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FORECASTING OF PETROLEUM FIELDS
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Abstract: magnetic surveying is ageophysical methodfor solving geologicalproblems, based on the study ofthe
Earths magneticfield, the Earth, as a cosmic body o fa certain internal structure generates a constant magnetic
field, called normal or primary. In this research, the mathematical interpretation ofmagnetic surveying data
considered through digitization ofmaps, creation ofnew maps ofmagnetic anomalies, plan curvature map,
first and second derivative maps, application ofvariousfilters, overlapping maps with the isolated structural
elements, and all these information received geologicaljustification. Also, the paper completely describes the
relatively simple sequence ofapplication ofall methods used in the mathematical interpretation ofmagnetic
surveying data, based on the results ofthe work performed, the prospects of this method were analyzed, the
method is very efficient, and requires absolutely no investments.
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MY¥HAW KEHOPbIHAAP YLUIH MATHUTT1K AHOMANA 3EPTTEY MEH
BEO/MKAYAbLL, TANAAYbI

AugaTna: MarHiTTiK 6apnay gereHimis - >Kepfil MarHuT BpiciHe Heri3genreH reonoruanbil, ecenTepai
WbirapaTbiH reousmnkanbiy sgic. XXep 6enrini iWKi LypbinbiCbl 6ap rapbllWThIY AeHe peTiH4e UanbinThbl
Hemece 6acTanubl gen aTanaTblH TypayThbl MarHuT BpiciH TYpneHaipeai.

ATanraH >KymbicTa «ConTYCTIiK Ayuap» KeHOPHbI YAriciHae MarHi T Tik 6apnay AepeKkTepiH kapTanapibl
Uudbpnay, MarHii T Tik aHomanuanapabil >Kaua kKapTanapbliH »kacay, >Kocnap/bl UACbILTbILTbI, GipiHLLi >KaHe
eKiHWI TybIHAbI KapTanapab! Kypy, Typni reotusnkansiy, CY3rinepgi uongady, LypbinbIMAbIL 3NeMeHT Tepai
6BniN KBPCETY apublnbl KapTanapabl 6ip-6ipiHe yabaTTacTbipy apubiibl MaTemaTukanbiy TYCiHGIpY
LapacThipbinraH. CoHgaii-al >XyMbicTa MarHUTTT 6Gapnaynap AepekTepiH maTeMaTuKanbil TYCiHgipyae
narganaHbinraH Gapnbil, 3dicTepai UongaHyfbll, UapanaibiM - 6ipisginiri cunaTTanagbl, XXYprisinrex
>KYMbICTapAbll, HITU>Kenepi 60ibIHWA aTanraH 3f4icTil KeneweriHe Tangay »<acanrad, 3Aic HaTu>Keni
60/bIN Tabblnaabl XK3He elllaHjain canbiMabl Tanan eTnensi.

TYMHdi cB3gep: MarHMTTT O6apnay, MarHATTT aHoOManus, MaTemaTuKanblly WHTepnpeTayusnay,
aimauThil, MarHUTTT aHoManus KapTachl, GipiHLWI TybIHAbI KapTachkl, eKiHWIi TyblHAbl KapTackl, Tay
>KbIHbICTap/blL, MarHW T TEHreHAairi, »Kocnapnbl LACLILTbIrbl KapTachl

AHANN3 UCCNEAOBAHUNA N MPOTHO3NPOBAHUA MATHUTHBIX AHOMAN
ONA HESGTAHBbIX MECTOPOXAEHUI

AHHOTaUMA: MarHnTopasBeAKa - 3TO reodU3NYeCKUii MeTOZ PELLEHUS Te0NOTUYECKUX 3aay, OCHOBAHHbIN
Ha M3y4YeHU MarHUTHOTOo Nons 3eMan. 3eMAsi, Kak KOCMIUYECKOe Teno onpefeNeHHOro BHy TPEHHEr0 CTPOEHUS,
reHepupyeT MOCTOSHHOE MarHWTHOe Mofe, HasblBaeMOe HOPManbHbIM WM NEPBUYHLIM. B faHHOI pa6oTe
Ha npuMepe MecTOpoXKAeHus «CeBepHbIl AKKap» pacCMOTpeHa MaTemaTuyeckas WHTepnpeTauus
[aHHbIX MarHUTOopasBefKy MOCPEACTBOM OUMDPOBKM KapT, CO3A4AaHNSI HOBbIX KapT MarHMTHbIX aHOManui,
NNaHOBOI KPUBM3HBI, NEPBOIA N BTOPOI NPOM3BOAHbIX, MPUMEHEHUS PA3/IMYHBIX (PUNbTPOB, HANOYXKEHUS KapT
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[pyr Ha gpyra c BblAeneHWeM CTPYKTYPHbIX 3MeMEHTOB, U CaMOe INaBHOe, BCE Mony4yeHHON MHopMaLumn
[aHo reonornyeckoe obocHoBaHne. Tak>ke, B paboTe MOAHOCTbLI OMUCLIBAETCA OTHOCUTENLHO NpocTas
nocnefoBaTeNbHOCTb NPUMEHEHWS BCeX METOAO0B, MCNONb30BaHHLIX B MaTemMaTU4YeCKOW MHTeprnpeTaumu
[aHHbIX MarHnTopassefku. MopesynbTaTaM NpoBeféHHON paboThbl OblNy NPOaHAN3NPOBaHbI NEPCNEKTUBbI
[@aHHOTO MeTO0/a, KOTOpbIA ABNAETCA pe3yNbTaTUBHbIM U He TPebyeT abCOMOTHO HUKAKNX BAOMKEHWIA.

KnioyeBble cnosa: MarHuTOpasBefka, MarHuTHas aHomanus, MaTemaTuyeckas WHTepnpeTaums,
KapTa permoHasbHO/ MarHMTHOW aHOMa/mMu, KapTa nepBol MPOU3BOAHOW, KapTa BTOPOW NpPOU3BOAHOIA,

HaMarHMYeHHOCTb FOPHbIX NOPOJ, KapTa NnaHOBON KPUBU3HBI

Introduction

According to the magnetic surveying
which based on the measurement ofthe earth’s
magnetic field, which can be carried out both
on land, in water, and in air, structural features
of oil and gas deposits and crystalline basement
can be predicted. Relying on that the depth of
magnetic investigations does not exceed 50
km, accordingly conclusions will be made.
By the using magnetic surveying following
issues can be solved: 1) exploration ofiron ore
deposits, because they are distinguished by
intense anomalies in hundreds and thousands
in nT, also it's of particular importance
for polymetallic ores (copper-nickel,
manganese ores, bauxites, placer deposits of
gold, platinum, tungsten, molybdenum); 2)
allocation of contours of mafic and ultramafic
rocks; 3) identification and trace such intrusive
bodies like dykes, large viens and fault
zones in different geological conditions;4)
identification of crystalline basement features
such uplifts and deflections;5) for lithospheric
plates researches and geological mapping; 6)
conductionof studies at great depths (up to the
Curie temperature); 7) allocation ofcontours of
geological massive and differentiate according
to magnetic property arrays of ultrabasic
rocks among acidic, igneous or sedimentary
deposits;8) making conclusions about the
hypsometry of the studied region and the
petrographic composition of rocks; 9) getting
good results when prospecting diamondiferous
kimberlite pipes; 10) obtaining information on
the rock fractures based on a micromagnetic
survey.All the data listed above, like in this
work become informative after they pass
through a large number of geophysical filters
and mathematical interpretations.
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Mainpart

Having field coordinates as shown at the
picture below mining site of oil field where
geophysical prospecting works were conducted
can be constructedin Google Earth.

Figure 1Map ofthe work region carried out based on known
coordinates

Then we constructed a map of the region
and marked the field territory in the form of a
6-gon, and the territory was identified on the
map ofthe regional magnetic anomaly.

Figure 2 Map ofthe studied region



HE®TEIASOBAA NHXXEHEPUA

The creation ofaregional magnetic anomaly
map in digital format turned out to be more
complicated. An image of the regional magnetic
anomaly of the studied region was created using
the “sea border” function. In the excel document,
according to the color scale of the layer, shown
in the magnetic anomaly “EMAG2: Earth
Magnetic Anomaly (older version)” indicated in
the ArcGIS program was digitized every mm of
the studied area (44 profiles, 39 pickets).

Total Intensity Anomaly
n ~ " ~*ral] riT

-200 -150 -ICO -50 [e] 50 OO 150 200

Figure 3 Color scale ofmagnetic anomaly (nT)

In map creation process we used selecting
gridding method. Gridding method in geophysics
is amethod ofaveraging. Surfer - the program of
creation of a contour, based on a grid. Gridding
is the process of creating a Grid (.GRD file) or in
other words, the process of calculating Z values
for grid points of a regular grid where, in fact,
no data exists, using the data stored in the XYZ
(.DAT) file. In the process of building a map, it
is necessary to choose the gridding method, the
list below gives an overview of each gridding
method and some advantages and disadvantages
in choosing one or the same method.

Inverse Distance is fast gridding method,
but it tends to generate “target apple” templates
of concentric contours around data points.

Kriging is one ofthe more flexible methods
and is useful for gridding almost any type of data
set. With most data sets, Kriging with a linear
variogram is perfectly effective. In general this
is the method that would be recommended for
the most frequent use. Kriging is the gridding
method’s default value. By default, it generates
the best full interpretation (decryption) of most
data sets. For large datasets, however, Kriging
works quite slowly.

Minimum Curvature generates smooth
surfaces and is fast for most data sets.

Nearest Neighbor is useful for converting
XYZ data files with regularly available data to
Surfer grid files, or when your data is almost a
complete grid, with the exception of individual

spaces (lack of data). This method is useful for
inserting holes, or creating a grid file with a
blanking value assigned to those parts ofthe map
where data is missing.

Polynomial Regression processes the data
so that in the underlying (main) large-scale trend
display trend. This is used to analyze the surface
trend. Polynomial Regression is fast method for
any amount of data, but local details in the data
are lost in the generated grid.

Radial Basis Functions is completely
flexible, and like Kriging method, generates the
best complete interpretation of most data sets.
This method produces results that are completely
similar to Kriging.

Shepard’s Method is similar to the Reverse
Distance, but has no tendency to generate
templates such as a “bull’s eye” templates,
especially when the Smoothing factor is used.

Triangulation with Linear Interpolation
is fast with all data sets. When you use small
data sets, the triangulation generates distinct
triangular faces between the data points. One
of the advantages of triangulation is that, with
sufficient data, the triangulation can store the
interrupt lines defined in the data file. For
example, if the fault is delineated by sufficient
data points on both sides of the fault line, the
grid generated by the triangulation will show an
inhomogeneity.

In the creation of our map the Kriging
method was chosen.

Figure 4 Digitization ofdata magnetic regional anomaly

Then a map of the regional magnetic
anomaly was overlied on the map of the studied
region, the action was carried out using the
program “Surfer 13 - Golden Software”, using
the “stack maps” function - to apply one to
another, using the “opacity” function, we adjust
the transparency of the maps, to create lateral
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grids indicating the coordinates, the coordinates
ofthe grid studied (top-51 °, 43 ° 166; bottom-53°
166, 44° 7788) were indicated in the coordinate
system window.

Figure 5Map ofthe work area superimposed on the data of
the regional anomaly obtainedfrom the layer "EMAG2: Earth
Magnetic Anomaly (older version)"

The resulting map ofthe magnetic anomaly
was 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 off the indices with too short wavelength
and too large amplitude, it is also possible to
remove shortwave geological components such
as signals from the surface, etc. The main types
of filters presented in Surfer Software:

* High pass filtering - high-pass filtering of
the channel (increase in clarity);

* Low pass filtering - low-pass filtering of
the channel (anti-aliasing);

*Band pass filtering - filtering offrequencies
whose wavelength is greater than the cutoff of
the long wave or less than the cutoff of the short
wave;

e Convolution filtering - averaging of the
spatial domain in the channel. This filtering
method can be defined in a filter file or in a
comma-delimited string;

» Difference filtering calculates the
difference between the values in the channel. To
determine the noise, it is useful to calculate the
difference in the arithmetic progression of the
four given differences;

* Polynomial filtering calculates the trend
of the n-th (no more than ninth) order for the
channel databy the method ofthe bestpolynomial
approximation (smallest square). Then this trend
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is analyzed and placed in a new channel. You can
also create an additional residual channel (trend
at the input);

e The B-spline filtering calculates the
B-spline data interpolation in the channel. The
B-spline function allows you to control the
smoothness of the spline and the voltage applied
to the ends of the spline;

e Linear regression filtering applies a linear
least-squares regression to an array of marked
data in the channel and creates a report on the
slope and intersection.

During mapping of the regional magnetic
anomaly map, the Fourier transform was applied.
During application of the filter - if the point is
noise, it is simply cut off and replaced by an
approximate value based on the surrounding dot
data. Parts of the data that are not noise does not
change at all.

Fourier Filters perform the following
functions:

*Processing of profile data for interpretation
and modeling purposes;

* Rapid application of filters to one or more
data profiles;

*Interactive selection offiltering parameters,
spectral density display and determination of
optimal filters for processing and interpretation;

* Automatic analysis of distance or, if
necessary, starting points.

Due to the Fourier transform, the data can be
analyzed by wave number or wavelength. Thus,
a number of operations can be used to improve
useful data, and / or delete unnecessary data, and
/ or transform data.

The map that passed through the filter
becomes more distinct, sharp transition between
the lines of the magnetic anomaly and their
direction is seen. As noted -earlier, the filter
clears the map from noise, smooth transitions in
the values makes it abrupt, and is applicable to
the interpretation of structural type objects such
as: faults, dislocation systems such as anticlinal
zones, shafts, synclinal zones, deflections,
tectonic steps, depressions, uplifts, etc. In Surfer
Software, the Fourier transform was implemented
using the functions grid => filters => Fourier filter
=> rows-7, cols-7 => number of passes-1.
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Figure 6 Map ofthe regional magnetic anomaly passed through
thefiltering

Map of the regional magnetic anomaly,
physical map ofthe region and the tectonics map
covering the field and surrounding area were
superimposed on each other, in order to isolate
all structural elements and faults using the Surfer
program.

Magnetic Anomaly map imposed on map of Study Area

Legend
1l-A -KeTbi6ali-Y3eHbCKast TEKTOHUYECKAR CTyNEHb
11-6 -KokymBalickas TeKTOHMYECKast CTyneHb
11-B -Cerenpplkckas Aenpeccus
Tectonic elements |- -KaparumHckas cegnosuHa
1-M -Beke-BallkyayKckuii Ban
V-B -CapbITawckuii nporné
V-B -HOXHp-BYy33MUHCKMiA Nporue

Geological faults

Figure 7Map ofthe regional magnetic anomaly imposed on the
map ofwork area, with selected tectonic elements

In Figure 7 three maps superimposed on
each other and faults are shown, in the course
of the work, to select the structural elements
we needed, a polylinefunction, in the range of
options for whichwe selected color, thickness,
style of designation, etc.,

Figure 8 Filtered map ofthe regional magnetic anomaly with
isolated structural elements

Magnetic Anomaly map imposed on map of Study Area

Legend
11-A-)KeTbiGaii-Y 3eHbCKas TEKTOHUHECKAR CTyMeHb
11-5 -KokyMBaliCkan TeKTOHMUECKas CTyNeHb
11-B-Cerewapikckan Aenpeccus
Tectonic elements  11.7-Kaparunckas cepyiosuHa

1M -Beke-BaLukyayKckuii san

_ j Geologicalfaults

V-B -CapbITaLLCKyii nporue
V-B -HOxHO-By3auHCKit nporu6

Figure 9 Map ofthe work area with the highlighted structural
elements

Thus, thanks to this function, the location
and direction of the structural elements can be
traced on the maps ofthe magnetic anomaly and
the map of the region, and help us to come to
certain conclusions.

Firstand second derivatives are very effective
during the process of isolating structural and
petrophysical features on the magnetic anomaly
map, they are used to increase the anomalies,
since many of them have small amplitudes
and are easily obscured by the magnetic or
gravitational field. Application ofthese methods
allows to observe nuances invisible in the
filtered map of the regional magnetic anomaly.
The first derivative is implemented by a chain
of actions: Grid => 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 following chain of actions:
Grid => grid calculus => directional derivative
=> second derivative. After creating each of the
maps, to themwas applied Moving Average (7x7;
number ofpasses-1) filter. Moving Average Filter
it's a kind of low-pass filtering, usually used to
smooth out an array of signals, it takes M input
samples at a time and takes the average of these
M-samples.

Vertical First Derivative Map

Legend

[I-A-eTbI6aVi-Y3eHbCKas TEKTOHMYECKAS CTYTEHb
11-6 -KoKymBavicKas TEKTOHUECKas! CTyMeHb
[I-B-Cerenpikcras genpeccus

II-T-KaparwHeL cefosita

1-M -Bexe-BaLLkyayKckwii Ban
V-B-fOxH0-By3aumHckuii nporue

Geological faults

Tectonic elements

Figure 10 First vertical derivative map

Horizontal First Derivative Map

Legend

II-A -XeTbibaii-Y3eHbCKast TEKTOHMYECKaS CTYNEHb
1146 -Kokym6atickast TEKTOH|ECKas CTyNeHb
11-B-Ceranpblikras fenpeccua
111-KaparvuHckas cegyiosuHa
1:M-Bexe-Bawwkyaykcioiii Ban

VV-B -0xHo-By3aumHCKwit nporvo

Geological faults

lectonic elements

Figure 11 First horizontal derivative map
These maps werefiltered by the moving averagefilter, first
derivative map of the regional magnetic anomaly: a) horizontal
(0 °) b) vertical (-90 °).
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Figure 12 Second derivative map

Second Derivative Map

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

In addition to the done work, thePlan Cur-
vature method was applied. This method is used
in terrain modeling. Plan Curvature reflects the
degree of change in the angle of the terrain as-
pect when viewed in the horizontal plane and it
is a measure of the curvature of the isolines on
the contour map. Sequence of applied operation:
Grid => grid calculus => terrain modeling =>
plan curvature => angle (0).
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Figure 14 Plan curvature map

Figure 15 Plan curvature map with highlighted structural

elements

Conclusion

1) When overlaying a tectonics map and a
filtered map of a regional magnetic anomaly, one
can observe that the direction of the faults and
the direction of the magnetic lines coincide.

2) The first derivative (first derivative-gra-
dient) shows the rate of change of the function
expressing the anomaly. Ifin the case ofthe sec-
ond derivative map, both the vertical derivative
and the horizontal derivative give the detection
of small anomalies, then the results of the first
and second derivatives are separately important.
It is shown that the functions of the magnetic
field derivatives in many cases allow much more
localization of causative bodies than the initial
function of the magnetic field. In this case, the
vertical derivatives localize the upper edges of

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

3) In the first horizontal derivative, inflec-
tion points are points whose anomaly values
are at their maximum, i.e. where the horizontal
gradient changes most rapidly. Inflection points
can provide useful information about the nature
and boundaries of the anomalous body, because
the value of the magnetic anomaly is strongly
influenced by the rocks of the crystalline base-
ment, because the foundation rocks are highly
magnetized with respect to the overlying rocks.
Consequently, the inflection points are located
at the boundary of the blocks of the crystalline
basement which are hypsometrically arranged at
different levels.

4) As it was mentioned earlier, the most
deep-lying structure that magnetic exploration
can show is the hypsometry of the crystalline
basement, it can be observed most precisely with
the use ofthe first derivatives. The higher the or-
der ofthe derivative, the faster the decay process;
the higher the degree of attenuation ofthe anom-
aly, the less its influence must be transferred to
the range of action of other neighboring objects;
therefore, on the maps of the derivations of the
location of shallow-lying individual objects in
the plan, they are clearly localized; influence of
deep-lying, even large sources, has little effect
on the values of derivatives of higher orders.

The vertical gradient of the first derivative,
unlike the horizontal one, dims the zero values,
thereby showing a sharper transition between the
magnetic lines.

Also, the vertical gradient of the first deriv-
ative is closer than the horizontal gradient to the
outline and direction of the structural elements.

5) The second derivative map is usually
used for interpretation, as it emphasizes the pres-
ence of anomalies associated with small-sized
bodies.

On the second derivative map, it is obvious
that the anomaly zone, the part with pronounced
high values after the transformation, shows a
lot of small anomalies, which may be due to the
presence of small structures whose magnetiza-
tion values are higher than the rocks surrounding
them.

The second derivative map is effective at
finding the limiting depth which is the maximum
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depth at which the upper part of the body is ca-
pable of causing the observed gravitational or
magnetic anomaly.

50X40 km. The depth of the crystalline base-
ment is 9000-10000m. In the Segendykian de-
pression, the subduction lithosphere is the main

6) Plan Curvature is the method used in teseurce of hydrocarbon genetics. For the study

rain modeling, and it was applied on the filtered
map of the magnetic anomaly.This method - re-
flects the degree of change in the angle ofthe ter-
rain aspect when viewed in the horizontal plane
and is a measure of the curvature of isolines on
the contour map.

The main distinguishing feature ofPlan Cur-
vature Method is its multifunctionality. When
the Plan Curvature contour map is obtained in
our case, it is possible to obtain data about the
direction of the faults, the direction of the mag-
netic lines, the contoured anomalous areas,zones
of elevation or immersion.

Plan Curvature does not show the specific
values of the magnetic anomaly in a particular
area, but at the same time Plan Curvature gener-
alizes all previously proposed assumptions about
the structural and other features of the studied
territory.

As shows first derivative, second deriva-
tive and Plan Curvature map, in addition to the
magnetic lines extending at the top of the map,
a clear, rounded anomaly is seen in the lower
left corner. According to the tectonics, the area
of this anomaly is the Segendykian depression.
Segendykian depression looms in the western
part of the southern Mangyshlak and opens into
the sea. It's dimensions are within the land of

of subduction zones, the following methods are
used: seismology, seismic exploration, gravity
prospecting, magnetic surveying, geothermal
exploration and magneto-telluric sounding. Sub-
duction zones in the maps of magnetic anomalies
are distinguished by linear zones.

In all the above methods, on the northwest-
ern part, the mismatching of structural elements,
this discrepancy can be explained:

A) Distortion of the map of the regional
magnetic anomaly, which can be explained by
the variation of the magnetic field, caused by
various factors,

B) Distortion of the tectonics map.

Figure 16 Tectonics map with anotherfaults direction
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