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During the depressurization process, natural gas hydrates (NGHs) decompose and release methane gas and water. Field experience shows that only 1% of the dissociation water is recovered, hindering the continuous pressure decline and further NGHs decomposition. The retention effect of the dissociation water on the pore structure is still unclear in NGHs sediments. In this paper, the hydrate sediment samples were tested for porosity, permeability, pore structure and clay minerals content, etc. The ions concentration change of solution was continuously measured using a conductivity meter to evaluate the disintegration mechanism of sediments. The results show that the pore structure of sediments tend to disintegrate under the action of dissociation water, leading to an increase in the ions concentration of dissociation water. According to the ions concentration curve, the sediment disintegration is divided into two stages. The rapid disintegration stage is mainly related to clay minerals. The slow disintegration stage is mainly related to the dissolution of soluble salt minerals. The initial water content is the main factor affecting the disintegration of the sediment skeleton. Under the condition of low initial water content, the sediment skeleton disintegrates instantaneously in dissociation water. When the initial water content exceeds 30.6–37.9%, the pore structure of sediments tends to be stable in dissociation water. Studying the effect of dissociation water on the sediment pore structure is helpful to understand the mechanism of low water production and to optimize the exploitation regime of gas hydrate.
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1 INTRODUCTION
Natural gas hydrates (NGHs) are ice-like crystalline materials that exist under coexistence conditions of high pressure and low temperature (less than 300 K) (Cai et al., 2020b). The natural gas molecule is confined within the hydrogen bond molecule, and the molecular structure resembles a cage structure (Pandey et al., 2019). NGHs are mainly distributed in deep seas below 300 m and in permafrost zones. As one of the new energy sources, the total energy of an NGH is about two times larger than that of conventional oil and gas resources (Cai et al., 2020a). It is regarded as an energy source and has broad prospects for development. According to the molecular structure of hydrate, 1 cubic meter of NGHs can decompose and release about 164 cubic meters of methane gas and 0.8 cubic meters of water. However, less than 1% of the dissociation water can be produced, and a large amount of water is retained in the NGHs sediments (Yang et al., 2020). It has a significant impact on the pore structure and water-gas flow (Omelchenko and Makogon, 2013; Linga and Clarke, 2017; Shen et al., 2019). It involves the physical and chemical processes, which has not been well studied yet (Radich et al., 2009; Kang et al., 2016).
Water retention refers to the water content in the sediment under a certain capillary force (Mahabadi et al., 2016). As an important parameter, capillary force is usually integrated into the water retention function (Moridis and Sloan, 2007). In the initial stage of dissociation, the capillary force between hydrate particles promotes the combination of dissociated water and undecomposed hydrate into large particles, which hinders the subsequent separation of hydrate (Chen et al., 2014). Many researchers have established mathematical equations to quantitatively analyze water retention. The most commonly used model is the Van Genuchten model. Water retention has an important influence on the dissociation of hydrates (Van Genuchten, 1980; Mahabadi et al., 2016; Moridis and Sloan, 2007; Moridis and Reagan, 2007; Gamwo and Liu, 2010; Anderson et al., 2011). The hydrate dissociation can change the relative permeability of water and gas as a function of hydrate saturation (Mahabadi et al., 2016). Numerous researchers have conducted extensive research on the dissociation process of hydrates and the flow of dissociation water. Zhong et al. (Zhong et al., 2019) used in-situ Raman spectroscopy to study the effects of gas composition and temperature on the structure transformation of hydrate dissociation. Mahabadi et al. (Mahabadi et al., 2019) proposed that the permeability of hydrate sediment directly affected the dissociation of hydrates and the production of methane gas. He established the relationship model between permeability and hydrate saturation. The dissociation water hinders the production of methane gas from hydrate-bearing sediments. Jin et al. (Jin et al., 2019) established a new dissociation model to identify the hydrodynamic mechanism, and reproduced the process of dissociation water into ice. Shagapov and Tazetdinov (Shagapov and Tazetdinov, 2014) simulated the hydrate dissociation process by MRI and found that the liquid water produced by the dissociation hindered the release of methane gas.
Hydrate sediments are argillaceous siltstone, so high water retention may cause disintegration of the sediment structure. At present, a large number of studies have focused on the disintegration of terrestrial rocks in water. Luo et al. (Luo et al., 2020) studied the decomposition of pyrite in carbonaceous rocks. Its decomposition changed the pH value of the aqueous solution, leading to the collapse of the porous media structure. By changing the pH of the solution, Huang et al. (Huang et al., 2017) found that argillaceous shale is more prone to disintegration under acidic solution conditions. Yan’s research (Yan et al., 2018) pointed out that temperature can accelerate the interaction of water and red-bed soft rock and increase the rate of soft rock disintegration. Zhang et al. (Zhang et al., 2018) performs 11 wet and dry cycles on mudstone. He found that the dry-wet cycle in the early stage had a greater impact on the disintegration of mudstone. Yang et al. (Yang et al., 2020) has quantitatively studied the dispersion time of hydrate sediments. When the moisture absorption time exceeds the dispersion time, the sediments will disintegrate.
A large number of studies have proved that water retention can cause the structure of porous media to collapse. However, the characteristics of the sediments structure caused by water retention have not been clearly studied. The basic characteristics are studied by a series of tests, such as porosity, permeability, pore structure and clay minerals content. The conductivity meter is used to measure the ions concentration change of solution, which can be used as an evaluation method for pore structure disintegration.
2 MATERIALS AND METHODS
The experiments are divided into three groups. The first experimental group is conducted on eight samples of three sediments under normal pressure and temperature. The conductivity curves are used to characterize the disintegration process of hydrate sediment. The basic information of sediment samples is shown in Tables 1 and 2. The second group of experiments is to determine the effects of initial water content on disintegration process. The basic information of sediment samples is presented in Table 3. In the third group of experiments, the effects of different temperature on disintegration are studied and the basic information of sediment samples is presented in Table 4.
TABLE 1 | The basic information of different sediments.
[image: Table 1]TABLE 2 | Mineral composition analysis.
[image: Table 2]TABLE 3 | The sample information for water content test.
[image: Table 3]TABLE 4 | The sample information for temperature effects analysis.
[image: Table 4]2.1 Samples Characterization
Figure 1 presents the experimental samples of different sediments. The surfaces of the samples are not smooth, and they contain a great amount of cracks and large pores. In addition, the samples have different colors, which may be related to initial water content. The larger the water content is, the darker the color is. The samples with higher water content are black, and the dry samples are gray.
[image: Figure 1]FIGURE 1 | The experimental samples of different sediments.
The basic information of different sediments is shown in Table 1. The permeability of three sediments is about 0.324–7.805 mD, and the average permeability is about 3.6 mD. The sediments present low permeability characteristics. The porosity of three sediments is about 21.47–35.39%, and the average porosity is about 30.74%. The sediments present high porosity characteristics. The specific surface area is about 6.4512–13.84 m2/g, and the average value is about 11.0822 m2/g. The permeability, porosity and specific surface area help understand the basic properties of three sediments and study the influencing factors of pore structure disintegration.
According to the mineral composition analysis, the main minerals are quartz and clay. The quartz minerals account for nearly half of the total mineral content (Table 2). The mineral composition data of some hydrate sediments comes from Yang et al., 2020. The clay mineral content is about 26.1%–30.7%. The other mineral content is not more than 10%, such as feldspar, calcite, and dolomite. The clay mineral contents of ZN, LK and HT are 28.7%, 28.6% and 27.9%. The three sediments have nearly equal clay minerals content, but the relative abundance of clay minerals is quite different. The Illite/Smectite mixed-layer (I/S) and illite minerals are main clay minerals. The I/S minerals have strong water sensitiveness, which can result in expansion and pore structure disintegration. According to the mineral composition, the average I/S minerals contents of ZN, LK and HT are 11.1%, 9.2% and 14.5%, respectively.
2.2 Experimental Procedures
The conductivity meter (Mettler Toledo SevenExcellence) is used to determine the ions concentration change of solution (Figure 2A). The range of conductivity is 0.01∼500 uS/cm, and that of the total dissolved solids is 0.01 mg/L∼300 g/L. The measurement temperature is –5°∼105°C. The conductivity meter is composed of an electrode, movable bracket and host. The ions are dissolved in the dissociation water, causing the concentration of the solution to rise. The ions form a conductive loop with the conductivity meter, thereby measuring the conductivity change. The experimental balance (Metter Toledo ME204E) is used to measure the sample mass (Figure 2B). The measurement accuracy is 0.1 mg, and the range is 0–220 mg.
[image: Figure 2]FIGURE 2 | The experimental device (A) conductivity meter and (B) experimental balance.
Experimental materials include 250 ml beaker, 100 ml measuring cylinder, plastic wrap, rubber band, conductivity meter, electronic balance, tweezers, vernier caliper, drying box, measuring test paper, knife, and thermometer. The schematic diagram of disintegration experiment is presented in Figure 3.
[image: Figure 3]FIGURE 3 | The schematic diagram of the disintegration experiment.
The experimental procedures of first group are as follows.
(1) Cut the sample into prisms with a knife, measure the size of the sample with a vernier caliper, and weigh the sample with an electronic balance.
(2) Pour 200 ml distilled water into the beakers and place the samples in the water
(3) Immerse the conductive electrode in the water to measure the conductivity. After testing, the beakers are sealed with plastic wrap and a rubber band.
(4) Repeat the step 3 to determine the conductivity change over soaking time.
The experimental procedures of second group are as below.
(1) The different water content can be established by drying the sample. Dry the samples in the oven for 1, 8 and 48 h. After the drying process of 48 h, the mass of samples do not change any more, and the water content is 0. The water content Sw is defined as
[image: image]
where mw is the mass of sample containing water, and md is the mass of dried sample.
(2) Conduct the disintegration experiments according to the procedures of first group.
The experimental procedures of third group are as follows.
(1) Heat distilled water to 27.5°C, 40°C and 60°C. Keep the temperature constant during the experiment.
(2) Conduct the disintegration experiments according to the procedures of the first group, and study the effects of temperature.
3 RESULTS AND DISCUSSION
3.1 Observations During Disintegration Experiments
Figure 4 presents the observations during disintegration experiments. The whole process can be divided into four stages: decompaction stage, particle collapse stage, fracture propagation stage and structure destruction stage. The water enters into the pores, resulting in the pore structure decompaction. After a certain period, the particles begin to scatter. Some fractures appear to form fracture networks. At the final stage, the skeleton structure of samples tends to be destroyed completely. It suggests that the retention of dissociation water can destroy pore structure in hydrate sediments.
[image: Figure 4]FIGURE 4 | The diagram of disintegration process (A) ZN sediment, (B) LK sediment and (C) HT sediment.
It should be noted that different sediments present different disintegration characteristics. In terms of pore structure, the particle diameter of ZN and LK sediments is much smaller than that of HT sediments. The dissociation water leads to more destruction on pore structure in ZN and LK sediments. However, the pore structure of ZN1-2 and ZN1-5 is relatively complete after disintegration experiments. Maybe the samples of ZN1-2 and ZN1-5 have much larger cementing strength. In terms of disintegration time, large disintegration time suggest low disintegration rate. Except for the ZN1-2 and ZN1-5 sample, the disintegration time of ZN and LK sediment samples is about 90–113 s. The disintegration time of LK sediment is about 220–318 s. The ZN and LK sediments have a smaller disintegration rate than LK sediment. In terms of disintegration process, the fractures propagate rapidly in the samples with fast disintegration. No buffering occurs, and they finally become fine sands. For the samples with slow disintegration, fractures propagation is slow in the disintegration process. Many bubbles appear on the surface of sample ZN1-5 and no obvious cracks occur. The skeleton structure softens gradually and homogeneously, preventing rapid gas discharge (Cui et al., 2018).
3.2 Characteristics of Ions Diffusion in Disintegration Experiments
The conductivity tests are used to analyze the solution concentration during the disintegration experiments. Figure 5A presents the solution conductivity curves corresponding to eight samples. The overall trends of conductivity curves are similar in spite of different characteristics in three sediments. At the initial stage, the conductivity increases significantly. When the soaking time exceeds about 25 h, the rate of conductivity rise slows down. From 600 to 1,000 h, the conductivity curve basically does not increase with time.
[image: Figure 5]FIGURE 5 | The conductivity curves of different sediments (A) conductivity vs. t and (B) conductivity vs. sqrt (t).
Figure 5B presents the relationship between solution conductivity and the square root of time. The bilinear characteristics are observed in conductivity curves of three samples. In other words, the disintegration process can be divided into two stages: a rapid disintegration stage and a slow disintegration stage (Figure 6). In the rapid disintegration stage, the expansion deformation occurs due to clay minerals expansion and the dissociation water rapidly destroys the pore skeleton. The soluble salt in the pores is rapidly released, resulting in the fast conductivity rise. The bond ability of particles is diminished, thereby accelerating ions diffusion. In the slow disintegration stage, the conductivity rise is mainly related to the dissolution of soluble salt minerals. A large amount of salt minerals dissolve and diffuse into the dissociation water, causing the sediment skeleton to further disperse and eventually become powdery. In general, the change of solution conductivity can well reflect the disintegration process of different sediments. The slope of conductivity curves represents the ions diffusion rate, which can be considered as the characteristic parameter of the disintegration rate. In the following paragraphs, the sediments characteristics are studied, such as water content, temperature, clay minerals, pore structure, porosity, and permeability. The effects of dissociation water retention on pore structure are clarified.
[image: Figure 6]FIGURE 6 | The conductivity curve diagram.
3.3 Influencing Factors of Pore Structure Disintegration
3.3.1 Effects of Initial Water Content
The disintegration experiments are conducted on HT sediments to study the effects of initial water content. It helps clarify the relationship between the disintegration state of hydrate sediments and water content under the effects of dissociation water. The water content of HT1-2, HT1-3, HT1-4 and HT1-5 are 44.9%, 37.9%, 30.6% and 22.9%, respectively. The disintegration observations of four samples are presented in Figure 7. The sample with high initial water content does not cause disintegration, but a low initial water content is liable to cause disintegration. A critical value (30.6% to 37.9%) exits. When the initial water content exceeds 30.6%–37.9%, the pore structure of sediments tends to be stable in dissociation water.
[image: Figure 7]FIGURE 7 | Disintegration diagram of samples with different water content.
The ZN sediments samples (ZN1-6 and ZN1-7) and LK sediments samples (LK1-3 and LK1-4) are used to establish the relationship between initial water content and electrical conductivity. It helps to analyze the effect of dissociation water on pore structure. Figure 8 presents the conductivity change over soaking time. As for the same sediment, the conductivity rise rate of samples with higher water content is faster than that of samples with lower water content. However, the conductivity difference between samples with higher water content and samples with lower water content changes over soaking time. According to the conductivity difference, the disintegration process can be divided into three stages. In the first stage, the rate of conductivity rise is the same and the conductivity is approximately equal. In the second stage, the rise rate of samples with lower water content is accelerated, and the conductivity difference increases with time. In the third stage, the conductivity difference does not change with time. The final conductivity difference of ZN sediment is about 8 uS/cm, and that of LK sediment is about 13 uS/cm.
[image: Figure 8]FIGURE 8 | Conductivity curves with different water content (A) ZN sediment and (B) LK sediment.
By comparing the disintegration characteristics of samples with different water content, the particles adhesion capacity of samples in the environment of high water content is greater than that in the environment of low water content (Zhao et al., 2015). In the case of dissociation water, samples with higher water content are more resistant to destruction. The higher the water content, the less likely it is to disintegrate. In other words, the water existence can increase the cementing strength of sediments, and contribute to pore structure stability during the NGH depressurization process.
3.3.2 Effects of Temperature
Gas hydrate can exist stably in a real environment that corresponds to certain temperature and pressure. Therefore, the sediment disintegration should involve the temperature effects. Figure 9 presents the relationship between conductivity curves and temperature. It suggests that the conductivity of ZN sediments samples increases with temperature. At the slow disintegration stage, the pore structure of sediments is completely destroyed, and its temperature environment had little effect on disintegration process. Therefore, only the temperature tests are carried out to study the disintegration characteristics at the fast disintegration stage. At 170 min, the conductivity value at 60°C is about 3 times as large as the conductivity value at 27.5°C. According to the conductivity difference at different temperatures, the conductivity curve is divided into two stages. The first stage corresponds to the disintegration process before 20 min. In spite of the different temperatures, the rate at which the conductivity rises is basically the same. The second stage corresponds to the disintegration process after 20 min. The higher the temperature, the faster the rate of conductivity rises.
[image: Figure 9]FIGURE 9 | The relationship between conductivity curves and temperature.
It should be noted that the conductivity rise rate is unstable at a temperature of 60°C. The high temperature result in the intense and disordered ions diffusion and complex disintegration process (Figure 9). The high temperature contributes to accelerating the disintegration process of the hydrate sediment. High temperatures make molecules move faster, and ion migration is more efficient (Figure 10). During the gas hydrate exploitation, temperature rise is an effective to intensify hydrate decomposition, resulting in more dissociation water. The residual heat may accelerate the process of microscopic pore structure destruction.
[image: Figure 10]FIGURE 10 | Schematic diagram of disintegration influenced by temperature.
3.3.3 Effects of Clay Minerals
The mineral composition has important effects on disintegration, especially clay minerals and salt minerals. The total amount of clay minerals and the relative content of each mineral are obtained by X-ray diffraction analysis, as shown in Table 2. The salt minerals are too limited to measure accurately. The scanning electron microscopy (SEM) can help analyze the distribution characteristics of salt minerals (Figure 11). The soluble salts and clay minerals are present in the ZN sediment.
[image: Figure 11]FIGURE 11 | SEM pictures (A) ZN1-1 and (B) ZN1-2.
Figure 12A presents the effects of clay minerals on ions diffusion rate. The ions diffusion rate is positively related to total clay mineral content. The larger the amount of total clay minerals, the faster the ions diffusion rate. The content of total clay mineral is about 25%–30%, and the ions diffusion rate varies from 3 to 10 (uS/cm)/h0.5. Most of the clay minerals have a large expansion and deformation capacity after water absorption. The expansion force can instantaneously and significantly destroy the pore structure. Therefore, it plays a dominant role in the rapid disintegration stage. It should be noted that samples ZN1-1 and ZN1-2 have large ions diffusion rate despite of low clay minerals content. A great amount of salt minerals is observed in SEM pictures of sample ZN1-1 and ZN1-2. The salt minerals existence can enhance the ions diffusion rate.
[image: Figure 12]FIGURE 12 | The effects of clay minerals on ions diffusion rate (A) the total clay minerals, (B) the I/S minerals and (C) the illite minerals.
The ions diffusion rate also depends on the clay minerals type. The I/S and illite minerals are important water-sensitive minerals, which should be paid more attention. The content of the I/S minerals is about 5%–15%. Figure 12B presents the ions diffusion rate increase with the I/S minerals content. The higher the content of I/S minerals, the faster the ions diffusion rate. In other words, more I/S minerals can result in pore structure expansion and destruction. Figure 12C shows the relationship between ions diffusion rate and illite minerals content. The illite content is about 5%–15%. The ions diffusion rate decreases with illite minerals content. The reason is that illite minerals are in the form of a film. The “films” are arranged around the inner pores and other mineral particles. They are arranged neatly, which makes the internal pore size smaller and hinders ions exchange.
3.3.4 Effects of Pore Structure
The specific surface area is an important parameter of pore structure, and reflects the pore size. The smaller the pore size, the larger the specific surface area. The specific surface area is obtained by a nitrogen adsorption test. Figure 13 shows the relationship between ions diffusion rate and specific surface area. The specific surface area of the sediments varies from 6.4512 to 13.84 m2/g, which is nearly equal to that of gas shale (Ripmeester et al., 2010). It can be assumed that the pores are at the micro-nano level, and the pressure force can reach 5.3–19 MPa (Jin et al., 2019; Mahabadi et al., 2019). In Figure 13, the specific surface area has a negative correlation with ions diffusion rate. In other words, the smaller the pore size, the smaller the ions diffusion rate. According to capillary force theory, the pore size is negatively related to capillary force (Lal, 1999). The dissociation water enters into the matrix pores, but part of the gas cannot be discharged completely. A great amount of gas is trapped in the matrix pores, increasing the pore pressure (Figure 14). The pore pressure is nearly equal to capillary pressure, which is about 5.3–19 MPa. The disintegration and fragmentation can be motivated when the high internal pore pressure gets higher than the tensile strength of the sediments. Under the effects of dissociation water retention, the pore structure corresponding to high specific surface area is very easy to destroy.
[image: Figure 13]FIGURE 13 | The relationship between ions diffusion rate and specific surface area.
[image: Figure 14]FIGURE 14 | Schematic diagram of pore pressure due to capillary force.
3.3.5 Effects of Permeability and Porosity
Studying the relationship between permeability and porosity contributes to understanding the effects of permeability and porosity on ions diffusion. Figure 15 shows the relationship between porosity and permeability, and a positive correlation is observed. In terms of low permeability sediments (<4 mD), the porosity increases significantly with the rise in permeability. As for high permeability sediments (>4 mD), the porosity approximately keeps constant, and basically does not change with permeability rise.
[image: Figure 15]FIGURE 15 | The relationship between porosity and permeability.
Considering the positive correlation between permeability and porosity, it is only necessary to study the effects of permeability. The disintegration is a rapid process, leading to the change of pore structure (Li and Hou, 2019). Therefore, the permeability effects mainly happen in the initial disintegration stage. In the late disintegration stage, the samples are dispersed into broken particles, and the permeability no longer affects sediment disintegration (Sun et al., 2018). Figure 16A presents the effects of permeability on ions diffusion rate. It can also be divided into two zones. At the low permeability zone (<4 mD), the ions diffusion rate increases significantly with permeability rise. The larger permeability contributes to the water flow, and enhances the interactions between dissociation water and pore skeleton. At the high permeability zone (>4 mD), There is no obvious correlation between permeability and ions diffusion rate. The samples ZN1-1, ZN1-5 and LK1-1 correspond to high permeability zone. Figure 16B presents shows the effects of permeability on conductivity change. According to the conductivity data before 20 min and after 70 min, the positive correlations between permeability and conductivity rise are observed. No obvious correlation between them is found in the curves from 20 to 70 min. In general, the permeability and porosity positively promote the disintegration of sediments.
[image: Figure 16]FIGURE 16 | The effects of permeability on ions diffusion (A) curves of ions diffusion rate vs. permeability and (B) characteristics of high permeability zone.
4 CONCLUSIONS
In this paper, a series of characteristics are measured in sediments, such as porosity, permeability, pore structure and clay minerals content. The disintegration mechanism of sediments is evaluated by quantitative analysis of the conductivity experiment. Because the dissociation process of hydrate is very complicated, the current experiment has certain limitations. The conclusions are as follows.
(1) The dissociation water can lead to the disintegration of the pore structure of sediments. The ions concentration of dissociation water can act as an important parameter to evaluate the disintegration process.
(2) The sediment disintegration is divided into two stages: a rapid disintegration stage and a slow disintegration stage. The rapid disintegration stage is mainly related to clay minerals. The slow disintegration stage is mainly related to the dissolution of soluble salt minerals.
(3) The initial water content is the main factor affecting the disintegration of the sediment skeleton. Under the condition of low initial water content, the sediment skeleton disintegrates instantaneously in dissociation water. When the initial water content exceeds 30.6%–37.9%, the pore structure of sediments tends to be stable in dissociation water.
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Label Quality, g Temperature, ‘C Observations

ZN1-9 1.1457 275 Slow disintegration s observed, and cracks appear one after another
ZN1-10 1.1317 40 Fast disintegration is observed, and the sample is dispersed into fine sand
ZN1-11 11527 60 Due to fast disintegration, the sample is dispersed into fine sand. The solution color is sightly yellow
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Sample Quality, g Permeability, mD Porosity, % Specific surface lon diffusion

area, m*/g rate D,
(uS/em)A>

ZN1-1 1.125 7.805 3254 11.300 5.367
ZN1-2 1135 2.047 3239 11.780 7.806
ZN13 1.136 0973 21.47 10.769 6.885
ZN1-4 1152 3904 3268 10.499 7.765
ZN1-5 1.143 6.647 3139 13.84 3978
LK1-1 1.166 5114 35.39 6.451 4.855
LK1-2 1.150 0.324 29.51 12.525 5.358
HT1-1 1.150 1920 3056 11.484 9.084
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Initial mass, g

1
1
1
1
1
1
1
1
1
1
1
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110
114
118
17
115
154
156
157
1583
156

Dry mass, g

0.924
0.983
0.891
1.038
0.998
0.991
1.075
1.023
0.969
0.912
0.742

Drying time, h

1
8
48
1
8
48
0.1
0.2
0.4
0.8
48

Water content, %

9.13
3.60
0
4.70
0.79
0
44.90
37.90
30.56
22.95
0
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ZN1-1
ZN1-2
ZN1-3
ZN1-4
ZN1-5
LK1-1
LK1-2
HT1-1

ayS is Mite/Smectite mixed-layer.

Mineral composition (%)

Relative abundance (%)
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36.7
420
36.0
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47.9
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40.7

Feldspar

8.7
6.8
59
95
104
8.7
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Calcite

13.7
18.0
230
105
126
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Dolomite

35
36
36
4.7
3.0
4.6
4.1
52

Pyrite

76
35
23
05
05
11
11
31

Clay

208
261
202
30.7
278
269
303
279

s?

Pl
42
43

33
34
31
52
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36
33
32
38
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37
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