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Abstract

In a volcanic area, a large amount of geothermal fluid reacts with rocks and soils on the ground surface or
subsurface, which lead to the formation of a wide volcanic alteration area. The rock/soil alteration caused by
their interaction with acidic geothermal fluids is a very important factor which may produce natural disasters
such as landslides and mud flows in volcanic areas. The mechanism of rock alteration by acidic hot spring water
is examined by experiments setup in the field.

In the alteration experiments, pieces of volcanic rocks whose chemical compositions and textures had been
examined for 10 years in Kusatsu-Yubatake hot spring water near the water vent for 10 years. Chemical and X-
ray analyses showed that the degrees of leaching of major elements from the original unaltered rocks were well
correlated with the degrees of decomposition of major rock-forming minerals. The process of rock alteration
was controlled by chemical and physical stability of the rock-forming minerals in given environments.

The EPMA line profiles for major elements on the cross-section of altered andesitic rock showed a stepwise
change in chemical composition between core and fringe parts. This meant that the rock alteration caused by
penetration of hot spring water did not advance continuously, but stepwise from the surface of the rock to the
inside.
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ek, ) KRESHT Wit L7z, ERZBDOEHAE Table 1. Relevant information on the Kusatsu-Yubatake

FERBEBET L VAP T Y /NEL % hot spring water and contents of major dissolved
D, —DA2~25 mAEEE L % 5 TV e components in mg/dm?.
KBEFEL 219848 B LT, EBREKT  sampling date 1984/7/29 1994/7/25
L 721994412 81F 5 B G MR R K DOLEM Water Temp. (°C) 61.3 5k 6
L% & Table 1WI/RL72. Table 1& ), EBEY  pH 1.89 1.98
M, EEGMEROpHIZ, BB X #1905 Eh/mVv 301 252
20CHo7ce 2 eWbhsb. $7z, EBYE  Content (mg/dm®)
THHI0EMIC, PLLRAROETE, % Na' 36.0 59.7
FERAOLHOF MY v st ey vn K 10.5 23}
A% Y OEMPBD L0, ZOTVH)E ;}+ ﬁg g:
BAAVIREO LR, BRINLTE»SES  pet 16.2 15.1
3.5 km, EEH13S0mICMET 2 HRE Fe 0 ]
BROBRKD, BHOFEHERKICB VTR ZFe 16.4 15.4
ALTwBEBEEL RS (hguzs, AT 524 46.5
1850, Mn 1.1 1.6
al 294 336
SO 838 839
2. 29 Si 96.7 88.8

EBRBR TR, ERZICHLR-ER
ABIIOE, TTHABL YL COKEDE
RBEZTo7. COKE, ZREAFCBV T, LB 7) EAMER (7Y »2) L THL 2
BROEVIZDOLN, KABOIGE L BIKEOHEE ORICE b CHER BRI HED SN
7, RINERBCBVNTRZ20 L) 2BEBL2BREIBO O, £EMIIRABEEL, K<, B
RF L oTwi, ZITERAERXECOVTIR, ZOERONHES L OV L, BRABED =245
W2, BRIERBHIOWTIHRLE, SRR L 20 BO=85 05T, 2RFICO VTR X SE
WL LHEWREOFE LAEEGHEERL. Thbb, YA FRICEHL CHERLESTEICLLE
B, TRUTA, AU AIOWTIET vLKEBRSBBRICAEERE, Z20OMOTEICOVTIE
FIRRIZ 7 v LR BRI R CICPR IS AT EEZ RV TER LT o7, $7-, BEL-RIUERE
ROPICZRERABETAYEL FA v 512k ) 2ES L, ZOUMELEIER L 3 2EPMAHIE
ROBARABEZERLL. CORBLHAET R EEF S u—7<v 42707+ 7 4 ¥ —JEOL
SUPER PROBE 733)% FI\» T, BEHRE HIMEEIC ) TOER EE ¥ — 41F30 2 mT0.5 mm
TEIZEESI L.
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Table 2. The contents of the major elements as oxides (weight %) in the original and altered rocks. _

Andesitic rock Basaltic rock
Component altered rock altered rock
Original rock - - Original rock ; -
Core  Middle  Fringe Core  Middle Fringe

Sio, 61.49 71.03 82.70 81.40 52.99 55.62 79.18  80.53
Tio, 0.82 0.71 0.92 0.99 1.47 1.31 3.11 3.16
Al,O, 17.09 11:33 6.01 6.43 15.50 13.05 8.49 7.60
2 FeO 6.17 4.58 2.54 2.60 13.09 12.76 2.68 2:32
MnO 0.09 0.12 0.07 0.07 0.11 0.23 0.05 0.04
MgO 3.00 3.18 1.89 1.89 4.72 4.62 0.51 0.34
Cao 6.05 3.46 0.59 0.53 9.91 8.57 2.02 1.79
Na,O 3.39 2.36 111 1.12 1.74 1.96 1.08 0.87
K,0 1.76 2.33 2,77 3.16 0.34 0.44 0.91 0.88
P,O, 0.14 0.09 0.04 0.04 0:13 0.10 0.16 0.16
SO, . 0.82 1.37 1.76 # 1.35 1.80 2.31
TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
1g. loss 0.70 3.10 5.79 5.61 0.47 1.40 9.48 10.50

Al Core Andesitic rock
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Fig 1. X-ray diffraction patterns of altered rocks in the WTy, RREEOEIFI Ny — (Fig. 1-A2, B2)i
experiments. Al, A2 and A3 denote core, middle and

fringe parts of the andesitic rock, respectively. B, ~ JM&ah(Fig. 1-A3, B3) & b THLL L T /-,
B2 and B3 represent core, middle and fringe parts of

the basaltic rock, respectively. Cr = Cristbalite; F =

Feldspar; Py = Pyroxene.
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DHRI0mIZRES 2, FTVKREDT  Tupie 3. Minerals identified by X-ray diffractometry for the Daitokan
HEHGHD 5 1965F M E N - RIREE & rock sample.
AR (O EGRIKARE | F#H135,

- Mineral Core Fringe
1983) DHTE%, [ U < Fig. 30 =45 =
EiETE Y b L7 REARFHIF RS Cristobalite ++ ot
R EMESEOBRERRAKICL VEE 2SI Tridymite ++ ++
Jad %2_ b N BHEFTER & . *%E@E%% Fe|dspar ++ none
PH%eoTVA., EEREBELE DER Pyroxene + none

BHRTSH ), ZRERO XA & "*Realtve intensities of peaks assigned to each mineral are shown
R AT DB % Tables 3, 41257 L 7=, by the number of ""+"" marks."
Table4IZRONB LB, KEEERHE

B ) Bo g E) 3l P <
}Efnﬁ?ﬁﬁ‘%ﬁ& lifﬁixﬁigﬁfﬂi “ Table 4. The contents of the major elements as oxides
TRIERE (REBE) LIZIZASTH (weight %) in the Daitokan rock samples.
5. KRERAEGABOEGEILFig. 3

i BT RER AT B D s Component Core Fringe
e LR R “sio Yy %085
MEEELEICTTOy P 3h, AEO% Ti022 0.83 e
ANTEREBROMRITRI B D EEH ALO, Y738 486
RLFAMHTH 3. 3 FeO 6.43 0.37
MnO 0.12 0.00

3. 4 BXTRODEENBN - BEEDE MgO 3.53 0.02
B zOTERICH T3 ER Cao 7.08 0.10
BN 1T, REEEREEOY Na;0 4% L
DOILEERIE, BRI & 5 TS o o o
SOBRICERT s SamRsomde 0o 2> B
GELBASHEL LTRSS, TELo ~ _TOTAL 100.00 100.00
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2, COEER, BEELETAE, ROVCCEERDISVIUH Y, ) 2B\ TTEEIZD
W, ZHEBEGAMOREE T 2BEEE KD, £OE(LOMT % Figs. 4a, biiR L7
Figs. da, b RA L, 752, #) T LD2TNELZOMOTRE T, RINERE, LBt
L ITREROBF PR EoTBY, F5, #) o A3HLICRIEDS:, 20M0OTE
BREMNZRL TS, 74 Y OMBEOBIIZECHMOATVYLY, TR Y ANFS L+
Db IO ITEVERERNERIERL 2572 AVTARFMIYL, BXOALL Y AO—8L &
DILEATTRAKRDEM AR L TRBEERONDN, ZOH ) 7 AOBRBEMIE, oo
RANY T LN REGEREN L IHBHTHL. ChIALEAKROENTH-Th, EER
LERA, REALTRBICHT 2 RUSMNRE CREBZLERLTHBY, BFEIZA1994)I2E 2
BT ARAMEDBREERAER BT 2 EARSOBRIEE —&T 2. ko, BRERICH25TE
FLEHBT 2L, SUGEICBI AT VIZT L, TR YA, AV Y LDETEOREEL, &
IIERH & ZRERE L TREMICIIZEALEZ L >THY), TALDOTEHELLER SN IAEL
DERBEFIZIEL VI LERBELTVE, —F, 8§ETT 2Ly LA OBREIIRIIERE & T8k
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Fig. 4. Degrees of remaining (%) of seven elements (a) in the andesitic rock sample and (b) in the basaltic rock sample.

Table 5. The contents of the major elements as oxides (weight %) in the original and altered rocks. For the calculation of
altered rocks, SiO2 is assumed to be constant during the experiments.

Andesitic rock Basaltic rock
Component altered rock altered rock
Original rock = Original rock - -

Core Middle Fringe Core  Middle Fringe
Sio, 61.49 61.49 61.49 61.49 52.99 52.99 52.99 52.99
TiO, 0.82 0.62 0.68 0.75 1.47 1.25 2.08 2.08
AlLO, 17.09 9.80 4.47 4.86 15.50 12.43 5.68 5.00
2 FeO 6.17 3.97 1.89 1.96 13.09 12.16 1.79 1.53
MnO 0.09 0.10 0.05 0.06 0.11 0.22 0.03 0.03
MgO 3.00 2.75 1.40 1.42 4.72 4.40 0.34 0.22
Cao 6.05 3.00 0.44 0.40 9.91 8.16 1.35 1.18
Na,0 3.39 2.04 0.82 0.85 1.74 1.87 0.72 0.57
K,0 1.76 2.02 2.06 2.39 0.34 0.42 0.61 0.58
P;0; 0.14 0.08 0.03 0.03 0.13 0.09 0.11 0.10
SO, = 0.71 1.02 1.33 = 1.28 1.20 1.52
TOTAL 100.00 86.56 74.36 75.54 100.00 95.27 66.92 65.80

ERARLTRLZoTHY, TRLOREPOBRENIBAEOBHBENRERLZLERLTY
5. gk, RTAVTLLSCEZREDHPECEEREZRL, BERCHEL CEREOSR -
BRFLVETLTREEERONE. 0L ZRIERB L ZRERB L DBV, RINEEX
RELDENITEEC, SR L HEOBRCIERL TR LEZONS.
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