
Tserendug et al., 2023. Mongolian Geoscientist 28 (56)  

 https://doi.org/10.5564/mgs.v28i56.2671   

34 

ABSTRACT 

In this paper, we extracted values of geomagnetic anomaly sourced in the lithosphere 

from the total intensity of geomagnetic that is measured on the 750 points on an area 

(100x100 km2) around the Khulj hot springs. The two-dimensional map of the 

distribution of the anomaly geomagnetic corresponding to this area was made via 

these extracted values of anomaly geomagnetic. The method of spectral analysis was 

used to estimate the Curie Point Depth, which is lost magnetic characteristics of the 

lithosphere with a temperature of 580o C and the depth of layer sourcing anomaly 

geomagnetic with high content of iron, nickel, and tungsten by these values of 

geomagnetic anomaly. On the Fig. 5, the isothermal Curie surface with the 

temperature of 580o C was visualized in three dimensions by these values of Curie 

Point Depth. The heat flows lost on Earth’s surface was also detected by the method 

of the gradient of temperature from the Curie Point Depth. And the two-dimensional 

map of heat flow around the Khulj hot spring was illustrated by the values of heat 

flows. Moreover, the average value of the heat flow for whole the area (100x100 

km2) was about 60  and it was estimated at about 70  at the Khulj hot 

springs. When we carried out a same study near Ulaanbaatar in 2018, the average 

heat flows lost on Earth’s surface was determined about 40-50  
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INTRODUCTION 

The measured geomagnetic field on the Earth’s 

surface is a summation of magnetics with many 

different sources. This study only focuses on the 

geomagnetic anomaly that originates in the 

lithosphere. In the lithosphere, there exist crystal 

rocks containing cobalt, nickel, and iron. Iron, 

cobalt, and nickel are substances with 

ferromagnetic properties. Briefly, the 

geomagnetic anomaly arises from the layer of 

the lithosphere contained with iron, cobalt, and 

nickel. In general, the temperature of the 

lithosphere is increased to the depth. The 

ferromagnetic properties of crustal rocks and 

minerals vanish in the crust’s depth where the 

temperature is approximately 580o C, or they 
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become a paramagnetic state. In other words, 

the geomagnetic anomaly arises from the rocks 

and minerals upper the boundary with a 

temperature of 580o C. The points with a 

temperature of 580o C are the critical points 

where the phase of crustal rocks and minerals is 

changed. The points of phase changed are called 

Curie points. Moreover, the distances from the 

earth’s surface to the points, at which the phase 

of rocks is changed, are called Curie point depth 

(CPD). 

The CPD could be estimated by the method of 

the spectral analysis of geomagnetic anomalies. 

The method of spectral analysis to define CPD 

was written briefly in this paper. Studies for 

CPD have been done indifferent countries’ areas 

since 2000. For example, in the CPD for 

Macedonia and Thrace, N. Greece research is 

estimated range from 11.2 to 17.3 km. 

(Stampolidis and Tsokas, 2002). The CPD in 

central India is defined from 14 to 29 km 

(Bansal et al., 2013). The CPD in central Turkey 

is estimated about 13.7 km. (Nafiz, 2010). The 

CPD on the area (180x180 km2) of North China 

is determined as the different values from 18 to 

32 km. (Xu et al., 2017). The CPD on the island 

of Taiwan also ranges from 6 to 17 km (Hsieh et 

al., 2014). In addition, the heat flow lost on 

Earth’s surface could be estimated by the 

method of the gradient of temperature from the 

CPD. We mentioned briefly the method of the 

gradient of temperature to define heat flow in 

this paper.  

Previously, in 2018, our groups conducted a 

study to detect heat flows in two areas near 

Ulaanbaatar. The heat flows were determined 

about 40-50      in these areas. The variation in 

the CPD could be occurred by the effects of 

geological activity phenomena such as 

activations of the tectonics and the volcanoes. 

No areas near to Ulaanbaatar that are obviously 

the result of geological activity were observed in 

our survey. There are many hot springs in the 

territory of Mongolia such as Khulj hot spring, 

Shargaljuut hot spring, and Tsetserleg hot 

spring. Therefore, Mongolian hot spring 

locations have attracted our attention for our 

next research. Thus, for this study, we focused 

on the region near the Khulj hot spring.This 

paper aims to estimate the heat flow losing 

Earth’s surface around Khulj hot spring with 

latitude = 48.249259°, longitude = 102.953041°, 

and altitude=1472.2 m.  

 
METHODOLOGY   

Theoretically, (kx, ky) is the power density 

spectrum of geomagnetic anomaly in the 

lithosphere is given by (Blakely, 1995) as  

         

where: (kx, ky) -is the power density spectrum 

of magnetisation, F(kx, ky) -is a function that 

depends on the vector directions of 

magnetisation and ambient field (Blakely, 

1995). zt -is the depth from the surface of Earth 

to the top of the magnetised layer. zb -is the 

depth to the bottom of magnetised layer. Cm -is a 

constant. m and f  -are factors related to the 

direction of magnetization and geomagnetic 

anomaly. kx and ky are the wavenumbers in the x 

and y directions, respectively. k is the horizontal 

wavenumber and is defined as follows 

                    
 

If the magnetization function, M(x,y) -is 

completely random and uncorrelated, then         

(kx, ky) -can be considered as a constant. The 

radial average values of m and f  are constants 

and the factor of dependency on depth,                           

-is radial symmetry. 

(1)  

(2)  

(3)  
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Thus, the radial average of  (kx, ky) can be 

written as following form 

 

 

where: A -is a constant. 

If taking quadrate root and natural logarithm of 

both sides of Eq. 4, it reformed into the 

following formula 

If the wavelengths are less than approximately 

twice the thickness of the layer, Eq. 5 could be 

approached in the form 

 
 

where B -is a constant and equals with  

Eq. 6 is used to estimate z t -the depth to the top 

of a magnetic layer in many articles (Bansal, et 

al., 2013; Nafiz, 2010; Xu et al., 2017; Ngoh et 

al., 2020; Wen et al., 2019; Arnaiz-Rodríguez 

and Orihuela, 2013; Quintero et al., 2019; Audet 

and Gosselin, 2019). 

We have also estimated the depth to the top of 

magnetic z t from Eq. 6. If the centroid of 

magnetic layer (zc) is expressed as  
 
 

Eq. 4 can be rewritten in the form 

Moreover, the quadrate root of Eq. 8 could be 

obtained as 

Where C -is a constant and equals with A 1/2. 

The values of distinctions |z t-zc| and |zb-zc| on 

the exponent in Eq. 9 are similar to the half the 

thickness of the magnetic layer (d) as 

 

 

Thus, we can approach in Eq. 9 at long 

wavelengths as  

If we take the natural logarithm of                      

in Eq. 11, it can be rewritten in the following 

form 

 

 

 

where G -is a constant and equals with ln(2Cd). 

The centroid of magnetic layer zc was estimated 

from Eq. 12 (Nafiz, 2010; Saleh et al., 2013; Xu 

et al., 2017; Ibrahim et al., 2022; Bilim et al., 

2016; Guevara et al., 2013; Maus et al., 1997; 

Aydin et al., 2005). Thus, From Eq. 12, we have 

also estimated the centroid of magnetic layer zc. 

In addition, the depth to the bottom of 

magnetised layer zb is estimated as 

 

The geothermal gradient (dT/dz) between the 

Earth’s surface and the CPD (zb) can be defined 

by Eq. 14 (Kassa et al., 2022; Aydin et al., 2005) 

and the Curie temperature for magnetic is at 

580°C.  
 

 

Additionally, the geothermal gradient can be 

related to the heat flow q by using the following 

formula (Nafiz, 2010; Xu et al., 2017; Hsieh et 

al., 2014). 

 

 

 

 

 

where  -is the coefficient of thermal 

conductivity.  

Eq. 15 demonstrates that the CPD is inversely 

proportional to the heat flow (Nafiz, 2010; Xu et 

al., 2017; Aydin et al., 2005; Salem et al., 2014; 

Avish et al., 2020; Harash and Chen, 2022). 

 

Curie Point Depth and heat flow estimating 

around the Khulj hot spring 

In 2022, we measured the absolute values of 

geomagnetic on the 700 points shown in Fig. 1 

and the points, which are located by the matrix 

shape, are in the area (100x100 km2) 

(4)  

(5)  

(6)  

(7)  

(8)  

(10)  

(9)  

(11)  

(12)  

(13)  

(14)  

(15)  
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surrounding the Khulj hot spring. The measured 

geomagnetic on the Earth’s surface is a 

summation of the magnetic fields with many 

different sources.   

The summation geomagnetic could be written as 

 

where B1 -is the absolute values of 

geomagnetic that are measured on the Erath’s 

surface or on the points shown in Fig. 1. M1 -is 

main geomagnetic that is sourced inner core of 

the Earth. Br -is magnetic field that originates 

from outer of the Earth and Brv -is its variation. 

-is geomagnetic anomaly that is sourced in the 

lithosphere.  has local properties and it has to 

measure with different values on the points 

shown in Fig. 1.  

The anomaly geomagnetic, originates from in 

the lithosphere, has to extract from the 

summation of the geomagnetic in Eq. 16. In 

order to extract the anomaly geomagnetic, we 

measured continuously the geomagnetic on 

stationary points among the area shown in Fig. 

1.   

The geomagnetic, which is measured on the 

stationary point, could be written as follows  

 

From Eq. 17 the magnetic field, which is 

sourced outer of the Earth, and its variation 

could be rewritten as 

 

The magnetic field in Eq. 18, which is sourced 

outer of the Earth, has global properties. As a 

result, we have attempted to measure the term 

(Br+Brv) in Eq. 18 with values that are similar to 

those on all of the points indicated in Fig. 1 at 

the synchronization moment.  

From Eq. 16 and Eq. 18, the geomagnetic 

anomaly on the points in Fig. 1 can be written as   

 

where the terms M1 and M0 could be solved 

by the model IGRF on the points which 

latitudes, longitudes and altitudes are known. B1 

-is the value of the geomagnetic that is measured 

on the points in Fig. 1. B0 -is the value of the 

geomagnetic that are measured on the stationary 

point synchronously with the points in Fig. 1. 

-is the geomagnetic anomaly on the stationary 

point and it is sourced in the lithosphere. 

According to our calculation, the value of the 

Fig. 1. Locations of points measured absolute values 

of the geomagnetic  

Fig. 2. The distr ibution of the geomagnetic anomaly 

could be illustrated by the expressed values in Eq. 19  

(16)  

(17)  

(18)  

(19)  
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geomagnetic anomaly on the stationary point is 

about 89.5 nT. 

The Distribution of the geomagnetic anomaly 

could be illustrated by the expressed values in 

Eq. 19 and it is shown on Fig. 2. For the area 

shown in Fig. 1, the power density depending 

on wave number on Eq. 6 could be solved by 

Fourier transform in the values of geomagnetic 

anomaly given by the Eq. 19. 

In this case, the power density of dependency on 

the wave number in Eq. 6 could be solved by 

Fourier transform in the values of geomagnetic 

anomaly via Eq. 19 around the Khulj hot spring. 

The angular coefficient of the linear part 

illustrated in Fig. 3 represents the depth to the 

top of the sourcing layer of the strong magnetic 

that it is z t in Eq. 6. In the case shown in Fig. 3, 

Fig. 3. The depth to the top of the source layer  of 

strong magnetic, z t by in Eq. 6 and this estimation is 

done performed at the center of yellow window shown 

in the Fig. 1.  

Fig. 4. The depth to the center  of sourcing layer  of 

strong magnetic,  zc by Eq. 12 and this estimation is 

done at the center of yellow window shown in the Fig. 1.  

Fig. 5. The layers of CPD and top sourcing of 

magnetic anomaly are presented here. The Earth’s 

surface is shown on the upper layer. The surface of top 

sourcing of geomagnetic anomaly is displayed on the 

middle layer and Curie surface is depicted on the 

bottom layer.  
Fig. 6. The distr ibution of heat flow lost though the 

Earth’s surface.  
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it is estimated as   km at the center 

of yellow border shown in the Fig. 1. 

Similarly, the power density of the dependency 

on the wave number on the Eq. 12 could be 

solved and it is illustrated in Fig. 4. The angular 

coefficient of the linear part depicted in Fig. 4 

represents the depth to the center of the sourcing 

layer of the strong magnetic that it is zc in Eq. 

12.  

In the case of displayed in Fig. 4, it is estimated 

as  km at the center of yellow border 

shown in the Fig. 1. 

Now, CPD, in which magnetic properties of the 

lithosphere are lost depth, could be solved from 

Eq. 13. On the occasion shown in Figs. 3 and 4, 

the CPD is solved as zb = 2zc—zt = 2 

 km. 

Moreover, the heat flow, which is lost by the 

Earth’s surface, could be solved by Eq. 15. 

Generally, the coefficients of thermal 

conductivity are = 1.3 2.9 in the layers 

of basalts and = 2.4 3.8        in the layers 

of granites (Nafiz, 2010; Xu et al., 2017; Hsieh 

et al., 2014). 

The type of stone layers is commonly used to 

determine the values of the λ -coefficients in Eq. 

15. In this case, the calculation was carried out 

in the yellow window in Fig. 1 behind the 

Avzaga Mountain. The granites predominates in 

the layer of stones close to the Avzaga. 

Therefore, λ -the coefficient of thermal 

conductivity was chosen as λ = 3.3  

The heat flow, on the center of the yellow 

window in Fig. 1, equal to  

 

 

On the 250 central points, the CPDs and the 

heat flow for the whole area were studied by the 

method that transferred the yellow window 

according to the area (100x100 km2) shown in 

Fig. 1.  

The distribution map of the CPD for the studied 

whole area could be plotted by all the values of 

CPD. Similarly, the distribution map of heat 

flow for the whole area is presented via its all 

the values. 

They are depicted in Figs. 5 and 6. The Earth’s 

surface is shown on the upper layer in the Fig. 5. 

The surface of the top sourcing of the anomaly 

magnetic is displayed by the middle layer and 

Curie surface is also depicted by the bottom 

layer in Fig. 5. The distribution of the heat flow 

losing by the Earth’s surface is depicted in Fig. 

6.  

 

RESULTS  

The values of the geomagnetic anomaly are at 

about 200 - 300 nT at the center of the area and, 

is 10 - 80 nT for the southern part of the studied 

area. In the west-north of the area, which is 

around small lakes, the values of geomagnetic 

anomaly are at about -80 - -120 nT and it 

presented in Fig. 2. 

The average CPD for the whole area was 

estimated at about -31.8 km. The CPDs nearby 

at the Khulj hot spring were about -27 - -29 km. 

In the part of the east-north of this area, the CPD 

were also defined at -27 - -29 km. The CPDs 

were about -33 - -40 km in the other part of this 

area. The values of heat flow were estimated at 

65 - 70     nearby at the Khulj hot spring. 

Generally, the values of heat flow were at about 

63 - 65    in the part of the west-south on the 

area shown in Fig. 6. In the part of the east-south 

and the east on the area, the values of heat flow 

were at about 51 - 61 

 

DISCUSSION 

According to this study, the heat flow lost from 

(20)  
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Earth’s surface is detected relatively higher in 

the vicinity of the hot springs of Khulj than in 

other parts. In the northeastern part of this area, 

which is no surface water, there is a lot of heat 

flow as well. However, the heat flow is 

noticeably weaker in mountainous areas than 

other parts. The average heat flow for whole this 

area of (100x100 km2) are estimated at about  

60           and the heat flow for this area varies in 

the 47-70   range. Sulfur compounds are 

contained much in the hot springs of Khulj and 

this hot spring could be sourced by the extinct 

volcanic effects. 

 

CONCLUSIONS 

The negative values of the geomagnetic 

anomaly in the west-north of the area shown in 

Fig. 1 could be due to the effect of small lakes, 

and the direction of the ferromagnetic in rocks 

of the lithosphere, the opposite direction to the 

geomagnetic of Earth. According to this study, 

the average heat flow lost from Earth’s surface 

is at about 60  which is more heat flow than 

40-50   in areas in the vicinity of 

Ulaanbaatar. Moreover, the heat flow is at about                    

65-70   nearby at the Khulj hot springs.  

It means that the heat flow is relatively higher 

than the average for the whole area. It is 

observed that there exists also high heat flow in 

the small areas where there were no hot springs 

on the surface of the Earth. 
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