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Abstract: Ionized rare-earth is a special kind of soil, which contains free ions soluble in water, and its 

conductivity is affected by both ion concentration and water content. Mastering the waveform 

properties of geological radar in this kind of soil layer under different water content conditions is 

helpful to improve the accuracy of post-interpretation. To obtain the interpretation properties, the 

model experiment was proposed. Firstly, the rectangular model box was prepared by self-made, and 

filled with on-site soil samples. Then, the water content of the model fill was controlled by manual 

configuration, and the waveform image was obtained by detecting the model fill with geological radar. 

Furtherly, The IDSP interpretation program was used to pre-process the waveform image, such as 

filtering and energy gain. The results show that when the water content is more than 30%, the 

electromagnetic loss is significant and the reflection intensity is sharply reduced, meanwhile the 

spectrum energy is concentrated with obvious low frequency, and the main frequency distribution 

range is 150-400MHz. The results can provide relevant reference for geological radar detection in 

ionized rare-earth. 
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1. Introduction 

Compared with common soil, ionized rare-earth contains soluble free ions, and the conductivity of 

soil layer is affected by water content and free ions at the same time, and free water promotes the 

solubility [1]. Therefore, the relative permittivity of ionized rare-earth is not only affected by water 

content, but also related to the concentration of free ions. In this case, it is difficult to obtain accurate 

and reliable relative permittivity and corresponding interpretation properties by using existing 

calibration techniques. 

To solve this problem, some scholars proposed a method to calculate the relative permittivity of 

ionized rare-earth by establishing a dielectric model of mixed medium based on multifactor coupling 

analysis, e.g., relying on a road base in Alatan area, Xu [2] carried out the freeze-thaw cycle test of 

water-salt migration, and established the fitting formula between relative permittivity and multifactor 

under the condition of positive temperature by regression analysis. To calculate the relative permittivity 

of gravel sulphate ionized rare-earth under different water content and temperature conditions, Lei et al. 

[3] established the linear fitting equations between water content, salt content and real and imaginary 

parts of composite permittivity based on Dobson permittivity correction model, and obtained the 

empirical formula. Wu et al. [4] introduced saturation into the Stogryn dielectric model and analyzed 

the dielectric characteristics of soil samples with different water content and salt content based on the 

control test. After statistical regression analysis and field verification, a modified model that was more 

suitable for high water content conditions was given. It was found that when the water content, ions 

content and porosity were known, the accuracy of calculation results could be improved by this 

modified model. There is no doubt that the calculation models of permittivity of such mixed media can 

make up for certain deficiency to some extent. 

However, in order to ensure the accuracy of the calculation results, it is necessary to accurately 

calculate the volume ratio of each component, the concentration of free ions, air temperature, and 

volumetric water content in the practical application of the permittivity calculation model of the above 

mixed medium. For on-site detection, it is not easy to obtain these parameters, so it is difficult to meet 

the requirements of rapidity and timeliness in engineering practice. 

In this regard, based on an ionized rare-earth natural site in Jiangxi province, China, this paper 
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proposes to use indoor model experiment to analyze the waveform properties of geological radar so as 

to provide reasonable and useful information for post-interpretation. 

2. Project Introduction 

This site is located in Xiaoping Township, Ganzhou City, about 95 km away from the urban area. It 

was discovered by local workers when they collected crystal in the early 19th century. The lithology of 

the strata is mainly limestone, granite and slate, with obvious folds and faults. The two wings of the 

folds are narrow and the east wing is wider, and the dip angle of the strata is 25 ~ 35°. In addition, rock 

mass is exposed on the west side of the site, and there are 8 fault structures in the area, in which, the F1 

fault structure has a length of 16 km and an inclination of 65 ~ 75°, which is a huge 

compression-torsion fault. The contact between the upper and lower walls forms a breccia belt with a 

thickness of tens of meters, which directly controls the vertical distribution of No.22 and No.23 

ore-bearing skarns. 

Since its discovery, the site has been using in-situ leaching technology for rare-earth extraction. Due 

to the long-term lack of efficient and environmentally-friendly extraction technology and neglect of 

supervision, the phenomenon of indiscriminate excavation and illegal mining has always existed, 

resulting in serious rare-earth extraction wastewater pollution in the surrounding mountains, farmland 

and rivers within tens of kilometers. Figure 1 show the excavation site, which shows that the hill and 

soil have suffered serious damage. 

 

Figure 1: Excavation site 

With the adjustment of rare-earth policy and the increase of industry control, the phenomenon of 

indiscriminate digging and mining has been effectively curbed. However, the surrounding mountains 

and farmland have been polluted to varying degrees. Since the spring of 2020, the local environmental 

protection has been continuously strengthened, and the local government has begun to rectify and 

repair the pollution. In order to provide reliable reference information for subsequent mountain 

pollution treatment, the site management office introduced the geological radar in June 2021 to detect 

the stratum to find out the pollution range. 

3. Model Experiment 

When determining the size of the model box, it is necessary to take the effective detection depth of 

the geological radar and the convenience of manufacturing and handling into consideration. The final 

size is 3.0m × 1.0m × 1.0 m in length × width × height. 

Metal materials will interfere with the electromagnetic wave emitted by geological radar antenna 

and cause false signals in the detection image. Therefore, the material of the model box must be 

non-metallic products. At last, the high density composite plate was selected, and the waterproof paint 

was applied to the inside surface of the box to prevent the plate from absorbing the water of the filler. 

In addition, the plain loess was selected as the parent soil of the filling. Firstly, the soil samples need to 

be salt-washed and dried to reduce the uncertainty influence of other ions or salts on the experimental 

results. Then, the water ratio and ions content of the filling were prepared by manual [5]. According to 

the measured data of water ratio and ions content in the geotechnical center laboratory, the water ratio 
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range of the model fill was 30%-45%, and the ions content ratio of 100g dry soil was 0.3%-1.0%. 

According to the local meteorological and climatic data, the temperature of the model fill was 

controlled in a positive temperature state by the laboratory temperature controller, ranging from 

12-37 °C. When entering the box, it was divided into 4 layers according to the design compaction 

degree, and the thickness of each layer was 25 cm. 

After filling the model, the geological radar with type of LK200 equipped with 600MHz emitting 

antenna was used to detect the model box to obtain the waveform images. In addition, in order to 

facilitate the analysis and statistics, the detection files were also numbered and the corresponding water 

ratio was recorded each time. 

4. Interpretation Properties 

After analysis, it found that when the water content is more than 30%, the electromagnetic wave 

reflection intensity will rapidly weaken or even fail to produce effective reflection, which is manifested 

in two aspects: First, there will be a large number of fuzzy signals in detected images, which do not 

have a continuous and stable shape, and the change of in-phase axis is irregular, so it is difficult to 

implement discrimination and interpretation; Second, the reflection intensity drops sharply, and only a 

small number of distinguishable reflection signals can be seen in the shallow layer near the soil surface 

in the line-scan image. With the increase of depth, the reflection signals can't be distinguished, and the 

waveform amplitude in point-scan image is very small. If the water ratio continues to increase, the 

whole waveform will become approximately horizontal straight line. 

The main frequency of reflected echo has obvious low-frequency characteristics, and its distribution 

range is 150-400MHz, which is about 1/4-3/4 of the central frequency of the incident electromagnetic 

wave. At the same time, the amplitude of main frequency curve is small and the spectrum is 

concentrated, which indicates that the energy attenuation is severe and the high frequency wavelet has 

been preferentially absorbed. 

Figure 2 shows the line-scan detected image when the water content (ω) is 32%. It can be seen that 

there are relatively stable and continuous reflection signals in the depth range of 0-35cm. Although the 

in-phase axis is messy, the signals are relatively uniform and uninterrupted, which can be interpreted. 

When the buried depth exceeds it, the signal becomes extremely fuzzy, and a large number of spots 

appear, and there is no discernible signal. Moreover, the greater the depth, the more spots are displayed, 

which makes it difficult to analyze. 

 

Figure 2: Line-scan image (ω=32%) 

Figure 3 shows the line-scan image when ω=45%. It is found that the continuous and stable 

reflection signal can be seen only within the range of 10cm, and when the depth is exceeded, the signal 

is interrupted and there are also a lot of spots, which indicates that the attenuation of electromagnetic 

energy is more serious. 

It should be noted that a fuzzy horizontal reflection signal can be seen at the depth of 40cm and 

continues to 70cm. This reflection signal is not generated by the soil layer but by the metal measuring 

instrument, which needs to be distinguished. In addition, the measuring instrument is made of metal 
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material. If it is in a dry soil layer, it will generate a strong, continuous and stable reflection signal [6, 

7], but its reflection signal is still vague in this figure, which indicates that the electromagnetic waves 

have produced huge energy loss in the environment with high water ratio. 

 

Figure 3: Line-scan image (ω=45%) 

Figure 4 shows the point-scan image and echo main frequency curves corresponding to Figure 3. It 

is easy to find that the waveform amplitude in the point-scan image is small. Except for the obvious 

amplitude in the range of 0-10cm, the waveform in other depth ranges is approximately a horizontal 

straight line with slight amplitude, which is consistent with the features shown in Figure 3. As can be 

seen in Figure 4 (b), the main frequency of the echo is low and prominent and the spectrum energy is 

concentrated. 

 
(a) Point-scan image                   (b) Echo main frequency curve 

Figure 4: Point-scan image and echo main frequency curve (ω=45%) 

5. Discussion 

The incident electromagnetic wave emitted by radar antenna is essentially composed of sequence 

wavelets. The sequence wavelets have the same initial energy and phase velocity of transmission, but 

the initial frequencies of different wavelets are different. After synthesis, the central frequency of the 

incident electromagnetic wave can be obtained [8, 9]. When the incident electromagnetic wave 

propagates in the medium, different wavelets have electromagnetic polarization coupling, and the 

wavelets with high frequency have the advantage of coupling. The existence of water causes water 

molecules to wrap the soil particles, thus forming more water films on the surface of the soil particles, 

which can promote the microscopic movement of the soil particles and the conduction of the electric 

field [10-13]. Obviously, this accelerates the coupling and transmission efficiency between micro 

electromagnetic fields, i.e. enhances the degree and efficiency of electromagnetic polarization. 
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However, high-frequency wavelets have the coupling advantage, which leads to the high-frequency 

wavelets being preferentially absorbed in the environment with high water ratio, so that the reflected 

echo is mainly low-frequency wavelets. 

In addition, the content of free ions increases rapidly and the speed of dispersion movement is faster 

in the environment of high water ratio. Free ions themselves belong to charged particles. Due to the 

adsorption of water film on the surface of soil particles, a large number of free ions are adsorbed on the 

surface of soil particles to form charged particle clusters [14, 15]. The electromagnetic field intensity of 

charged particle clusters is stronger and its influence range is wider. When coupled with wavelet, it will 

produce great potential difference, weaken wavelet energy and lead to serious energy loss. In this 

situation, even if the signal receiver can receive the reflected echo, its energy is already very weak, and 

it can't produce effective interpretation signal, which is characterized by fuzzy spots. 

To sum up, under the condition of normal temperature, the high water ratio in the soil layer and the 

increase of free ion concentration caused by it are the key factors leading to weak reflection and low 

frequency characteristics. The above research results are basically consistent with theoretical analysis, 

and should be paid attention to in future research and practical work. 

6. Conclusions 

(1) When the water content is more than 30%, the reflection intensity decreases sharply and there 

are a large number of fuzzy speckle signals in line-scan detection images, which is difficult to 

implement effective interpretation and analysis. The waveform amplitude in point-scan detection 

images is weak and even presents the characteristics of approximate horizontal straight line. The 

spectrum energy is concentrated and the low-frequency characteristics are obvious with a distribution 

range of 150-400MHz. 

(2) Special attention should be paid to the water content of the soil layer when geological radar 

detection is adopted. Under the condition of high water ratio, its applicability is poor, which is probably 

difficult to provide effective reference information for engineering practice and it needs to be selected 

carefully. 
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