The peculiarities of effusives leaching under the action of acid thermal water.
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ABSTRACT: This paper considers the mechanism of basalts transformation including chemical elements mobility, initial minerals substitution, structure and pore-space alterations, physical and mechanical characteristics alterations as a result of acid thermal water impact in the region of modern volcanic and geothermal activity (Iturup Island, Far East, Russia). Result from water/rock interaction basalts debris found on the bottom of thermal river acquire  zonal  structure. The boundaries between the zones are distinct. The water/rock interaction process is accompanied by stepped leaching of the most of chemical elements and by gain of silicon and sulphur. From inner to outer zones there are observed: decrease of initial minerals content along with increase of quartz-group minerals, increase of total and open porosity as well as pore-size, decrease  of petrophysical parameters such as density, strength, acoustic rigidity. The sequence of substance transformation (as mineral as well as physical  characteristics) is the same for all samples although the degree of alteration is different.

1 INTRODUCTION
The present-day geothermal systems are the nature laboratories where volcanic rocks are destroyed under the aggressive thermal water impact. The new mineral assemblages and structures are formed, more stable under conditions of new temperatures, pressure and composition of thermal water. Sulphuric acid leaching is one of the hydrothermal processes. Sulphuric acid leaching of volcanic rocks resulting in their trasformation into the opalites is well-known phenomenon (Naboko et al. 1965, Korobov A. et al. 1993, Ladygin et al. 2000). As a rule, the zone of sulphuric acid leaching composed of opal, tridymite, cristobalite, kaolinite, alunite is the uppermost zone at present-day high temperature geothermal systems. 

However only final result of the leaching is well investigated, while the mechanism of this substance transformation including chemical elements mobility, initial minerals substitution, structure and pore-space alterations, physical and mechanical characteristics alterations is not well studied so far. The purpose of present investigation is to understand the mechanism of substance transformation as the result of water/rock interaction process. 

2  SAMPLES AND METHODOLOGY
The region of investigation is Iturup Island (Kuril Islands, Far East, Russia) which  represents the area of modern vocanic and hydrothermal activity. The studied geothermal system (Okeanskaya) is located in the slope of volcano Baransky. This high-temperature system belongs to progressive, haloid-sulphurous-carbon acid gas stage (Rychagov 1993). The geological section of this geothermal system has zonal structure (Ladygin 1995, Frolova 1998). The uppermost zone is zone of opalites, formed by sulphuric acid leaching (Frolova 1999). The thickness of the zone reached 200 m.

There are a lot of geothermal manifestations on the surface, such as fumarols, solfatars, mudpits and hot spring. Several hot springs give rise to river  Kipyashtshaya 1400 m long. These hot springs are calcium-magnesium-(sodium-potassium)-sulphate-chloride rich waters, mainly acid (pH ranges from 1.1 to 6.45). Temperature of springs reaches 98 0C, salinity ranges from 0.16 to 5.8 g/l. The composition of river water is formed by mixing of these hot springs waters. Temperature of river water is about 30-32 0C, output is 200 g/l (at the mouth of river). 60 tons of dissolved substances (included 15 tons of sulphuric acid) are carried out every day by river water. A lot of volcanic debris were found on the bottom of this thermal river. Some of them were sampled. Average size of debris is about 10-20 cm. These debris are the good object for investigation of sulphuric acid leaching process, taking place at the geothermal system. Five more typical samples were carefully studied. 
It is revealed the zonal structure of debris. The zones are of different colors, from dark-grey to white. The amount of zones ranges from 3 to 5. The substances from each of zones  were carefully  investigated. Mineral composition was studied by means of thin sections and XRD analysis (analytic Shlykov V.). Chemical composition of minerals was analyzed with the application of scanning microscope techniques. The structure as well as pore space characteristics – size, shape, distribution – were determined using microscope and PC (analytic Sasov A.). The following petrophysical parameters were determined for each of zones: density of rock, mineral density, porosity, hygroscopic moisture, open porosity, velocity of longitudinal waves in dry and water-saturated condition, strength, magnetic susceptibility. There were made several properties determinations (from 3 to 21) for which of zones. Average values were calculated. 

3  RESULTS AND DISCUSSION

The total alteration of rocks mineral composition result from acid thermal water influence is shown in Figure 1. Initial plagioklases as well as pyroxenes  decay and substitute by quartz-group minerals such as quartz, cristobalite, tridymite. 
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Figure 1. The alteration of basalt mineral composition under thermal water impact. Data of XDR analyses.
The increase of quartz-group minerals content is observed from inner (30-40 %) to outer (90-100 %) zones. There are not any other secondary minerals.

The scanning microscope investigations allow to determine the sequence of mineral transformation.

The alterations of basalts main mineral components such as basis, volcanic glass, plagioklases and pyroxenes are studied in details.

The fist step is decay of rocks basis along with its substitution by quartz minerals. Basis content of Si in the central part of samples reaches 65-85% and increases toward outside zone up to 85-98%. The alteration of chemical composition of basalt basis is shown on Figure 2 for sample B-8,  which is the «freshest» among others basalts. 



 




 


Figure 2. The alterations of chemical composition of basalt basis under thermal water impact. Sample B-8. Each pattern on the plotter is the average values calculated from several (2-4) determinations

 Content of Si increases from 64.29%  in the  central zone up to 94.97% in the 4th zone, and slightly decreases to 89.21% in the 5-th zone (Fig. 2a). Such elements as Al, Fe, Mg, Ca, Na, K are leached out during alteration (Fig. 2b, c). A local enrichment of elements is observed in outer zone. Ti-content slightly changes (as increase as well as decrease) from zone to zone but in small amounts. It is necessary to note the appearance of sulphur in a process of water/rock interaction (Fig. 2d).   

Next step of changes is plagioklase transformation. For sample B-8 the fresh crystals of plagioklase (labrador, anortite) are observed in the 1st and 2d zones. Plagioklase alterations begin from 3d zone. There is observed that substitution of plagioklase begins from central part of the crystal. Crystals of plagioklase from 4-5th zones almost completely substitute by quartz minerals. The pyroxenes decay in last turn. Some fresh crystals of avgite, bronzite are saved even in outside zone. It is necessary to note the boundaries between initial minerals and secondary quartz aggregate are distinct. The substitutions take place within 1-2 mkm. The degree of alterations of studied samples is different but the sequence of substance transformation is the same for all samples. Alterations of chemical and mineral composition result in changes of physical conditions of rocks. Thus, as a result of acid leaching porosity of rocks increase significantly. The final result of leaching is highly porous “tracery frameworks”.

Figure 3 shows the alteration of rocks structure result from water/rock interaction. The determination of porosity was made in every 2 mm. The stepped increase of total (Fig. 3) and open porosity (Fig. 4) are recognized from inner  to outer zones. The greatest increase of porosity takes place in the outermost zone.




Figure 3. Alterations of pores-size of basalts result from water/rock interaction process.

Thermal water leaching result in increase of pores size from 20-30 up to 80 microns. As illustrated on Figure 5 great advance of pores size is observed in the outermost zone.

Figure 6 shows the example of alteration of rocks physical condition. The stair density decrease is observed in range about 0.2-0.3 g/cm3 from zone to zone for all samples. 

There are determined the following stepped changes of petrophysical characteristics result from water/rock interaction process: strength decreases from 200 to 3-4 MPa, velocity of longitudinal waves - from 4150 to 1550 m/s (Fig. 7), mineral density - from 2.8 to 2.2 g/cm3, open porosity increases from 1-2 to 40 %.



Figure 4. Alterations of basalts open porosity as a result of sulphuric acid leaching.




Figure 5. Alterations of pores-size of basalts result from water/rock interaction process.




Figure 6. The identical character of density changes for studied samples




Figure 7. The alteration of the velocity of longitudinal waves of basalts under the leaching process.

It is determined volcanic rocks lose their magnetic properties under thermal water influence. The leaching and substitution of magnetic minerals by quartz group minerals result in magnetic susceptibility decrease from 2-3 * 10-3 up to 0.01-0.02 * 10-3 SI. 
4  CONCLUSION

Debris alterations result from thermal water/rock interaction process have zonal character. Both, decrease of initial minerals content along with increase of quartz-group minerals are observed from inner to outer zones. There are not any other second minerals. The sequence of mineral transformation seems as following: volcanic glass and basalt basis, plagioklase, pyroxene. Stepped leaching of the most of chemical elements with the exception of silicon, sulphur and titan is observed in a process of acid thermal water impact. Loss of chemical elements is accompanied by the stair increase of porosity and pores size as well as decrease of petrophysical parameters such as density, strength, acoustic rigidity. The boundaries between the zones are distinct. The substitution takes place within 1-2 mkm. Basalts lose their magnetic properties under thermal water influence.

The sequence of substance transformation (as mineral as well as physical  characteristics) is the same for all samples. The change of petrophysical properties zone by zone is approximately equal.
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Fig. 2  The altherations of chemical composition of basalt basis under thermal water impact. 

(Sample B-8). Each pattern on the plotter is the average values  calculated from several (2-4) determinations

Fig. 1.  The alteration of basalt mineral composition

  under thermal water impact.

Data of XRD analyses.

Fig.3. The alteration of basalts porosity under thermal water impact (Sample V-6)

Fig. 4.   Alterations of pore-size of basalts result from water/rock interection process. 

Fig. 5. The identical character of density alterations for all samples.
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Fig.    Density and open porosity alterations under thermal water impact.

Each point on the graph  is the average from 5-20 determinations.
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(Sample B-8). Each pattern on the plotter is the average values  calculated from several (2-4) determinations

Fig. 1.  The alteration of basalt mineral composition

  under thermal water impact.

Data of XRD analyses.

Fig.3. The alteration of basalts porosity under thermal water impact (Sample V-6)

Fig. 4.   Alterations of pore-size of basalts result from water/rock interection process. 

Fig. 5. The identical character of density alterations for all samples.
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Fig.    Density and open porosity alterations under thermal water impact.

Each point on the graph  is the average from 5-20 determinations.
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Fig. 2  The altherations of chemical composition of basalt basis under thermal water impact. 

(Sample B-8). Each pattern on the plotter is the average values  calculated from several (2-4) determinations

Fig. 1.  The alteration of basalt mineral composition

  under thermal water impact.

Data of XRD analyses.

Fig.3. The alteration of basalts porosity under thermal water impact (Sample V-6)

Fig. 4.   Alterations of pore-size of basalts result from water/rock interection process. 

Fig. 5. The identical character of density alterations for all samples.
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Fig.    Density and open porosity alterations under thermal water impact.

Each point on the graph  is the average from 5-20 determinations.
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Fig. 2  The altherations of chemical composition of basalt basis under thermal water impact. 

(Sample B-8). Each pattern on the plotter is the average values  calculated from several (2-4) determinations

Fig. 1.  The alteration of basalt mineral composition

  under thermal water impact.

Data of XRD analyses.

Fig.3. The alteration of basalts porosity under thermal water impact (Sample V-6)

Fig. 4.   Alterations of pore-size of basalts result from water/rock interection process. 

Fig. 5. The identical character of density alterations for all samples.
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Fig.    Density and open porosity alterations under thermal water impact.

Each point on the graph  is the average from 5-20 determinations.
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2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

41.0

20.0

20.0

20.0

22.0

40.0

13.0

0.0

14.0

20.0

35.0

31.0

20.0

23.0

22.0

39.0

0.0

0.0

0.0

5.0

1.0

2.0

3.0

4.0

5.0

2.78

2.61

2.33

2.12

1.84

1.0

2.0

3.0

4.0

5.0

1.5

4.8

8.2

18.0

18.0

1.0

2.0

3.0

4.0

5.0

4.15

2.55

2.7

1.75

2.15

1.0

2.0

3.0

4.0

5.0

64.29

82.83

89.9

94.97

89.21

1.0

2.0

3.0

4.0

5.0

17.01

6.79

2.14

1.0

2.49

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

5.0

5.0

5.0

5.0

5.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

5.0

5.0

5.0

5.0

5.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

5.0

5.0

5.0

5.0

5.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

5.0

5.0

5.0

5.0

5.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

5.0

5.0

5.0

5.0

5.0

3.18

2.67

0.48

0.13

0.54

1.59

0.97

0.0

0.0

0.0

6.15

1.0

0.93

0.61

0.75

3.68

1.7

0.54

0.0

0.89

1.6

1.84

0.62

0.0

0.23

1.0

2.0

3.0

16.5

25.9

64.5

1.0

2.0

3.0

3.4

3.8

7.6

1.0

2.0

3.0

0.6

0.59

0.58

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

30.0

32.0

34.0

36.0

38.0

40.0

13.0

14.0

10.0

16.0

13.0

20.0

33.0

34.0

34.0

37.0

37.0

25.0

47.0

44.0

44.0

40.0

40.0

30.0

47.0

61.0

55.0

1.0

2.0

3.0

1.95

1.78

1.52

1.0

2.0

3.0

2.85

2.5

1.9

1.0

2.0

3.0

24.5

44.5

52.0

1.0

2.0

3.0

4.7

4.6

5.0

1.0

2.0

3.0

0.53

0.57

0.63

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

30.0

32.0

34.0

19.0

20.0

17.0

18.0

19.0

16.0

23.0

17.0

8.0

8.0

23.0

37.0

40.0

36.0

27.0

33.0

44.0

52.0

1.0

2.0

3.0

4.0

5.0

2.26

2.13

1.92

1.7

1.45

1.0

2.0

3.0

4.0

5.0

3.7

3.4

2.2

1.8

1.4

1.0

2.0

3.0

2.53

2.1

1.68

1.0

1.0

1.0

2.0

2.0

2.0

3.0

3.0

3.0

4.0

4.0

4.0

5.0

5.0

5.0

1.0

1.0

1.0

2.0

2.0

2.0

3.0

3.0

3.0

4.0

4.0

4.0

5.0

5.0

5.0

1.0

1.0

1.0

2.0

2.0

2.0

3.0

3.0

3.0

4.0

4.0

4.0

5.0

5.0

5.0

2.26

2.13

1.92

1.7

1.45

2.4

2.21

1.92

1.67

1.42

2.78

2.61

2.33

2.12

1.84

1.0

1.0

2.0

2.0

3.0

3.0

1.0

1.0

2.0

2.0

3.0

3.0

2.53

2.1

1.68

1.95

1.78

1.52

2.0

2.0

2.0

3.0

3.0

3.0

4.0

4.0

4.0

5.0

5.0

5.0

1.0

1.0

1.0

2.0

2.0

2.0

3.0

3.0

3.0

4.0

4.0

4.0

5.0

5.0

5.0

1.0

1.0

1.0

2.0

2.0

2.0

3.0

3.0

3.0

4.0

4.0

4.0

5.0

5.0

5.0

9.0

19.0

20.0

33.0

5.8

13.0

26.0

28.0

39.0

1.5

4.8

8.2

18.0

18.0

1.0

1.0

2.0

2.0

3.0

3.0

1.0

1.0

2.0

2.0

3.0

3.0

5.8

21.0

29.0

15.0

20.0

24.0

64.29

82.93

89.89

94.97

89.21

1.0

2.0

3.0

4.0

5.0

17.01

6.79

2.14

1.0

2.49

1.0

2.0

3.0

4.0

5.0

3.18

2.67

0.48

0.13

0.53

1.0

2.0

3.0

4.0

5.0

1.58

0.97

0.1

0.0

0.0

1.0

2.0

3.0

4.0

5.0

3.18

3.18

3.18

3.18

3.18

2.67

2.67

2.67

2.67

2.67

0.48

0.48

0.48

0.48

0.48

0.13

0.13

0.13

0.13

0.13

0.53

0.53

0.53

0.53

0.53

1.58

1.58

1.58

1.58

1.58

0.97

0.97

0.97

0.97

0.97

0.1

0.1

0.1

0.1

0.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

6.15

6.15

6.15

6.15

6.15

1.0

1.0

1.0

1.0

1.0

0.94

0.94

0.94

0.94

0.94

0.61

0.61

0.61

0.61

0.61

0.75

0.75

0.75

0.75

0.75

3.68

3.68

3.68

3.68

3.68

1.7

1.7

1.7

1.7

1.7

0.54

0.54

0.54

0.54

0.54

0.0

0.0

0.0

0.0

0.0

0.88

0.88

0.88

0.88

0.88

1.6

1.6

1.6

1.6

1.6

1.84

1.84

1.84

1.84

1.84

0.62

0.62

0.62

0.62

0.62

0.0

0.0

0.0

0.0

0.0

0.23

0.23

0.23

0.23

0.23

1.0

2.0

3.0

4.0

5.0

1.0

2.0

3.0

4.0

5.0

1.0

2.0

3.0

4.0

5.0

1.0

2.0

3.0

4.0

5.0

1.0

2.0

3.0

4.0

5.0

0.03

0.6

1.81

0.47

0.47

1.0

2.0

3.0

4.0

5.0

41.0

41.0

41.0

41.0

41.0
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20.0

20.0

20.0

20.0

20.0

20.0
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20.0
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22.0

40.0
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40.0

13.0

13.0

13.0
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13.0
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0.0

0.0

0.0

0.0

14.0

14.0

14.0

14.0

14.0

20.0

20.0

20.0

20.0

20.0

35.0

35.0

35.0

35.0

35.0

31.0

31.0

31.0

31.0

31.0

20.0

20.0

20.0

20.0

20.0

23.0

23.0

23.0

23.0

23.0

22.0

22.0

22.0

22.0

22.0

39.0

39.0

39.0

39.0

39.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

5.0

5.0

5.0

5.0

5.0

1.0

2.0

3.0

4.0

1.0

2.0

3.0

4.0

1.0

2.0

3.0

4.0

1.0

2.0

3.0

4.0

1.0

2.0

3.0

4.0

51.0

51.0

51.0

20.0

20.0

20.0

9.0

9.0

9.0

3.0

3.0

3.0

31.0

31.0

31.0

58.0

58.0

58.0

71.0

71.0

71.0

75.0

75.0

75.0

13.0

13.0

13.0

16.0

16.0

16.0

18.0

18.0

18.0

15.0

15.0

15.0

1.0

2.0

3.0

4.0

1.0

2.0

3.0

4.0

1.0

2.0

3.0

4.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

5.0

5.0

5.0

5.0

5.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

5.0

5.0

5.0

5.0

5.0

6.0

6.0

6.0

6.0

6.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

5.0

5.0

5.0

5.0

5.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

5.0

5.0

5.0

5.0

5.0

4.0

4.0

4.0

4.0

4.0

5.0

5.0

5.0

5.0

5.0

6.0

6.0

6.0

6.0

6.0

4.6

4.6

5.0

3.7

3.9

5.1

7.5

2.2

2.2

1.9

2.7

5.3

3.0

4.5

5.0

3.4

3.8

7.6

Рентген

Pl

Px

Tr

Kb

Qu

1.0

43(40)

34(32)

23(22)

2.0

24(22)

76(69)

3.0

1.0

2.0

3.0

14.8

35.0

39.0

1.0

2.0

3.0

3.0

5.4

4.5

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

30.0

14.0

21.0

21.0

23.0

23.0

21.0

27.0

28.0

23.0

34.0

28.0

29.0

32.0

33.0

33.0

38.0

1.0

2.0

3.0

2.53

2.1

1.68

Образец В-6

(1-12обр, 2-15 обр, 3-9 обр, 4-7 обр., 5- 15 обр.)

1.0

2.0

3.0

4.0

24.4

31.1

46.4

74.3

1.0

2.0

3.0

4.0

3.7

3.9

5.1

7.5

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

30.0

22.0

22.0

22.0

29.0

30.0

29.0

30.0

40.0

36.0

43.0

41.0

55.0

66.0

67.0

96.0

93.0

1.0

2.0

3.0

4.0

5.0

2.4

2.21

1.92

1.67

1.42

1.0

2.0

3.0

4.0

5.0

3.1

2.65

2.1

2.05

1.55

1.0

2.0

3.0

4.0

5.0

5.8

13.0

26.0

28.0

39.0

1.0

2.0

3.0

4.0

0.53

0.64

0.61

0.69

1.0

1.0

1.0

2.0

2.0

2.0

3.0

3.0

3.0

4.0

4.0

4.0

1.0

1.0

1.0

2.0

2.0

2.0

3.0

3.0

3.0

4.0

4.0

4.0

1.0

1.0

1.0

2.0

2.0

2.0

3.0

3.0

3.0

4.0

4.0

4.0

51.0

20.0

9.0

3.0

31.0

58.0

71.0

75.0

13.0

16.0

18.0

15.0

51.0

51.0

51.0

20.0

20.0

20.0

9.0

9.0

9.0

3.0

3.0

3.0

31.0

31.0

31.0

58.0

58.0

58.0

71.0

71.0

71.0

75.0

75.0

75.0

13.0

13.0

13.0

16.0

16.0

16.0

18.0

18.0

18.0

15.0

15.0

15.0

1.0

2.0

3.0

4.0

1.0

2.0

3.0

4.0

1.0

2.0

3.0

4.0

Б-8

Кол-во образцов: 1 зона - 7, 2 зона - 4, 3 зона - 6, 4 зона - 3, 5 зона - 9

основная масса Б-8

Si

Ti

Al

Fe

Mg

Ca

Na

K

Ba

S

Cl

P

Zr

0.001

0.044

1.0

2.0

3.0

4.0

5.0

4.1

9.0

6.5

20.2

78.3

1.0

2.0

3.0

4.0

5.0

2.2

2.8

1.9

2.7

5.3

1.0

2.0

3.0

4.0

5.0

0.61

0.55

0.66

0.57

0.67

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

30.0

3.0

3.0

6.0

3.0

3.0

4.0

7.0

6.0

4.0

7.0

6.0

7.0

16.0

33.0

68.0

67.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

41.0

20.0

20.0

20.0

22.0

40.0

13.0

0.0

14.0

20.0

35.0

31.0

20.0

23.0

22.0

39.0

0.0

0.0

0.0

5.0

1.0

2.0

3.0

4.0

5.0

2.78

2.61

2.33

2.12

1.84

1.0

2.0

3.0

4.0

5.0

1.5

4.8

8.2

18.0

18.0

1.0

2.0

3.0

4.0

5.0

4.15

2.55

2.7

1.75

2.15

1.0

2.0

3.0

4.0

5.0

64.29

82.83

89.9

94.97

89.21

1.0

2.0

3.0

4.0

5.0

17.01

6.79

2.14

1.0

2.49

1.0

1.0
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Fig. 2  The altherations of chemical composition of basalt basis under thermal water impact. 

(Sample B-8). Each pattern on the plotter is the average values  calculated from several (2-4) determinations

Fig. 1.  The alteration of basalt mineral composition

  under thermal water impact.

Data of XRD analyses.

Fig.3. The alteration of basalts porosity under thermal water impact (Sample V-6)

Fig. 4.   Alterations of pore-size of basalts result from water/rock interection process. 

Fig. 5. The identical character of density alterations for all samples.
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Fig.    Density and open porosity alterations under thermal water impact.

Each point on the graph  is the average from 5-20 determinations.
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Fig. 2  The altherations of chemical composition of basalt basis under thermal water impact. 

(Sample B-8). Each pattern on the plotter is the average values  calculated from several (2-4) determinations

Fig. 1.  The alteration of basalt mineral composition

  under thermal water impact.

Data of XRD analyses.

Fig.3. The alteration of basalts porosity under thermal water impact (Sample V-6)

Fig. 4.   Alterations of pore-size of basalts result from water/rock interection process. 

Fig. 5. The identical character of density alterations for all samples.
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Fig.    Density and open porosity alterations under thermal water impact.

Each point on the graph  is the average from 5-20 determinations.
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Fig. 2  The altherations of chemical composition of basalt basis under thermal water impact. 

(Sample B-8). Each pattern on the plotter is the average values  calculated from several (2-4) determinations

Fig. 1.  The alteration of basalt mineral composition

  under thermal water impact.

Data of XRD analyses.

Fig.3. The alteration of basalts porosity under thermal water impact (Sample V-6)

Fig. 4.   Alterations of pore-size of basalts result from water/rock interection process. 

Fig. 5. The identical character of density alterations for all samples.
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Fig.    Density and open porosity alterations under thermal water impact.

Each point on the graph  is the average from 5-20 determinations.
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Fig. 2  The altherations of chemical composition of basalt basis under thermal water impact. 

(Sample B-8). Each pattern on the plotter is the average values  calculated from several (2-4) determinations

Fig. 1.  The alteration of basalt mineral composition

  under thermal water impact.

Data of XRD analyses.

Fig.3. The alteration of basalts porosity under thermal water impact (Sample V-6)

Fig. 4.   Alterations of pore-size of basalts result from water/rock interection process. 

Fig. 5. The identical character of density alterations for all samples.
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Fig.    Density and open porosity alterations under thermal water impact.

Each point on the graph  is the average from 5-20 determinations.
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Fig. 2  The altherations of chemical composition of basalt basis under thermal water impact. 

(Sample B-8). Each pattern on the plotter is the average values  calculated from several (2-4) determinations

Fig. 1.  The alteration of basalt mineral composition

  under thermal water impact.

Data of XRD analyses.

Fig.3. The alteration of basalts porosity under thermal water impact (Sample V-6)

Fig. 4.   Alterations of pore-size of basalts result from water/rock interection process. 

Fig. 5. The identical character of density alterations for all samples.
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Fig.    Density and open porosity alterations under thermal water impact.

Each point on the graph  is the average from 5-20 determinations.
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Fig. 2  The altherations of chemical composition of basalt basis under thermal water impact. 

(Sample B-8). Each pattern on the plotter is the average values  calculated from several (2-4) determinations

Fig. 1.  The alteration of basalt mineral composition

  under thermal water impact.

Data of XRD analyses.

Fig.3. The alteration of basalts porosity under thermal water impact (Sample V-6)

Fig. 4.   Alterations of pore-size of basalts result from water/rock interection process. 

Fig. 5. The identical character of density alterations for all samples.
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Fig.    Density and open porosity alterations under thermal water impact.

Each point on the graph  is the average from 5-20 determinations.
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