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Abstract: Thick unsaturated zones are present on a number of volcanoes. Downward meteoric water flow in a thick
unsaturated zone generates substantial negative self-potential (SP) via electrokinetic coupling. This negative SP is
thought to be changed associated with annual variation of meteoric water infiltration rate, but its magnitude is not
well known. In order to estimate its magnitude quantitatively, we carried out numerical simulations. If we model a
volcanic body as fractured rocks represented by MINC medium, annual variation of infiltration rate produces
substantial changes in water saturation in the fracture zone over a few hundred meters depth range reaching to the
water table, resulting in annual SP change with a ~100 mV magnitude. The present results seem to provide a model
which can explain the annual SP changes observed by continuous measurements near Mt. Mihara in Izu Oshima

island.
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Figure 2 Changes in liquid-phase saturation caused by annual variation of meteoric
water infiltration rate. Vertical distribution of liquid-phase saturation in (left) the

fracture zone of MINC medium, and in (right) equivalent porous medium.

PGB R MAERE S R 2 L — 3 U ORERIZ, BIREMAA ety H 2@ LT SP Z2{bzk
O, 2. THIRRZ X 9IS, AN, EXBEE L D v 7V o TR D S, FEEFR ORI L -7,

L,=F"(S,0,+2N'%) (6)
L, =—F"'(Sv—Sur)/(1-Swr)el | p (7

FlUxge? (¢p: 2B, ¢t h—F a4 7 4) IZHFELWELT, 777 F ¥ —lF01, v v R
X 0.002 & L7z, ZORRETIE, (BFRECH—ENAROFMHEIZHENT) #HHER~OF5IX7 7
7 F ¥ —HBA 0.02x0.1=0.002, ~ ~ U v 7 AFA 0.98x0.002=0.00196 TIEIXRZEFELERD, 777 F ¥ —
e~ by 7 ZEE D Lee D O BRIEBEIZE DAL FIICE BT 42x 104 S/m &RE L7z, 2%
KO EE (EESE) 130 6x10° T, KA M7 at vV TiE LRk OEBEBREEE Lo, ~ 0.027
S/m, BE—Z@EMIFK 31 mV THD, 777 F % —ETIL Lee ~DVARDAREE D FF 51T EAFNIREE T 2.7
x103S/m L7250, v bV v 7 ZAETIE 54 x 10° S/m TEEABEICL D2 LD L0 —HLL E/hEw, X
3ICiE, ~ NU w7 AEO F1 % 0001 IZL72GE L~ MY v 7 AFOER BRSO FG N2 NE T 5 4
x 100 DEGEDFER bR Lz, MR VEEE OY%E1EL F1=0.025 & LCEHAE L7,

X 312 SPAELOFEMR AT, ~ MU v RO F! (LLF Fy! &R % 0.002 & L7 —AT
&, EFURRET SPIFKI-530mV TH V| REEDFH TG L T 40mV 12 EDIRIE L 60 HIZE D
B CTHEELEEZ L TWD, ZORMENILREEZ(CITKRT 51T OB 2L oA AR LISk
IELTEb D EBZHND, M ILERE OB T, KEIEEAE O/ S WD L2 K LT, Z O
BT 100 HEBZ 5,) Ful %2 0001, 4x 10°& 7925 &, EHFIRETO SPIXZNZIKI-300 mV, -90
mV &R 5 PMEREBORE SIZED LR, F, B8 4x109084A, < b v 7 AHOESER~DF
BIXZEEeThHL00, 777 F v —HOEFRE~OFLITN-90mV THDHZ Lnbnd, Ful i

88



_100 W

s -6
. Fo'=4x10
300 W
s
e F_-1=0.001
E
e g o M Se” N N
-600
F.-1=0.002
-/00  — RS SN SN e S
w00 Porous
-900
0 250 500 750 1000 1250 1500 1750 2000

Time (days)

3 HREMOFFLEEFFEMER, MINC HEOHAEII~ MY v 7 25D Ful K%
72 8 DD —ADfEREZ T, HIHMKEBIIRKIZEZ R S cm/month #72 TOEFIRETH
. 180 HLAKE, #RIE 2.5 cm/month DY A PR DEFZEALZ M Z TV D,

Figure 3 Annual variation of self-potential calculated for three cases of fractured

rocks represented by MINC medium and one case of equivalent porous medium.
Initial state is the steady state corresponding to meteoric water infiltration rate of 5

cm/month. Starting at t=180 days, an annual variation of infiltration rate with 2.5

m/month amplitude is added.
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