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ABSTRACT  

Carbon dioxide waters, both thermal and non-thermal, are common in many parts of the world, particularly by lithosphere plate 

boundaries (Barnes et al., 1978). The CO2 and the water have different origins (Arnórsson and Barnes, 1983). The CO2 can 

originate by breakdown of calcareous rocks during metamorphism, degassing of magma or diffusion from the mantle (Arnórsson et 

al., 2007 and references therein). The CO2 and H2O components may mix at the surface or at different depths in the crust to form 

CO2-rich surface waters, groundwaters or thermal fluids.  

Carbon dioxide waters typically have relatively low pH (5-7). The solubility of many common rock-forming minerals increases 

with decreasing pH making the CO2 waters more under-saturated with such minerals than common surface and groundwaters. For 

this reason CO2 waters are quite reactive. To raise the pH of CO2 waters requires converting dissolved CO2 into HCO3
- by 

dissolving primary minerals that act like bases. To saturate such water with secondary minerals requires more rock dissolution than 

is the case with CO2 deficient waters. Application of solute geothermometers to estimate subsurface temperatures in hydrothermal 

systems from chemical data on waters from springs and shallow drillholes assumes that chemical equilibrium is closely approached 

for specific secondary mineral-solution reactions. Some studies indicate that many components in CO2 waters may be source rather 

than equilibrium controlled. For that reason care must be taken in applying solute geothermometers to CO2 waters. 

1. INTRODUCTION 

Chemical and isotope geothermometers typically yield highly different temperatures for all kinds of non-thermal groundwaters as 

well as slightly thermal CO2 waters. This is to be contrasted with geothermometer results for many dilute waters with temperatures 

as low as ~50°C. This alone indicates the equilibrium for geothermometer reactions are not closely approached for CO2 waters 

contrary to dilute CO2 deficient waters. In this contribution it is shown that the cause is the high carbonic acid content of the CO2 

waters. The chalcedony geothermometer is most likely to fulfill the assumption of close approach to chemical equilibrium. Yet, 

aqueous silica concentrations in CO2 waters may be controlled by amorphous silica solubility. The cation geothermometers are very 

often suspect to being unreliable for these waters. Cation ratios may be dissolution rather than equilibrium controlled. Cation/proton 

activity ratios are low. More cations need to be dissolved and/or protons to be consumed to bring the water closer to saturation with 

specific geothermometer minerals. 

Carbon dioxide has been used as a steam geothermometer. Theoretically it could also be used as a solute geothermometer. Equation 

(9) in Table 5 of Arnórsson et al. (2010) may be used for this purpose. It is based on reaction (9) in Table 4 of the quoted reference. 

Use of a CO2 solute geothermometer for CO2 waters yields most often very high temperature values. They are not considered 

realistic, but the consequence of mineral-solution disequilibrium. 

2.  WATER-ROCK INTERACTION 

The overall process of interaction of water with igneous and medium to high-grade metamorphic rocks involves dissolution of their 

primary minerals and, if the reaction proceeds sufficiently far, subsequent precipitation of less soluble secondary minerals 

(weathering and hydrothermal minerals). 

Primary minerals of igneous and medium to high-grade metamorphic rocks inherit high energy from the environment in which they 

formed. This implies that they have higher solubility in aqueous solution than minerals forming in lower energy environments, such 

as hydrothermal and weathering minerals. Many studies have demonstrated that equilibrium is closely approached in hydrothermal 

systems between solution and secondary minerals for all major chemical components incorporated into these minerals. On the other 

hand, geothermal waters are known to be strongly under-saturated with the primary minerals of igneous rocks. Progressive 

alteration of rocks should be viewed as set of irreversible chemical reactions involving replacement of the more soluble primary 

minerals with less soluble secondary minerals. Giving sufficiently long time mineralogical reconstruction of the rock will be 

complete 

Any water-rock system is an open one by the definition of chemical thermodynamics. In such a systems the water will never attain 

equilibrium with respect to the secondary minerals, although it may approach it closely. The water will always be somewhat over-

saturated with respect to these minerals giving the system a Gibbs energy value (Gr) some distance away from equilibrium needed 

to drive the precipitation reactions. At the same time the water will always stay under-saturated with respect to the primary minerals 
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due to the secondary mineral precipitation. Any water system will in the end attain a steady state, when mass transfer to the water 

by the primary mineral dissolution will be balanced by mass transfer from solution through secondary mineral precipitation. 

Building up of incompatible component concentrations (some anions) will with progressive water-rock interaction always be 

matched by an equivalent amount of cations so mass transfer into and out of the fluid will not be exactly matched. 

Hydrothermal alteration may be described as an acid-base titration as most primary minerals of igneous and medium to high-grade 

metamorphic rocks act as bases, i.e. they consume protons when they dissolve. Acids, like CO2, dissolved in the water provide the 

protons. This is elucidated by the following reaction showing dissolution of Mg-pyroxene: 

Mg2Si2O6 + 4CO2,aq +6H2Ol = 2Mg+2 + 2H4SiO4 + 4HCO3
-      (1)  

The outcome of the reaction is the formation of a salt solution (magnesium bicarbonate) where the cation comes from the base (the 

mineral) and the anion from the acid dissolved in the water. Additionally, silica is added to the solution, if a silicate minerals 

represents the base. From reaction (1) it is seen that carbonic acid (CO2,aq + H2O = H2CO3) is converted into bicarbonate as the 

pyroxene is dissolved. The formation of bicarbonate is a measure of how much pyroxene has dissolved. It does not, however, imply 

that all the magnesium and bicarbonate remain in solution. Secondary silicate minerals and bicarbonate could have consumed at 

least part of the magnesium dissolved by carbonate mineral precipitation. Further, if the precipitated minerals incorporate OH, the 

amount of bicarbonate will decrease as a consequence of decrease in pH.  

Next consider simultaneous equilibrium between epidote (the clinozoisite end member), Al-prehnite and quartz, common minerals 

in high-temperature geothermal systems: 

3Ca2Al2Si3O10(OH)2 + 4H+ = 2Ca2Al3Si3O12(OH) + 3SiO2 + 4H2O + 2Ca+2   (2) 
          prehnite          clinozoisite    quartz 

The equilibrium constant for this reaction assuming unit activity for all minerals and the water is given by: 

  



K =  
(Ca +2)

(H+ )2
       (3) 

The parentheses indicate activity of the enclosed species.  

Another way of describing why mineral-solution reactions at equilibrium fix cation/proton activity ratios is by assigning a standard 

Gibbs energy value to ‘oxides’ in silicate and oxide minerals (see Tardy and Duplay, 1992). This leads to: 

‘CaO’ + 2H+ = Ca+2 + H2Ol      (4)  

By writing a comparable reaction for Na 

‘Na2O’ + 2H+ = 2Na+ + H2Ol       (5) 

it becomes evident that the Ca+2/(Na+)2 is also a constant at any temperature, i.e. the (Ca+2)0.5/(Na+) term in the Na-K-Ca 

geothermometer. 

Extensive chemical data on fluids discharged from drillholes show that major cation/proton activity ratios take a specific value at 

particular temperature at Psat, likely because they have closely approached chemical equilibrium with some silicate minerals (Fig. 

1). The temperature equations for the major cation (Na+, K+, Ca+2. Mg+2)/proton equilibrium values are shown in Table 1. They are 

based on ~400 samples, mostly from Icelandic fields but also from many geothermal fields in other countries. Also shown in Fig. 1 

are cation/proton activity ratios for some CO2 waters in Iceland. It is seen that the ionic ratios in question are typically lower in the 

CO2 waters than in the equilibrated waters. To approach equilibrium for the CO2 waters dissolution of mineral bases is needed to 

increase water pH. The higher the acid content of any water, the more rock needs to be dissolved to raise the solution pH by a given 

amount.  

 Table 1. Cation/proton activity ratios in geothermal aquifer fluids based on 

 Drillhole data, mostly from Iceland. From Arnórsson et al. (2007) 

Abbreviation Cation/proton activity ratio Temp. equation (T K) 

NaH Log(Na+)/(H+) 1947.35/T+0.659 

KH Log(K+)/(H+) 1105.20/T+1.176 

CaH Log(Ca+2)0.5/(H+) 2857.97/T-1.554 

MgH Log(Mg+2)0.5/(H+) 2729.59/T-2.246 

 

3. REACTIVITY OF CARBON DIOXIDE WATERS 

The implication of the water-rock interaction process, discussed in the previous section, is twofold: (1) more mineral dissolution is 

required to attain equilibrium for cation/proton and cation/cation ratios for water with abundant dissolved acids, such as CO2 than 

for acid deficient ones and (2) CO2 rich waters are less likely to give reliable geothermometer temperatures than acid deficient  
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Figure 1: Cation/proton activity ratios in natural waters. The red dots and blue circles indicate drillhole fluids and CO2 

waters, respectively. The drillhole data are mostly from Iceland and those on the CO2 waters from Iceland only.  

 

 

Figure 2: A schematic drawing depicting how dissociation rates of silicates affect which silica minerals precipitation from 

solution. If silica is released fast into solution, the kinetics of quartz or chalcedony precipitation may not cope with it at an 

over-saturation corresponding to amorphous silica saturation. When this is so, the water will precipitate amorphous silica 

at slight over-saturation of this phase due to the high rate of the reaction. Slower dissolution of silicate minerals may lead to 

chalcedony precipitation, even formation of quartz. Temperature, together with the degree of over-saturation affects the 

kinetics of precipitation of the different silica phases. The heap of each curve shows that over-saturation reaches maximum 

in the beginning and then decreases once phase growth sets in. 
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waters. Also, steady state conditions are more likely to be farther away from equilibrium for waters containing abundant acids, 

primary minerals being more under-saturated and secondary minerals more over-saturated than would be the case of acid deficient 

waters. To demonstrate this consider release of silica into solution by primary mineral dissolution and subsequently its removal 

from solution by secondary silica mineral precipitation (Fig. 2). The flux of silica into solution will affect which silica mineral will 

form. If the rate is high, the kinetics of quartz and chalcedony precipitation may not cope with it in which case silica concentration 

in solution will increase beyond quartz and chalcedony saturation and until amorphous silica becomes stable. Due to the fast 

precipitation kinetics of this phase, it will be able to consume the silica released into solution. Steady state conditions will be 

reached when the rates of the two counteracting reactions are the same at a given under-saturation of the primary minerals and 

over-saturation of the precipitating minerals. 

The rates of both dissolution and precipitation reactions are controlled by departure from equilibrium (Gr), as well as surface area 

between minerals and solution, the rate constant that is specific for every reaction and temperature. The observed high under-

saturation for primary minerals and the small over-saturation for secondary minerals is considered to primarily due to differences in 

surface areas between primary and secondary minerals and solution.  

 

 

Figure 3. Calcite saturation versus temperature of natural waters from Skagafjördur tholeiite basalt province, N-Iceland 

and CO2 waters from Iceland. Also shown is the aragonite solubility constant. Symbols have the following meaning: Blue 

circles: CO2 waters, red circles: non-thermal groundwaters and thermal waters, blue small squares: river and stream 

water, amber crosses: soil water and green triangles: lakes. 

Studies indicate that natural waters become calcite saturated after relatively limited interaction with the rock. This is indeed the case 

for very many CO2 waters in Iceland as well as dilute acid deficient waters (Fig. 3). On the other hand, the stream and soil waters 

for which data are shown in Fig. 3 are calcite under-saturated. For geothermometer interpretation of CO2 waters, it is useful to 

calculate their equilibrium state with respect to calcite. The calcite dissolution/precipitation reaction can be expressed as: 

  CaCO3 + 2H+ = CO2,aq + Ca+2 + H2Ol      (6) 

the equilibrium constant being: 

  



K =  (CO2,aq )
(Ca +2)

(H+ )2
      (7) 

At calcite-solution equilibrium and the elevated CO2,aq concentrations characteristic of these waters, the calcium/proton activity 

ratio is correspondingly low. To attain simultaneous equilibrium for a silicate hydrolysis reaction that controls the calcium/proton 

activity ratio and calcite saturation, CO2,aq and H+ activities must both decrease and that of Ca+2 possibly increase. These changes 

require more dissolution of minerals that consume protons (act like bases) and reduce CO2,aq at the same time by converting it into 

HCO3
-, change the waters from being immature to mature according to the terminology of Werner F. Giggenbach. If silicate 

hydrolysis equilibrium is not closely approached, one would expect that this would also be the case for cation ratios. Consequently 

cation geothermometers are not applicable to such immature waters. It is possible that different minerals are involved in controlling 

calcium/proton ratios in CO2 rich versus CO2 deficient waters. However, a more likely cause is that the CO2 is source affected, i.e. 
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by its flux to the water and that this flux tends to maintain relatively low pH particularly at low temperatures when chemical 

reaction rates are relatively slow. 

A plot of CO2,aq concentrations against departure from the equilibrium curve for the (Ca+2 )0.5/H+ activity ratio is shown in Fig. 4. A 

clear correlation is not seen when looking at the data as a whole. When broken up into areas a week negative correlation is seen. 

With decreasing CO2,aq concentrations the fluid approaches silicate-mineral equilibrium that controls (Ca+2 )0.5/H+. The CO2 spring 

at Ólafsvík on the Snaefellsnes Peninsula (purple diamond in Fig. 3) represents practically unreacted rain water to which dissolved 

CO2 has been added explaining how far it is from (Ca+2)0.5/H+ equilibrium. 

 

 

Figure 4: Relationship between CO2,aq concentration and departure for equilibrium for the (Ca+2)0.5/(H+) activity ratio. 

Some silicate hydrolysis reation will control this ratio. CaH stands for the log(Ca+2)0.5/(H+) activity ratio. Subscripts Q and 

K designate activity product and equilibrium constant for the silicate hydrolysis reaction. 

CO2 rich waters are typically mineralized. They differ from both non-thermal and thermal CO2 deficient groundwaters, not only 

with respect to their CO2 content both also in the mineralized content. Common rock types contain traces of Cl and sulfate-S that 

seem to be concentrated in soluble phases on mineral grain surfaces or in fluid inclusions. When they dissolve aqueous Cl- and SO4
-

2 concentrations increase. Being quite reactive in dissolving the primary minerals, CO2 waters would also be effective in increasing 

the aqueous concentrations of anions that are hosted by these soluble salts. 

4. GEOTHERMOMETRY 

Many solute geothermometers have been developed for geothermal exploration. Some are empirically (geochemically) calibrated, 

i.e. based on correlating measured temperatures in drillholes with specific component concentrations in the fluid or ratios of such 

components. Others are theoretically calibrated, meaning that the geothermometer equation is derived from experimental 

thermodynamic data. Today the most used chemical geothermometers are calibrated using experimental data, such as the silica, 

Na/K and K/Mg geothermometers. 

The temperature equations for cation/proton activity ratios given in Table 1 can be combined in to yield cation/cation ratios that 

correspond to some cation geothermometer equations. Thus, e.g. subtraction of KH from NaH yields the log(Na/K) activity ratio. 

The ratio so obtained matches quite well the calibration curve of Arnórsson et al. (2000) for the Na/K geothermometer. On the 

other hand, it is poor for the (K+)2/Mg activity ratio. The theoretical calibration of Giggenbach (1988) yields much higher ratios 

than the curve that was derived by taking the difference for the KH and MgH equations in Table 1. The mineral assemblage used by 

Giggenbach includes K-feldspar and chlorite. These minerals are not stable in geothermal systems of low temperatures indicating 

that Giggenbach´s equation may not be valid at such temperatures. Fournier´s (1991) empirical calibration also yields higher ratios 

at all temperatures, yet not so much above ~150°C. The empirical calibration uses concentrations rather than ion activities. The 

difference may be substantial, especially at high Mg concentrations, due to both the activity coefficient value taken by Mg+2 and its 

complexing with ligands.  

The Na-K-Ca geothermometer is based on two ratios. Theoretically, the ratios of Na/K and Ca/Na are controlled by different 

reactions. Accordingly, this geothermometer involves two geothermometers added up into one. Comparison is rather good between 

the NaH, KH and CaH curves derived from Table 1 when taking into account the  values of 1/3 and 4/3 as suggested by Fournier 

and Truesdell (1973). It is not possible to calculate two curves from the equation of Fournier and Truesdell (1973), only one for the 

sum of the cationic ratios. From the above, it is concluded that the Na-K and Na-K-Ca geothermometer calibrations are reasonable 

but those for the K-Mg geothermometer is not accurate and, as they are based on component concentrations rather than species 

activities, their value is questionable. 

It is well established that the quartz geothermometer always applies above 180°C whereas the chalcedony geothermometer (fine 

grained variety of quartz, so fine grained that its solubility is enhanced by the surface energy of the tiny quartz crystals) is generally 
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valid at lower temperature. The difference between the two types of quartz geothermometers does not significantly affect the 

geothermometer results since their difference corresponds to temperature of around 20-30°C. Sometimes CO2 waters are 

amorphous silica saturated at discharge temperatures of springs/drillholes indicating that this phase controls aqueous silica 

concentrations. 

The main question addressed in this section is the following: Have CO2 waters, particularly of relatively low temperature (less than 

~100°C) closely approached equilibrium with minerals that are likely to control H+and major cation ratios. If equilibrium prevails, 

the cation geothermmeters are applicable to such waters. Otherwise, they are not. Data on the chemistry of CO2 waters in Iceland 

have been used to bring forward evidence for and against equilibrium control of aqueous cation ratios in such waters. The effects of 

fluid mixing on the cause of discrepancy between silica and cation geothermometers is also discussed. 

Fig. 5 shows Na/K ratios in surface and up to 90°C groundwaters in the tertiary tholeiitic basalt province of Skagafjördur, N-

Iceland. Surface waters and non-thermal groundwaters typically have Na/K ratios similar to those of the host rock (vertical black 

line). Intermediate and silicic volcanics in the area have lower Na/K ratio, corresponding to Na/K geothermometer temperature as 

high as 400°C. Sodium and K in basalt are largely hosted by the feldspars, as is also the case in common igneous and metamorphic 

rocks. It therefore seems that Na/K ratios in these waters are controlled by feldspar dissolution. Slightly thermal, high pH waters 

contain less K than surface waters, presumably due to uptake of this element into clay minerals. Celadonite in likely involved. At 

around 100°C the Na/K ratios have come close to equilibrium (black curve in Fig. 5) with low-albite and microcline (the stable K-

feldspar at low temperatures).  

The Na/K ratios of CO2 waters in Iceland below ~80°C are with few exceptions within the Na/K ratio of the basalt host rock 

suggesting that the Na/K ratio in these waters are dissolution controlled. A few CO2 waters have higher ratios. They are quite low in 

CO2,aq, less than ~ 150 ppm and the in situ pH (pH at the discharge or aquifer temperature) is relatively high. This conforms to 

expectations. More reaction with the rock is required to bring the CO2 rich water closer to equilibrium that is favored by higher 

temperature and longer residence time underground. The hot aquifer fluids (150-180°C) of wells in the Seydishólar area are quite 

close to alkali-feldspar-solution equilibrium. 

Fig. 6 shows the relationship between chalcedony and alkali-feldspar equilibrium temperatures. The match between the two is good 

for the ~150-180°C well fluids in the Seydishólar field. It is also good for slightly thermal waters from the Snaefellsnes Peninsula 

(with one exception) and well waters from Eyvík that is located ~20 km south of Seydishólar. Water with relatively low CO2 has 

chalcedony equilibrium temperatures that are somewhat higher than those of Na/K. This is typical for CO2 deficient geothermal 

waters from the low-temperature fields in Iceland. The chalcedony equilibrium temperatures are considerably lower than those of 

Na/K for non-thermal CO2 waters from the Snaefellnes Peninsula, the former being around or below 100°C but the latter 120-

170°C. 

 

 

Figure 5: Aqueous Na/K activity ratios versus temperature for natural waters from the Skagafjördur tholeiite province, N-

Iceland and CO2 waters in Iceland. The temperatures selected are those measured at the surface except for those lying in 

the range of ~140-180°C which represent aquifer temperatures. Symbols have the following meaning: Red, blue and green 

dots: CO2 waters containing >500, 150-500 and <150 ppm dissolved carbonic acid expressed as CO2. Black vertical line: 

Na/K ratios in tholeiite basalt. Black curve: equilibrium constant for low-albite-microcline-solution reaction. The red 

circles, amber crosses, blue small squares and green triangles represent data from Skagafjördur and refer to the legend 

with Figure 3. 
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Figure 6: Chalcedony versus alkali-feldspar (Na/K) equilibrium temperatures of CO2 waters in Iceland. 

Most of the non-thermal and thermal CO2 waters of low temperature (<70°C) are amorphous silica saturated at the discharge 

temperature. The only exceptions (altogether 4) are waters with relatively low concentrations of dissolved CO2,aq (Fig. 7). These 

results strongly indicate that this silica phase controls aqueous silica concentrations of CO2 waters of both springs and well 

discharges. The possibility exists in the case of the thermal waters that silica concentrations are higher at depth and that cooling was 

sufficient in the upflow to saturate the water with amorphous silica. In the case of non-thermal (shallow) groundwaters and surface 

waters this cannot, however, been the case. Drillings on the Snaefellsnes in the vicinity of CO2 springs have not revealed high 

temperatures at depth. For this reason it is considered that the silica phase controlling aqueous silica concentration for waters high 

in CO2 is amorphous silica unless subsurface temperatures are higher, possibly as high as ~150°C as shown by the discharges from 

deep wells in the Seydishólar area. In this area springs existed before drilling and both the silica (chalcedony) and the Na/K 

geothermometers indicated subsurface temperature of ~150°C (Stefánsson and Arnórsson, 1975; Arnórsson and Andrésdóttir, 

1995). 

 

 

Figure 7: Amorphous silica saturation at (a) discharge temperatures and aquifer temperatures for the ~140-180°C waters. 

Symbols: Red dots: Snaefellsnes and Seydishólar, blue circles: shallow wells at Eyvík, Landbrotslaugar and Seljavellir, 

green circles: Torfajökull, red circle: Ólafsvík on Snaefellsnes. This water represents essentially unreacted rain water to 

which CO2 has been added. 
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It is commonly assumed that mixing of geothermal waters with cooler ground water is a dilution process. Arnórsson (1985) studied 

to what extent cations in solution are redistributed as a consequence of such mixing with the purpose assessing how this process 

might affect cation geothermometer results. The main outcome was that mixing of non-thermal groundwater with un-boiled and 

therefore undegassed, high-temperature water, leads to substantial changes in the state of mineral saturation. The pH tends to 

decrease, at least if the hot-water component is above ~200°C, and relative to Na other major cations tend to be dissolved from the 

rock-forming minerals, thus increasing the aqueous concentrations of K, Li, Ca and, in particular, Mg. These changes favor that 

Na/K temperatures increase but those involving Li, Mg and Ca decrease. In the case of the Na/K/Ca geothermometer, trends in K 

increase the temperature obtained from this geothermometer whereas increase in Ca concentrations has the opposite effect. 

Data from the Geysir field will be discussed below with the purpose of elucidating how cations are redistributed upon mixing of un-

boiled high-temperature water and cold groundwater. This field, which is located in South Iceland, is quite small, approximately 0.5 

by 6 km, elongated in the prevailing tectonic direction. The main activity is concentrated in a small area, a few hundred of meters 

across that is characterized by alkaline hot-spring waters that represent boiled and degassed aquifer water. Around this main area of 

activity there are 3 drillholes and many warm springs that all have low flow rates. Relationship between Cl with B and oxygen-18, 

together with the spatial distribution of the thermal manifestions strongly indicate that the warm waters are mixtures of cold, local 

groundwater and distantly derived deep geothermal fluid, as characterized by their deuterium content. The mixed waters have 

higher calcium and magnesium concentrations than both end members and sometimes even higher potassium content than the hot-

water component in the mixed water and even higher sodium. (see Table 1 in Arnórsson (1985). The mixed waters also tend to be 

high in total carbonate carbon. Evidently the cold waters mixed with the geothermal water before it boiled and was degassed. 

Unlike, K, Ca and Mg, lithium is removed from solution upon mixing.  

The field data clearly demonstrate that intensive water rock interaction has occurred during and/or subsequent to mixing. It has 

changed extensively cation geothermometer temperatures causing Na-K and Na-K-Ca temperatures to be higher than those of the 

unmixed hot water. Finally, the mixed waters are characteristically with relatively low pH. The most obvious explanation of the 

increased cation concentrations in the mixed water is enhanced rock leaching, involving dissolution of plagioclase (hosts K, Na and 

Ca) and the mafic minerals, pyroxene and probably some olivine (host Fe, Mg and Ca) as well as volcanic glass. Enhanced 

dissolution is considered to result from increased under-saturation of the primary rock-forming minerals as a consequence of 

mixing. Due to the pH-dependent solubility of all these minerals, the high CO2 content of the mixed waters and its influence 

towards decreasing water pH is the primary cause of the cation redistribution. 

5. CONCLUSIONS 

Carbon dioxide waters are common worldwide. The water and the CO2 are considered to have different origins. The H2O and CO2 

components may mix in any proportion at the surface or subsurface to form surface, non-thermal or thermal groundwaters with 

elevated CO2. Thus, there is no natural division line between what would be classified as CO2 water and CO2 deficient water. 

Carbon dioxide waters, if they are not thermal, are not indicative of hydrothermal systems in the subsurface. 

The dissolved carbonic acid leads to relatively low pH of these waters that enhances dissolution of those primary rock-forming 

minerals that have pH dependent solubility. Relatively, large quantity of these minerals needs to be dissolved to bring the water to 

saturation with many secondary minerals. For this reason, many CO2 waters have apparently not come close to equilibrium with 

silicate mineral assemblages that fix various cation/cation ratios. As a consequence, cation geothermometers are not expected to 

give reliable results unless subsurface temperatures are quite high, >180°C and they should match reasonable well those of 

chalcedony and quartz. The geothermometer generally considered to give the most reliable results for CO2 waters is the chalcedony 

geothermometer, at least if the water is amorphous silica under-saturated.  
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