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Interaction between Acid Aqueous Solution and an Andesite

Shun-ichi Fujta, Hayao SAKaAMOTO and Katsutoshi TomiTa

Graduate School of Science and Engineering, Kagoshima University

Abstract

The majority of the fumaroles and the acid sulfate hot springs are distributed in Kirishima
volcanic areas. The rocks of the surrounding area were intensively altered chemically which can
be visible due to the presence of whitish altered zone.

The chemical weathering mechanism by acid geothermal water was studied in the laborato-
ry by dissolution experiments of andesite with acid solution. Relative leaching ability of rock
forming components reflects resistivity of minerals in volcanic rocks against acidic alteration.

The results revealed that with acid sulfate dissolution, precipitated calcium took stable chem-
ical forms, otherwise the rock samples will dissolve less in the later stage of the reaction. Leached
amounts of Na, K and Al in the experiment of rock-acid solution interaction were assigned to
three representative minerals namely; Anorthite, Albite and Orthoclase. Anorthite and Albite
were leached more quickly than Orthoclase. The chemical composition ratio of An-Ab-Or showed
that the dissolution of plagioclase in andesite which was certified by XRD analysis.
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VEHLIX TlE, 19714FEICHERIC L A KD 720, REMs CRBEE MG Y P& Ui, €08, 1/
PEFI G EOLROAERENTZOIKRERBEIEZ Y, AFORAL 2 ER 2 EE SN % EOR
EER - (BEARD,1980) Lo T, BEKXIUMIBICB 250 OBHELERRICET AL, #
DEDHIRORRYE - 1B - Wik ) 2 EOFRRB KRB 2D TED,

RIRICBIT 2 aAOBEEERRIL, BEPOCHET COREERHORBRERTH S, o TE
BB IZT % ATHBREEEORRCHEBE, ZOMOFMEFICOVTEZELIEETAZ LI TE
2\, X o T, [LFEHECRHEY RSN S M2k o TWAERG & KIUY ARSI L O RIEIZ
B 2 EAOBEEEBREONIZE (B S, 1959; 4H 5, 1964; B - /N, 1966; /MK, 1968, 1995; HiF 5,
1976, KRJIIH 5, 2000), EEBRETEHEESNLEMHT COBREBREEH L ORIBIIBIT 5 5ADE
125 B O W32 (Kamiya, 1960; T-3E, 1962; B L - & M, 1993; ¥ L &5, 1994; {WE - EH, 1994;
Nogami and Yoshida, 1995; 3ith, 1995), FRUEVATR & 4540 & O FUGIZ BT 5 HEESHRIATSE (Sanemasa
et al., 1972; Sanemasa and Katsura, 1973; Brady and Walther, 1989; Hellmann et al., 1990) 7 &SR &5
SNTWAE,

AUFFETIE, HiR - RERMEAIIC L 2 BEH LG D N TEE 2l A, BINERG DR b S Sk
Y OBMEERE DS S I OWTEEZIT o 72,
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B, BRORBLECERZBHKEEY 274 (HRI ) RT7HRISHE) 1T DL
BT TR L T 0.05 mol - dmi 3 HeSO4 K 0F0.1 mol - dm 3 HCl 2 FHEL L 72 F 72, VAR ISR
WCERATAZMBL, BEELE ZELRE LRV,

HZEWE L L ToEaHAICE, FEXKIUEO 2K L T 5 EEH %% (Olivine bearing
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G 72005314 ) DA LMK T & <P LI T2 L) e\ /2%, 50 C Tzl s87-%d 0% i
L7z TheDaERDILEEMEIE Table 118 L7z,

2.2 EEREE
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SRR S, RIBEOBERIEY T L EEEEL )b &8, MEBRERR Lz, /2, 7T A%
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EARFHIM KA 052 HEADIZITHEREL TT VA VER L7z, SO IdEESHEz Hw
TEESI L7 72, WERAF01gE 7 70— —ITHEF L TEMAKTERS E721%, Mgl
ml, BEERERHE3 ml, 7 vALKEEBES mlZ ML TRy T L= b ETHR - BREEE 2T WIS EE,
(1+1) GRS ml 2 N2 TIERD THEA L, 100 mlIZER L721R, Fep03131,10-7 = > b ) Y ISEE
FEE, AlO3ld8—F /1) / —)Vik, NagO, KoO I3 &R, CaO, MgO 3R FItm ez
AW TEERSHT L7

Table 1 Chemical composition (wt.%) of starting material and residual rock

Starting material Besidual rock Repldurlondk Kurino andesite*
(A) (B)

Si02 59.6 71.3 71.8 58.6

TiO2 — — G 1.05
Al03 18.8 7.96 9.10 18.6

Fe;03 6.74** 7.19%} 6:23%% 2.90
FeO — = =< 3.30
MnO» 0.17 0.22 0.22 0.10
MgO 3.17 4.22 4.12 3.42
Ca0 5.50 3.28 2.64 6.87
Naz0 2.98 2.08 2.32 3.25
K20 2.16 2.22 2.10 1.64
P20s5 . — = 0.20

Total (wt. %) 99.1 98.5 98.5 100

Reaction solution : (A) 0.05M H2SO4, (B) 0.1M HCI (Reaction time: 7200min)
* Analyzed by Takahashi (Sawamura and Matsui, 1957) ** Total iron as FesOg

|~ Heater
Pyrex column ¥
Andesite rock
D (0.50-1.00 mm)
25¢g
/) —
/ e
Pump /h o Eluent
: : 6.0 ml/mi Thermostatic bat
Acid solution (6.0 ml/min) (controlled at 80°C)

Fig. 1 Rock dissolution experiment set-up
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3.1 BAERSOBEHE L TREOMHEREMN

RV & PO T 5 i a i CIIMEEEERICT 2T MHICELH L2 00, BEANLE
WLz a L 5GFR0EME OMICIEIFERELZBARTS 20 LEZ LN, GWHEMA TORHEER)
1THN T 5% (Sanemasa et al., 1972; Sanemasa and Katsura, 1973; Hellmann et al., 1990; Muir and
Nesbitt, 1992; Walther and Woodland, 1993), L% L, KIEDBEIZIEH S AEDOES b4 &, 45
YR TIT o 12 B EBROK R 2 bR 572 ClEIRBOOBEHBREZHS 2T LIZHET
H5. TS (1994)1F, 7T AEDOES;ICO RACHEASEOBBIEW AL T L HASFEEL, £

Table 2 Chemical compositions of sample aliquot per time.

Reaction solution : (A) 0.05M HsSOy4

TSRk

Time H Na K Cd Mg Fe Al Si
(min) 2 (mg/) (mg/l) (mg/) (mg/l) (mg/l) (@mg/D) (mg/))
15 1.5 14.2 12.8 79.5 31.0 20.9 125 149
30 1.5 16.0 727 56.3 25.9 23.1 148 151
45 1.5 16.7 443 496 22.5 22.9 163 149
60 1.5 17.4 2.63 488 21.4 219 162 144
75 125 17.3 217 472 19.4 20.7 167 137
90 1.5 17.2 213 463 17.1 19.4 165 127
105 1.4 18.1 2.03 44.2 18.1 18.7 162 125
120 1.4 18.6 2.00 416 13.0 17.9 161 128
135 1.4 18.8 196 39.2 12.3 17.1 162 122
150 1.4 19.0 1°95 . ~38:3 10.5 15.8 160 123
165 1.4 18.9 1.87 36.8 10.1 15.3 159 121
180 1.4 18.8 198 354 854 145 151 120
210 14 18.9 1.90 34.2 6.69 135 148 114
240 1.4 18.8 1.89 32.6 6.28 12.8 147 109
270 1.4 18.2 1.89  31.0 526 12.2 138 105
300 1.4 17.8 1.88  30.1 459 116 138 101
330 1.4 17.5 1.86 274 366 111 132 97.7
360 1.4 17.4 1.92 269 363 10.8 124 91.2
420 1.4 17.0 1.98 26.6 299 10.2 119 90.2
480 1.4 16.2 202 254 2.50 9.92 106 82.3
540 1.4 15.7 216 244 2.19 9.64 97.2 76.7
600 1.4 154 216 209 2.00 9.32 90.0 1%
660 1.4 14.7 216 208 1.92 9.07 85.1 69.2
720 1.4 13.6 219 191 1.78 8.71 79.3 65.5
960 153 114 218 142 1.60 7.53 60.2 53.8
1200 183 10.5 218 123 1.56 7.20 Sl 44.4
1440 13 9.18 2.18 8.88 1.28 7.03 39.3 42.8
1800 1.3 8.35 2.20 7.36 1.14 6.57 33.0 38.2
2160 1.3 6.75 2:36 443 0.92 6.31 28.3 36.2
2520 1.3 6.62 241 4.10 0.80 5.92 27.1 36.0
2880 1.3 6.53 2.42 3.70 0.73 5.56 25.4 36.0
3240 1.3 6.42 2.43 3.62 0.70 5.34 24.3 36.0
3600 1.3 6.18 2.44 3.20 0.68 5.04 22.0 36.0
3960 1.3 5.78 2.47 2.85 0.63 4.73 20.6 35.9
4320 1.3 5.46 2.52 2.71 0.60 4.49 19.7 35.5
5040 1.3 5.17 2.63 1.79 0.56 3.98 17.8 35.5
5760 1:3 4.76 2.67 1.72 0.52 3.64 15.7 35.5
6480 1.3 4.38 2.71 1.44 0.45 3.28 12.4 34.1
7200 1.3 3.95 2.75 1.22 0.45 2.92 11.1 32.6
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Table 2 (continued)
Reaction solution : (B) 0.1M HCI
Time H Na K Ca Mg Fe Al Si
(min) 5 (mg/l) (mg/) (mg/l) (mg/l) (mg/) (mg/l) (mg/)
15 1.3 18.1 15.9 275 33.6 18.9 129 119
30 1.3 21.6 9.74 130 20.1 20.6 138 108
45 1.3 21.6 4.94 93.7 16.9 24.5 137 100
60 1.3 19.1 3.29 83.4 19.1 24.7 142 95.0
75 1.3 20.8 2.76 81.9 18.4 24.4 152 89.9
90 1.3 20.6 2.69 67.4 18.2 229 147 87.7
105 1:3 2147 2.54 64.9 16.5 22.5 143 86.3
120 1.2 20.7 2.34 67.5 14.0 21.7 139 83.3
135 1.2 23.8 241 66.0 14.7 19.2 137 81.1
150 1.2 234 2.57 65.4 1372 18.4 136 80.4
165 1.2 23.1 2.31 64.6 11.8 18.6 132 78.9
180 12 22.6 2.49 64.8 11.6 18.0 130 7.5
210 152 21.1 2.41 63.8 816t -16:3 128 73.1
240 1.2 20.7 2.44 63.2 748 144 126 71.6
270 1.2 20.6 2.52 61.9 722 138 122 67.2
300 1.2 20.5 2.68 55.5 6104555127 1122 67.2
330 1.2 20.1 2.72 51.1 598 13.0 114 64.3
360 1.2 18.4 2.63 50.4 590 113 104 64.3
420 152 18.8 2.77 414 488 10.7 102 60.7
480 1.2 18.4 2.31 40.3 4.48 9.44 98.7 57.0
540 1.2 18.3 2.67 40.4 4.10 8.98 94.5 54.1
600 12 17.9 2.60 33.2 4.12 8.44 86.9 50.4
660 1.2 17.4 2.63 314 4.00 8.12 84.4 48.9
720 1.2 16.2 2.56 31.5 4.00 7.66 75.7 47.5
960 1.2 14.2 2.72 31.0 4.00 6.53 67.4 41.6
1200 1.2 12.1 2.81 30.6 4.00 572 58.3 38.7
1440 1.2 10.5 291 28.2 4.00 5.00 42.4 36.1
1800 1.1 9.89 3.13 23.9 4.00 4.56 324 36.5
2160 1.1 8.60 2.86 18.0 4.00 3.90 274 34.3
2520 1.1 8.59 2.92 17.6 3.60 341 25.0 34.3
2880 1.1 8.58 3.32 17.0 3.32 3.15 22.5 34.3
3240 1.1 8.55 3.07 14.9 3.24 3.09 22.0 34.3
3600 1.1, 7.64 3.03 11.0 2.98 2.98 19.6 34.7
3960 1.1 7.21 3.07 10.2 2.80 2.93 18.7 33.6
4320 1.1 6.50 3.1 9.7 2.68 2.82 17.8 32.5
5040 1.1 6.21 2.97 9.3 2.70 2.69 16.6 32.1
5760 11 5.68 3.04 6.8 2.70 2.71 15.9 31.0
6480 1.1 5.23 3.07 5.96 2.76 2:57 14.4 30.7
7200 1.1 4.71 2.97 5.26 2.40 2.58 13.4 29.6




Table 3 Correlation coefficients between two elements, calculated ele-
ment contents on each fraction data

GV
Na K Ca Mg Fe Al Si

Na -0.03 0.81 0.55 0.79 0.96 0.87
K 0.07 0.51 0.62 0.36 0.07 0.32
Ca 0.58 0.82 0.92 0.96 0.89 0.97
Mg 0.61 0.66 0.91 0.93 0.72 0.87
Fe 0.87 0.22 0.68 0.85 0.90 0.97
Al 0.97 0.15 0.66 0.73 0.95 0.96
Si 0.84 0.48 0.85 0.92 0.95 0.92

(B)

Reaction solution : (A) 0.05 M H2SOy4, (B) 0.1 M HC1
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EA BT 2R EMN RS TH % Na, K, Ca, Al, SiOEHER (%) 25 L - FH(1993) 12k 5
FHEITEE RO 72(Fig. 2) o FIGHE TH O Al OE HBRISHRERILEET57.2 %, TEERILIET55.3 %,
Na DA H =R IIFRER L T55.7 %, MM T674% L 2N FN50% L EOBEHIEEZR L, L
L, CayFisRiInnlk L IEMUIEE TRECRLY, MBUET284%, WU TT76.7%Th -
7o FRERALER TIESUCKEHE 100047 £ TCaDAE R I IDHE I & & b ICH 2 TWB S, nkH
1000533720 20 6 EBUCEHERIMEL o TWb, 2O ED5, FREBULE TIZCasWaL LIz v
A% FEOD, CadVaAH T L EICABED L) L REMS 5V IHMLFHRERELZ TR L, K
BATICEEEFRBEELTWAIENEZONE, ABEOERIZ, 435 (1964) DI HLFEEER
X g S 1, Kikawada et al.(1995) I X 2 EBRZETORDERICBWTYH, ABEDERE 7V
DY LADBEMBEE L OBRIFE#EIN TS, Lo T
HELTREBOERISEZLONS,
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Fig. 2 Change in leached proportions of Na, K, Ca, Al and Si vs. reaction time, resulting
from leaching of these major elements from andesite under acid aqueous solution.
Reaction solution: (A) 0.05M H2SOy4, (B) 0.1M HCI
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SiOEHIERIINa, AUCHRTA% L, BB T265%, WAL T2.7%% /R, Lo T,
Na, ALCHARNIZBEE LIS VRS TH A Z LR EN, RIGKTHDEA (Table 1) @ SiO,
(Wt. % ) | ZTRERLEE T 71.3 %, BRI T71.8 % LR AZ R Lz, THEER T D SIO2 AMBORK
SICHRTHEE LI WD THE, HE - FHA993) D, RRIEZLEFL L, SO BT ERH
WCBRETAZLERE LTV,

F 72, KOBHRIIHELET24.1%, EBUET2.1% %R L7z, /2, SiOEHRTHHEL
L72K_/Si(Na /Si) DR IIFRERLE T0.9(2.1), HEERHE T1.3(3.0) & FERLE TEVWEE R
L7ze TOZ L, HED LRMADOEESTALERET CH@ICR O 5 BHER DER L Bk
BhHBHIbDLEZONL, 5H5 (1964) 1%, BRESHARTKIUT AR TEIIGEEADEEERE
TV, ETEHEICL > THEGPILERPENBIZH > TEBRLTWAZEEZHELTWSE, Lz
Ao T, ARFEIZB VT HKAR(SOy) 2 (OH) g T/RENZMERDERNSEZONL, T2, KO—
HIINaTEZMIONL Z LD, BHEROERD Na, KOERZICEFES L TV AIREEITH VY, /h
W (1961) 1%, KA AEFRILEBZIZBT 2 KINKEOEHEZICB T, HEROAERLS—EHIC
EHERLEEZONLNa, KOBH AT TWEZ ExEHL TV A,

3.3 BHESPSHEINIREARIDAES LUERS

H DAL & AL O M ORISR &R 7290 1 NORM 43 3H1C & o TIRERAREL % BEVE 411 12 2
B2l hHb, KIEORENLEELDIFRAROEATH S, £ T, NORMSFTEOHE
ASxFIBLT, BHESICHES TEEEYE L TRAEDIKER (An): CaAlSi:0s, EEA
(Ab): NaAlSizOg, 1EEAF (Or): KAISisOs D 30 8iM 1ZHH 4§ 2 G BATICEI D 507z, 2B,
ZONORMEIEIZOWTIREF ES (1994) I X > THE SR TWADT, FORMERTHW:, F
72, NORMEHE TidNa, K, AlDEEA S An, Ab, Or DEVEEZEH T A A TELDT, Cadt
TR E L TORBEMERLZBETS, A2 HEE L72An, Ab, Or D& EIVIRE IZIEMEIC
KON bEEZONE, £7F 277 3 BT ABEEETE ARG DA — Ab — Or (mol. %) DOHL
ekt % Fig. 31278 L7z,

TelE K OHEERALEE C UL, B OMKILIISHRAOMBILIE VO T, FIEADBHENFHVE
EZbNb, Tz, BHESOMELZELED MBS EHWICHY T AHEEMTAL E, Kb
FIIRE R IIIKEADEEGVIFFICKRE {, IREADBEMPZRITEI o TWE I e bh b, T,

@A) ®

© Solution
50% | ° Rock

Or Ab 50% Or

Fig. 3 Change of An-Ab-Or (mol.%) in solution and the residual rock vs. reaction time.
Reaction solution: (A) 0.05M H2SO4 (B) 0.1M HCI
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Fig. 4 A photographs for starting material
and residual rocks. (S) Starting material,
Reaction solution: (A) 0.05M H2SOy,
(B) 0.1M HCI
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P C : a-Cristobalite
C Q: Quartz
P : Plagioclase
®
M, Y
A
M""‘m P
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M N
0 10 20 30 40
20 (CuKa) / degree
Fig. 5 XRD patterns for starting material and residual rocks. (S) Starting material,

Reaction solution: (A) 0.05M H2SOy4, (B) 0.1M HCI
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