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Introduction 

The global climate change is one of the main present-day environmental problem we 

have, which is primary caused by the increasing emission of anthropogenic CO2 since the 

industrial revolution (~400 ppm NOAA/ESRL, 2015).  The capture and geological storage of 

industry sourced CO2 (CCS) may be a successful method to reduce CO2 emission (Arts et al., 

2008).  During the CCS, the CO2 is first captured in an industrial/energetic point source (e.g. 

cement factory), then it is delivered to a surface facility.  Finally, the CO2 is injected into a 

geological formation.  The reservoir area is continuously monitored to observe the comportment 

of the CO2 and the reservoir system, as well as to follow the migration and prevent the outflow 

of the CO2.  The most critical part of the CCS technology is the selection of a geological storage 

system, as well as the tracking and understanding the subsurface processes.  Laboratory 

experiments (Lévai et al., 2012, De Silva et al., 2014) and geochemical models (Xu et al., 2003) 

can help to understand the behavior of CO2  rock  pore water systems.  Additionally, 

observations on natural CO2 occurrences can help to predict the effect of CO2 in the reservoir 

system (Watson et al., 2014, Király et al., 2016a,b).  

The results of previous studies show that the effect of CO2 on the pore water results in 

a decreased pH of ~2.  Due to the acidic pore water, first the carbonate minerals dissolve, 

followed by the dissolution of silicates.  When the pH starts to grow (up to ~7), new mineral 

phases can precipitate, such as ankerite, siderite and dawsonite (NaAlCO3(OH)2).  The 

dawsonite is a good indicator for the reactions between the CO2 and the environment, therefore 

the analysis of this mineral is essential.  When the dawsonite is present in a natural CO2 

occurrence, the reactions of the CO2, such as the mineral and textural changes, can be compared 

to the dawsonite.  Hence, all the mineral phases which precipitated at the same time or after the 

dawsonite, are assumed to be formed because of the presence of the CO2 (e.g. Worden, 2006).  

Analysis of the mineral composition is important in the industrial CO2 storage because 

it provides information about what makes the storage system safe, as well as which physical 

and chemical parameters influence the sustainability of the storage system?  According to the 

results of previous studies, the caprock with low porosity and permeability is the most important 

criteria for the safe CO2 storage (e.g. Kaldi et al., 2013).  The caprock prevents the escape of 

CO2 to other reservoirs or to the surface.  For this reason, open faults may cross the caprock, 

whereby the CO2 might be able to migrate from the reservoir.  However, the previous studies 

do not deal with the physical and chemical changes in the caprock  CO2  pore water system.  

During normal commercial operations, typically only the reservoir formation is core sampled, 



but not the caprock (Stevens & Tye, 2007).  Therefore, the examination of the caprock of natural 

CO2 reservoirs can help to understand the behavior of caprock  CO2  pore water system in the 

long term, even on geological time scale. 

The sustainability of the CO2 storage system depends on the way in which CO2 is 

trapped in the reservoir.  The main CO2 trapping mechanisms are the structural, the solubility 

and the mineral trapping, in which the CO2 is trapped in the pore system, dissolved in the pore 

water and incorporated by carbonate minerals, respectively.  The safest  trapping mechanism is 

the mineral trapping, however, the formation of mineral traps takes a long time (even 1000 

years) (Bachu et al., 2007). 

Goals 
The study area of my Ph.D work is the Mihályi-Répcelak natural CO2 reservoir, located 

in the Western part of Hungary, in the Little Hungarian Plain.  The original CO2 gas in place is 

approximately 25 million tons, from which about 100.000 tons are produced annually 

(Mészáros et al., 1979).  In this Ph.D. program I aimed to address some important aspects of 

CO2 storage, as follows:  1/ What is the effect of CO2 on the reservoir system, what mineral, 

petrologic and geochemical changes take place in the sedimentary rocks.  2/ The environmental 

risk assessment of the Mihályi-Répcelak natural CO2 occurrence.  3/ Estimation of the quantity 

of the trapped CO2 due to the three (structural, solubility, mineral) trapping mechanisms. 

To achieve my goals, I make a petrographic analysis (polarization microscope, scanning 

electron microscope), apply phase analytical methods (X-ray diffraction, thermal analysis, 

Raman-spectroscopy, Fourier transformation infrared spectroscopy) and chemical analysis.  

With these methods, I specify the textural position of the minerals and the mineral composition 

of the rock samples.  I use these results to create a theoretical diagenetic sequence, for the 

temporal change of the paragenetic sequence and reactions of the minerals in the Mihályi-

Répcelak natural CO2 occurrence.  These results were compared with a geochemical model, 

investigating the reaction of the same, but CO2 free, geological facies with injected CO2.  The 

results of the geochemical model can help to understand the effect of CO2 in a natural reservoir.  

The industrial CO2 storage has a certain degree of risk, which can reduced if the natural CO2 

occurrences are well studied and understood.  Furthermore, with the risk assessment of natural 

CO2 occurrences I help to create a well-established method, which is well-functioning for 

exploring the most important parameters and shows the relation between the different 

parameters.  Therefore, I estimated the environmental risk of the Mihályi-Répcelak natural CO2 



occurrences with the results of my PhD work and previous studies (Mészáros et al., 1979, 

Szamosfalvi, 2014).  I considered work of Bruno et al. (2014) for the evaluation.  

Study area 
The study area is the Mihályi-Répcelak natural CO2 occurrence in Western Hungary.  

The Neogene Basin subsided and was filled by a prograding delta system from the NW during 

10 Ma – 9 Ma (Magyar et al., 2013).  The study of the Mihályi-Répcelak area started in the 

30’s, the aim of the study was petroleum research, however, the first exploration wells explored 

industrial volume of CO2.  The industrial production of CO2 started in the 40’s, which industrial 

procedure is still going. 

Methods 
Polarization microscope:  It was used to conduct petrographical analysis of the samples 

and estimation of the quartz  feldspar  lithic fragments ratio. 

Scanning electron microscope: The main aim of this method is to analyze the texture, 

type and composition of minerals and diagenetic processes.  Measurements were carried out on 

polished and artificially fractured surfaces, respectively. 

Electron microprobe: The goal of the measurements is to have quantitive analysis of 

mineral compositions. 

X-ray diffraction: It gives general information about mineral composition. 

Thermal analysis: The main aim of the analysis is to specify the mineral composition of 

the rock samples.  This method is generally accepted to check the results of XRD analysis. 

Raman spectroscope: The ~ 250 µm fibrous mineral is analyzed with this method.  The 

preference of the Raman spectroscope is non-destructive, therefore, during the sample 

preparation it is not necessary to use physical and chemical treatment on the thin samples. 

Fourier transformation infrared spectroscope: The main aim of the measurement is the 

detection of the dawsonite crystals, and specify the mineral composition of the samples, 

however, the quantification of the mineral phases is not determined. 

Grain size distribution: The major goal of this method is to analyze of the grain size 

distribution, furthermore, quantification of the clay and aleurolite fraction of the samples. 

Focused ion beam scanning electron microscope: With this measurement we can 

determine the textural position of the dawsonites in the caprock’s fractured surface and the 

chemical composition analysis of the dawsonite. 

Geochemical modeling:  The kinetic and equilibrium geochemical models are created 

by PHREEQC 3.0.  The result of the model shows the mineral reactions, their relative timing 



as well as the volume of the dissolved CO2 in the pore water with help of chemical and physical 

parameters. 

New results  
(1) I demonstrated that the most visible effect of CO2 in the Mihályi-Répcelak area is 

the presence of the dawsonite (NaAlCO3(OH)2) in the reservoir and the caprock.  

According to the textural position of the dawsonite minerals, they are formed after 

the dissolution of albites or other alumosilicates (e.g. K-feldspar, kaolinite).  For this 

reason, the Na+ source of dawsonite is the pore water and the albite.  The Al3+ source 

of dawsonite may be the albite or other alumosilicates.  The source of CO3
2- is the 

dissolved CO2 in the pore water (Király et al., 2016b). 

 

(2) I demonstrated that quartz, kaolinite, siderite and ankerite are precipitated 

simultaneously or after the dawsonite crystallization.  One part of quartz overgrowth 

is connected to the CO2 driven diagenetic processes because during the dissolution 

of silicates, which are the Al3+ source of dawsonite, the system will be oversaturated 

to the SiO2.  The ankerite usually precipitated around the detrital dolomite with two 

zones.  One zone is Fe-poor and the other zone is Fe-rich.  The siderite was observed 

as a micro crystalline mineral in the pores.  The source of the Fe2+ may be degraded 

biotite.  The calcite and the well crystallized “tuft-like” kaolinite are present as the 

cement material (Király et al., 2016b). 

 

(3) I demonstrated that the results of geochemical models must be controlled with the 

mineralogical and geochemical processes taking place in the natural CO2 

occurrences.  Some reactions, which are predicted by the geochemical models, are 

well observable and separable from each other in the studied natural CO2 reservoir 

(Király et al., 2016b).   

 

(4) I demonstrated that the dawsonite is also detectable in the caprock with the help of 

the ATR-FTIR.  According to our calculations, the detection limit of dawsonite is 

minimum 0.083 m/m%, using the OH- peak at 3280 cm-1 (Király et al., 2016a). 

 

(5) I demonstrated that the mineral composition analysis of the caprock is indispensable 

for the suitability analysis of a potential CO2 storage system.  In one hand, 

considering the physical properties of the caprock, the Mihályi-Répcelak area is 



safe: it has a low risk.  On the other hand, the CO2 can get into the caprock with 

diffusion.  Due to the effect of CO2, the physical properties (porosity and 

permeability) of the caprock may change, and therefore, the trapping capability of 

the system is questionable.  At the same time, the presence of dawsonite evidences 

that CO2 also trapped as CO3
2- in mineral phase of the caprock, with this the storage 

capacity and safety of the system increased (Király et al., 2016a). 

 

(6) I demonstrated that the most significant trapping mechanism is the structural 

trapping in the Mihályi-Répcelak natural CO2 occurrence.  The mineral trapping and 

the solubility trapping has secondary and tertiary role, respectively.  The quantity of 

the dawsonite may be considerable in the calculation of the mineral trapping because 

the dawsonite plays an important role in sequestration of CO2, however, other 

carbonate minerals also trapped the CO2 as CO3
2- in their structures.  For this reason, 

the calculated mineral trapping is underestimated.  The underground flow of the pore 

water was ignored in the calculation of solubility trapping.  This is important because 

the effect of the underground flow of pore water causes that “fresh” water, which is 

not oversaturated to CO2, comes in the reservoir, whatever further CO2 can dissolve.  

For this reason, the solubility trapping is also underestimated. 
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