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Abstract: The Aegean Graben System is a complex tectonic structure in Western Anatolia and the
Denizli Graben is a member of this system that hosts many geothermal springs, ore deposits, and
travertine areas. In this study, the gravity data were analyzed to determine the subsurface geological
structures and the depth model of the basin. The Bouguer gravity anomaly has a NW-SE pattern
that is consistent with the general trend of the Denizli Basin. The pre-Neogene basement depths
range from 0.1 km to 2.3 km. The Denizli Basin is composed of the Ciiriiksu Basin and the Laodikia
sub-basin. The basins have undulated structures with many depressions; the deepest depression
region is in the northern part of the Ciiriiksu Basin, which is close to the Pamukkale Fault Zone.
In addition, the new gravity lineament map was obtained by using new-generation edge detection
techniques: the tilt angle of the horizontal gradient amplitude (TAHG), and fast sigmoid-edge
detection (FSED) of gravity data. The new proposed lineament map shows that the Denizli Basin
has complex structures consisting of NW-SE, E-W, and NE-SE trending lineaments, and the major
NW-SE trending faults and NE-SW trending lineaments control the main structural configuration.
The uplifts and depressions in the basin deposit and the intersection area of lineaments are promising
prospective areas for mineral deposits and have energy resource potential.
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1. Introduction

Researching mineral deposits, hydrocarbon and geothermal potential, hot springs, and
travertine occurrences requires knowledge of tectonic structures such as faults, fractures,
their interactions, intersection zones, and the progression of these structures at the subsur-
face. The potential field methods in geophysics are the widespread methods to identify
boundaries of subsurface structures and various techniques have been used to define the
edges of density and magnetization structures [1-5]. On the other hand, identifying the
presence and location of smooth depressions and uplifts in a sedimentary basin’s basement
relief may assist in locating stratigraphic and structural oil traps [6,7]. In such research,
potential field data on larger-scale surveys [8-10] and seismic data in more local target
areas are used very effectively [11-13].

Western Anatolia is one of the major continental extension regions in the world [14,15],
characterized by active extensional tectonics [16-19] and a thin continental crust [20,21]. Due
to the compression and extension regime in Western Anatolia, many horst-graben structures
extending in various directions called the Aegean Graben System, have been formed in the
region [22] (Figure 1a). On the other hand, the Aegean Graben System is also known as a
remarkable region in Western Anatolia that hosts many geothermal fields, mineral deposits,
oil, gas, and hydrocarbons. Therefore, the tectonic evolution and geological structure of the
region have attracted the attention of many researchers [14-18,20-33]. In this topic, there
are many studies in the literature investigating hydrocarbon resources [34-37], geothermal
potential [38—47], and travertine formation [48-53] in the Western Anatolian grabens.
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The research area of this study includes the NW-SE trending Denizli Graben as part
of the Aegean Graben System, which was formed as an extensional basin during the
Late Miocene-Quaternary neotectonic evolution of SW Turkey (Figure 1b). The area is of
great economic significance since it comprises geothermal areas, numerous hot springs,
travertines, and marble quarries. It has been subjected to a number of geological studies due
to its tectonic position [19,32,54,55]. However, geophysical studies focusing on determining
the depth structure of the basin and its subsurface geologic structural elements have
been few in the literature. A review of the results of previous research on this topic is
as follows: Sar1 and Salk [56] investigated the sedimentary thickness of Aegean grabens
using 2D and 3D analysis of Bouguer gravity anomalies and reported a sediment thickness
of over 2 km in the Denizli Graben. Altinoglu et al. [57] provided the 3D topography
of the upper/lower crustal boundary of the Denizli Basin by inversion of gravity data
and used conventional edge detection methods such as the horizontal gradient, analytic
signal, and tilt angle to detect lineaments around the basin for the first time. Altinoglu [58]
determined the topography of the sedimentary basement in the southeastern part of
the Denizli region and reported a thickness of 2-2.2 km in the Honaz region. Ekinci
et al. [59] determined the sediment topography along Aegean grabens by evaluating profile
gravity data, one of which is located close to the northeast boundary of the Denizli Basin.
They concluded that the maximum sediment thickness in the Aegean Graben System is
approximately 1.5 km. They have also used the geothermal wells drilled by MTA. The
lithological log of the geothermal well, which is drilled in the Denizli Basin [59,60], is given
in Figure 1c. Apart from the studies on the sedimentary depth structure of the study area,
some other studies investigated the deeper crust and thermal structure of the region. In
the study by Bilim [61], the tectonic and thermal structure of the eastern part of Western
Anatolia was examined using aeromagnetic and Bouguer gravity anomalies. In their study,
the northeast part of Denizli city has been determined with shallow CPD. Kaypak and
Gokkaya [62] investigated the upper crustal velocity structure in the Denizli basin with
3D local earthquake tomography and reported that the main geothermal fields in the
Denizli region are mostly located along graben systems and main fault systems. Irmak [63]
determined the focal mechanisms of the small earthquakes in the Denizli Basin. Erbek-
Kiran et al. [64] studied the upper crustal structure of the Denizli Graben using Bouguer
gravity data and seismic data. The Bouguer anomalies in their study were evaluated to
determine the basement topography of the upper-lower crust boundary by inversion of
gravity data. Based on the interpretation of two seismic reflection datasets, they concluded
that sedimentary sequences in the Denizli Basin can be considered oil traps.

Knowledge of the sediment base topography and interconnected lineaments may yield
significant gains in the course of the investigation of a region’s mineral deposits and energy
resources potential. Most of the previous geophysical studies in the Denizli Graben were
focused on deeper crustal architecture, and the studies regarding shallow sediments and
basement characteristics mainly address a narrow part of the basin area. This research aims
to determine the three-dimensional (3D) depth variation of the Denizli sedimentary basin
by inverting its gravity anomalies and delineating subsurface linear structural elements
such as faults or contacts using recent enhanced techniques of gravity data interpretation
with the expectation of providing key information for further mineral and energy resource
studies in the region. For this purpose, firstly, the 3D sedimentary basement topography of
the basin area was determined by an iterative inversion process of the gravity data utilized
in the frequency and space domain. Next, the gravity lineaments were obtained using two
different edge detector filters that are capable of balancing anomalies of shallow and deep
sources. Finally, some of the featured findings obtained from the study, which improve
previous geological information, are discussed in the context of potential sites for future
hydrocarbon, geothermal, and mineral explorations.
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Figure 1. (a) The simplified geological map of Western Anatolia, modified from [30,31]. The dashed
box shows the area coverage of the study area. GG: Gordes Graben, DG: Demirci Graben, SG: Selendi
Graben, AG: Alasehir Graben, KMG: Kiiciik Menderes Graben, BMG: Biiyiik Menderes Graben,
DG: Denizli Graben, UGB: Usak-Giire Basin, AG: Acigol Graben, and BG: Baklan Graben. (b) The
geological map of the study area, modified from [53,65]. (c) Lithological log of the geothermal well
drilled by General Directory of Mineral Exploration and Research Company of Turkey (MTA) in
Denizli Basin (modified from [59,60]).

2. Tectonic Settings of Denizli Basin

The Denizli Basin area is a transition region of Aegean grabens with various orientation
and extension directions: E-W trending Biiyiik Menderes Graben, Kiigiik Menderes Graben,
NW-SE-trending Alasehir Graben, and NE-SW trending Baklan Graben, Acigol Graben
and Burdur Graben (Figure 1a). The NW-SE trending Denizli Basin is approximately
50 km in length and 7-28 km in width. The formation of the basin started around 14
million years ago, with an estimated average slip rate of 0.14-0.15 mm/year [15,19,66]. The
basin was developed on pre-Oligocene metamorphic rocks found in the Menderes Massif,
Lycian Nappes, and an Oligocene-Lower Miocene molassic sequence [66] (Figure 1a).
The sedimentary fill of the Denizli Basin comprises Early Miocene to Quaternary units,
including alluvial, fluvial, and lacustrine deposits, superimposed on the metamorphic
bedrock. The geological substrate of the region consists of Paleozoic schist-quartzite,
gneiss, and marbles, which form the pre-Neogene basement of the Western Anatolian
extensional province.

The Denizli Basin is bordered by the Cokelez Horst and Pamukkale Fault Zone to the
north, the Babadag Horst and Babadag Fault Zone to the SW, and Honazdag Horst and
Honaz Fault to the south. The Kalekdy Fault Zone extending in the central part of the basin
divides the basin into two Quaternary basins, namely the Ctiriiksu Basin in the north and
the Laodikia sub-basin in the south [54] (Figure 1b).
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3. Data and Methods

The Bouguer gravity data of the study region were obtained from the General Directory
of Mineral Exploration and Research Company of Turkey (MTA) and Turkish Petroleum
Corporation (TPAO). No detailed information is available on instruments. The gravity
values were tied to MTA and General Command of Mapping base stations related to the
Potsdam 981260.00 mGal absolute gravity value accepted by the International Union of
Geodesy and Geophysics in 1971. The latitude correction was carried out by using the
Gravity Formula of 1967 and the terrain reduction was carried out with the aid of the
Hammer tables out to Zone J. The Bouguer density was assumed to be 2.67 gr cm 2. Then,
the data were gridded over 1 km? areas. The Bouguer gravity anomaly map of the Denizli
Graben with 10 mGal intervals is given in Figure 2.
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Figure 2. The Bouguer gravity anomaly map of the study area. The black lines indicate the active
faults in the region [67].

The Bouguer anomaly map indicates the entire impact of shallow and deep sources’
gravity responses due to the density heterogeneity of the subsurface. Therefore, regional-
residual separation for the relevant anomalies in determining the depth model of sedimen-
tary basins is the first step of the processing of Bouguer gravity data. Many techniques are
used in the literature to separate anomalies, such as subtracting a fixed value referenced
to a geological unit from the Bouguer anomaly, trend surface analysis, polynomial fitting,
and a variety of filtering schemes in both the time and Fourier domains. Due to the study
area being small and the basin bordered by pre-Neogene basements in the north and south,
the anomaly value passing through the basin boundary was determined. In the Bouguer
gravity anomaly map, —23 mGal contours pass through the basin boundary as shown with
the yellow contour line in Figure 2. To increase the impact of shallow geological features,
residual anomalies were created by subtracting these values from gravity anomalies. The
residual gravity anomaly map is given in Figure 3.
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Figure 3. The residual gravity anomaly map of the study area. Black lines indicate the active faults in
the region [67].

In the inversion of gravity data to recover the sediment-basement relief, a constant
value of density contrast is often used for shallow basins, while varying density contrasts
with depth are considered for deep basins. As the Aegean grabens are not expected to be
a deep basin, a constant density contrast value of 0.5 g cm~3 was used in the inversion
process, based on the information obtained from the boreholes drilled for geothermal
exploration by MTA [56,59]. Due to the low density of sediments in comparison to a
surrounding rock density, a sedimentary cover is generally associated with negative gravity
anomalies [59]. Therefore, only the negative anomaly corresponding to the basin fill is
taken into consideration in the inversion scheme, whereas the positive anomalies in the
observed gravity anomaly are ignored.

3.1. Basin Depth Model

The gravity anomalies of the study area are inverted by using an iterative procedure
proposed in [68] which combines the advantages of both the frequency domain and space
domain techniques applied for the forward calculation of the gravity anomalies and the
modification of calculated depth values after each iteration. The algorithm consists of three
main steps to invert the gravity anomalies for the basement depth h.

The infinite horizontal slab equation is first used to generate an initial approximation
of the depth to the basement interface at each observation [69]:

1 _l _ /\Agobs(i,j)
fij) = /\ln ! 27tAp M

where Ag,p,(; ;) is the observed field at a mesh point (i, j), Ap = Apye? is the density
model where A is the decay constant of the decrease in density with depth z, and Apy is the
density contrast at the surface. The FFT-based algorithm in [70] is used in the next step to
calculate the gravity response of the density interface of the initial model:

|ek‘||izi’\ (F [1 ) e_AAh} oy (—]L_’f)n F[e—AAhAh"D] @)
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where k is the wavenumber, v is the gravitational constant, F[ | and F 117 represent the
Fourier and inverse Fourier transforms, respectively, and zj is the mean depth of the
basement interface as a reference level in the sense that i = zy + Ah describes the depth of
the interface. The depth model is modified using the space domain relation in the final
stage found in [71]:

(1) _ Dobs(i) (1)

(@) Agcalc(i,j) (&)
where t denotes the number of iterations. When the desired fit between the calculated and
observed gravity fields, as measured by the root mean square error (RMS) between them,
occurs between the second and third steps, the gravity response of the modified depths is
calculated once more, and the process is repeated until the inverted model is satisfied.

®)

3.2. Detection of Lineaments

To identify the lineaments from potential field data, edge detection techniques play an
important role, and they are generally based on vertical and horizontal derivatives of the
field. The total horizontal gradient amplitude (THG) [72] is a popularly used method to
highlight the boundaries of potential field sources. The authors of [73] showed that the use
of the maximum values of the total horizontal gradient can outline the source edges. The

THG filter is defined as:
OF\% [9F\?
He= V (5:) (%) @

where 0F /dx and dF /dy are the gradients of the field F in horizontal x and y directions,
respectively.

Some authors used higher-order derivatives to increase the resolution of the edge
detection results [74-76]. The main disadvantage of these methods based on the amplitude
of gravity gradients is that they cannot equalize the amplitudes of anomalies caused by
sources located at different depths.

Miller and Singh [76] showed that the phase-based methods that can produce balanced
results using the arctangent function of the ratio of the vertical gradient to the horizontal
gradient amplitude, called the tilt angle (TA), can equalize large and small amplitudes at
the same time. The TA filter is given as:

oF

@ = tan"! ;Z ; ©)
Jle - @]

Ferreira et al. [77] proposed the use of the tilt angle of the horizontal gradient amplitude
(TAHG) method for balancing signals from shallow and deep structures more effectively.
This method represents an improvement over the tilt angle method. The TAHG filter is
defined as:

JTHG
TAHG = tan ! 9z (6)

2 2
9THG ATHG
\/( ox ) * ( % )
where 0THG/0x, 0THG/dy, and 0THG/ 9z are the horizontal and vertical derivatives of
the total horizontal gradient of F. The technique offers the advantage of equalizing the total
horizontal gradient (THG) while being less dependent on depth considerations. This method
showcases superior resolution in detecting body limits compared to conventional approaches.

The other method called fast sigmoid-edge detection (FSED) by the authors of [78]
employs a modified fast sigmoid function of the ratio of the derivatives of the THG in order
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to improve the resolution and accuracy of estimated edges. The source edges are identified
using its maximum values. The formulation of the FSED is given as:

R-1
FSED = , 7
1) @
where
JTHG
R= L ®)

2 2
JdTHG JdTHG
\/( ox ) +< 9y )

The FSED filter can balance the large and small amplitude anomalies due to sources
of different depths and properties, as well as the edges of the sources being determined
with higher resolution and more accurately. As another advantage, this filter also does not
produce false edges when the anomalous sources contain opposite sign density contrasts
simultaneously [78].

4. Results

The Bouguer gravity anomalies range from —50 to 10 mGal, with a maximum ampli-
tude variation of 60 mGal (Figure 2). High positive anomalies are seen on the northern and
southern parts of the map, which is explained by the presence of metamorphic basement
units with a high density. The residual gravity anomaly map of the study area is given in
Figure 3, the NW-SE trending anomalies are consistent with trend of the Denizli Basin. The
anomaly contours at the northern and southern edges of the basin display a dense trend
corresponding to the basin’s extension. This type of contour arrangement in gravity maps
may indicate the presence of linear structures such faults or contacts. Here, the positive
residual anomaly pattern observed in the northern and southern boundaries along the
graben is consistent with the regional geology of pre-Neogene basement units.

4.1. Sedimentary Basin Depth Model

Mapping the sediment- pre-Neogene basement topography is an important aspect of
the geophysical investigation of oil, gas, and mineral resources. In the inversion of gravity
data, the iteration ends when the RMS between the calculated and observed gravity data at
any point of the iteration increases relative to the preceding step. In this case, the diver-
gence criterion in the RMS error is used as the algorithm’s termination model. A window
length of the three data points from the edges of the data was also not taken into considera-
tion throughout the calculations in order to prevent edge effects. The termination of the
iterative process has been achieved at the nineteenth iteration (Figure 4). The RMS error be-
tween the observed and calculated gravity anomalies of the initial depth approximation is
1.22 mGal and decreases to 0.32 mGal for the optimum solution. The obtained RMS error
of 0.32 mGal corresponds to approximately 1% of the maximum amplitude of the input
data. In gravity inversion depth modeling, this fit is a sufficient fit in terms of modeling.
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Figure 4. The graph of RMS error variation against the iteration number.
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The 3D sediment-basement depth configuration map has been enhanced after the
nineteenth iteration was given in Figure 5. The pre-Neogene basement depths range
from 0.1 km to 2.3 km. The Denizli Basin consists of two basins [19,32]. In the Laodikia
sub-basin, there are two depression areas, D1 and D2, with a maximum thickness of
1.7 km and a ridge between these depressions. The Ciiriiksu Basin has an undulation
structure. Five depressions are observed within the basin. The deepest depression region,
D3, is located in the northern part of the basin with the largest areal extension settlement.
Pamukkale travertine, the largest and most famous travertine formation that gives the
name to Pamukkale Fault Zone, and many other geothermal field occurrences are close to
the D3 depression. Another notable feature is a ridge located between the depressions D3
and D4 in the sediment topography. This ridge has a relatively shallow burial depth (about
1.2-1.6 km) and may contain structural traps such as faulted anticlines and fault block traps.
This undulated structure was also given by the interpretation of seismic reflection data
in the study [64]. This area could be a promising prospective area for hydrocarbon and
geothermal exploration. The Ctiriiksu Basin narrows towards the Honaz district and three
other depressions (D5, D6, and D7) are observed within the basin. In previous studies, Sar1
and Salk [56] analyzed the gravity anomalies of Western Anatolia with variable density
contrast by 2D and 3D inversion techniques and they reported a sediment thickness of
2 km in the Denizli Graben. Altinoglu [58] studied in the SW part of the Denizli region
and reported a sediment thickness of 2-2.2 km in the Honaz region. In the study of
Ekinci et al. [59], the authors conducted a study using gravity data inversion with global
optimization to map basement reliefs of Western Anatolia Grabens. For a profile passing
through the Denizli Graben located close to the northern edge of the graben, they presented
an undulated structure and reported a basement depth of 1.4 km in the Pamukkale region
and 0.86 km in the west of the Honaz district. In this study [59], the lithological log of some
boreholes drilled by MTA for geothermal exploration in the Western Anatolian Grabens
is given. In the sediment-basement depth map, the basement depth value of 700 m at the
location corresponding to the W-1 borehole drilled in the Denizli Basin is very close to the
geological information obtained from the lithological log of this well (hy.; = 640 m). The
gravity and seismic data of the Denizli region were studied by [64]. They determined the
sediment thickness as 2.64 km in the Ciiriiksu Graben by evaluation of two seismic profiles
in the Denizli Graben. The results of this study are relatively consistent with the results of
previous studies.
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Figure 5. The sediment pre-Neogene basement relief map of Denizli Graben. The black lines show
the active fault of the region given by MTA [67], and the white lines indicate the gravity profiles. The
topographic elevation data were downloaded from [79].
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O observed + calculated @ observed-calculated

The cross-section data from the inverted basin model, with the calculated and observed
gravity anomalies along two profiles, are shown in Figure 6. Profile A starts from the north
of Babadag district and ends in the west of Pamukkale in the SW-NE direction. As
demonstrated in Profile A, the sediment thickness is thin in the southwest and thickens
towards the northeast. The NE boundary of the basin is steep. The observed and calculated
anomalies are mostly in accordance and the maximum difference between the observed
and calculated anomalies is 0.05 mGal in Profile A. Profile B starts from the west of Denizli
province and first passes the Laodeika sub-basin, then the Karakova Horst, separating the
Loadeika sub-basin and the Ctiriiksu Basin, and finally the Ciirtiksu Basin in the north.
The pre-Neogene basement surface is at 1.5 km in the Laodeika sub-basin (D1 depression)
and 2.2 km in the Ciiriiksu Basin (D4 depression). The pre-Neogene basement topography
has been uplifted as seen in the central part of the basin model. The maximum difference
between the observed and calculated anomalies is 0.2 mGal in Profile B.

O observed + calculated ® observed-calculated
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Figure 6. The inverted basin model across Profiles A and B with the observed and calculated gravity
anomalies. (a) Profile A, and (b) Profile B (the location of profiles is given in Figure 5).

4.2. Lineament Detection

Lineaments are basically geological structures that represent faults, joints, lithological
contacts, and shear zones which are important locations for gathering data in regional
geological and tectonic investigations. Edge detection algorithms applied to gravity data
are particularly effective for mapping linear features and identifying the boundaries of a
geological structure [80-84]. The TAHG and FSED edge detection methods were applied
to the residual gravity anomaly map of the Denizli region to determine lineaments. The
maximum values of these maps are located at the boundaries of subsurface features and
causative source bodies [78,80]. These new-generation filters have a higher resolution than
traditional filters such as horizontal gradient, analytic signal, and tilt angle, which were
previously applied to Western Anatolia gravity data [85]. These traditional filters based on
the amplitude of the gravity gradients mainly have the disadvantage of being unable to
equalize the amplitudes of anomalies caused by source bodies located at different depths.
More detailed information about the filters can be found in [78].

The results indicate that the maximum positive anomalies of TAHG and FSED maps
(Figure 7a,b) are consistent with the regional NW-SE structural trend and indicate many
linear structures with different trends. On the other hand, the FSED map produced higher-
resolution lineaments than the TAHG map.
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Figure 7. (a) Tilt angle of the horizontal gradient amplitude (TAHG), (b) FSED map of the study area.
The black lines show the active fault of the region given by MTA [67].

The main boundary faults of the Denizli Graben, the Pamukkale Fault Zone in the
north, the Babadag Fault Zone in the southeast, and the Honaz fault in the south, are well
delineated in the TAHG and FSED maps. Additionally, the Kalekéy Fault Zone, which
separates the Ciiriiksu Basin and Laodeika sub-basin, can easily be seen on the maps. The
newly identified linear structures will be referred to as “L” in the text. As a result of this
study, many lineaments were identified, but buried structures and intersecting lineaments
were emphasized. The new proposed lineament map of the study area is given in Figure 8.

Lineaments L1, L2, L3, and L4 are probably buried structures under the sedimentary fill
(Figure 8). Lineament L1 extends from the Saraykoy fault to the north in an approximately
N-S direction. The intersection of this new lineament with the Saraykoy fault is promising
for hydrocarbon and geothermal exploration. This is because there are many geothermal
fields and hot springs around this region (Kizildere, Ortak¢i, Umut thermal, Buldan, Yenice-
Kamara). Lineament L2 is located between Saraykdy and Pamukkale and is extended in
the N-S direction and borders the D3 depression in the sediment. The NW-SE trending
L3 lineament is extended from the north of the Kalekdy Fault Zone and also borders the
D3 depression from the south. The N-5 trending lineament, L4, borders the Karakova
Horst from the west. Lineament L5 may have been the extension of the Kalekoy fault
towards the Honaz district, which was also suggested by [58]. This segment is probably
buried in the sediment fill and so is undefined in the active fault map. Another NE-SW
trending Lineament, L6, has been detected west of the Karateke village, in the western part
of the Honaz region. The existence of travertine occurrences and springs around this region
was mentioned in [44,86] when the authors declared that the travertine occurrences in the
Denizli Basin are related to the fault system. In addition, the L7 lineament may have been
the westward continuation of the Kaklik fault.
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Figure 8. The compiled structural lineament map of the study area is superimposed on a topographic
map [79]. The active faults of the region are yellow lines [67], and the new proposed lineaments are
shown with purple lines.

The other NE-SW directional lineaments have been identified in the east-northeast
part of the study area, south of the Cokelezdag Horst. Some other newly detected NE-
SW direction lineaments (L8, L9, and L10) are extended from south of the Cokelez Horst
to the Pamukkale Fault Zone. These NE-SW trending lineaments may have developed
under the influence of the NW-SE trending expansion phase, as suggested in [86]. The
intersection areas of these divergent linear structures can be possible sites for mineral
deposition investigations.

5. Conclusions

The Denizli Graben area is an important structure of the Western Anatolia Horst
Graben system. The basin hosts many geothermal areas, hot springs, and travertine
deposits. The Denizli Graben consists of Ciiritksu Graben and Laodikia sub-graben, as
mentioned in previous geological studies. The sediment—pre-Neogene basement interface
topography of the whole Denizli Basin is established in this study. The deepest and the
largest areal depression region of Ciiriiksu Graben is in the Pamukkale region with a
2.3 km depth. The basin narrows towards the south. The ridges between two depressions
may be a tectonic uplift or basement ridge and could be the initial exploration area for
hydrocarbon or geothermal exploration. The produced lineament map of the region
includes many lineaments in different orientations which are unspecified in the active fault
map of MTA. These lineaments and their intersection points with each other or known
faults are suggested as the key structures to look for in geothermal, travertine, and mineral
exploration studies.
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