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Abstract
The magnetic prospection is one of the most useful methods to determine
buried geological structures such as shallow fracture zones. The investigation
of vertical and horizontal gradient and total magnetic field variations over
geological structures, which have been used for many years, may reveal their
locations, geometries and physical characteristics. In this study, a proposed
iterative 3-D rectangular prismatic model inversion algorithm was modified
to interpret vertical magnetic gradient data defining the boundaries and the
physical parameters of the anomalous structure. Vertical magnetic gradient
measurements were carried out at the Tuzla fault, an active fault system
located along NE-SW direction in Izmir (Turkey). Boundary analysis studies
were applied to data in order to obtain boundaries of the structures, afterwards
the inversion process was carried out considering these geometries. As a
result, location, direction and other physical and geometrical features of the
fault are achieved.
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1. Introduction
Gradient or total magnetic field measurements are acquired from the ground, in
the air or on the ocean, covering a large range of scales and for a wide variety of
purposes. Therefore, the magnetic method has expanded from its initial use
solely as a tool for determining iron ore to a common tool used in exploration
for minerals [1] [2], hydrocarbons [3], ground water [4], archaeological ruins [5]
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[6], environmental contamination issues [7], geothermal resources [8] and
complex fault systems ([9] [10] [11] [12] [13]). In study areas where formations
carrying a magnetic signature dip at a significant angle, a magnetic survey can be
used to map surface geology very precisely [14].
For both regional and detailed explorations, magnetic measurements are
important for understanding the tectonic setting. For example, structural terrane
boundaries, such as faults, are commonly recognized by the contrast in magnetic
fabric across the line of contact [13]. The study of tectonic structures is an
important economic application of magnetic surveys, especially in hydrocarbon
and geothermal explorations and geotechnical investigations. Besides, for the
most part, basin fill typically has a much lower susceptibility than the crystalline
basement. Thus, it is commonly possible to estimate the depth to basement and,
under favorable circumstances, quantitatively map basement structures, such as
faults and horst blocks [12].
The magnetic anomalies are attributed to simple geophysical models such as
dykes and faults and the model parameters are usually determined through a
properly designed inversion scheme. Rapid interpretation of such simple
geometric models is carried out through graphical approaches involving characteristic curves [15]-[20]. Although a rigorous analysis is always through inversion
on computers using various optimization techniques [21]-[26].
Both seismological and geodynamic researches emphasize that the Aegean
Region is the most seismically active region in Western Eurasia. The convergence
of the Eurasian and African lithospheric plates forces a westward motion on the
Anatolian plate relative to the Eurasian one. Western Anatolia is a valuable
laboratory for Earth Science research because of its complex geological features.
Izmir is the third largest city in Turkey with a population of about 4.2 million
that is at great risk from big hazardous earthquakes. The Tuzla Fault, which is
aligned trending NE-SW between the town of Menderes and Ürkmez Bay, is an
important fault in terms of seismic activity and its proximity to the city of Izmir.
This study aims to perform a detailed scale investigation focusing on the Tuzla
Fault for better understanding of the region’s tectonics. Besides, this part of the
Aegean region is also known with its geothermal potential and natural hot
springs.
The study area is located 65 km southwest of city center of Izmir, within the
borders of Payamlı village of Seferihisar district (Figure 1). In this study, vertical
magnetic gradient data were collected at the Tuzla fault, to determine possible
location, direction, geometry and physical properties. A 3-D inversion algorithm
proposed by [27] was modified to calculate the gradient response of a prismatic
model and used to evaluate vertical magnetic gradient data. Besides, boundary
analysis methods such as analytical signal [28] [29] and horizontal gradient [30]
were utilized for determining geometrical parameters of the initial model. The
possible location and geometry of the fault are achieved after interpreting the
data.
DOI: 10.4236/jpee.2017.512006

34

Journal of Power and Energy Engineering

E. Timur

Figure 1. Location of the study area, indicated with black rectangle (not to scale).

2. Measurement Method
Vertical magnetic gradient data acqusition were carrid out by using Scintrex
ENVI-MAG equipment at the Tuzla fault. The equipment which is capable of
making measurements with a sensitivity of ±0.1 nT has two vertical proton
magnetometers.The data were measured along 5 profiles with a profile interval
of 10 m and station interval of 1 m. The directions of the profiles were selected
to intersect with the fault perpendicularly.

3. Geology of Seferihisar Region
The Seferihisar geothermal area is one of the important geothermal areas in
western Anatolia of Turkey, attaining an aquifer temperature of 153˚C.
Geothermal activities of the area have been known since ancient times tracing
back to the Roman period. People once used the thermal waters in this area for
bathing and washing purposes. Thermal waters have formed travertine walls as
they flowed along ancient aqueducts. These natural springs are presently used
for primitive spa facilities.
The study area is located 65 km southwest of Izmir city center (Figure 2).
There are many natural thermal spring groups in the area. The thermal springs
have total discharge rates of 100 - 150 l/s and their temperatures vary from 30 to
78˚C. Twenty geothermal gradient wells having depths of 56 - 171 m and ten
deep geothermal wells having depths of 151 - 2000 m have been drilled by MTA
(General Directorate of Mineral Research and Exploration of Turkey) [31].
Unfortunately, this thermal potentials are not presently used except for primitive
spa facilities. Additionally, they caused some environmental problems for both
DOI: 10.4236/jpee.2017.512006
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Figure 2. Locations of active faults in Izmir. Study area is indicated with red rectangle
(not to scale).

surface waters and groundwaters as they flow uselessly and because their
salinities and boron contents are very high and harmful for the agricultural sites
in the area. The municipality of İzmir has planned to benefit from this geothermal
area for heating purposes. Electricity generation, greenhouse heating, balneological, thermal tourism and heating of swimming pools are the other uses which
can be developed for this area.
According to the hydrogeological and lithological properties geological units
in the Seferihisar region can be considered in four main groups (Figure 3).
These units are: 1) Upper Cretaceous-Paleocene Bornova melange [32]; 2)
Neogene terrestrial sediments; 3) Neogene rhyolitic volcanics; and 4) Quaternary
alluvium. The basement rock of the area is Precambrian to Paleocene Menderes
Massif metamorphic rocks, which is consisted of marbles and schists [33], and
located about 10 km east of the mapped area in Figure 3.
Similar to other geothermal systems in western Anatolia, the circulation of the
thermal waters in this geothermal field is directly related to major fault and
fracture zones. Major faults, which are called the Doğanbey, Cumalı and Tuzla
faults, perform structural control on the geothermal systems of the area. The
area between the Cumalı and Tuzla faults suggests graben structures. The
thickness of the Neogene sediments reaches to 400 m in this basin. The Cumalı
fault was identified as a thrust fault by [34] and [35]. However, recent studies
containing new data suggest that these faults are strike-slip faults [36]. The
Doğanbey, Cumalı and Tuzla faults show both vertical and lateral displacement.
The units potentially behaving as aquifers for both cold and thermal waters.The
formations which have high permeability are: limestone and serpentinite bodies
of Bornova melange, Neogene volcanics, conglomerates of Neogene terrestrial
sediments and Quaternary alluvium [31]. The shallow regional aquifer consists
of Holocene alluvial deposits at the seashore in the south of the study area.
First integrated geophysical studies were utilized by MTA (General
Directorate of Mineral Research and Exploration of Turkey) using gravity and
DOI: 10.4236/jpee.2017.512006
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Figure 3. Geologic map of the Seferihisar geothermal region (after [31] and [34]).

electrical resistivity methods within the Western Anatolia Energy Project
between 1968 and 1977. Besides, [37] carried out regional gravity investigation,
[38] made Self Potential (SP) measurements and heat flow studies and [39]
performed magnetic and SP studies at the Cumalı region.

4. Boundary Analysis Methods
An important purpose of the interpretation of magnetic data is to determine the
location and the type of the magnetic source. Recently, this aim has become
particularly important as a result of the expanding volumes of magnetic data that
are being collected for environmental, archaeological and geological applications.
For this aim, a variety of mathematical methods, based on the use of derivatives
of the magnetic field and image processing techniques, have been developed to
determine magnetic source parameters such as locations of boundaries and
depths. These methods have been investigated in detail by [14] and [30]. In this
study, analytic signal and horizontal gradient methods were utilized and the
results were compared.

4.1. Analytic Signal
Nabighian [28] introduced the concept of the analytic signal for magnetic
interpretation and showed that its amplitude yields a bell-shaped function over
each corner of a 2D body with polygonal cross section. For an isolated corner,
the maximum of the bell-shaped curve is located exactly over the corner, and the
width of the curve at half its maximum amplitude equals twice the depth to the
corner. The determination of these parameters is not affected by the presence of
remanent magnetization. Horizontal locations are usually well determined by
this method, but depth determinations are only reliable for polyhedral bodies.
3D analytic signal amplitude of a total magnetic intensity (TMI) map, introduced
by [29], is widely used in magnetic interpretation as a means of positioning
DOI: 10.4236/jpee.2017.512006
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anomalies directly over their sources.The analytic signal of a magnetic field
intensity anomaly is defined in 3-D as

A=

∂M
∂M
∂M
xˆ +
yˆ + i
zˆ
∂x
∂y
∂z

(1)

where M is the magnetic intensity, i= −1 and x̂ , ŷ and ẑ are unit
vectors in a Cartesian coordinate system [29]. The results, however, are strongly
dependent on the direction of magnetization, in sharp contrast with the 2D case
[14].

4.2. Horizontal Gradient
The steepest horizontal gradient of a potential field anomaly tends to overlie the
edges of the body. Indeed, the steepest gradient will be located directly over the
edge of the body if the edge is vertical and far removed from all other edges or
sources [40]. The horizontal gradient tends to have maxima located over edges
of magnetic or gravity sources. When applied to two dimensional surveys, the
horizontal gradient tends to place narrow ridges over abrupt changes in
magnetization or density. Locating maxima in the horizontal gradient can be
done by simple inspection, but [41] automated the procedure with an algorithm
that scans the rows and columns of gridded data and records the locations of
maxima in a file for later analysis and plotting (Figure 4).
Interpreting the horizontal gradient in terms of density or magnetization
contrasts, and ultimately in terms of geology, requires several underlying
assumptions. In particular, it is assumed that contrasts in physical properties
occur across vertical and abrupt boundaries isolated from other sources [30].

5. 3-D Inversion of Magnetic Data
The vertical prismatic models are widely used geometrical models for 3-D

Figure 4. Location of grid intersections used to test for a
maximum near G ( i, j ) and 8 neighbour points (modified
from [41]).
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interpretation of magnetic anomalies. [42] presented an equation for the total
field magnetic anomalies of prismatic models. Generally, the magnetized bodies
are close to each other and separation of the anomalies resulting from individual
prisms is difficult. Nonlinear optimization techniques such as the [43] algorithm
may be used for inversion of the magnetic anomalies.Besides, [44] developed a
new procedure of Cholesky decomposition for solution of the normal equations.
In addition, [45] simplified the logarithmic and trigonometric terms in the
anomaly equation using complex notation. Finally [27] presented an efficient
method for 3-D modeling of magnetic anomalies and approximate equations for
rapid calculation of anomalies and derivatives are derived. Approximate anomaly
equation has been developed which treat the prism as a line mass [27].
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where G1,2,3,4,5 are physical, A , α , β , R1 , R2 , C1 and C2 are
geometrical parameters.Program M3DPRISM is modified for the R1 and R2
parameters for the inversion procedure of magnetic gradient data. The 3-D
prismatic model for vertical magnetic gradient anomaly is presented on Figure
5. Besides, different receiver orientations and receiver separation have been
investigated by [46] for the magnetic gradiometer survey used for the exploration
of shallow underground structures.

6. Field Studies
Tuzla fault was investigated by in large scale using VLF-EM [5] and SP [47]

Figure 5. Modified model of 3-D rectangular prism (modified
from [27]).
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methods and the magnetic investigations were performed at a limited area for a
more detailed study. The vertical magnetic gradient data were collected along 5
profiles at 1300 stations in W-E direction and each profile has a length of 260 m
(Figure 6). The data were mapped and presented in Figure 7(a). According to
the geological features and structural characteristics of the area, the low
magnitude blue color anomaly is considered as the effect of the fault. The
location and direction of the anomaly observed between 150 - 200 m of each
profile is concordant with the possible location of the Tuzla fault, representing a
structure which has a width of approximately 20 m in N-S direction.
After collecting and mapping the data, Analytic signal and horizontal gradient
boundary analysis methods were utilized to data respectively, in order to obtain
precise geometry of the buried geological structure. Results of Analytic signal
method presented the boundaries of the fault with high amplitude red color
anomalies (Figure 7(b)) and possible boundaries of the structures were
demonstrated with black dash lines. The results of horizontal gradient studies
were mapped and presented on Figure 7(c). According to continuity and
persistance of the red color anomalous boundaries,the edges of the structure are
identified clearly. Again, the boundaries were indicated with black dash lines for
determining the initial prismatic model geometry, used in 3-D inversion.
Geometrical initial parameters of two prismatic model were determined,
considering the outcomes of the boundary analysis studies. Initial geometrical
and physical parameters used in the inversion process are indicated in Table 1.
Relatively small difference between the initial and interpreted geometrical values
support that the initial model represents the actual structure successfully. In
addition, calculated top and bottom depths of the prisms are in accordance with
the depths calculated by [5] using the 2-D fault model inversion scheme of

Figure 6. Location of the study field (modified from Google Earth).
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Figure 7. (a) Vertical magnetic gradient anomaly map of study area; (b) Analytic signal
map of the magnetic data; (c) Horizontal gradient map of the magnetic data; (d) Initial
(black dash line) and interpreted (black line) models overlayed on magnetic map.
Table 1. Initial and interpreted model parameters for two prismatic body.
Prism
No

1

Model

a1
(m)

a2
(m)

b1
(m)

b2
(m)

h1
(m)

h2
(m)

IO
(Deg)

DO
(Deg)

Θ
(Deg)

EI
(CGS)

Initial Model

2

39

178

194

25

50

57

3

90

0.005

Interpreted
Model

3.2

38

47.6

4.1

90

0.0064

5

25

57

3

32

0.005

7.3

32.6

45.1

3.9

28

0.0072

Initial Model 17
2

Interpreted
10.3
Model

38.6 181.4 198.2 28.3
32

150

175

34.8 153.1 176.9

[48]. Both initial and interpreted models are presented on Figure 7(d). The
calculation of the interpreted model parameters took 11 iterations for Model-1
and 13 iterations for Model-2. The errors for these calculations were less than
0.01.
The location and direction of the interpreted models are similar to the initial
model geometry outcome of horizontal gradient method. The interpreted
Model-1 represents the footwall and Model-2 represents the hanging wall of the
Tuzla fault. Initial depth parameters (h1 and h2) were selected from the previous
2-D inversion results [5]. It is clearly identified that the fault lies at a very
shallow depth in the study area. The location of unproductive Tuzla-1 drilling,
digged in 1980s, is in 50 m north of the study area. It is determined that the
drilling should have been opened between the 170 - 180 m of the investigation
site.
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7. Conclusion
It was aimed to determine the location and geometry of the Tuzla fault in
Seferihisar geothermal area. For this purpose, vertical magnetic gradient data
measured at 1300 stations, perpendicular to the fault structure. The data were
mapped and interpreted using boundary analysis methods and 3-D inversion.
Both of two edge detection methods supported very valuable information for
constructing initial model for inversion. Analytic signal and horizontal gradient
studies gave similar results but maximum horizontal gradient map was more
similar to the interpreted model geometry. Modified 3-D inversion algorithm
gave eligible results for the location, direction and depth of the fault. It was
determined that 3-D inversion using prismatic models can be used successfully
for interpreting vertical magnetic gradient data. Also it is recommended that a
new drilling should be opened between the locations of two interpreted models.

Acknowledgements
I would like to thank to Dr. Emin U. Ulugergerli for his kind support and
motivation for modifying the inversion software. Also I would like to thank to
Mr. Kudret Sakaoglu and Mr. Mehmet Umut Cetin for their great effort during
the field studies. Many thanks to DEU Department of Geophysical Engineering
for supporting the equipment and the anonymous reviewer for the kind comments.

References

DOI: 10.4236/jpee.2017.512006

[1]

Keating, P. (1995) A Simple Technique to İdentify Magnetic Anomalies Due to
Kimberlite Pipes: Exploration. Mining Geology, 4, 121-125.

[2]

Power, M., Belcourt, G. and Rockel, E. (2004) Geophysical Methods for Kimberlite
Exploration in Northern Canada. The Leading Edge, 23, 11-24.
https://doi.org/10.1190/1.1825939

[3]

Gutmanis, J., Batchelor, T., Doe, S. and Pascual-Cebrian, E. (2015) Hydrocarbon
Production from Fractured Basement Reservoirs.
https://www.geoscience.co.uk/technical-papers

[4]

Smith, D.V. and Pratt, D. (2003) Advanced Processing and İnterpretation of the
High Resolution Aeromagnetic Survey Data over the Central Edwards Aquifer,
Texas: Proceedings from the Symposium on the Application of Geophysics to
Engineering and Environmental Problems, Environmental and Engineering Society.
https://doi.org/10.4133/1.2923181

[5]

Timur, E. (2009) Joint İnversion of Magnetic and Electromagnetic Data. Dokuz
Eylul University, The Graduate School of Natural and Applied Sciences, Ph.D.
Thesis, İzmir.

[6]

Tsokas, G.N. and Papazachos, C.B. (1992) Two-Dimensional İnversion Filters in
Magnetic Prospecting: Application to the Exploration for Buried Antiquities.
Geophysics, 57, 1004-1013. https://doi.org/10.1190/1.1443311

[7]

Timur, E. (2014) Magnetic Susceptibility and VLF-R İnvestigations for Determining
Geothermal Blowout Contaminated Area: A Case Study from Alasehir (Manisa/
Turkey). Environmental Earth Sciences, 72, 2497-2510.
42

Journal of Power and Energy Engineering

E. Timur
https://doi.org/10.1007/s12665-014-3158-0
[8]

Smith, R.P., Grauch, V.J.S. and Blackwell, D.D. (2002) Preliminary Results of a
High-Resolution Aeromagnetic Survey to İdentify Buried Faults at Dixie Valley,
Nevada. Geothermal Resources Council Transactions, 26, 543-546.

[9]

Goussev, S.A., Griffith, L., Peirce, J. and Cordsen, A. (2004) Enhanced HRAM
Anomalies Correlate Faults between 2D Seismic Lines. 74th Annual International
Meeting, SEG, Extended Abstracts, 730. https://doi.org/10.1190/1.1845291

[10] Grauch, V.J.S., Hudson, M.R. and Minor, S.A. (2001) Aeromagnetic Expression of
Faults That Offset Basin Fill, Albuquerque Basin, New Mexico. Geophysics, 66,
707-720. https://doi.org/10.1190/1.1444961
[11] Peirce, J.W., Goussev, S.A., McLean, R. and Marshall, M. (1999) Aeromagnetic
İnterpretation of the Dianango Trough HRAM Survey, Onshore Gabon. 69th
Annual International Meeting, SEG, Extended Abstracts, 343-346.
[12] Prieto, C. and Morton, G. (2003) New İnsights from a 3D Earth Model, Deepwater
Gulf of Mexico. The Leading Edge, 22, 356-360. https://doi.org/10.1190/1.1572090
[13] Ross, G.M., Broome, J. and Miles, W. (1994) Potential Fields and Basement
Structure: Western Canada Sedimentary Basin, In: Mossop, G.D. and Shetsen, I.,
Eds., Geological Atlas of the Western Canada Sedimentary Basin, Canadian Society
of Petroleum Geologists and Alberta Research Council, 41-46.
[14] Nabighian, M.N., Grauch, V.J.S., Hansen, R.O., LaFehr, T.R., Li, Y., Peirce, J.W.,
Phillips, J.D. and Ruder, M.E. (2005) The Historical Development of the Magnetic
Method in Exploration. Geophysics, 70, 33-61. https://doi.org/10.1190/1.2133784
[15] Bruckshaw, J.M. and Kunaratnam, K. (1963) The İnterpretation of Magnetic
Anomalies Due to Dykes. Geophysical Prospecting, 7, 509-522.
https://doi.org/10.1111/j.1365-2478.1963.tb02049.x
[16] Grant, F.S. and West, G.F. (1965) Interpretation Theory in Applied Geophysics.
McGraw-Hill Publishing Co. Inc., New York, 583 p.
[17] Powell, D.W. (1967) Fitting Observed Profiles to a Magnetized Dyke or Fault-Step
Model. Geophysical Prospecting, 15, 208-220.
https://doi.org/10.1111/j.1365-2478.1967.tb01784.x
[18] Qureshi, I.P. and Nalaye, A.M. (1978) A Method for Direct İnterpretation of
Magnetic Anomalies Caused by 2-D Vertical Faults. Geophysics, 43, 179-188.
https://doi.org/10.1190/1.1440819
[19] Rao, B.S.R. and Murthy, I.V.R. (1978) Gravity and Magnetic Methods of Prospecting. Arnold-Heinemann Publishers (India) Pvt. Ltd., New Delhi, 390 p.
[20] Rao, D. and Rambabu, H.V. (1983) Standard Curves for the İnterpretation of
Magnetic Anomalies over Vertical Faults. Geophysical Research Bulletin, 21, 71-89.
[21] Al-Chalabi, M. (1972) Interpretation of Gravity Anomalies by Non-Linear Optimization. Geophysical Prospecting, 10, 1-15.
https://doi.org/10.1111/j.1365-2478.1972.tb00616.x
[22] Hjelt, S.E. (1975) Performance Comparison of Non-Linear Optimization Methods
Applied to İnterpretation in Magnetic Prospecting. Acta Geophysica, 13, 144-166.
[23] Won, I.J. (1981) Application of Gauss’s Method to Magnetic Anomalies of Dipping
Dykes. Geophysics, 46, 211-215. https://doi.org/10.1190/1.1441192
[24] Murthy, I.V.R. (1990) Magnetic Anomalies of Two-Dimensional Bodies and
Algorithm for Magnetic İnversion of Dykes and Basement Topographies. Proceeding of Indian Academy of Sciences, 99, 549-579.
[25] Murthy, I.V.R. (1998) Gravity and Magnetic Interpretation in Exploration GeoDOI: 10.4236/jpee.2017.512006

43

Journal of Power and Energy Engineering

E. Timur
physics. Geological Society of India, Bangalore, 363 p.
[26] Murthy, I.V.R. and Krishnamacharyulu, S.K.G. (1990) Automatic İnversion of
Gravity Anomalies of Faults. Computers and Geosciences, 16, 539-548.
https://doi.org/10.1016/0098-3004(90)90014-K
[27] Rao, D.B. and Babu, N.R. (1993) A Fortran-77 Computer Program for ThreeDimensional Inversion of Magnetic Anomalies Resulting from Multiple Prismatic
Bodies. Computers and Geosciences, 19, 781-801.
https://doi.org/10.1016/0098-3004(93)90050-F
[28] Nabighian, M.N. (1972) The Analytic Signal of Two-Dimensional Magnetic Bodies
with Polygonal Cross-Section: İts Properties and Use for Automated Anomaly
İnterpretation. Geophysics, 37, 507-517. https://doi.org/10.1190/1.1440276
[29] Roest, W.R., Verhoef, J. and Pilkington, M. (1992) Magnetic İnterpretation using
the 3-D Analytic Signal. Geophysics, 55, 116-125. https://doi.org/10.1190/1.1443174
[30] Blakely, R.J. (1995) Potential Theory in Gravity & Magnetic Applications. Cambridge University Press. https://doi.org/10.1017/CBO9780511549816
[31] Tarcan, G. and Gemici, Ü. (2003) Water Geochemistry of the Seferihisar Geothermal
Area, İzmir, Turkey. Journal of Volcanology and Geothermal Research, 126, 225-242.
https://doi.org/10.1016/S0377-0273(03)00149-5
[32] Erdoğan, B. (1990) Izmir-Ankara Zonunun Izmir ile Seferihisar arasndaki bölgede
stratigrafik özellikleri ve tektonik evrimi. TPJD Bülteni, 1, 1-20. (İn Turkish)
[33] Dora, Ö., Candan, O., Dürr, S. and Oberhanslı, R. (1997) New Evidence on the
Geotectonic Evolution of the Menderes Massif. In: Piskin, Ö., Savaşçın, M.Y.,
Ergün, M. and Tarcan, G., Eds., Proceedings International Earth Sciences Colloquium on the Aegean Region, 9-14 October 1995, Vol. 1, 53-72.
[34] Eşder, T. and Şimşek, S. (1975) Geology of İzmir (Seferihisar) Geothermal Area,
Western Anatolia of Turkey: Determination of Reservoirs by Means of Gradient
Drilling. Proceedings of the 2nd UN Symposium on the Development and Use of
Geothermal Resources, San Francisco, 349-361.
[35] Eşder, T. (1990) The Crust Structure and Convection Mechanism of Geothermal
Fluids in Seferihisar Geothermal Area. In: Savaşçın, M.Y. and Eronat, H., Eds.,
Proceedings International Earth Sciences Congress on Aegean Regions, İzmir, Vol.
1, 135-147.
[36] Genç, Ş.C., Altunkaynak, Ş., Karacık, Z., Yazman, M. and Yılmaz, Y. (2001) The
Cubukludag Graben, South of İzmir: İts Tectonic Significance in the Neogene
Geological Evolution of the Western Anatolia. Geodinamica Acta, 14, 45-55.
https://doi.org/10.1016/S0985-3111(00)01061-5
[37] Ekingen, A. (1970) İzmir-Urla Seferihisar bölgesinin gravite yöntemiyle incelenmesi. MTA Raporları No. 4312, Ankara. (İn Turkish)
[38] Sındırgı, P. (2004) Sıcak Alanlarda Jeofizik Modellemeler ve Uygulamaları. Dokuz
Eylul University, The Graduate School of Natural and Applied Sciences. Ph.D.
Thesis, İzmir.
[39] Timur, E. and Sındırgı, P. (2006) Cumalı (Seferihisar/İzmir) Jeotermal alanında
yapılan manyetik ve SP çalışmaları. Türkiye 17. Uluslararası Jeofizik Kongre ve
Sergisi, Ankara. (İn Turkish)
[40] Cordell, L. and Grauch, V.J.S. (1982) Mapping Basement Magnetization Zones from
Aeromagnetic Data in the San Juan Basin, New Mexico, Technical Program
Abstracts and Biographies. 52nd Annual International Meeting and Exposition,
Dallas, 17-21 October 1982, 246-247.
DOI: 10.4236/jpee.2017.512006

44

Journal of Power and Energy Engineering

E. Timur
[41] Blakely, R.J. and Simpson, R.W. (1986) Approximating Edge of Source Bodies from
Magnetic or Gravity Anomalies. Geophysics, 51, 1494-1498.
https://doi.org/10.1190/1.1442197
[42] Bhattacharya, B.K. (1964) Magnetic Anomalies Due to Prism Shaped Bodies with
Arbitrary Polarization. Geophysics, 29, 517-531. https://doi.org/10.1190/1.1439386
[43] Marquardt, D.W. (1963) An Algoritm for Least Squares Estimation of Non-Linear
Parameters. Journal of the Society of Industrial and Applied Mathematics, 11,
431-441. https://doi.org/10.1137/0111030
[44] Bhattacharya, B.K. (1980) A Generalized Multibody for Inversion of Magnetic
Anomalies. Geophysics, 45, 255-270. https://doi.org/10.1190/1.1441081
[45] Kunaratram, K. (1981) Simplified Expressions for the Magnetic Anomalies Due to
Vertical Rectangular Prisms. Geophysical Prospecting, 29, 883-890.
https://doi.org/10.1111/j.1365-2478.1981.tb01032.x
[46] Arısoy, M.Ö. and Ulugergerli, E.U. (2005) Evaluation of Different Receiver
Orientations and Receiver Separations in Magnetic Gradiometer Method. Journal of
the Balkan Geophysical Society, 8, 229-232.
[47] Alp, Ç. and Timur, E. (2015) Interpretation of Self Potential Data using Particle
Swarm Optimization. Young Geoscientists Congress Izmir/Turkey, YGC-2015,
180-181.
[48] Murthy, I.V.R., Swamy, K.V. and Rao, S.J. (2001) Automatic İnversion of Magnetic
Anomalies of Faults. Computers and Geosciences, 27, 315-325.
https://doi.org/10.1016/S0098-3004(00)00105-9

DOI: 10.4236/jpee.2017.512006

45

Journal of Power and Energy Engineering

