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Abstract: magnetic surveying is a geophysical methodfor solving geological problems, based on the study ofthe 
Earth’s magnetic field, the Earth, as a cosmic body o f a certain internal structure generates a constant magnetic 
field, called normal or primary. In this research, the mathematical interpretation o f magnetic surveying data 
considered through digitization o f maps, creation o f new maps o f magnetic anomalies, plan curvature map, 
first and second derivative maps, application o f various filters, overlapping maps with the isolated structural 
elements, and all these information received geological justification. Also, the paper completely describes the 
relatively simple sequence o f application o f all methods used in the mathematical interpretation o f magnetic 
surveying data, based on the results o f  the work performed, the prospects o f  this method were analyzed, the 
method is very efficient, and requires absolutely no investments.

Keywords: magnetic surveying, magnetic anomaly, mathematical interpretation, map o f the regional magnetic 
anomaly, map o f the first derivative, map o f the second derivative, magnetization o f rocks, plan curvature map

М ¥НАЙ КЕНОРЫНДАР YШІН МАГНИТТ1К АНОМАЛИЯ ЗЕРТТЕУ МЕН
БОЛЖАУДЬЩ ТАЛДАУЫ

Ацдатпа: магнйттік барлау дегеніміз -  жердіц магнит врісіне негізделген геологиялыц есептерді 
шыгаратын геофизикалыц эдіс. Жер белгілі ішкі цурылысы бар гарыштыц дене ретінде цалыпты 
немесе бастапцы деп аталатын турацты магнит врісін тYрлендіреді.
Аталган жумыста «СолтYстік Аццар» кенорны Yлгісінде магнйттік барлау деректерін карталарды 
цифрлау, магнйттік аномалиялардыц жаца карталарын жасау, жоспарлы цисыцтыцты, бірінші жэне 
екінші туынды карталарды куру, турлі геофизикалыц CYзгілерді цолдану, цурылымдыц элементтерді 
бвліп кврсету арцылы карталарды бір-біріне цабаттастыру арцылы математикалыц тYCіндіру 
царастырылган. Сондай-ац жумыста магниттт барлаулар деректерін математикалыц тYCіндіруде 
пайдаланылган барлыц эдістерді цолданудыц царапайым бірізділігі сипатталады, ЖYргізілген 
жумыстардыц нэтижелері бойынша аталган эдістіц келешегіне талдау жасалган, эдіс нэтижелі 
болып табылады жэне ешцандай салымды талап етпейді.

TYMHdi свздер: магниттт барлау, магниттт аномалия, математикалыц интерпретациялау, 
аймацтыц магниттт аномалия картасы, бірінші туынды картасы, екінші туынды картасы, тау 
жыныстардыц магниттенгендігі, жоспарлы цисыцтыгы картасы

АНАЛИЗ ИССЛЕДОВАНИЯ И ПРОГНОЗИРОВАНИЯ МАГНИТНЫХ АНОМАЛИЙ
ДЛЯ НЕФТЯНЫХ МЕСТОРОЖДЕНИЙ

Аннотация: магниторазведка -  это геофизический метод решения геологических задач, основанный 
на изучении магнитного поля Земли. Земля, как космическое тело определенного внутреннего строения, 
генерирует постоянное магнитное поле, называемое нормальным или первичным. В данной работе 
на примере месторождения «Северный Аккар» рассмотрена математическая интерпретация 
данных магниторазведки посредством оцифровки карт, создания новых карт магнитных аномалий, 
плановой кривизны, первой и второй производных, применения различных фильтров, наложения карт
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друг на друга с выделением структурных элементов, и самое главное, всей полученной информации 
дано геологическое обоснование. Также, в работе полностью описывается относительно простая 
последовательность применения всех методов, использованных в математической интерпретации 
данных магниторазведки. По результатам проведённой работы были проанализированы перспективы 
данного метода, который является результативным и не требует абсолютно никаких вложений.

Ключевые слова: магниторазведка, магнитная аномалия, математическая интерпретация, 
карта региональной магнитной аномалии, карта первой производной, карта второй производной, 
намагниченность горных пород, карта плановой кривизны

Introduction
A ccord ing  to  the  m agnetic  surveying  

w h ich  based  on the m easu rem en t o f  the  ea rth ’s 
m agnetic  field, w h ich  can be carried  out bo th  
on land, in  w ater, and in  air, structu ra l fea tu res 
o f  oil and gas deposits  and cry sta lline  basem en t 
can be pred ic ted . R ely ing  on th a t the  depth  o f  
m agnetic  investiga tions does no t exceed  50 
km , acco rd ing ly  conclusions w ill be m ade. 
B y the  u sing  m agnetic  su rvey ing  fo llow ing  
issues can be solved: 1) exp lo ra tion  o f  iron  ore 
deposits, b ecause  they  are d istingu ished  by 
in tense  anom alies in  hundreds and thousands 
in  nT, also  i t 's  o f  particu la r im portance  
fo r po lym eta llic  ores (copper-n ickel, 
m anganese  ores, baux ites, p lacer deposits  o f  
gold , p la tinum , tungsten , m o lybdenum ); 2) 
a lloca tion  o f  con tours o f  m afic and u ltram afic  
rocks; 3) iden tification  and trace  such in trusive  
bod ies like dykes, large v iens and fau lt 
zones in  d iffe ren t geo log ica l cond itions;4 ) 
iden tifica tion  o f  cry sta lline  b asem en t fea tu res 
such up lifts  and deflections;5 ) fo r lithospheric  
p la tes  researches and geo log ica l m apping; 6) 
co n d u c tio n o f stud ies at g rea t depths (up to  the 
C urie tem pera tu re); 7) a llocation  o f  con tours o f  
geo log ica l m assive  and d ifferen tia te  accord ing  
to  m agnetic  p roperty  arrays o f  u ltrabasic  
rocks am ong acidic, igneous or sed im entary  
deposits;8 ) m aking  conclusions abou t the 
hypsom etry  o f  the  stud ied  reg ion  and the 
pe trog raph ic  com position  o f  rocks; 9) ge tting  
good  resu lts  w hen  p rospecting  d iam ond iferous 
k im berlite  p ipes; 10) ob ta in ing  in fo rm ation  on 
the  rock  frac tu res based  on a m icrom agnetic  
survey.A ll the  data listed  above, like  in  th is 
w ork  becom e in fo rm ative  afte r they  pass 
th rough  a large num ber o f  geophysica l filters 
and m athem atica l in terp re ta tions.

M ain p art
H aving field coordinates as shown at the 

picture below  m ining site o f  oil field w here 
geophysical prospecting w orks w ere conducted 
can be constructedin G oogle Earth.

Figure 1 Map o f  the work region carried out based on known 
coordinates

Then w e constructed a m ap o f  the region 
and m arked the field territory in the form  o f  a 
6-gon, and the territory w as identified on the 
m ap o f  the regional m agnetic anomaly.

Figure 2 Map o f the studied region
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The creation o f  a regional m agnetic anom aly 
m ap in digital form at turned out to be m ore 
com plicated. A n im age o f  the regional m agnetic 
anom aly o f  the studied region was created using 
the “ sea border” function. In  the excel docum ent, 
according to the color scale o f  the layer, show n 
in the m agnetic anom aly “EM A G2: Earth 
M agnetic A nom aly (older version)” indicated in 
the A rcGIS program  w as digitized every m m  o f  
the studied area (44 profiles, 39 pickets).

Total Intensity Anomaly

^  ~  " ~*ral| riT

-200 -150 -ICO -50 О 50 ЮО 150 200

Figure 3 Color scale o f magnetic anomaly (nT)

In  m ap creation process we used selecting 
gridding m ethod. G ridding m ethod in geophysics 
is a m ethod o f  averaging. Surfer - the program  o f  
creation o f  a contour, based on a grid. G ridding 
is the process o f  creating a G rid (.G RD  file) or in 
other w ords, the process o f  calculating Z values 
for grid  points o f  a regular grid w here, in fact, 
no data exists, using the data stored in the XYZ 
(.DAT) file. In  the process o f  building a map, it 
is necessary to choose the gridding m ethod, the 
list below  gives an overview  o f  each gridding 
m ethod and som e advantages and disadvantages 
in choosing one or the same m ethod.

Inverse Distance is fast gridding m ethod, 
but it tends to generate “target apple” tem plates 
o f  concentric contours around data points.

Kriging is one o f  the m ore flexible m ethods 
and is useful for gridding alm ost any type o f  data 
set. W ith m ost data sets, K riging w ith a linear 
variogram  is perfectly  effective. In  general this 
is the m ethod that w ould be recom m ended for 
the m ost frequent use. K riging is the gridding 
m ethod’s default value. B y default, it generates 
the best full interpretation (decryption) o f  m ost 
data sets. For large datasets, however, K riging 
w orks quite slowly.

Minimum Curvature generates sm ooth 
surfaces and is fast for m ost data sets.

Nearest Neighbor is useful for converting 
XYZ data files w ith  regularly  available data to 
Surfer grid  files, or w hen your data is alm ost a 
com plete grid, w ith the exception o f  individual

spaces (lack o f  data). This m ethod is useful for 
inserting holes, or creating a grid file w ith  a 
blanking value assigned to those parts o f  the m ap 
w here data is m issing.

Polynomial Regression processes the data 
so that in the underlying (m ain) large-scale trend 
display trend. This is used to analyze the surface 
trend. Polynom ial R egression is fast m ethod for 
any am ount o f  data, but local details in the data 
are lost in the generated grid.

Radial Basis Functions is com pletely 
flexible, and like K riging m ethod, generates the 
best com plete interpretation o f  m ost data sets. 
This m ethod produces results that are com pletely 
sim ilar to Kriging.

Shepard’s Method is sim ilar to the Reverse 
D istance, but has no tendency to generate 
tem plates such as a “b u ll’s eye” tem plates, 
especially  w hen the Sm oothing factor is used.

Triangulation with Linear Interpolation 
is fast w ith all data sets. W hen you use small 
data sets, the triangulation generates distinct 
triangular faces betw een the data points. One 
o f  the advantages o f  triangulation is that, w ith  
sufficient data, the triangulation can store the 
interrupt lines defined in the data file. For 
exam ple, if  the fault is delineated by sufficient 
data points on both sides o f  the fault line, the 
grid  generated by the triangulation w ill show  an 
inhom ogeneity.

In  the creation o f  our m ap the K riging 
m ethod was chosen.

Figure 4 Digitization o f data magnetic regional anomaly

Then a m ap o f  the regional m agnetic 
anom aly was overlied on the m ap o f  the studied 
region, the action w as carried out using the 
program  “Surfer 13 - G olden Softw are”, using 
the “ stack m aps” function - to apply one to 
another, using the “opacity” function, we adjust 
the transparency o f  the m aps, to create lateral
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grids indicating the coordinates, the coordinates 
o f  the grid studied (top-51 °, 43 ° 166; bottom -53° 
166, 44° 7788) w ere indicated in the coordinate 
system  window.

Figure 5 Map o f  the work area superimposed on the data o f  
the regional anomaly obtained from the layer "EMAG2: Earth 

Magnetic Anomaly (older version)"

The resulting m ap o f  the m agnetic anom aly 
w as filtered out, the filters used to  align the 
geophysical data, it is possible to  detect and 
delete data defined as noise, it is possible to 
cut o ff the indices w ith too short w avelength 
and too large am plitude, it is also possible to 
rem ove shortw ave geological com ponents such 
as signals from  the surface, etc. The m ain types 
o f  filters presented in Surfer Software:

• H igh pass filtering - high-pass filtering o f 
the channel (increase in clarity);

• Low  pass filtering - low -pass filtering o f 
the channel (anti-aliasing);

• B and pass filtering - filtering o f  frequencies 
w hose w avelength is greater than the cu toff o f 
the long w ave or less than the cu to ff o f  the short 
wave;

• Convolution filtering - averaging o f  the 
spatial dom ain in the channel. This filtering 
m ethod can be defined in a filter file or in a 
com m a-delim ited string;

• D ifference filtering calculates the 
difference betw een the values in the channel. To 
determ ine the noise, it is useful to  calculate the 
difference in the arithm etic progression o f  the 
four given differences;

• Polynom ial filtering calculates the trend 
o f  the n-th (no m ore than ninth) order for the 
channel data by the m ethod o f  the best polynom ial 
approxim ation (sm allest square). Then this trend

is analyzed and placed in a new  channel. You can 
also create an additional residual channel (trend 
at the input);

• The B -spline filtering calculates the 
B -spline data interpolation in the channel. The 
B -spline function allow s you to  control the 
sm oothness o f  the spline and the voltage applied 
to  the ends o f  the spline;

• L inear regression filtering applies a linear 
least-squares regression to  an array o f  m arked 
data in the channel and creates a report on the 
slope and intersection.

D uring m apping o f  the regional m agnetic 
anom aly map, the Fourier transform  w as applied. 
D uring application o f  the filter - i f  the point is 
noise, it is simply cut o ff and replaced by an 
approxim ate value based on the surrounding dot 
data. Parts o f  the data that are not noise does not 
change at all.

Fourier F ilters perform  the follow ing 
functions:

• Processing o f  profile data for interpretation 
and m odeling purposes;

• R apid application o f  filters to  one or m ore 
data profiles;

• Interactive selection o f  filtering param eters, 
spectral density display and determ ination o f 
optim al filters for processing and interpretation;

• A utom atic analysis o f  distance or, i f  
necessary, starting points.

D ue to the Fourier transform , the data can be 
analyzed by w ave num ber or w avelength. Thus, 
a num ber o f  operations can be used to  im prove 
useful data, and / or delete unnecessary data, and 
/ or transform  data.

The map that passed through the filter 
becom es m ore distinct, sharp transition betw een 
the lines o f  the m agnetic anom aly and their 
direction is seen. As noted earlier, the filter 
clears the map from  noise, sm ooth transitions in 
the values m akes it abrupt, and is applicable to 
the interpretation o f structural type objects such 
as: faults, dislocation system s such as anticlinal 
zones, shafts, synclinal zones, deflections, 
tectonic steps, depressions, uplifts, etc. In Surfer 
Software, the Fourier transform  w as im plem ented 
using the functions grid => filters => Fourier filter 
=> rows-7, cols-7 => num ber o f  passes-1.
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Figure 6 Map o f the regional magnetic anomaly passed through 
the filtering

M ap o f  the regional m agnetic anomaly, 
physical m ap o f  the region and the tectonics map 
covering the field and surrounding area w ere 
superim posed on each other, in order to  isolate 
all structural elem ents and faults using the Surfer 
program.

Magnetic Anomaly map imposed on map of Study Area

Legend
ll-A -Жетыбай-Узеньская тектоническая ступень
ІІ-Б -Кокумбайская тектоническая ступень
ІІ-В -Сегендыкская депрессия
ІІ-Г -Кара гиинская седловина
1-М -Беке-Башкудукский вал
V-Б -Сарыташский прогиб
V-В -Южнр-Бузэ минский прогиб

Geological faults

Tectonic elements

Figure 7 Map o f the regional magnetic anomaly imposed on the 
map o f work area, with selected tectonic elements

In Figure 7 three m aps superim posed on 
each other and faults are shown, in the course 
o f  the w ork, to select the structural elem ents 
we needed, a polylinefunction, in the range o f  
options for w hichw e selected color, thickness, 
style o f  designation, etc.,

Figure 8 Filtered map o f the regional magnetic anomaly with 
isolated structural elements

ll-A-Жетыбай-Узеньская тектоническая ступень
ll-Б -Кокумбайская тектоническая ступень
ІІ-В -Сегендыкская депрессия
11-Г -Карагиинская седловина
1-М -Беке-Башкудукский вал
V-Б -Сарыташский прогиб
V-В -Южно-Бузачинский прогиб

Geological faults

Tectonic elements

Magnetic Anomaly map imposed on map of Study Area

Legend

•— ~ i

Figure 9 Map o f the work area with the highlighted structural 
elements

Thus, thanks to this function, the location 
and direction o f  the structural elem ents can be 
traced on the m aps o f  the m agnetic anom aly and 
the m ap o f  the region, and help us to com e to 
certain conclusions.

F irst and second derivatives are very effective 
during the process o f  isolating structural and 
petrophysical features on the m agnetic anom aly 
m ap, they are used to  increase the anom alies, 
since m any o f  them  have sm all am plitudes 
and are easily obscured by the m agnetic or 
gravitational field. A pplication o f  these m ethods 
allow s to observe nuances invisible in the 
filtered m ap o f  the regional m agnetic anomaly. 
The first derivative is im plem ented by a chain 
o f  actions: G rid => grid  calculus => directional
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derivative => first derivative => angle (0); Grid 
=> grid calculus => directional derivative => 
first derivative => angle (-90). Second derivative 
can be applied by the follow ing chain o f  actions: 
Grid => grid calculus => directional derivative 
=> second derivative. A fter creating each o f  the 
maps, to  them w as applied M oving Average (7x7; 
num ber o f  passes-1) filter. M oving Average F ilter 
it 's  a kind o f  low -pass filtering, usually  used to 
sm ooth out an array o f  signals, it takes M  input 
sam ples at a tim e and takes the average o f  these 
M -sam ples.

Vertical First Derivative Map

Legend
G eo log ica l fau lts

Tectonic elements

ll-A -Жетыбай-Узеньская тектоническая ступень 
ІІ-Б -Кокумбаиская тектоническая ступень 
ІІ-В -Сегендыкская депрессия 
ІІ-Г -Карагшнсш седловина 
І-М -Беке-Бэшкудукскмй вал 
V-В -Южно-Бузачинский прогиб

Figure 10 First vertical derivative map

Horizontal First Derivative Map

Legend
G eo log ica l fau lts  ll-A -Жетыбай-Узеньская тектоническая ступень

ІІ-Б -Кокумбайская тектоническая ступень 
I ec to n ic  e lem en ts  И-В-Свгандыікгая депрессия

11-Г-Карагиинская седловина 
1-М -Беке-Башкудуксюій вал 
V-В -Южно-Бузачинский прогиб

Figure 12 Second derivative map

Second Derivative Map

Figure 13 Second derivative map filtered by Moving Average 
filtering with highlighted structural elements

In addition to  the done w ork, thePlan Cur
vature m ethod w as applied. This m ethod is used 
in terrain  m odeling. P lan C urvature reflects the 
degree o f  change in the angle o f  the terrain as
pect w hen view ed in the horizontal plane and it 
is a m easure o f  the curvature o f  the isolines on 
the contour map. Sequence o f  applied operation: 
G rid => grid calculus => terrain m odeling => 
plan curvature => angle (0).

Figure 11 First horizontal derivative map 
These maps were filtered by the moving average filter, first 

derivative map o f  the regional magnetic anomaly: a) horizontal 
(0 °) b) vertical (-90 °).
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Figure 14 Plan curvature map

Figure 15 Plan curvature map with highlighted structural 

elements

Conclusion
1) W hen overlaying a tectonics m ap and a 

filtered m ap o f  a regional m agnetic anomaly, one 
can observe tha t the direction o f  the faults and 
the direction o f  the m agnetic lines coincide.

2) The first derivative (first derivative-gra
dient) shows the rate o f  change o f  the function 
expressing the anomaly. I f  in the case o f  the sec
ond derivative map, both the vertical derivative 
and the horizontal derivative give the detection 
o f  small anom alies, then the results o f  the first 
and second derivatives are separately im portant. 
It is shown that the functions o f  the m agnetic 
field derivatives in m any cases allow  m uch m ore 
localization o f  causative bodies than the initial 
function o f  the m agnetic field. In this case, the 
vertical derivatives localize the upper edges o f

the causative bodies, w hile the horizontal deriv
atives - their lateral boundaries and contacts.

3) In the first horizontal derivative, inflec
tion points are points w hose anom aly values 
are at their m axim um , i.e. w here the horizontal 
gradient changes m ost rapidly. Inflection points 
can provide useful inform ation about the nature 
and boundaries o f  the anom alous body, because 
the value o f  the m agnetic anom aly is strongly 
influenced by the rocks o f  the crystalline base
m ent, because the foundation rocks are highly 
m agnetized w ith respect to  the overlying rocks. 
Consequently, the inflection points are located 
at the boundary o f  the blocks o f  the crystalline 
basem ent w hich are hypsom etrically arranged at 
different levels.

4) As it w as m entioned earlier, the m ost 
deep-lying structure that m agnetic exploration 
can show is the hypsom etry o f  the crystalline 
basem ent, it can be observed m ost precisely w ith 
the use o f  the first derivatives. The higher the or
der o f  the derivative, the faster the decay process; 
the h igher the degree o f  attenuation o f  the anom 
aly, the less its influence m ust be transferred to 
the range o f  action o f  other neighboring objects; 
therefore, on the m aps o f  the derivations o f  the 
location o f  shallow -lying individual objects in 
the plan, they are clearly localized; influence o f 
deep-lying, even large sources, has little effect 
on the values o f  derivatives o f  h igher orders.

The vertical gradient o f  the first derivative, 
unlike the horizontal one, dim s the zero values, 
thereby show ing a sharper transition betw een the 
m agnetic lines.

A lso, the vertical gradient o f  the first deriv
ative is closer than the horizontal gradient to  the 
outline and direction o f  the structural elements.

5) The second derivative m ap is usually 
used for interpretation, as it em phasizes the pres
ence o f  anom alies associated w ith sm all-sized 
bodies.

On the second derivative map, it is obvious 
that the anom aly zone, the part w ith pronounced 
high values after the transform ation, shows a 
lo t o f  small anom alies, w hich m ay be due to  the 
presence o f  small structures w hose m agnetiza
tion values are h igher than the rocks surrounding 
them.

The second derivative m ap is effective at 
finding the lim iting depth w hich is the m axim um
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depth at w hich the upper part o f  the body is ca
pable o f  causing the observed gravitational or 
m agnetic anomaly.

6) P lan C urvature is the m ethod used in ter
rain m odeling, and it w as applied on the filtered 
m ap o f  the m agnetic anom aly.This m ethod - re
flects the degree o f  change in the angle o f  the ter
rain aspect w hen view ed in the horizontal plane 
and is a m easure o f  the curvature o f  isolines on 
the contour map.

The m ain distinguishing feature o f  P lan Cur
vature M ethod is its m ultifunctionality. W hen 
the P lan C urvature contour m ap is obtained in 
our case, it is possible to  obtain data about the 
direction o f  the faults, the direction o f  the m ag
netic lines, the contoured anom alous areas,zones 
o f  elevation or im m ersion.

P lan Curvature does not show  the specific 
values o f  the m agnetic anom aly in a particular 
area, bu t at the same tim e P lan Curvature gener
alizes all previously proposed assum ptions about 
the structural and other features o f  the studied 
territory.

As shows first derivative, second deriva
tive and P lan C urvature m ap, in addition to  the 
m agnetic lines extending at the top o f  the map, 
a clear, rounded anom aly is seen in the low er 
left corner. A ccording to  the tectonics, the area 
o f  this anom aly is the Segendykian depression. 
Segendykian depression loom s in the w estern 
part o f  the southern M angyshlak and opens into 
the sea. I t 's  dim ensions are w ithin the land o f

50X40 km. The depth o f  the crystalline base
m ent is 9000-10000m . In the Segendykian de
pression, the subduction lithosphere is the m ain 
source o f  hydrocarbon genetics. For the study 
o f  subduction zones, the follow ing m ethods are 
used: seismology, seism ic exploration, gravity 
prospecting, m agnetic surveying, geotherm al 
exploration and m agneto-telluric sounding. Sub- 
duction zones in the m aps o f  m agnetic anom alies 
are distinguished by linear zones.

In all the above m ethods, on the northw est
ern part, the m ism atching o f  structural elem ents, 
this discrepancy can be explained:

A) D istortion o f  the m ap o f  the regional 
m agnetic anomaly, w hich can be explained by 
the variation o f  the m agnetic field, caused by 
various factors,

B) D istortion o f  the tectonics map.

Figure 16 Tectonics map with another faults direction
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