
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Fig. 9. Temporal variations of SP for 62-0, 62-1, 62-1I, and 62-II Craters, plume height

and temperature at 62— 1 Crater.
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Fig.10. Temporal variations of spatial distribution of SP for Taisho Crater (PR-2) along
the AB line in Fig.7.
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Fig.11. Temporal variations of recent volcanic activity at Tokachidake.
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