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Abstract: In order to study the effect of high-temperature and high-pressure CO2 on the physical 

properties of deep volcanic rock reservoirs in the southern Songliao Basin, a closed-system 

temperature and pressure co-controlled solution reaction simulation method was used to simulate 

formation temperatures (120°C, 130°C, 140°C) and formation pressures (20MPa, 40MPa, 60MPa) 

conditions, 12 groups of supercritical CO2-solution reaction experiments were carried out. The pore 

characteristics of the reservoir rock samples before and after the reaction were analyzed using 

QEMSCAN and scanning electron microscopy to determine the modification of reservoir properties 

and ionic changes in CO2-aqueous solutions due to the solution reaction after CO2 injection into deep 

volcanic reservoirs. The experimental results show that the solution reaction reaches equilibrium 

after 96 hours. Supercritical CO2 has different dissolution effects on rock samples at different 

temperatures and pressures, with a maximum dissolution rate of 0.2803g and a maximum increase 

in porosity of 5.18%. Supercritical CO2 dissolved in water forms an acidic environment that has a 

strong acid etching and remolding effect on rock samples, indicating that the high-temperature, high-

pressure supercritical CO2-solution reaction is initially dominated by calcite dissolution, followed by 

dolomite and feldspar minerals dissolve slowly, and quartz minerals are not significantly altered. 

This experiment shows that selecting representative samples to carry out simulated solution reaction 

experiments under deep formation conditions is an effective and scientific reservoir modification 

method. In the current context of high cost, high risk, and high investment in deep oil and gas 

exploration, the results of the high temperature and high-pressure supercritical CO2-solution reaction 

experiment have essential reference value for the next step of deep reservoir exploration and 

development. 

Keywords: CO2; Solution reaction; Ion analysis; Volcanic gas reservoirs 

 

1. Introduction 

The research area is located on the central uplift belt in the southern Songliao Basin, adjacent to 

the hydrocarbon-producing trough. The Yingcheng Formation volcanic rock structural gas reservoir 

combines generation, storage, and cover. The hydrocarbon generation timing matches well with the 

period of structural formation, so it has good potential for exploration and development [1,2]. The 

upper strata of the Yingcheng Formation are composed of large sections of tuff (locally containing 

gravel), while the middle and lower strata are composed of large sections of rhyolite, with local thin 

sections of tuff, in situ dissolved breccia and volcanic breccia. The reservoir thickness is 206~374 m, 

and the gas-measure porosity is generally 5~9%, with an average of 7.3%, with the characteristics of 

deep burial, high temperature and high pressure, dense reservoir, low porosity and permeability, 

and strong heterogeneity. The reservoir lithology is mainly composed of silt and fine sandstone. The 

rock minerals are highly mature, with quartz accounting for 28~40%, feldspar 27~31%, and debris 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 January 2025 doi:10.20944/preprints202501.0228.v1

©  2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202501.0228.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

29~35%. The main component of the debris is volcanic rock particles with a particle size of 0.25~0.5 

mm. The degree of weathering is moderate, the sorting is good, and the rounding is sub-prismatic to 

sub-rounded. Quartz is highly developed, calcite and iron-containing calcite are pore-type 

cementation, and the distribution is relatively uniform. Individual debris has been completely 

replaced. The reservoir stimulation and reconstruction process is complex, so research on the 

dissolution and reconstruction of the reservoir by supercritical CO2 is particularly important [3–6]. 

Supercritical CO2 generally refers to the condition where the temperature exceeds 31.6°C and 

the pressure exceeds 7.29 MPa (Figure 1). CO2 is in a supercritical state, with high density 

(approximately 0.7 g/ml) and low viscosity. CO2 injected underground dissolves in water, reducing 

the pH of the formation water, releasing H+ ions, and causing a variety of minerals in the rock to 

dissolve, thereby affecting the composition of the formation water and, to a certain extent, changing 

the rock’s porosity. At present, most scholars’ research focuses on the geochemical reactions between 

CO2, water, sandstone reservoirs, and carbonate reservoirs. Many CO2-solution reaction experiments 

have been carried out, such as Wigand et al. [3,7–15], who carried out CO2-solution reaction 

experiments on sandstone under different temperature and pressure conditions, and combined 

scanning electron microscopy, cast thin sections, whole rock diffraction, and other analytical testing 

methods to confirm that that dissolution is an essential factor in improving reservoir quality, and 

revealed the impact of CO2 flooding on the gas storage process of tight sandstone reservoirs. 

Egermann et al. [16–22] carried out experiments on the water-rock reaction of carbonate rocks, and 

most of the experiments reproduced the interaction process between carbonate rocks and acidic CO2 

solutions dissolved in water under the temperature and pressure of natural reservoirs, enhancing the 

understanding of the effect of reservoir dissolution and modification. The results of many studies 

show that CO2-solution reactions can improve the conditions of oil and gas reservoirs. However, 

there have been relatively few studies on the supercritical CO2-solution interactions in volcanic rock 

reservoirs. Zhao Yue et al. [1,2,23]. believe that the primary pores formed after volcanic rock cooling 

are less affected by destructive diagenesis, and their physical properties do not change with burial 

depth. Compared with other types of reservoirs, the storage capacity of volcanic rock pays more 

attention to the formation of secondary pores. In different regions, the reservoir environment and 

fluid properties are different, so the results of solution simulation experiments all have certain 

limitations, and it is still difficult to gain a more comprehensive understanding. Based on this research 

status, this paper selects the core of the Yingcheng Formation from wells C1-2 and C103 in the study 

area as the experimental material, designs an experimental scheme for the interaction of supercritical 

CO2-solution under high temperature and high pressure, and reveals the modification law of the 

supercritical CO2 fluid on the reservoir under different temperatures and pressures, providing a 

theoretical basis for the next step of deep reservoir exploration and development. 

 

Figure 1. CO2 phase diagram. 

2. Experimental Sample and Experimental Method 
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2.1. Experimental Sample 

The experimental samples were collected from the volcanic rock reservoir of the Yingcheng 

Formation in the southern Songliao Basin. The average length was 5.27 cm, the average diameter was 

2.53 cm, and the average porosity was 6.54% (Table 1). A standard small rock column was reprocessed 

into a rock sample with a diameter of 25 mm and a thickness of 2 mm using a core wire cutting 

instrument. Some of the samples were scanned using a QemScan650F instrument to determine the 

types of elements and mineral distribution. The primary mineral is quartz, followed by potassium 

feldspar and plagioclase, with a small amount of visible calcite and clay minerals (Figure 2). 

Table 1. Physical parameters of solution response cores. 

Sample 

number 
Well 

Depth 

(m) 

Diameter 

(cm) 

Length 

(cm) 

Porosity 

(%) 

Weight 

(g) 
Lithology Picture 

346-1 

C1-2 3674.18 

2.54 5.86 5.85 74.57 

Gray tuff 
 

346-2 2.54 4.83 5.99 61.36 
 

345-1 

C103 3729.12 

2.53 4.72 7.51 59.22 
Purple 

rhyolite 

with 

hornblende 

 

345-2 2.54 5.67 6.84 71.39 
 

 

  

 
 

(a) Rock sample 346 (b) Rock sample 345 

Figure 2. Mineral scanning imaging result map. 

2.2. Laboratory Equipment 

A high-temperature, high-pressure reactor was used for a simulated solution reaction 

experiment (experimental temperature range 120–140°C, pressure 20–40 MPa) (Figure 3). The surface 

of the mineral sample was observed using a JSM-6700F scanning electron microscope, the reaction 

solution was analyzed using an intelligent ion chromatograph, and the pH of the solution after the 

reaction was measured using a PHS-3C pH meter [24]. 
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Figure 3. Schematic diagram of experimental setup of high temperature and high pressure reactor. 

2.3. Experimental Process 

2.3.1. Subsubsection 

According to the actual formation water data of the Yingcheng Formation in the study area, a 

simulated formation water solution was configured (Figures 2 and 3). The experimental formation 

water salinity (DTS) average was 33418.47 mg/L. 

Table 2. Stratigraphic water analysis results of Yingcheng Formation in wells C1-2 and C103. 

Sample Na+ K+ Mg2+ Ca2+ 
Cationic 

total 
pH  

C1-2 6695.44 2134.42 10.44 25.93 8866.24 7.29 

C103 6836.09 1973.89 7.65 14.54 8832.17 7.4 

Sample Cl- SO42- HCO3- CO32- 
Anionic 

total 

Water-

based 

C1-2 3594.99 324.03 17526.21 812.22 22257.45 NaHCO3 

C103 2999.76 575.9 17579.07 654.36 21758.06 NaHCO3 

Table 3. Simulated formation of aqueous solution ion mass concentration. 

 Na+ K+ Mg2+ Ca2+ 
Cationic 

total 
pH 

Simulated 

groundwater 
6925.25 2028.27 21.3319 14.9311 8989.783 7.34 

 Cl- SO42- HCO3- CO32- 
Anionic 

total 

Water-

based 

Simulated 

groundwater 
2407.23 398.307 21044.78 735.12 23850.32 NaHCO3 

2.3.2. Design of a Solution Reaction Experiment 

The quality of the rock sample, porosity, and simulated formation water solution ion mass 

concentration changes before and after the solution reaction were compared. Supercritical CO2-

solution reaction simulation experiments were carried out at different temperatures of 120°C, 130°C, 

and 140°C and different experimental pressures of 20 MPa, 40 MPa, and 60 MPa, using the same 

solution ratio after adding simulated formation water solution and injecting CO2 into a high-

temperature and high-pressure reactor (Table 4). 

Table 4. Porosity of rock samples before reaction and experimental arrangement. 
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Rock Samples 

Reaction 

Temperature 

(℃) 

Reactive 

Pressure 

(MPa) 

Weight of Rock 

Sample 

(Before) 

(g) 

Porosity 

(Anhydrous 

ethanol) 

(%) 

Reaction 

Time 

(h) 

345-1-1 130 20 12.23 7.20 96 

345-1-2 130 40 13.11 7.09 96 

345-1-3 130 60 12.30 6.56 96 

345-2-1 120 40 12.38 6.65 96 

345-2-2 130 40 12.50 6.42 96 

345-2-3 140 40 12.46 6.49 96 

346-1-1 130 20 12.57 6.03 96 

346-1-2 130 40 12.65 6.22 96 

346-1-3 130 60 12.54 6.13 96 

346-2-1 120 40 12.60 5.95 96 

346-2-2 130 40 12.55 6.20 96 

346-2-3 140 40 12.42 5.84 96 

The specific steps are as follows: 

1) Wash and dry the rock samples, and cut each natural core into 2-5 mm thick core slices with 

a diameter of 25 mm; 

2) Crush one of the rock samples to test the reaction equilibrium time; 

3) Configure the experimental reaction solution based on the actual formation water analysis 

test data; 

4) After weighing the experimental rock sample, the same water-to-rock ratio (2:1) was used to 

place it in a high-temperature, high-pressure reactor. The lid was tightened, and the gas in the reactor 

was removed with a vacuum pump. 

5) The reactor was placed in a rising oven and adjusted to the experimental temperature. 

6) CO2 is injected into the reaction vessel through a gas compression pump while the heating 

box is swung back and forth to ensure that the three-phase substances of CO2, simulated formation 

water, and rock sample in the reaction vessel are in complete contact and the start time of the solution 

reaction is recorded; 

7) the experimental temperature is changed to 120°C, 130°C, and 140°C, respectively, and step 6 

is repeated; 

8) the experimental pressure is changed to 20 MPa, 40 MPa, and 60 MPa, respectively, and step 

6 is repeated; 

9) After the reaction has reached the predetermined time, turn off the heating switch. After the 

temperature in the reaction vessel has returned to room temperature, open the pressure control valve 

to release the pressure. After the pressure has been released, open the reaction vessel, filter and collect 

the solution, and take out the rock sample. 

10) Place the rock sample in a drying oven at 105°C for 6 hours and weigh it again. 

11) Compare the chemical composition of the collected filtrate with that of the configured 

formation solution to analyze the change in the anion and cation concentrations of the solution. 

3. Analysis of Experimental Results 

3.1. Experimental Response Equilibrium Time Determination 
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In order to reduce experimental error, four sets of parallel experiments were set up. The 

temperature of the experiment was 130°C, and the pressure was 40 MPa. The mass of the rock powder 

was weighed every 24 hours. Multiple experiments have shown that the dissolution of volcanic rock 

powder reaches equilibrium after 96 hours. As shown in Figure 4, as the reaction time between water 

and rock increases, the amount of volcanic rock powder dissolved also increases, but the rate slows 

down and tends to stabilize. Before 72 hours, the dissolution rate was relatively fast, after which it 

slowed down. The amount of dissolution at the 96th and 120th hour was the same, and the reaction 

reached equilibrium. 

 

Figure 4. Volume-temporal relationship of volcanic powder dissolution. 

From the analysis of the ionic mass concentration of the solution after the reaction (Figure 5), it 

can be seen that the content of Mg2+ and Ca2+ in the solution increases with time. At about 48 hours, 

Mg2+ reaches equilibrium; at about 96 hours, Ca2+ reaches equilibrium. K+ is still increasing and shows 

no signs of slowing down. Combined with the mineral composition of the rock sample, quartz (SiO2) 

does not participate in the reaction. Among the feldspar minerals, potassium feldspar (KAlSi3O8) has 

the highest content, followed by sodium feldspar (NaAlSi3O8). The carbonate mineral is mainly calcite 

(CaCO3). According to the QuemScan results, the dolomite (CaMg(CO3)2) content in the rock sample 

is low, followed by calcite, and potassium feldspar has the highest content. 

 

 

Figure 5. Ion mass concentration-time relationship in 130°C, 40 MPa system. 
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During the water rock reaction process, dolomite dissolution is basically balanced after 48 hours, 

and calcite dissolution is basically balanced after 96 hours. It is worth noting that Mg2+ and Ca2+ show 

a decreasing trend after reaching their peaks, which may be due to the combined effects of the gradual 

shift of the reaction environment to weakly acidic conditions during the dissolution of feldspar 

minerals and the control of ionic effects. According to previous research, the reaction process of 

feldspar minerals is slow, and it takes several months or years for a complete reaction [25]. Therefore, 

the reaction time for this solution reaction experiment was set to 96 h. 

3.2. Variations in the Mass Concentration of Ions and pH Value of Groundwater 

3.2.1. The Influence of Different Experimental Pressures on the Solution Reaction 

When the temperature is constant at 130°C and the reaction time is 96 hours, the amount of rock 

dissolution and the change in porosity are generally positively correlated with the pressure in the 

reaction kettle (Table 5). The greater the pressure in the reaction kettle, the more CO2 is dissolved in 

the formation water, and the CO2 aqueous solution is strongly acidic, with a pH of 3.07–3.26, and can 

dissolve unstable minerals in volcanic rock. The average dissolution of the rock sample after the 

reaction was 0.2349 g, and the average increase in porosity was 4.49%. 

Table 5. Dissolution volume-pressure relationship for 96h reaction volcanic rock samples. 

Rock 

Samples 

Reacti

ve 

Pressu

re 

(MPa) 

Rock 

Sample 

Quality  

(Before) 

(g) 

Rock 

Sample 

Quality  

(After) 

(g) 

Amount  

of 

Dissolutio

n (g) 

Improve

d 

Porosity 

(%) 

Pre-

Reaction 

(pH) 

After 

Reactio

n (pH) 

345-1 

20 12.23 12.01 0.2254 4.43 3.26 7.33 

40 13.11 12.86 0.2489 4.57 3.14 7.35 

60 12.30 12.04 0.2638 5.18 3.07 7.53 

346-1 

20 12.57 12.37 0.1965 3.72 3.26 7.28 

40 12.65 12.42 0.2297 4.39 3.14 7.32 

60 12.54 12.30 0.2449 4.66 3.07 7.51 

The concentration of each ion shows some differences and, in general, is positively correlated 

with pressure. Mg2+, Ca2+, and K+ come from dolomite, calcite, and potassium feldspar. As shown in 

Figure 6, the dissolution intensity increases with increasing reaction pressure. For every 20 MPa 

increase in reaction pressure, the growth rate of K+ does not change significantly. For Mg2+, at P=20 

MPa, the average mass concentration is 26.76 mg/L; at P=40MPa, the average mass concentration is 

33.06 mg/L; and at P=60MPa, the average mass concentration is 51.53 mg/L. The main growth range 

is from 40MPa to 60MPa, which is 2.93 times that from 20MPa to 40MPa. Similarly, the average mass 

concentration of Ca2+ is 46.95 mg/L at P = 20 MPa, 93.11 mg/L at P = 40 MPa, and 122.28 mg/L at P = 

60 MPa. The main growth interval is from 20 MPa to 40 MPa, and the growth rate is 1.58 times that 

from 40MPa to 60MPa, indicating that in the same acidic environment, calcite is more likely to react 

with acid than dolomite. As the reaction progresses, calcite and dolomite reach an equilibrium state 

in a weak acid environment. Feldspar minerals remain unsaturated throughout the entire reaction 

process, and the reaction continues, so the growth of K+ does not stop. 
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Figure 6. Relationship between mass concentration of ions in solution after reaction and change in reactor 

pressure. 

3.2.2. The Influence of Different Experimental Temperatures on the Water Rock Reaction 

When the pressure in the reaction vessel is kept constant at 40 MPa and the reaction time is 96 

h, the amount of rock dissolution and the change in porosity is generally negatively correlated with 

the reaction temperature. On the one hand, an increase in reaction temperature will reduce the 

solubility of CO2 in the solution and, on the other hand, increase the exchange rate of ions in the 

reaction solution, thereby reducing the effect of ions. As can be seen from Table 6, the amount of rock 

dissolution gradually decreases with increasing reaction temperature. When T = 120 °C, the average 

amount of rock dissolution is 0.2692 g; when T = 140 °C, the average amount of rock dissolution is 

0.2257 g, a decrease of 16.12%. 

Table 6. Dissolution volume-temperature relationship for 96h reaction volcanic rock samples. 

Rock 

Samples 

Reaction 

Temperatur

e 

℃ 

Rock 

Sample 

Quality  

(Before) 

(g) 

Rock 

Sample 

Quality  

(After) 

(g) 

Amount  

of 

Dissolutio

n (g) 

Improve

d 

Porosity 

(%) 

Pre-

Reaction 

(pH) 

After 

Reaction 

(pH) 

345-2 

120 12.38 12.09 0.2803 4.37% 3.11 7.79 

130 12.50 12.24 0.2645 4.21% 3.14 7.69 

140 12.46 12.23 0.2242 3.04% 3.18 7.62 

346-2 

120 12.60 12.34 0.2581 5.01% 3.11 7.33 

130 12.55 12.31 0.2345 4.55% 3.14 7.33 

140 12.42 12.19 0.2274 4.42% 3.18 7.36 

The composition of different rock samples also varies. The mass concentrations of Mg2+, Ca2+, 

and K+ increase with the reaction temperature, but the change in ion concentration is negatively 

correlated with the reaction temperature. As can be seen from Figure 7, an increase in reaction 

temperature does not affect the reaction process of the solution reaction. When the temperature 

increases from 130°C to 140°C, the growth rate of the K+ mass concentration decreases from 2.71% to 

1.78%, the growth rate of the Mg2+ mass concentration decreases from 10.71% to 9.18%, and the 

growth rate of Ca2+ mass concentration decreased from 25.92% to 5.45%, indicating that the inhibition 
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effect of calcite dissolution is apparent when the reaction temperature increases and the inhibition 

effect on the dissolution of dolomite and feldspar minerals is relatively weak. 

 

Figure 7. Plot of ion mass concentration in solution after reaction - reaction temperature variation. 

3.3. Variations in the Microscopic Surface Features of Rock Samples 

Combined with scanning electron microscope (SEM) observations, it was found that under the 

high temperature and high-pressure experimental conditions, the rock surface experienced different 

degrees of dissolution, with a significant increase in dissolution and the generation of secondary 

pores. The main rock components that reacted were unstable minerals (potassium feldspar, sodium 

feldspar, calcite, dolomite, and clay minerals). The main manifestations of the solution reaction are 

the dissolution of calcite, dolomite, and feldspar mineral particles, the formation of dissolution pores 

(pits) on the surface or concentrated dissolution along the joint direction, and selective dissolution of 

clay minerals depending on their mineral composition. As shown in Figure 8, before the experiment, 

the calcite crystals in the rock sample had smooth surfaces and distinct edges and corners (Figure 

8a,c). After the reaction, the calcite crystals had dissolution holes (pits) on the surface and apparent 

dissolution at the edges (Figure 8b,d). The potassium feldspar rock reacted and dissolved, forming a 

large number of dissolution pits, and the edges of the particles were concave-convex or harbour-like 

(Figure 8e,f). 

 

Figure 8. Scanning electron microscope photographs before and after solution reaction of rock samples in the 

southern part of Songliao Basin. (a) The surface of the calcite in front of the reaction of rock sample 346 is smooth; 

(b) a large number of dissolution pores appear on the surface of the calcite in the rear of the reaction of rock 

sample 346; (c) the calcite crystals in front of the reaction of rock sample 345 have clear edges and corners; (d) 

the edges of the calcite crystals in the rear of the reaction of rock sample 345 have been dissolved; (e) the surface 
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of the feldspar in front of the reaction of rock sample 346 is smooth and flat; (f) the feldspar in the rear of the 

reaction of rock sample 346 has been dissolved, and dissolution pits have appeared on the surface. 

4. Discussion 

4.1. Analysis of Dissolution Mechanism 

Under high temperature and high pressure, CO2 gas is injected into simulated formation water 

to form a CO2 solution with strong solubilization and transformation capabilities. This experiment 

compares the results with previous experiments and fills the gap in the supercritical CO2-water-

volcanic rock sample water reaction at high temperature and pressure. The dissolved minerals in the 

solution reaction are unstable mineral components (calcite, dolomite, potassium feldspar, and clay 

minerals) in the rock sample. Under the high-temperature and high-pressure experimental 

conditions, CO2 gas is mixed with the simulated stratum water solution in a supercritical state, 

dissociating H+ (Table 7), which changes the original acid-base equilibrium environment and causes 

the pH of the reaction system to decrease. 

Table 7. CO2 - formation water chemical reaction equation. 

 Reaction Equation  

 ��2(�) + �2�(�) ⇔ �2��3(��) (1) 

 �2��3(��) ⇔ ��(��) + ���3
�(��) (2) 

 ���3
� ⇔��(��) + ��3

2�(��) (3) 

The change in the dry weight of the rock sample before and after the reaction in the research 

area indicates that mineral components such as potassium feldspar, calcite, and dolomite in the rock 

sample were consumed during the solution reaction, which improved the porosity of the rock sample. 

The high-pressure environment during the reaction, on the one hand, increased the solubility of CO2 

in the simulated formation water solution and, on the other hand, inhibited the transformation of 

clay minerals, increasing the contact time and dissolution intensity of easily soluble minerals; the 

high temperature and high mineralized formation water environment during the reaction was not 

conducive to the dissolution of CO2, and the solubility of CO2 decreased with the increase of 

temperature and simulated formation water mineralization [26] (Figure 9). The temperature of this 

experiment was 120~140℃, and the pressure was 20~60MPa, representing the temperature and 

pressure range of the reservoir buried depth of 3200~4000m in the study area. It can be seen from 

Figures 6 and 7 that when the pressure is constant, increasing the temperature is not conducive to the 

dissolution of the volcanic rock sample. When the temperature is constant, the effect of pressure on 

the reaction between water and rock increases significantly. Among the volcanic rock samples, calcite 

is the most strongly dissolved among all unstable minerals, followed by dolomite. 
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Figure 9. Solubility of CO2 versus temperature and pressure [3,27]. 

4.2. Experimental Geological Significance 

The essence of the high-temperature, high-pressure supercritical CO2-solution reaction process 

is a balance between the physicochemical interactions of minerals and fluids in the system. 

Simulation experiments have shown that injecting CO2 into deep volcanic rock reservoirs and 

forming a CO2 solution with formation fluids can dissolve silicate and carbonate minerals in the 

reservoir rocks, and the deep reservoirs have the ability to develop secondary pores. 

The deep volcanic gas reservoir in the southern Songliao Basin has a unique genesis and 

geological background. The high-temperature and high-pressure environment and the medium-to-

high salinity of the formation water in the reservoir are significant features that distinguish it from 

other oil- and gas-bearing basins. Therefore, in the current high investment, high cost, and high risk 

in deep oil and gas exploration, conducting solution simulation experiments to remediate deep 

volcanic rock reservoirs is of great practical significance. 

5. Conclusion 

High-temperature and high-pressure supercritical CO2-solution sample reaction equilibrium 

experiments show that the dissolution rate of the unstable minerals in the rock sample is fast for the 

first 72 hours and then slows down. The solution reaction reaches equilibrium at the 96th hour, and 

the difference between the rock sample’s dissolution amount and the dissolution amount at the 120th 

hour is 2.33%; 

Quantitative analysis shows that, with the reaction temperature remaining unchanged, the 

amount of dissolution increases by 20.83% in the range of 20-60 MPa, and the average increase in 

porosity is 4.49%; with the reaction pressure remaining unchanged, the amount of dissolution 

decreases by 16.12% in the range of 120-140°C, and the average increase in porosity is 4.27%; 

The simulation of the formation water shows that the increase in the mass concentration of Ca2+ 

comes from the dissolution of calcite minerals, the increase in the mass concentration of Mg2+ comes 

from the dissolution of dolomite minerals, and the increase in the mass concentration of K+ comes 

from the dissolution of feldspar minerals. A comparison of the solution reaction before and after 

shows that the dissolution causes a large number of dissolution pores (pits) on the surface of the 

mineral crystals, and the edges of the feldspar minerals appear concave-convex or harbor-like; 

Selecting representative rock samples to carry out high-temperature and high-pressure 

supercritical CO2-solution reaction simulation experiments can scientifically and effectively provide 

evidence of the occurrence of dissolution, which is of great practical significance for reservoir 

modification of deep volcanic rock reservoirs. 
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