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Numerical simulation of volcanomagnetic effects due to hydrothermal activity.
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Abstract

We have developed a postprocessor to calculate the geomagnetic field variations caused by
hydrothermal activities in the volcanic region. It uses distributions of temperature inside the volcano, which
are results of a numerical simulation for hydrothermal activity after magma intrusion. The most dominant
mechanism of volcanomagnetic effects was considered here: thermomagnetic effect. We examined the
influences of host rock permeability and depth of magma intrusion on thermomagnetic effect. Results
showed that the shallower depth of intrusion causes larger total intensity anomaly and earlier decline of it
and that larger anomalies appear at later times in cases of lower permeability host rocks.

1. 1ZLHIZ

HIRIZHT A HBESGEGRAIL, XLUERROBRMREL DB T A2OIZEHTHD, ELD
KT TWA ( FlZiE, Tanaka, 1993; Del Negro etal., 2000) . ‘K LLIA DORELITIEL REKTE
HETTD, R THE SN 2 HBEKORMELY G, T TEZ 725 5V 3EITPOXIL
BEEEETIZ L8R WTHS.

EBERKILTIE, HETECBREBN MR END, KIHEERRICBKRNRFETHIZ L
NRHEEIN, HBEANL Y, RAFKEOREICHTIREDOEENTRRIND Y, KILTEH
WKILUFTENREBERBREZ R L TR I EBRLNER-TET. - T, KUHESHIIEST
BAISh AR TOMBIECLBEVKOBRE BT THIAT 2 Z L3 TE 2. EE, Bllah
= HRER B OFEIR Tit, BOEEICHITANEE L TW5 Z EBREL DAILTHBIEN TS

(B2 4E, Tanaka, 1993) A3, FEHEMZEERIZEE > T\5%.

FIT, AFETIE, KUEROBOKKENCEE L, HBEKELEERMICHRATAZ L
AT ZI TR, BRSHRICEERTIREEOREELETMIERERRKY, BRESH
ICRRT B LR REAMIC R D LT L.

2. #HEHiE

oK FE® S I 2 L—# HYDROTHERM (Hayba and Ingebritsen, 1994) 23tH A3 BiBE S %
AHEE LTAWS. V2 2 Lb—23HET30RSILEEH T 2B+ 2 BRAEEOBES
ThHH, BRAELREOZILEEET (Bh) LAFEIHDILEXDZHIZETHY, I
RDBEST 2 KIHENTE OB R OBRESH & U THEMT 5. Ishido and Pritchett (2001) & F#RIZ,
LR OBEEFEOLUTOXRE A, BbomERD 3.

J=M, x (1 = 37"+ 27 (1)

ZIT, q=(T-TUhL-T)THY, FHETIE, My=54/m,T,=100°C, T,=600°C & L7=.

F1-, HiRIZBIT HRESEEIY, HEEERT 70, AHEOBIEAR (Rikitake, 1951)%
— L L= DFEEE AV VZ. 2B, (RAIK45°, FAIZ0°L LTV,



3. KEET N

Table 1 Rock Properties. Details of f{T) and g(7) are

6 described in the text.
Property Pluton | Host rock
5 Permeability m® M | fM
constant presstérg=1 atm c Porosity % 5 10
tant t ture=20 d
\ mac;onr\\: ant temperature egree Heat capacity J/(kg ) e |lem
E 900 derree 0 g Thermal conductivity #/(m K) 2 2
< 3 g Rock density kg/m’ 2500 | 2500
= (=4
g g
w, & Table 2 Four models used in the case studies for
) . . .
Coaling Pluton g thermomagnetic effect caused b?/ .hydrothermal activity.
1 g Model host rock permeability | Top depth of the
Z (<360 <C) intruded magma
ModelA | 107% n? 500 m (a.s.l.)
% 1T 5 5 & 5 6 |MudedB |107n7 Om (asl)
Radial Distance (km) 2 2
ModelC | 107" m 500 m(as.l.)
Fig. 1 Geometry and boundary conditions of the model ModelD | 1071 n? 500 m (a.s.l.)

used for all simulation presented in this study. Initial
temperature of the shallow magma intrusion is assumed
as 900 °C.

Fig. ITREND L DT, 2RFTTOMKFREREL AV, I ab—Ta Vil 40mD¥EL
H D900 COERMBENREI kmE THAL, BRIZEEREIZR 730,000 F&IZBWT, @A
LB DE LA L ¥RAmO~ Ve BBALEHEEFEX 5. KIEO#KER SO
i 41X Hayba and Ingebritsen (1997) & FHE TH 5.

BEOFEIRWT, BERLPFRIGBEERFEL LN, MR, BE, MMEEREILT
DY I2b—vaAlBWT—EE Lz (Tablel) . BEROBEKFEMIZEIL T, S00°C%# 48
AT-BRET, = /< EfEEE BIT102 T, 500°C400°CIZIRD B2 OoN T, log-lineartZ10 ° m’

(=7=) L1077 m (B2 ([THWIIL, 360°CEREI-BEAT, 107210 m? (B8 &108n?

(=2'=) EARFE L7-(c.f. Manning and Ingebritsen, 1999). #HH1 L7-IEREHEIL, BWWEHER (10"
n’) b0, BEROBEKEMICEI LTI, 900C 25 750°CE TORMIZ2000MkgK) , 750°C
LAFCIX1000 kg K)& LT, Ei-, EROERRME LT, HTER» O Sh 38k %,
FEEPICII80 mWim’ |, EREPITIXI20 mWim* & LT,

4. Ial—val LB Tr—RREF 4

v T2 EBAA R ML D BOKRBIBEEZFIT %0, BEKRICERT 5 iR TOHBES
TLEEEOICHE L. ZZ T, v/ ~DERADESIBLUREDOEEROERIIOWVT,
(i@ DHEZ LT-.

Fig. 2 i¥, Model A (Table 2)DBIKFEBI/ ¥ — > LIBESH2RT. Fig 313, TOHITHHE
THETOMBRESH THD. BAER, ~/~DMITORE)/ N FZ—ATBEAIZL->TH
HREDLLRVE, SHERENREAS/ O LR TRNLD. BERRII~/~ORIMIZROND
R, BREBEARNR S LBEOMTRONS. #-T, Figda i¥, BALLHRBR~/ <k
STHIERIINDIBBEREDHERL TS,
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Fig. 2 Simulation results for Model A showing temperature contours and fluid-flow vectors at selected times after a fresh
magma intrusion: (a) 1 yr, (b)8 yr, ()16 yr, (d)32 yr, (€)64yr and (f)128 yr. Arrows represent flow vectors for liquid and
supercritical water. Circles show that the fluid is vapor (steam).
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Fig. 3 Corresponding anomaly map of the calculated changes in total intensity caused by the fresh magma intrusion
shown in Fig, 2: (a)lyr, (b)8 yr, (c)16yr, (d)32 yr, ()64 yr and (f)128 yr after the intrusion. Area shows -3.0 to +3.0 km



in East direction and -3.0 to +3.0 km in North direction. Contour intervals are 0.5 nT.

BA%SENDHI6EDM (Fig2b & 2¢), MO LA TN~ 7/~ DIMUDBENESTEL D, K
kb~ 7~ OIMUB LTI~ EIER > TITE, 2HBEREFE LTS, Tihbb, BUkERM
WMEDODH DB, BERERIIC SO LB THRAIKFMUTN D, BEEFED/ ¥ — 136
DRAT v TLIFLAEEDLRVWE, KERELENRELN TS (Fig3bk3c). BEAKRE
(Fig2d)Eo &, < FEELBUKBEENRRE OIS, LrLAans, MERENC L > TEME%S
30T, = 7~vDEEIF600-700°CE TR L, BA~Y/~OERE CRMERENEETD. &
BORbORELREREIXZ DOtime step (Fig3d) THRAISN . Fig2e THE, FUKBRIKFITILA Y,
ERER DS T AEIRITIENR > TV D, —F, v 7N TIXSHEBREE L, 400°CE THAISh
TW5. ZDtime step TOREK R T (Figle)i, Figldd & ISIERED /¥ — U FRTHRE X/
V., BARIET, v 7 vOBITEHBRIN, BB F— U b EFREITIE < 72 5(Fig.2f),
KA BIZITHER L TV 5 (Fig3o). ‘

4.1 v Vv BADERIDHE

Fig. 41X, ~ 7/ <BADRERIDBNIIHNT S, BEELOEI 077 A VEFT. T2 T,
BEOEERIIFE U ThHSH(Table 2). Fig. 4b) & T, Fig 4@IEEERLIT/hSVD, £2TO
B CRERBEBEREEZTT. &A0IZ, BREDOY—21, Model A DPAFig3LBR), BAE
IMETHRKNICTIR DD, Model B TIIAETHRAY—7 2% 5. LV BWIRIOBADOENR, &Y
REDHMBENEZFEREIL, IV RS RESBHEHIND Z LARKREND, Fig2TREND &
12, BEEE & HICBKBERIIBA /DO LEES THBL, KEFRIHEVS. = 7/~EA
BEVBONEFATE, LYRERBUKBRICRRTILOTELELOND. BT 5HECR
BETHIT, TN EL OBREREINA-Y, BKREFILIVELEET LD B3,

42 BEDEEROYE

Fig. STRENABHEIL, WIEIZR LT, EOBRIAE LD HS500 m B) & I RIR(500
m E)D2RIZRIT B, BRIBBERIIHTIBMIGRE T LHTVD. ZITOETNVORE
RIZ, Model A W23 LT, Model C 1311k E L, Model D 1ZIHT/NEL 2o TWB, =/ <DE
ADEEE, £TOEFALVTRLTH S (Table ).

Fig SOBERIZR LT, 220082 HR~S. 1, BEOBERERNKE VY, BGELORER
BN LVEL LS. ZhiT, BERABWVIIYAEEEIBRIER L 25D THD. KED
REREEIZ 7 S LDEBERT D120, BKEREPREJHESTERVWILETRTS. K
2, BAEZOREIISOET LV EBIZEALRILTHIN, BEEDENETFAVTIE, LYK
X RRBEEEABND. FIHORIEEE, 350TF N E LEEY /v OEEOREIC X - T3
xEBr&n3. LiL, BOEBEDOBERTT /W( Model A & Model D)%, #HR4 ZILRITIEM
L, ERITIESTS. Zhil, BERAR (HREER) RIER->TW ARl BUKIBRIC
JOBEREENRELTVD Z L 2R TFig2 bBR). BIIC K 28EEODHRIT, EVEERT
FMIH L TIIDNEL R BDT, BAT/~ORIMTIIRFERA» DS, BRE LT, BUkBRIT
BRSNS,

5. ¥¢8

2 V2B ABOBKHEED S I 2 L—a UEITHD, BUKROERIC L » THIR TOMBEIR
NED L HTET I EENCTEME L, VY alb—Yar TEONBBESMHLAKLE
REROBUL D% R o C, IR TOHBMEELEHETIRR b oy h—&RARL., <
T2 DBEADESBIVRERSHBMKIENICE X DIHBET R, TOBR. LVES<I/=
NEATIHN, HEKESKEL, KA LBER SN ARENEWZ L, £, BER
B ZOED, HEKELRRE ., HIBERELABERISARRIARVZ L 3o Tz,

— 92 —



(a) Model A
14 ——
12 — ¢
g%
3 6
g’ 4
55
&
g
g 8
O 10
-12
14
3 2 1 [1] 1 2 3
Distance (km)
(b) Model B
N . ‘
E 4
g 2
£
5,
3
52
E
Q
N
-8

&
&

-1 1 2 3

[
Distance (km})

Fig. 4 North-South profiles of anomalous total intensity
for different depths of the magma intrusion: (a) Model A
(500 m a.s.l.) and (b) Model B (0 m a.s.l.) Six profiles at
different time steps after the intrusion (2° yr, 2° yr, 2*yr,
2° yr, 2°yr, and 27 yr) are shown in each figure.
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Fig. 5 Histories of anomalous total geomagnetic intensity
caused by a fresh magma intrusion into various
permeabilities of host rocks: Mode! C (10™'2.m?), Model
A (10" .m’%, and Model D (107 m?).
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