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Synthetic model with white Gaussian noise(2%)
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Synthetic model with white Gaussian noise(6%6)
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Synthetic model with white Gaussian noise(6%)
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Synthetic model with white Gaussian noise(10%)
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Qal  : Recent allavium
Qi Younge alluvial terraces

Qe 2 Old terraces, dissected alluvial plains

QF  : Dark grey conglomernte.
Qy i clay, silt sand, conglomerate and pumice,

DIP £ Alternation of clay, grave lly sand and ash.

Plag  : édnglomerale, il sandsione, clay and ash,

Mg :conglomerate with sandsione, sify, clay.

Q) : Gypsiferous silly clay wich intereatations of sindstong,
Sy :Sandstone with intercalation of clay.

L = Oofitic limestone,

My :Clay, sandstone with some conglomerates.

M3 :Multicoloured gypsiferous clays,
M withs i ions of
Mu  : Variably eoloured elay, sandsione, sand.

MIOCENE

OM ™*: Red and pink gypsiferous siltyclay

OM 2. ark grey conglomerate,
oM E¥: Alicmation of sandstonc and siltyclay.
E oM 22 Fispathic wffaceous sandsione.
3 v + Andesite
e ' = Tufl
OM ™ ; Gypsiferous day containing limestone nodules.
Ef  : Black 10 dark grey sandstone
E.  Clay and with is laiions of I
+ Andesitic -busaltic lava flows.

*Andesite, basall and basallic breccia.
1 Clay with of thin and sand

.9

o
w

* Basalli and basaliic breccla.
: Thick bedded tuffaccous sandione, shale with intercaltions of thin limestone,

1=
]

Late Cret. ‘PAI.EDl E O

B : Dasabtic lava flows,
E,  :Sandsione, shole and il with insercalations of thin limestone.

P™ . Gypsiferous marl.

P' i Andesitic wil,

| K" : Recfal and marly Kmestone.
K : Andesite

K¢ : spilitic Disbase and sandstane
K5 : Greenish grey shale,
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ACO FlowChart (For Gravity Data Modeling)

Begin

Input (coordinate and value of gravity data, density constrast).
Parameterization of problem:

Determination of boundary search according to equations (4-1)—(4-2).
Discretization domain to set of blocks (M blocks).

Gridding each block to set of nodes.

Initialize:

Set it:=0 {it is iteration counter}

For every node (i,j) set an initial pheromones 7;; = C(constant value).
BestCost=00.

While Stopping criteria is not reached do

For k=1 to nAnt do

For i:=1:M do

Place ant k on a node of block (i), according to the probability pgf 1,]') given by Equation. (3-2).

End of loop on i

Evaluate the cost of traveled path by ant k (Cost k) accordance with equation (4-3).
If Cost k< BestCost

BestSol=ant k.

End If

End of loop on k

For every node (i,j) do

For k:=1 to nAnt do

Update the pheromone trail density sij according to Equations (3-3)—(3-5).
End of loop on k

it:=it + 1;

End While

Return the best solution found

Stop
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ICA FlowChart (For Gravity Data Modeling)

Begin

Input (coordinate and value of gravity data, density constrast).

Parameterization of problem:

Determination of boundary search according to Equations (4-1)—(4-2).

Discretization domain to set of blocks (M blocks).

Initialize:

Producing Np,p initial countries randomly (D-dimensional countries).

Appraise all of countries accordance with equation (4-3); and initialize the imperialists, colonies,.
While terminantion criteria is not reached do

Fori=1to Ny

Forj=1 to Ncol /* movement of colonies */

Moving colony j towards its imperialist accordance with Equations (3-8) and (3-9).

End of loop on j

Select some colonies of imp and apply revolution by re-initialization

Sorting the countries in empire(j) in ascending order based on their cost values with its imperialist at the first
End of loop on i

Calculation of the total cost per each empire accordance with equation (3-10).

Elect the weakest colony of the weakest empire and allow to it to be the empire(Imperialist competition)
If there is imperialist without colonies

Removing the empire and allocating its imperialist other empire

End If

End While

End
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ICA-FA FlowChart (For Gravity Data Modeling)

Begin

Input (coordinate and value of gravity data, density constrast).

Parameterization of problem:

Determination of boundary search according to Equations (4-1)—(4-2).

Discretization domain to set of blocks (M blocks).

Initialize:

Generate N, initial countries randomly (D-dimensional countries)

Appraise all of the countries accordance with equation (4-3); and initialize the imperialists and colonies
While termination criteria is not reached, do to the following steps:

For i =1 to Nimp (Number of imperialist)

For j=1 to Ncol (Number of colonies)

Move colony j toward its imperialist accordance to Equation(3-15) /* movement of colonies */
End For

apply revolution on new colonies.

Appraise new position of colonies accordance with equation (4-3).

Sorting the countries in empire (j) in ascending order based on their cost values with its imperialist at the first position.
For k=1 to i /* movement of imperialists */

If cost(imp;) > cost(impx)

Move imperialist i toward imperialist k£ accordance to Equation (3-16)
End If

End of Loop on k

End of Loop on i

calculate the total cost of all empires

choose the weakest colony of the weakest empire

and allow to it to be the empire (Imperialist competition)

If there is an imperialist without colonies

Remove the empire and allocate its imperialist to another empire

End If

End While

End
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CSO FlowChart (For Gravity Data Modeling)

Begin

Input (coordinate and value of gravity data, density constrast).
Parameterization of problem:

Determination of boundary search according to Equations (4-1)—(4-2).
Discretization domain to set of blocks (M blocks).

Initialize:

Set t:=0 {t is iteration counter}.

Generate Npop initial particles randomly (D-dimensional particles) P (0).
Evaluate the cost of all particles in P(t) accordance with equation (4-3).
While Stopping criteria is not reached do

Evaluate the cost of all particles.

U=P(t), P(t+1)=0;

While U# @ do

randomly choose two particles X1(t), X2(t) from U;

If f(X1(t)) < f(X2(t)) Then

Xw(t) = X1(t), XI(t) = X2(t);

Else

Xw(t) = X2(t), XI(t) = X1(t);

End If

add Xw(t) into P(t + 1);

update XI(t) using accordance with Equations (3-11) and (3-12);

add the updated XI(t + 1) to P(t + 1);

remove X1(t), X2(t) from U;

End While

t=t+1.

End While

Sorting U based on their cost values.

Return the best solution found.

Stop
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ACO FlowChart (For Magnetic Data Modeling)

Begin

Input (coordinate and value of total field magnetic data, inclination and declination of the magnetic
field, inclination and declination angles of the magnetization, susceptibilities contrast).
Parameterization of problem:

Determination of boundary search.

Discretization domain to set of blocks (M blocks).

Gridding each block to set of nodes.

Initialize:

Set it:=0 {it is iteration counter}

For every node (i,j) set an initial pheromones 7;; = C(constant value).
BestCost=00.

While Stopping criteria is not reached do

For k:=1 to nAnt do

For i:=1:M do

Place ant k on a node of block (i), according to the probability pgf i_j) given by Equation. (3-2).

End of loop on i

Evaluate the cost of traveled path by ant k (Cost k) accordance with equation (4-6).
If Cost k< BestCost

BestSol=ant k.

End If

End of loop on k

For every node (i,j) do

For k:=1 to nAnt do

Update the pheromone trail density sijaccording to Equations (3-3)—(3-5)-(4-4).
End of loop on k

it:=it + 1

End While

Return the best solution found

Stop
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ICA FlowChart (For Magnetic Data Modeling)

Begin
Input (coordinate and value of total field magnetic data, inclination and declination of the magnetic field, inclination

and declination angles of the magnetization, susceptibilities contrast).
Parameterization of problem:

Determination of boundary search according to Equations (4-1)—(4-2).
Discretization domain to set of blocks (M blocks).
Initialize:

Producing Np,p initial countries randomly (D-dimensional countries).

Appraise all of countries accordance with equation (4-6); and initialize the imperialists, colonies.

While terminantion criteria is not reached do

Fori=1to N

Forj=1 to Ncol /* movement of colonies */

Moving colony j towards its imperialist accordance with Equations (3-8) and (3-9).

End of loop on j

Select some colonies of imp and apply revolution by re-initialization

Sorting the countries in empire(j) in ascending order based on their cost values with its imperialist at the first
End of loop on i

Calculation of the total cost per each empire accordance with equation (3-10).

Elect the weakest colony of the weakest empire and allow to it to be the empire(Imperialist competition)
If there is imperialist without colonies

Removing the empire and allocating its imperialist other empire

End If

End While
End
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Abstract

Determining the depth and geometry of the basement in sedimentary basins is one of the strategic
goals of many exploration projects, especially groundwater and hydrocarbon reserves. Measurement
and modeling of potential field data are one of the most widely used geophysical methods in this
field.

The main purpose of this dissertation is to investigate the possibility of using public search
algorithms, ant colonies, and colonial competition as an alternative to local response search methods
such as Marquardt-Levenberg and Gauss-Newton; in nonlinear modeling, the thickness of sediments
in sedimentary basins using gravimetric and magnetometric data. For this purpose, first by examining
the existing leading models to calculate the model response at data measurement points, the leading
models (Telford-1976) for modeling, gravimetric data, and the model (Kunartnam-1981) for the
model The construction of magnetometric data was considered. To perform inverse modeling of
gravimetric and magnetometric data by the proposed algorithms and also to present the results
visually, the required codes were written in the MATLAB software package.

In order to validate the developed codes, first, designing and implementation of the mentioned
algorithms for the data belonging to two synthetic and magnetic and gravity models were validated
in two stages of noise-free data. A quantitative comparison of the difference between the data
obtained from the initial models and the calculated data was performed by deter mining the root mean
square of the error, which is a parameter for gravimetric modeling from 0.23 mGal, and For
magnetometry modeling, it did not exceed 7.1 nT, which shows the good performance of the designed
algorithms on both types of modeled data. Also, in this study, the effectiveness of this method against
the amount of possible common noises on the mentioned synthetic data was investigated. The results
of this study; Demonstrates the good stability of this algorithm for modeling data of both types of
artificial models against Gaussian white noises. By adding up to 8% white noise to artificially
expensive anomaly data, and up to 10% white noise to artificial magnetic anomaly data, both
algorithms have good stability and were able to model Rebuild the default with proper care.

Also, the performance of the colonial competition algorithm on the data obtained from an artificial
model of a deep sedimentary basin with density with parabolic changes to the depth, based on the
leading model (Gallardo-2003) on two types of data without noise and with white noise quantitatively
Based on the root mean square error, it was estimated that the results show the proper performance
of the algorithm for this type of sedimentary basins. To evaluate the performance of the d eveloped
codes, field data from the case study of gravimetric and magnetometry data of Moghan sedimentary
basin in northwestern Iran were used. Comparison of modeling results with the results of existing
geological studies as well as the results of past geophysical studies through seismography and
gravimetric modeling using the Marquardt-Levenberg method; Demonstrates proper performance of
written code.

Finally, due to the differences in the density distribution in sedimentary basins; Inversion of Field
Data Gravimetric studies were performed on two Los Angeles sedimentary basins in California and
the Atacama Desert sedimentary basin in northern Chile using a colonial competition algorithm. In
modeling the sediment thickness of Atacama Desert sediments, the forward model with constant
density contrast was used and in the case of Los Angeles Basin, the forward model with variable
specific gravity was used Quadratic. The models obtained in each of these two modeling’s are in
agreeing well with the results of previous gravity and seismic studies conducted in those two basins.

Keywords: Potential Field Data, Inversion, Global Optimization, Ant Colony Algorithm,

Imperialist Competition Algorithm, Basement Geometry Identification, Moghan Sedimentary
Basin.
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