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PARTIAL PRESSURE OF DISSOLVED CARBON DIOXIDE GAS
OF GROUND WATERS IN LANDSLIDE AREAS

By Ryuma YosuiokA and Tadakazu KANAI

Synopsis

In order to estimate the partial pressure of dissolved carbon dioxide gas in natural waters
of landslide areas, the following approximate formula is obtained: log Pco,=log{HCO;~]—
pH+7.8 at water temperature range, 0~30°C, by using hydration equilibrium of carbon
dioxide gas and the first dissociation equilibrium of carbonic acid, and assuming that individual
ion activity coefficients are unity. The authors have examined the relationships among the
calculated dissolved carbon dioxide gas, bicarbonate contents and pH in the ground water
sampled from various landslide areas. The following have been obtained: (1) The mode
value of partial pressure distribution of carbon dioxide gas is found at 10-2-3 atmosphere in
landslide areas, but at 10-3-! atmosphere in granitic areas, (2) A possibility of distinction
between stream and ground water from water quality is found by using a pH—HCO~;—Pco,
diagram, and (3) The solubility of biotite, chlorite, Ca-feldsper and K-mica is oversaturated
with respect to that of calcite in landslide areas.
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Table 1. Rocks of investigated areas

Investigated Areas Rocks
1. Higashi-Nomyo Dark gray mudstone, Liparitic tuff
2. Yumoto Decitic tuff, Tuff breccia, Tuff mudstone
3. Kozuchiyama Andisite, Tuff breccia, Sandstone mudstone
4. Miyagami Conglomerate, Andisitic lava, Mudstone, Tuff, Tuff breccia
5. Maruyama Lutaceous schist, Basic schist
6. Minami-Kaminaka Mudstone, Conglomerate
7. Yoshiike Mudstone, Sandstone
8. Kushibayashi Silty clay
9. Kamenose Granite, Andisite, Tuff, Conglomerate
10. Nagoro Green rock
11. Shigeto Slate
12. Chiydja Slate, Serpentine magma
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logP002=log [HCOa_]—pH+PKh+PK1 ........................................................... (7)
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Table 2. Hydration equilibrium of carbon dioxide and first dissociation equilibrium of carbonic acid

£°C) } 0 5 \ 10 ‘ 5 | 20 | 2 \ 30
pKn L1l | 119 1,27 1,34 L4 | 145 1,52
K, 657 | 651 6, 46 6,41 638 6.35 6,32

pKn +pK, 7.68 7.70 7.73 7.75 778 | 7.80 7.84
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COEIICHIT D HIR & RALTER S IR T CO, SHEMBEEFICE 5D, Bkl - WELHLEERBLT
WTEF» S CO, BHBINZBAEHR &, CO, DIFICL ZEBPDOELER L 7 DIEF - HREEICIKE
TEHDEEL NS, —fRICHIT O HIEREH - 7B - BHHEEEL, TAEMIEFEANSH, £
DFHDIEREN L - THIEH 3 VHEREFICEL DRI NDTVREOTEYO Lth~0 itz £
EEZOND. LB ICEALTE R MR T~ 0 HRIC TR D B & < BRI AR RIS, &
RKBLOZDKIE « FiEiOBET « HEEIIEREIO B2, 0k, <00 3225 nCOo,
S AR SR 2 L D HRHIC R & V0, {E-TkPo CO, SEDMETNOMIBD T HARE B
bOLERE N,

5. CO, RELCKLBHMYOREE

BEGIOLHIBRED CO, [EICENIIHERET 2hAEADHICE, RIKERS%E HCO™ & LTE
DU EEARES CO, DHEEL LTEHT L ENT & ZID10.18,
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3Cayg.17AL.53Sis.5:010( OH), + H* +11, 5H,0
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Table 3. Standard free energy of formation used in calculations (25°C and 1 atmosphere)

Eree Energy
Species of Formation| Reference

} (Kcal/mol) -
H,04, ‘ —56,7 Garrels & Christ (1965) 17
H* ‘ 0.0 ”
Nat —62,.6 ”
K+ —67.5 ”
Mg?* ~109.0 ”
Ca®* —132.2 ”
COsigas) —94.3 ”
HCO;- —140, 3 ”
CO32_ —126, 2 7
H,Si0, —312.7 Gardner (1970)¢®
NaAlSi;Og (Albite) —884.6 | Robie (1962)19
KAISi;03 (Microcline) —892.6 ’ Huang & Keller (1972)120
CaAl,Si;05 (Anorthite) —955, 6 Richard et al. (1968)V
Nay.;Cag.gAl;.S15.405 (Labradorite) —931.1 Huang & Keller (1972)9
KAlL;Si;0,,(OH); (K—Mica) —1330. 1 Huang (1973)'22
KMg;AlSi;0,,(OH); (Biotite) —1362,5 Yariv (1971)3
AlLSi,0;(0OH),; (Kaolinite) —903,1 Kittrick (1966)¢?4
AlLSi,0;(OH), (Halloysite) —898. 4 Huang (1973)2
Nayg.33A15.33515.6,010(OH), (Na—Montmorillonite) —1277.8 Helgeson (1969)5)
Cay.;7Al,.33S15.6;010( OH), (Ca-—Montmorillonite) —1279,2 ' Helgeson (1969)12%
Mg;ALSi;0;(OH)g (Chlorite) : —1954 8 | Helgeson (1969)%
K,.56Nag.055A10.768i7.07015(OH), (Tllite ) . —2672.0 | Kramer (1968)!2
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), @25
3Cay.17Al;.33513.670,0(OH); 4+ CO, 412, 5H,0
=3, 5AL,S1,0,(OH), +4H,S10,+0. 5Ca?* + HCO;~

C(HLSi0,3* (Ca?*1+(HCO ) _ oo,

log K=
g PCOZ

ER7 v R ((Catt)= ;J (HCO;™)) &fLFRimEER ((Ca**)= ;{H4Si04]) Mo, @RFRO LS IC
33,
log (HCO; )= % log Peoy—2, 6 covvverrieoniieennieiieiin ittt e e (14)
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Fig. 8 » 5 REE Ca—REAEVTID CO, HERKBNTH CaCO;y i L THRIMMANCIE > TB T &
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HF~NOMRTRRBER, Ca—ER, #&fehA, 7 Y EH CaCO; 1T L THBEMICIE > T3, E5iC Ca
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Table 4. Equilibrium constants used to calculate solubility of minerals

Reactions (1%%0 g)
Na—Feld.+H* +4, 5H,0=0, 5 Kaolinite+2H,SiO, +Na* —0,15
Na—Feld. +H*+4 5H,0=0, 5 Halloysite + 2H,Si0O, + Na* —1.9
K —Feld.+H*+4, 5H,0=0, 5 Kaolinite +2H,Si0, +K* ' —2.4
0. 5Ca—Feld.+-H*+0, 5H,0=0, 5 Kaolinite + 0, 5Ca?* 485
K—Mica+H*+1, 5H,0=1, 5 Kaolinite + K* +5.1
3Na—Mont.+H*+11, 5H,0=3, 5 Kaolinite +4H,510,+ Na* —8.2
3Ca—Mont. +H* +11, 5H;0=3, 5 Kaolinite +4H,Si0, +0, 5Ca?* ’ —8.8
0. 1 Chlorite + H*=0, 1 Kaolinite +0, 1H,SiO, + 0, 5Mg?*+0, 5H,0 +6,6
0, 6911lite + H* +3. 93H,0=1, 65 Kaolinite+1, 6H,SiO, +0, 038Na*+0, 94K* ‘ —7.5
0. 14 Biotite + H*+0, 07H,0=0, 07 Kaolinite + 0, 29H,Si0, +0. 14K* +0, 43Mg?* +11, 4
0. 63 Labradorite+ H*+1, 5H,0=0, 5 Kaolinite +0, 5H,Si0,+0, 25Na* +0, 38Ca%* +1.6

COygas) +H,0=H*+ HCO;" 78
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DEDFHEE B ILOIRDEMRM I -7

(1) Hg <D HOEEREEN 2 3D BRSEE (2 1072.4~1072-2 atm. DO5ICR L, 28R (235) o
15, 3%icdh 7250 F7zy AALIERN M D 2 1131073 2~1073-9 atm, T4 (414) D227TBTH -7

20 BER, Ca—ERAROONOKEN ADMUCEWT & HFRAICH U CEEICIE > T3, KA E
BALAEIT SR O KFE A7 A ;P LCTIIRERE, Ca—[8F, Na—ev e odA b+, #fiRAD, HINOHIKT
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