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Abstract 

Geothermal energy is one of the most important clean energy sources today. In order to 
detect geothermal resource of Xiaxian County, a field geological survey and two 
controllable source audio magnetotelluric sounding profiles were deployed. According 
to the underground resistivity model obtained by the Controllable source audio 
magnetotelluric sounding, the Quaternary and Tertiary strata generally exhibit low-
resistance characteristics, with a sediment thickness of about 800-1300m, which is 
gradually deepened by the trend of southwest toward northeast, and is the main heat 
storage cover. The underlying high-resistance body is a Cambrian stratum, which can be 
used as a geothermal cap layer or as a thermal reservoir. Field geological and borehole 
data revealed that the Quaternary and Tertiary strata in the exploration area are mainly 
mudstone, sandstone, and siltstone, with low thermal conductivity and high-water 
content, and the underlying limestone with good thermal conductivity and water content, 
which provides enough material for geothermal resources. At the same time, the results 
prove that the CSAMT method is an effective means to detect geothermal resources. 
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1. Introduction 

Geothermal is the abbreviation of "heat from the inside of the earth." In the inside of the earth, the 

main sources of heat are as follows: the decay of radioactive materials inside the earth, the 

gravitational energy produced by the earth's gravity, the sea tides on the earth's surface and the friction 

between continents, and the inner crust The oxidation-reduction reaction of substances, the solar 

radiation energy received by the earth's surface, and the heat generated by other means [1,2]. As one 

of the clean energy sources, geothermal energy is playing an important role as a substitute for 

hydrocarbon resources [3]. As energy resources are increasingly scarce and people’s awareness of 

environmental protection is gradually increasing, geothermal resources with the above characteristics 

are becoming more and more popular with people and have broad application prospects. It is 

estimated that by 2030, geothermal energy will contribute about a percentage of China’s total energy 

consumption. 3%. In order to rationally develop and utilize geothermal resources, reduce investment 

risks, and improve construction efficiency, corresponding geological surveys must be carried out 

before geothermal energy development. 

In addition to geological qualitative and geochemical analysis, geophysical methods are also very 

important technical means to determine potential geothermal resources. Among them, 
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electromagnetic (EM) methods are very useful because they are sensitive to changes in spatial 

conductivity or resistivity, the presence of heat, salt water and liquids with good conductivity can be 

detected [4,5]. Controllable source audio magnetotelluric (CSAMT) measurement is an active EM 

geophysical method that detects underground resistivity structure by measuring the natural time-

varying geomagnetic field and geoelectric field that change with time. This method uses EM 

responses at different frequencies to study the resistivity changes with depth. The CSAMT method 

has been widely used in hydrocarbon (natural gas or oil) exploration, geothermal exploration, carbon 

sequestration, mine exploration and groundwater monitoring. In geothermal applications, CSAMT 

surveys are usually used as exploration tools to characterize and locate potential geothermal targets 

through the high conductivity anomalies of the rock mass [6-9]. 

2. Principle Of Csamt 

The CSAMT method is an active source electromagnetic method developed based on the 

magnetotelluric sounding method. It sends alternating currents of different frequencies (generally 0.1-

20kHz) to the ground through an artificial grounding field source (electrical couple source). Measure 

the orthogonal electromagnetic field components in a certain area of the ground, observe the electric 

field component Ex along the survey line and the orthogonal magnetic field component Hy, calculate 

the resistivity and impedance phase of Crania, and achieve the detection of geological target bodies 

with different buried depths. A frequency domain electromagnetic sounding method [16-18]. The 

CSAMT method can usually collect electromagnetic signals of about 1S. According to the skin depth 

formula (Equation 1), the detection depth can meet the working requirements. Because it can well 

suppress the interference of various industrial electrical noises, it has made important applications in 

water, engineering, and environmental detection [19-22]. 

Skin depth δ: 

                                (1) 

In the formula: ρ is the formation resistivity, the unit (Ω·m), f is the frequency, the unit (Hz). 

3. Data collection and processing 

According to the project design requirements, two approximately vertical controllable source audio 

magnetotelluric sounding (CSAMT) survey lines were deployed in the study area, and the V8 multi-

function electrical method and RXU-3ER box of Phoenix Geophysical Company of Canada were 

used for side scalar measurement. collection. Before the official start of construction, the working 

group first carried out field test work. Through comprehensive comparison, it was determined that 

the transmitter's transmitting frequency range was 0.25~9600Hz; the AB pole distance was about 

2km, and the survey line direction was consistent with the AB pole direction; the emission currents 

of the L1 and L2 lines were respectively It is 14A and 12A, and the transmission and reception 

distances are 14.5km and 12km respectively. While ensuring the signal strength, it also ensures the 

data collection effect in the far area. 

Use CMTPro software to preprocess the CSAMT raw data, check and correct the data header 

information (line number, point number, point position, etc.), and perform data integration according 

to the line number. Then use the MTSoft2D software developed by Chengdu University of 

Technology to process the data such as denoising, static effect correction, and spatial filtering, and 

then use the nonlinear conjugate gradient algorithm (NLCG) to perform two-dimensional inversion.  

Because the survey area is in the suburban farmland, the topography is small, so this paper did not 

carry out the belt topography inversion. 

4. Interpretation of electrical data 

According to the two-dimensional inversion results of the resistivity profile and the drilling data, the 

electrical difference between the Mesozoic and Cenozoic sedimentary caprock and the ancient 
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metamorphic basement is used to determine the electrical interface and stratum basement depth and 

the distribution characteristics of the fault structure. 

 

Figure 1. L1 line CSAMT inversion and interpretation results 

 

Figure 2. L2 line CSAMT inversion and interpretation results 

 

As shown in Figure 1, the CSAMT profile is roughly divided into three electrical layers from top to 

bottom. The first electrical layer is Quaternary sediments, the lithology is dominated by clay and sand 

gravel layers; depending on the sedimentary environment, particle size, and degree of cementation, 

the resistivity of Quaternary sediments is about 15-50Ω·m; The overall thickness has little change, 

about 150m, with slight undulations locally, and is in angular unconformity contact with the 

underlying tertiary system. 
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The second electrical layer is the Tertiary stratum, the lithology is mainly clay and sandy mudstone, 

and the resistivity value is lower than that of the Quaternary sediment, about 5-20Ω·m, which is 

different from the underlying Cambrian stratum. Integrate contacts. Resistivity results reveal that the 

buried depth of the Tertiary bottom interface is about 1100-1200m on the northwest side and about 

800m on the southeast side, that is, the northwest is deep and the southeast is shallow. The third 

electrical layer is the Cambrian strata. The lithology is dominated by limestone, and the resistivity 

value gradually increases. Limited to the exploration depth, the highest resistivity value of the 

limestone cannot be revealed, nor the thickness of the limestone. At the same time, there is an obvious 

low-resistance layer between the Tertiary and Cambrian limestones, with a thickness of about 300-

500m. It is speculated that it may be the broken or weathered limestone filled with water or other 

low-resistance materials. 

The L2 line CSAMT inversion result is shown in Figure 2. The CSAMT profile is roughly divided 

into three electrical layers from top to bottom. The first electrical layer is Quaternary sediments, the 

lithology is dominated by clay and sand gravel layers; depending on the sedimentary environment, 

particle size, and degree of cementation, the resistivity value of Quaternary sediments is about 15-

25Ω·m; The overall thickness has little change. The thickness of the deposit at the southwest end of 

the survey line is thin, about 200m from the northwest to the south, and the thickness of the extended 

deposit in the northeast direction gradually deepens to about 500m, with slight fluctuations locally, 

and angular unconformity contact with the underlying Tertiary. 

The second electrical layer is the Tertiary stratum, the lithology is mainly clay and sandy mudstone, 

and its resistivity value is lower than that of the Quaternary sediment, about 5-20Ω·m, which is at an 

angle different from the underlying Cambrian stratum. Integrate contacts. The burial depth of the 

tertiary bottom boundary is shallow in the southwest and deep in the northeast. From the point 1 point, 

the burial depth of the bottom boundary is about 1100m, and then gradually increases to 1300m along 

the survey line. The third electrical layer is the Cambrian strata. The lithology is dominated by 

limestone, and the resistivity value is gradually increasing. Limited to the exploration depth, the 

highest resistivity value of the limestone cannot be revealed, nor the thickness of the limestone. 

5. Conclusion 

1.Through this geophysical exploration work, the overall resistivity value of the exploration area is 

the highest in Cambrian limestone, followed by Quaternary sediments, and the lowest in Tertiary clay; 

limited to the exploration depth, no ash can be revealed the thickness of the rock bottom interface. 

2.Combining the drilling geological data and the CSAMT detection results, the Quaternary and 

Tertiary in the exploration area have large sedimentary thickness and low thermal conductivity, which 

can be used as a good geothermal caprock; the underlying Cambrian can be used as a geothermal 

caprock It can also be used as a thermal reservoir. 

3. According to deep geophysical and terrestrial heat flow data, the exploration area has good deep 

heat source and geothermal cap reservoir conditions. The previous exploration examples have also 

obtained similar results, which is a favorable prospect for searching for geothermal resources. 
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