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ABSTRACT 

The article presents the results of high-precision magnetic exploration on the territory of Northern 

Nuratau. The sensitivity of these magnetometers is 0.1 nTl. The accuracy of the anomalous field detection 

is 0.3-0.5 nTl. A route survey was conducted. The distance between observation points is from 10 to 50 

meters. Anomalous changes in the magnetic field along the profile were detected. 8 profiles of geological 

interpretation was performed in the abnormal field of the Kizilchinskaya's ore occurrence   
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INTRODUCTION 

The search and exploration of mineral deposits is always an urgent task, the solution always brings the 

further development for the particular region, the particular industry and the country as a well. The use of 

geophysical methods in the search and exploration of deposits is especially relevant now, when all 

deposits which are located on the surface or at shallow depths have already been searched and explored 

(Abdullabekov and Makhsudov, 1975; Golovkova 1983). 

 

As a result of long-term geomagnetic studies on geodynamic polygons in Uzbekistan, it was found that 

local anomalous variations of the geomagnetic field - precursors of earthquakes in most cases have a 

value ranging from 1-2nTl. This fact determined the need to develop a high-precision magnetic survey 

technique for detecting earthquake precursors ranging from 1-1.5 nTl. The method was granted a 

preliminary Patent in 1999. As a result of the development of this technique, an accuracy of 0.4-0.5 nTl 

was achieved for detecting anomalous variation. This technique can also be successfully used to detect 

low-intensity magnetic field anomalies associated with ore and non-metallic deposits. It was successfully 

tested in 2005 during the research project "Study of the distribution of weakly magnetic aplitic granites 

and pegmatites in the North-Western part of the ridge. Northern Nuratau due to the presence of rare metal 

mineralization in them." The contact zone of aplitic granites and pegmatites was determined in the 

Kyzylcha section. Later, testing of the method was continued at the Institute of Geology and Geophysics 

of the Academy of Sciences of the Republic of Uzbekistan, where field research was carried out in the 

Almalyk-Angren ore region in 2009 - 2011 as part of fundamental and applied projects. Since 2005, the 

method has been applied on the territory of Northern Nuratau (Abdullabekov 1991, Abdullabekov et al., 

2016, 1999; Makhsudov et al., 2011). 

 

MATERIALS AND METHODS 

Magnetometric survey on the territory of Northern Nuratau was carried out using the route survey 

method. The distance between the measurement points was, in the prevailing case, 10 m. Micromagnetic 

surveys were carried out in some areas. In this case, the shooting step was 5-6 meters. In a rare case, in 

the absence of a large gradient of the magnetic field value, the step was 20 m. 

Magnetic variation stations were installed closer to Kizilcha square. Figure 1 shows graphs of 

synchronous measurements of the T value by four instruments on the territory of the Yangibazar magnetic 

Observatory. May 20, 2004 from 624 hours to 1002 hours of daytime. As can be seen from the figure, the 
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readings of all 4 devices are identical. Despite the magnetically disturbed day, the difference in readings 

between the devices is insignificant. 

To quantify the value of the RMS accuracy of the verified devices, the differences of each device from 

the average value of 4 devices, or the difference in readings between pairs of devices, are determined. 

 

 
Figure 1: Graphs of synchronous measurements of the T value by four instruments on the territory 

of the Yangibazar magnetic Observatory 
 

Figure 2 Shows histograms of the distribution of differences between pairs of proton magnetometers (2а, 

2b).  

 

                   а)                                                 b) 

 
Figure 2: Histogram of the deviation from the average distribution   

a) MV-01 No. 109003,  

b) MV-01 No. 109023, n-number of definitions. 
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The figure clearly shows that the predominant number ( % ) of differences in the device readings from the 

average was noted in the range of  0.4 nTl. This indicates stable and high-quality operation of proton 

magnetometers. 

Processing of the results of magnetic measurements included primary processing and computer 

processing. 

Primary processing of field materials was performed in parallel with the survey, which is associated with 

obtaining the necessary information about the technical condition of the magnetometers and the quality of 

work performed. Primary processing included: processing of observations on the studied directions 

(profiles) in measuring flights; processing of data on MVS (i.e. observations on KP): introduction of 

necessary corrections, reduction of the observed values to the measurements on KP, calculation of the 

standard error, plotting the field strength ∆Та and building maps of the magnetic field of the work site 

(Makhsudov et al., 2011) 

Magnetic anomalies were calculated using the formula: 

 

∆Та = Тn  – Тcp (δТ ) 

 

Where, Tn – observed values of the magnetic field; Тcp – values of the magnetic field at the control point, 

taking into account the correction for variation. 

 

The calculated values of the anomalous magnetic field were entered into a local magnetic data base for 

subsequent computer processing on a PC. 

The observed magnetic field, due to superposition, reflects the influence of many geological factors. To 

divide the observed field into components, the transformation of the source material was carried out, with 

the aim of emphasizing the field features of interest and obscuring and smoothing out third-party effects. 

At the same time, the latter in any method of transformation are not completely excluded from the 

transformed material, but are partially preserved in it in the form of some distorting influence. 

The division of fields (anomalies) into regional and local components was carried out by the averaging 

method, which is most often used for solving problems of geological mapping. 

Geological interpretation of geophysical data is the process of constructing a physical and geological 

model of the studied area based on a set of geophysical and geological data in order to obtain new 

information about the geological structure of the territory and find out its prospects for the discovery of 

mineral deposits. 

The interpretation of geophysical data was carried out in three stages, including elements of qualitative 

and quantitative interpretation. 

At the first stage, qualitative interpretation was performed, which included comparison and analysis of all 

types of geological and geophysical information; zoning of physical fields; and determination of the 

probable geological nature of anomalies. 

Quantitative interpretation of the magnetic survey data was carried out for individual most distinct 

anomalies in order to determine the depth of the upper edge, the horizontal dimensions of the disturbing 

objects, the amplitude of the stage, and the effective magnetization. Quantitative calculations were 

performed using well-known analytical methods. The coincidence or discrepancy of the calculated 

physical parameters with the real ones (physical properties of rocks) determined the approach to the next 

stage of interpretation. 

At the second stage, a complex interpretation of geophysical materials was carried out, including a joint 

analysis of physical fields, the results of method-based interpretation, and the establishment of the 

geological nature of the selected geophysical objects. 

Construction of geological and geophysical sections-modeling completes data interpretation. At this 

stage, quantitative interpretation was performed based on data from previous operations: physical and 

geometric parameters of the system of objects that create a complex anomalous field were determined. 
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Based on the materials of a complex geological interpretation of geophysical data, a schematic geological 

map was compiled with a specification of areas promising for mineralization and a series of geological 

and geophysical sections along the lines of reference profiles reflecting the physical and geological model 

of the studied territory. 

 

DISCUSSION  

The results of the magnetic work is a map of graphs of the increment of full vector of magnetic induction 

of ∆Ta scale of 1:2000 contour map of ∆Ta scale 1:10000, which rendered elements of the geological 

situation. For a General overview, fig. shows a diagram of the magnetic field under consideration. 

The magnetic survey was performed at a scale of 1: 10000, and the report map of ∆Ta isolines is 

presented at a scale of 1: 10.000.  

The magnetic field of the southern part of the site is negative (increased), and in the Northern part 

(negative) – lowered. the boundary of the field section runs in the middle part of the tablet frame (profil1-

U11, picket 65-90) and is generally oriented in the sublatitudinal direction. 

The negative magnetic field is calm, the intensity of the field is within -50÷-66 nTl, in the area of pickets 

(80-90) gradually decreases to -81 nTl. Local anomalies of elongated shape with an intensity of 81 nTl are 

observed on profiles 3,5 (pickets 85-80). 

The described negative magnetic field is located above the granite massif. The magnetic susceptibility of 

rocks ranges up to 50x10-5 SI, the average values of magnetic susceptibility are 12-15x10-5 SI units. 

Thus, there is no satisfactory geological interpretation of the negative magnetic field of the North-

Western part of the Northern Nuratau mountains. 

Apparently, the logical explanation for the described negative field can be the assumption that in the 

North and North-East of the area the composition is dominated by non-magnetic rocks, mainly of granite 

composition. 

The magnetic field in the foothill part is relatively calm, its intensity is -50 ÷ -66 nTl, and there are no 

local anomalies. 

Above the exposed basement, the magnetic field, although complex, is uniform, Fluctuations in the field 

intensity are gradual, without gradient zones, and the magnetic field isodynams are oriented mainly in the 

sublatitudinal direction in accordance with the rock strike. There are practically no pronounced local 

anomalies, only local anomalies of low intensity (up to -81 nTl) are distinguished on the U11 profiles. 

Their dimensions are about 200 m. Spatially, possible ore occurrences of the desired elements are linked 

to this local anomaly. 

In the South-East, the anomalous magnetic field goes beyond the studied area. The intensity of the 

magnetic field here varies widely – from +40 nTl to -80 nTl. The direction of sodiam is sublatitudinal 

(Makhsudov et al., 2015). 

The described section is characterized by separate local anomalies of linear shape. The axes of linear local 

anomalies are oriented mainly in the submeridional direction. Local anomalies are usually limited to 

faults. 

The intensity of local anomalies is -66 ÷ -118 nTl, while the intensity of the surrounding field is 40 ÷ - 56 

nTl. 

Preliminary calculations based on local anomalies determine the depth of the upper edge of magnetically 

changing objects from the first meters to hundreds (m) with the thickness of objects from units of m to 

100 m. On average, the power of magnetically disturbing objects is 60-70m. 
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The maximum magnetic susceptibility reaches 164x10-5 units. SI (profile 7 picket 90).  

The geological nature of individual local negative anomalies may be associated with acidic rocks and 

mica shales  

Thus, the main results of magnetic exploration are as follows: 

1. Increased values of fields in the study area is characterized by shale. 

 2. According to the nature of the magnetic field, zones of distribution of aplitic granites and areas of 

distribution of two-mica shales are distinguished.  

3. The nature of the magnetic field reflects the position of the fault passing through the Central part of the 

site.  

4. Individual manifestations of rare metals are spatially associated with zones of low magnetic field 

values.  

5. The characteristic features of the North-Western and submeridional faults are identified. 

A breakdown of the profiles was carried out concurrently with the magnetic survey.  

The direction of the profiles is North-South. The nature of the strike of most rocks in the area and the 

minimum change in the parameters of the normal magnetic field were taken into account.  

Position of observation points in space and their absolute marks (heights) it was determined using "GPS".  

8 profiles were passed, the values of which are summarized in the following tables 

 
Figure 3: The arrangement of profiles of the magnetic survey in area "Kizilcha» 
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Figure 4: The results of micromagnetic shooting on the square “Kizilcha” 
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Anomalies with the highest values of the magnetic field are located in the Northern part of this zone. The 

lowest value of the anomaly is associated with the release of pegmatites that come to the daytime surface 

in the North – Western part of this anomalous zone. One of the largest anomalous zones on the territory of 

Northern Nuratau is the area that has a North-Western stretch. 

Its width varies from 200 to 400 m. The zone has a uniform reduced magnetic field value of the order of 

20-75 nTl. Against this background, an area with a negative field value of the order of -45÷120 nTl is 

highlighted. In General, the area is characterized by high magnetic field gradients of both positive and 

negative values (Yangidarov et al., 2020a, 2020b). 

 

СONCLUSION  

The first stage of high-precision magnetic surveys was carried out on the territory of the Kizilchinsky ore 

field. The results show that the value of the monotone background field is about 10 nTl. Against the 

background of this field, an anomalous zone of the sublatitudinal magnetic field was detected. The length 

of the anomalous zone is about 1-2 km. The anomalous field has negative maxima. The extreme value of 

the minimum is minus -120 nTl and the maximum of the field is -45 nTl. The negative anomaly is located 

to the North of the positive anomaly on its Western part. The total width of the zone of positive and 

negative field values is about 1.0-2.0 km. On the territory of Northern Nuratau, the magnetometric survey 

was carried out using the route survey method. The selected step is 10m. In some areas, when conducting 

a detailed micromagnetic survey, the measurement step was 5-6m. The territory of Northern Nuratau with 

an area of more than 5.5 km
2
 was covered. In General, the density of points and routes was regulated so 

as to ensure the reliability of detected anomalies. Anomalies in the magnetic field of different intensity, 

size, and shape were detected. Anomalous zones have a sub-latitude, Northern orientation. The prevailing 

orientation is sub - latitude and North - West. 

The results of ground-based high-precision surveys on the territory of Northern Nuratau showed high 

efficiency and informative value of this method on this territory. A detailed description of the magnetic 

field in General for Northern Nuratau, where the territory is covered by 60-65% Mesozoic - kainazoic 

deposits, is obtained. New anomalies in the magnetic field that differ in intensity, area, and shape on the 

plan are revealed (compared to the aeromagnetic map). 
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