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ABSTRACT 
 

The Thrace basin is located between the Paleogene the Istranca and Rhdope massifs in 

the northwestern part of Turkey. Sediments in the Thrace basin accumulated during the 

early Eocene to the late Miocene, and the basin includes normal and strike-slip faults that 

were mainly formed in the Miocene. The hydrocarbon potential of the Thrace basin has 

been investigated by analyzing seismic reflection, well log, and gravity data since the 

1930s; the basin has a huge gas reservoir potential and contains the first gas production 

field in Turkey. To determine the geologic and geophysics features of a portion of the 

basin and investigate the hydrocarbon potential of that area, new seismic reflection, well 

log, and gravity data were analyzed here. These data provide for subsurface maps and 

images that show the geologic structures, which include pull-apart basin and anticlinal 

structure. Well log analyses shows gas-bearing zones in the Well 2 and 3 wells but these 

results do not support the idea that the reservoir has economic potential for gas 

production. Gravity anomalies were mapped to show the overall basin thickness. 
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INTRODUCTION 
 
 
 
 

The Thrace region is located in the border of Turkey, Greece, and Bulgaria, and 

the region is known as the Thrace basin on northwestern side of Turkey (Figure 1). The 

basin which covers a 16,835 km2 area (6,500 mi2) has a triangular shape located between 

Istranca on north, Rhodope on west, and the Menderes massifs in the south. The basin 

started to form in the Early Eocene time and has continued to grow until recent time 

(Perincek et al., 2015). The sedimentation rate within the basin was accelerated by 

Miocene age tectonism. Normal and strike slip faults accommodated up to 9,000 meters 

of sediment at places in the basin (Derman, 2014). 

During Miocene time, Eurasia was subjected to intense tectonic activities 

including plate motions between Europe and Africa that produced the South Alpine 

thrusting, and the Tethys Sea that was located between the Mediterranean Sea and Indian 

Ocean was separated. Also, Miocene tectonism caused severe deformation with strike- 

slip movements in the basin especially for southern region (Conybeare et al., 2004). In 

the Thrace basin, normal and strike-slip faults are located within numerous fault zones 

including the Kirikkale, Luleburgaz, Babaeski, and also the North Anatolian Fault system 

(NAFs; Derman, 2014). These fault zones, especially the NAFs, significantly affected the 

basin. Fault zone deformation caused multiple geologic structures such as anticlines and 

pull-apart basins which are formed after strike-slip motions (Siyako and Huvaz, 2007). 

The Thrace basin, which is the largest Cenozoic-age sedimentary basin in Turkey, 

contains a high volume of petroleum reservoir and source rocks, it has been drilled 

extensively since the 1970’s. Exploration has produced useful results together with the 
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many wells that were drilled and produced data to identify the basin’s geologic features 

(EIA, 2015). Siyako (2006) and Coskun (1996) investigated the Thrace basin’s tectonic 

features and Keskin (1971) studied the sedimentology of the basin. According to these 

studies, geological traps were formed as a result of high tectonic activity accompanied by 

massive sedimentation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Study Area 

 
 
 
 
 
 
 
 
 
 
 

Figure 1. Location of the study area showing the location of three dimensional (3D) 

seismic reflection and well logs field data in the Thrace basin in Turkey. Blue polygon 

shows the 3D seismic survey, red symbols are Well 1 2 3 wells. 
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The Thrace basin is the main gas producing region in Turkey with 85% of the 

total gas production of Turkey. The sources of the gas in the Thrace basin are tight sand 

and shale rocks (EIA, 2015).The shale potential of the Thrace basin is also suitable for 

the new technique to exploit unconventional natural gas deposits using horizontal drilling 

and hydraulic fracturing in the shale formations recommended by American Petroleum 

Institute (API). Therefore, the Turkish Petroleum Corporation (TPAO) and other 

companies (Trans-Atlantic, Shell etc.) have started to apply the shale gas technique to 

improve their production artificially from shale formations which are generally from the 

Mezardere and Hamitabat Formations. 

According to data from the TPAO, the petroleum producing formations within the 

study area include the Oligocene-aged Danismen and the Osmancik Formations which 

will be described in detail below. Moreover, the Mezardere Formation is also described 

briefly due to its potential for shale gas potential and since these three formations 

generally occur together. 

Due to the fact that the Thrace basin has hydrocarbon production potential, it has 

to be analyzed with geophysical and well log methods. The geophysical analysis of the 

Thrace basin includes seismic reflection, well logs, and gravity data. The 3D seismic 

reflection field data which was collected and processed by TPAO was studied and 

modeled to interpret geological features of the basin. To improve the quality of the study, 

well log data was analyzed for hydrocarbon potential of the basin and was interpreted in 

conjunction with the seismic and gravity data. 
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CHAPTER 1 
 
 
 
 

1.1 Tectonic and Structural Settings of the Thrace Basin 
 

The Thrace basin is positioned between the granitic and mica schist rocks of the 

Istranca (Strandaja) and Rhodope Massifs (Figure 2). The formations of the Thrace basin 

resulted after the Anatolian and Arabian plates collision along the southeast part of 

Turkey during Maastrichtian time. The Thrace basin was displaced by strike-slip motion 

along the Anatolian fault to the northwest and this deformation created horst and graben 

structures in the Anatolian plate. The basin which has a triangular shape is thought to be a 

forearc basin due to the subduction on its north side (Coskun, 1996; Kilias et al., 2011). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study 

Area 
 
 
 

Figure 2. Geological map of the Thrace basin between the Strandja (SM) and Rhdope 

(RM) massifs (modified after Elmas, 2011). 
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Much of the tectonic movement between the African, Anatolian, and Eurasian 

plates occurred during Maastrichtian and Miocene times within the Thrace basin region. 

The geologic, stratigraphic, and tectonic features associated with these plate motions 

were first investigated in the early 1930s (Elmas, 2011: EIA, 2015). Deposition within 

the basin occurred between the Rhodope-Strandaja Massif and is located in the west and 

north sides of the basin, and the Biga peninsula that is located in the basin's southern part 

(Figure 3; Gorur and Okay, 1996). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Study 

Area 
 

Figure 3. Map of the tectonic and stratigraphic features of the Thrace between the 

Istranca and Rhdope massifs (modified after Siyako and Huvaz, 2007). 
 

 
 

The southern margin of the basin contains several different geological features. 

This region experienced deformations including anticlines and normal faults formed by 

the movement of the North Anatolian Fault, and it is now covered by the Marmara Sea 

(Datri et al., 2012).  The Thrace basin in this region can be defined as a depo center with 

the thick accumulation of sediment that occurred in this tectonic setting; it is the largest 
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and thickest basin in the eastern part of the Balkan region. (Turgut et al., 1983). There are 

Plio-Quaternary deposits in the center of the basin and also in the northern part of the 

basin, which can be seen near the basin border (Siyako, 2006). Most of the sedimentary 

units within the basin date from the lower Eocene to Upper Oligocene. The main sections 

of the basin are approximately 5,000 meters deep and reach up to 9,000 meters in 

thickness in some places adjacent to strike slip faults (Yildiz et al., 1997). 

The Cenozoic-age sediments within the Thrace basin were deposited as a delta 

that is now underlaid by and confined within the three massifs. These massifs are: in the 

north the Istranca massif, in the west the Rhodope massif, and in the south the Menderes 

massif (Figure 4; Usumezsoy, 1982; Derman, 2014). The Istranca massif has nearly 300 

kilometers long and 40 kilometers wide, and contains up to 10 kilometers thickness of 

Tertiary sediments. The Istranca massif is composed of Triassic and Middle Jurassic- 

Triassic age phyllite, slate, metabasite and metasandstone, and lower Permian age 

metagranitoids (Bedi et al., 2013). The boundary between the Rhodope massif and 

Thrace basin is located in the western part of Turkey but the main part of the Rhodope 

massif is located in Greece. The Rhodope massif includes mainly high to medium grade 

metamorphic units formed during PreAlpine and Alpine collisional tectonics (Kilias et 

al., 2011). The Menderes massif is composed of mainly metamorphic and igneous rock 

units which were formed during Alpine and Pan-African orogenies (Hinsberger, 2010) 

The subduction of the African plate under the European plate was the ultimate 

cause of the Thrace basin (Saner, 1980; Sengor and Yilmaz, 1981) with the basin being 

modified by later strike-slip faulting along the Northern Anatolian fault.  Expansion 

occurring during Late Middle Eocene to Latest Oligocene time resulted in further 
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sediment accumulation (Keskin, 1974). The normal fault systems associated with the 

base of the basin allowed the accumulation of up to 9,000 meters of clastic sediments 

(Derman, 2014).  The basin expanded toward the north in the Late Eocene by further 

collision tectonics so the large northern region of the basin was formed. Also, the shelf 

region in the northern parts of the basins was shallow enough so that carbonates were 

deposited during this time. 

 

Figure 4. Geological map of the Thrace basin (left), and stratigraphy of the Thrace basin 

(right) (modified by Gorur and Okay, 1996). 

 
Geologic Formations within the Thrace Basin. The Thrace basin basement 

lithology which ranges in age from Precambrian to Triassic includes the Istranca massive, 

Rhodope massive metamorphic, Istanbul Paleozoic, Kocaeli Triassic sediments, and 

Cetmi Ophiolitic Mệlange (Figure 5; Derman, 2014).  Metamorphic rocks that crop out in 

the northern side of basin are exposed in the Istranca Mountains next to the NAFs. 

Paleozoic rocks underlying and surrounding Istanbul are named the Istanbul Paleozoic 
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sequence. The Istanbul Paleozoic units have been intruded in many places by volcanic 

dykes and diabases. These volcanic intrusions have been interpreted to have been caused 

by a single magmatic phase but there is no adequate information about their structural 

features, geochemistry and geochronology. Kocaeli Triassic sediments are exposed in the 

east side of the basin (Siyako and Huvaz, 2007; Sen, 2011; Derman, 2014). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Geologic formations within the Thrace basin. 1) Istranca Massive, 2) Istanbul 

Paleozoic sediments, 3) Paleotethys remnants, 4) Upper Cretaceous arc volcanics, 5) 

Neotethys subduction-accretionary complex, 6) Thrace Basin sediments. (modified after 

Sen, 2011) 

 
The Osmancik Formation. The Oligocene-aged Osmancik Formation extends 

from northeastern Kesan to Tekirdag and to Istanbul, and within the Thrace basin it also 

named the Danismen Formation because it grades into the Danismen Formation laterally. 

The Osmancik Formation generally is located under the Danismen Formation and above 

the Mezardere Formation, and the Osmancik Formation frequently forms a gradational 
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contact with both. Thus, there is a problem to decide where the formation base and top 

should be placed, especially the boundary between the Osmancik and Danismen 

Formations (Figure 6). 

Sandstones within the Osmancik Formation are fine to medium grained, showing 

occasional friability and immaturity, and are 100-150 meters thick. The Osmancik 

Formation has traces of lignite. However, the thickness and distribution of lignite in the 

Osmancik is less extensive than those within the Danismen Formation. According to 

drilled wells, the entire formation consisting of sandstones and shales is nearly 800 

meters (2,624 feet) thick. The fossils in the basin are generally of Oligocene age (Turgut 

et al., 1983; Temel and Ciftci, 2002). 

The Danismen Formation. According to well logs, the Danismen Formation is 

present in the northern Thrace basin. The formation extends up to the Yildiz (Istranca) 

Mountains that is located in the north side of the Thrace basin and also crops out in the 

south side of the basin (Siyako, 2006).  It includes green-grey shales, claystones, and 

siltstones, and its thickness is nearly 200 meters but it reaches up to 1,000 meters in 

places. The thickness of formation gets thinner towards the edge of the basin. The 

Danismen Formation is Oligocene in age and is similar in nature to the Osmancik 

Formation (Coskun, 1996). There are graded transitive boundaries between the Danismen 

and Osmancik Formations. The Danismen Formation is eroded in the upper part, and is 

covered with an unconformity (Figure 6; Siyako, 2006). 

The Mezardere Formation. According to field data, the Mezardere Formation 

was not identified in the study area but it is generally present near the other two 

formations. Thus, the general features of the Mezardere Formation are briefly explained 
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here. The Mezardere Formation is placed under the Osmancik Formation throughout the 

Thrace basin. It is under both the Danismen and Osmancik, and has a transitional less 

boundary with the Osmancik Formation. It is about 600 meters thick, and includes dark 

grey black shales, sandstones that are good grained, and siltstones. Black shales are 

useful petroleum source rocks and as unconventional reservoirs (Figure 6; Unal, 1967). 

 
Figure 6.  Stratigraphy of oil-producing units in the study area (modified after Siyako and 

Huvaz, 2007). 

 
Fault Zone Systems. Faults zones within the Thrace basin include:  the Kirklareli, 

Luleburgaz, and Babaeski. Kirklareli fault zone is dominant features. The north side of 

basin has normal faults but the east side of the fault turns to a positive flower structures 
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formed by strike-slip faulting (Perincek, 1991).  This latter fault zone may have affected 

the Osmancik and Devecatagi oil fields. The Luleburgaz fault zone, found in the south 

side of the Kirklareli fault zone, has both positive and negative flower structures, and is 

located under Umurca and Hamitabat oil fields (Perincek, 1991). There is not enough 

information about the Babaeski fault zone, and it has not been mapped in detail (Figure 

7). 

The Babaeski fault zone has had right-lateral movement and might be associated 

with volcanic activity that is known to affect the thermal overprint in the basin (Derman, 

2014). The southern side of basin has suffered large amounts of deformation caused by 

Miocene tectonism. The basin's marginal fault systems are associated with the northern 

side of the basin, whereas wrench faults system are associated with the middle of the 

basin. These fault systems affect in great manner the structural petroleum traps. These 

structural traps are important for hydrocarbon production, therefore production is more 

intense in the northern margin and north central parts of basin (Perincek, 1991; Turgut et 

al., 1991; Derman, 2014). 

Flower Structures. The Miocene-aged North Anatolian Fault system caused 

right-lateral wrench movements within the Thrace basin. Seismic reflection profiles 

indicate flower structures that have a NW-SE direction are related to these movements 

(Coskun, 1996). 
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Figure 7. Structural features of the Thrace basin (modified after Gorur and Okay, 1996) 

 

 
 

1.2 Petroleum Geology of the Study Area 
 

Depositional Model. The Thrace basin depositional model is related to middle 

Eocene and Miocene tectonics because the basin started to be form along the NE-trending 

western Marmara sea ridge that is parallel to the central Marmara ridge within the 

Marmara Sea. Also, the NAFs affected this region in the Late Miocene period (Figure 8; 

Schindler, 1997). These tectonic events might be main reason for the characterization of 

the Thrace basin sedimentation, which include turbiditic, deltaic, and fluvial phases. In 

Eocene-Early Miocene time, basin sedimentation was increased but the depositional rates 

decreased by middle Miocene-Pliocene time. However, there is less information about  

the lower-middle Eocene time sedimentation because of an insufficient bio-stratigraphic 

record (Siyako and Huvaz, 2007). 
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The Hamitabat Formation, which underlies the Mezardere Formation, was 

deposited in a turbiditic environment. Sandstones in the Hamitabat do no extend 

everywhere in the Thrace basin. This type of sandstones includes good porosities (12- 

15%) and permeabilities (approximately 100 md) and have a potential for gas production 

(Coskun, 1996). 

 

Figure 8. Paleogeographic maps of the Marmara sea region that include the Thrace basin. 

The basin sedimentation was affected by the Marmara sea ridge and the NAFs (modified 

after Schindler, 1997). 

 
The prime gas producers in the basin are sandstones that were deposited in a delta 

front setting. Also, the fluvial facies include intercalated sands and conglomerates, which 

are at angular discordance with formations below (Coskun, 1996). The deltaic phase 

occurs after the turbiditic phase. This phase is represented by the Mezardere Formation 

and includes sandstones, shales and conforms to a prodelta cycle. It contains dark grey 
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shales, and these shales are source rocks in the formation (Coskun, 1996). On the other 

hand, the Osmancik Formation that is generally located over the Mezardere Formation 

conforms to the delta front portion of the basin-fill succession. The Osmancik Formation 

is composed of sandstones that are coarse, white to grey colored, porous and permeable, 

and slightly immature (Coskun, 1996). 

Source Rocks. The Thrace Basin is a producer of petroleum with numerous gas 

and oil deposits located throughout the basin. Oil production generally occurs from the 

Oligocene-aged shales and the Eocene-aged siliciclastic rocks, and these siliciclastic 

rocks also have gas production potential (Burkan, 1992). According to Burkan (1992), 

the TOC (Total Organic Carbon) values in the Eocene unit are between 0.01% and 

6.37%, and the Eocene has type I and type II kerogen in the Osmancik and Mezardere 

Formations. However, Soylu et al. (1992) claim that the Early to Middle Eocene 

Formations in general include types III and types I, and the Late Eocene has type III 

(Burkan 1992; Soylu et al., 1992). Type III kerogens tend to be gas prone (Van Krevelen, 

1984). 

The maximum maturity within the shales has been reported in the central part of 

basin, and also its hydrocarbon status is over-mature (Soylu et al., 1992). However, less 

mature hydrocarbons are present in the south side of the basin (Burkan 1992). Many of 

the sediments that formed in the Middle to Early Eocene have a low gas and oil potential. 

However, it is hard to calculate the amount of the over-mature and mature deposits and 

the possible gas or oil potential of the formation is not known exactly but many of the 

immature deposits include huge amounts of organic material that have not been converted 

to hydrocarbons (Derman, 2014). 
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Reservoir Rocks. The Thrace basin has an abundance of reservoir rocks that here 

will be classified by their age. The youngest unit is the Early Eocene turbiditic sandstones 

that form the base of the Eocene units, and also includes deltaic sandstones, reef 

carbonates, prodelta sands, with the oldest unit being the Late Eocene-Oligocene sands 

(Perincek, 1991; Turgut et al., 1991; Derman, 2014). These rocks have in general more 

than 10% porosity values. For example, 10 – 18 % porosity values are found in the 

turbiditic sandstones. However, permeability values can be different, and vary from 0.1 to 

80 millidarcies (md). The Oligocene-Early Miocene prodelta sands have permeability 

values between 0.1 and 10 md (Siyako and Huvaz, 2007; Derman, 2014). Potential gas 

production units are Oligocene-Early Miocene sands, Late Eocene and Middle Eocene- 

Oligocene carbonates. Both gas and oil generation units are Oligocene sand and Late 

Eocene clastics, and also the Late Eocene –Oligocene units are capable of oil generation 

(Siyako and Huvaz, 2007; Derman, 2014). 

 
 
 

1.3 Petroleum Features of the Basin 
 

The most important reservoir rocks are Cretaceous carbonate-rich mudstones. 

Their general porosities are low but fractured rocks have relatively large porosity. When 

Miocene and Cretaceous thrusting affected the area, the mud-dominated carbonates 

developed highly fractured units (Derman, 2014). The secondary basin unit is found in 

the shallow portions of the northern part of the basin and is comprised of Late Cretaceous 

carbonates (Derman, 2014). The shale gas potential of the Thrace basin is related to the 

total organic content, depth of burial and thermal maturity. There are two shale source 
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rocks, which are the middle Eocene Hamitabat and lower Oligocene Mezardere 

Formations (EIA, 2015). 

In some wells, for example Well 1, Well 2, and Well 3, the basement varies 

between 1,400 meters to the center of the basin where there is the nearly 4,000 meters 

thick sediments belonging to the Osmancik Formation. According to the above wells, the 

upper part of the Paleozoic section is likely to be deformed and it is characterized by an 

arkosic facies; this section includes gas accumulation. The Paleozoic Istranca and 

Rhodope massifs contain green and white mica schists, granites and black pyritic 

phyllites. These rocks might be the provenance for the Eocene Hamitabat and Oligocene 

Osmancik sandstones. These sandstones are the prime gas producer in the study area 

(Coskun, 1996; Derman, 2014). 
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CHAPTER 2 
 

 
 
 

2.1 Oil and Gas in Turkey 
 

Oil and gas account for about 64 % of the total world energy consumption (EIA, 

2015). Oil and gas exploration and recovery are economically valuable but complex 

tasks. Imaging the subsurface for exploration is highly expensive. With a privileged 

location, Turkey is well positioned to distribute oil and natural gas from Russia, and the 

Middle East to Europe markets (Figure 9). Thus, Turkey has become a major transit hub 

for oil and even more important transit point for natural gas. Also, it is easy to reach oil 

and gas for Turkey own consumption because of its location. 

Moreover, the Caspian region located between Russia, Iran, Azerbaijan, 

Kazakhstan, and Turkmenistan is one of the oldest oil-producing areas in the world. In 

recent years, the Caspian Sea oil has been carried from the Black Sea ports to mainly the 

European markets by oil tankers through the Turkish Straits that are Bosporus and 

Dardanelles, and also there are pipelines to carry Caspian Sea and northern Iraq oil across 

Turkey (Figure 9; EIA, 2015). 

Turkey is not an oil and gas rich country and on average it imports more than 90% 

of its total liquid fuel from other countries. Petroleum production was less than 70,000 

b/d, and Turkey's total liquid fuels consumption averaged 712,000 b/d in 2014. In 2014, 

most of Turkey's crude oil imports came from Iraq and Iran, and the amount of imports 

was nearly 87% of the Turkey's crude oil needs (Figure 10; EIA, 2015). 
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Figure 9. Major oil and gas pipeline in Turkey (taken from U.S Energy Information 

Administration) 
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Figure 10. Crude oil supply for Turkey in 2014 (EIA, 2015). 

 
As stated by the International Energy Agency (EIA), the amount of crude oil 

imports is expected to double in the next decade. Turkey only has about 270 million 
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barrels of proven oil reserves and 218 billion cubic feet of natural gas reserves (Figure 

11). 
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Figure 11. Petroleum and other liquids consumption and production in Turkey (EIA, 

2015) 

 
TPAO generated 12.3 million barrels of crude oil that is 72% of the total crude oil 

production in Turkey from the fields which were licensed in 2014. The amount of the 

total oil production comes from several regions including: the Batman Region (73%), the 

Adıyaman Region (26%), and the Thrace Region (1%). Also, on average 33,602 barrels 

oil per day in 2014 were produced. For natural gas production, TPAO produced 251.8 

million sm³ (7 579 687.5 cubic feet and or 1.8 million barrels), and this t came from 

Thrace Region (95.6%), Batman Region (4.2%) and Adıyaman Region (0.2%) (Figure 

12; TPAO, 2015). 
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Figure 12. Natural gas production area in Turkey. 
 
 
 
 

2.2 Oil and Gas in the Thrace Basin 
 

The Thrace basin is the most important gas producing basin in Turkey with a total 

daily production is around of 60 Million standard cubic feet per day (MM SCFD) by 

three companies, (TPAO, Thrace Basin Natural Gas Company and Zorlu Energy) (Figure 

13). The basin has been studied since 1950 by oil companies and academic geologists 

because it has vast amount of natural gas potential. Most of the parts have been searched 

and analyzed with well logs and seismic data because there is a thick alluvial cover that is 

nearly one kilometer. TPAO has investigated the oil and gas potential of the Thrace Basin 

since 1970. There are over 400 wells drilled, 19 gas-condensate and 3 oil fields have been 

discovered in the Thrace Basin. There have been many geological studies related to the 

Thrace Basin because of its importance in gas and oil production, and underground gas 

storage fields (Gorur and Okay, 1996; Okay et al., 2000; Siyako and Huvaz, 2007; 

Gurgey, 2009; Sen and Yillar., 2009; Islamoglu et al., 2008). 
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Figure 13. Natural gas production and consumption of Turkey between 2005 and 2014 

(EIA, 2015). 
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CHAPTER 3 
 

 
 
 

3.1 Reflection Seismic Method 
 

Reflection seismology is one of the most important techniques in defining general 

geologic structures and depositional features that may be associated with hydrocarbon 

accumulations. The main idea of all seismic methods is the propagation of elastic waves 

from one or more seismic sources and their interaction with subsurface acoustic 

impedance contrasts, which can generate an image of the subsurface features. Elastic 

waves in the form of compressional waves (P-waves) are pulses of energy which can 

travel both in solids and fluids (Schuck, 2007; Patel et al., 2008) and are recorded as a 

function of time. The velocity of the seismic wave depends on the elastic properties of the 

material they travel through including lithology, porosity, saturation, pore fluids, and 

temperature (Kim et al., 2013; Lu, 2014). 

The seismic reflection method consists of three steps: data collection, processing 

and interpretation (Yilmaz, 1987). Seismic data collected from the Thrace basin were 

received already processed, so there was left only the seismic data interpretation in this 

study. 

The quality of data has to be taken consideration, especially for interpretation. 

There are three parts to data quality: detection (signal noise rate), resolution, and image 

fidelity (Herron, 2011). Since the aim of the seismic methods is to have interpretable data 

to image the subsurface, without the appropriate data quality, interpretations are specious. 
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3.2 Seismic Data Acquisition and Processing 
 

In seismic data acquisition, the seismic data was collected by TPAO in a three- 

dimensional fashion on the northeast side of the Thrace basin (Figure 14). 

 

Figure 14. The seismic and well log data that were collected in the study area. Red points 

show wells, and the blue area is the study area were the seismic reflection data was 

collected. 
 

The three dimensional seismic data were collected using the SERCELTM seismic 

acquisition system in 2006 (Figure 15). The data collection included the following field 

parameters: 

 Seismic source: Dynamite 

 
 Geophone order: 1*24 INLINE 

 
 Distance of the geophone lines: 300 m. 

 
 Distance of the shot lines: 400 m. 

 
 Number of channel on a line: 128 

 
 Total channel number: 768 



24  

 Duration of record: 5 secs. 

 
 Sampling interval: 2 msec. 

 
 Group interval: 50 m. 

 
 Shot interval: 50 m. 

 
 Number of total shot: 5445 

 
 Total area: 123,038 Km2

 

 
 

 

Figure 15. An example of the seismic reflection data which includes x-line, in-line and z- 

line slice. The z-axis is in milliseconds two-way travel time (twt), and the distances are in 

meters. 
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The field data were required several processing steps in order to interpreted. Seismic 

data processing mainly involves enhancing the data using a variety of methods to 

transform the raw data into a dataset that is suitable for seismic interpretation. The most 

important processing steps are to enhance the amplitudes of low amplitude reflectors and 

to remove noise. These low amplitudes cause the signal-to-noise-rate to be low (Hart, 

2000). For this reason and to remove artifacts (e.g., multiples, topographic variations), 

TPAO performed the following processing steps to the seismic reflection data. An 

example of the processed data is shown in Figure 15. These processing steps include: 

 There is no datum processing, and bulk is zero microseconds (ms) 

 
 Gain correction 

 
 Surface consistent amplitude balancing 

 
 Deconvolution (50 hertz, noise suppression) 

 
 Bandpass filter 

 
 Residual statics 

 
 Residual move-out correction 

 
 Kirchhoff time migration 

 
 The 3D spatial prediction filtering 

 
 
 
 
 

3.3 Structural Interpretation of the Seismic Data 
 

Seismic reflection interpretation is basically determining the subsurface 

geological information from the processed field seismic data. A seismic wavelet begins 

as a pulse of acoustical energy that is produced by some type of source such as dynamite, 

seismic vibrator, or hammer and this energy moves down from the surface and interacts 
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with subsurface acoustic impedance contrasts. Then, the energy returns to the surface 

receivers carrying the geological and geophysical data. This seismic wavelet generally is 

of minimum phase of frequency and width, and it is returned as a zero- phase wavelet 

(Brown, 2004; Kern, 2011). The reflected seismic wavelet carries the geologic 

information, therefore, is the most important part of seismic interpretation is to define the 

known characteristic details of the area’s geology and to constrain the results with other 

geologic and geophysics methods such as well logging and gravity. 

Seismic reflection interpretation is an important part of the developing a 

geophysical study, when geological features and geophysical data are integrated with 

each other. Seismic reflection interpretation is not only performed using the seismic 

reflection data to reach a model but it also is integrating geological and other geophysical 

data as there is non-uniqueness in the models. Thus, geological features should be 

determined in an integrated way to provide more confident results (Yilmaz, 1987; Kazei 

et al., 2013). To aid in this, the PetrelTM software package was used mainly to interpret 

the horizons and faults to create an image on the subsurface. The PetrelTM software is a 

program which brings different disciplines together and allows us to use them very 

effective way. It includes seismic data modelling, determine rock physics, and reservoir 

features. 

Horizon Interpretation. In this step, the seismic traces were highlighted and 

picked to build a seismic model and define the subsurface features (depth to reflectors, 

locations of faults) in the model. All the seismic slices were both picked on in-line and x- 

line to improve accuracy and to provide a check the other line picks. All these slices are 

on the time domain. The horizons were picked from the Osmancik and the Danismen 
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Formations using the PetrelTM software to find the formation borders on both the x-line 

and in-line sections (Figure 16). 

Also, the check shot data was used in this interpretation step. All the picks were 

transferred from each line to identify an image on every two slice pair for making a more 

accurate digitalization of the data. The final picks indicated that there is both a pull-apart 

basin and an anticlinal structure. 

 

Figure 16. The picked horizons (shown in color) based on the Osmancik and the 

Danismen Formations as interpreted from the seismic reflection profiles. Colors show the 

depth in meters. The z-axis is in milliseconds (twt), and the distances are in meters. 
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A pull-apart basin is structural basin that is created by overlapping strike-slip 

faults or bending of strike-slip faults, where the result is a down-dropped or rotation of a 

block (Caldwell, 1997). In the Thrace basin normal faults are the most common type of 

fault but on the northeastern side of the basin there are strike-slip fault systems caused 

mainly by the NAFs.  These strike slip faults caused pull-apart basins, including the one 

shown in Figure 17. Pull-apart basins are rare on the south side of the Thrace basis 

because there are numerous fracture systems caused by the Miocene tectonism that broke 

up the basins. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The pull- 

apart basin 
 

Figure 17. Pull-apart basin in the Thrace basin based on the interpretation of seismic 

reflection data. Colors show the depth in meters. The z-axis is in milliseconds (twt), and 

the distances are in meters. 
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The Thrace basin that was filled with sediments by Miocene time and was folded 

on the north, and these folds include a series of anticlines and synclines (Bozkurt, 2003). 

The digitalized seismic data were picked to demonstrate the geologic structure of the 

basin including an anticlinal structure (Figure 18). These anticlinal structures can be traps 

where hydrocarbon accumulates, and the study area seemed to not have been affected 

highly by Miocene tectonism. Thus, it is possible to find hydrocarbon accumulation this 

type of anticlinal trap. 

 
Figure 18. An anticlinal structure based on the interpretation of the seismic reflection 

data. Colors show the depth in meters. The z-axis is in milliseconds (twt), and the 

distances are in meters. 
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Fault Interpretation. After digitalizing the seismic horizons, all shown faults 

were picked to show the main fault system on every ten slices of the seismic reflection 

data. Fault picks were represented different color to distinguish them from seismic 

horizon picks (Figure 19). As previously above, the normal fault systems include the 

Kirklareli, Luleburgaz, and Babaeski fault zones that were highly affected by the NAFs 

(Figure 19). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 19. Interpreted normal and strike-slip faults superimposed on the seismic 

reflection data and Well 2 well within the study area. The z-axis is in milliseconds (twt), 

and the distances are in meters. Also shown is the well Well 2. 



31  

The normal faults were bent, and these faults became a strike-slip fault system on 

the northeast side of the Thrace basin (Bozkurt, 2003). The fault model was created in on 

this model and supported by the interpretation of the seismic data to demonstrate the 

positive flower structure that showed there were strike-slip faults within the study area 

(Figure 20).  Positive flower structures that are also called “Palm-tree” or “Push-up” are 

formed as raising via bending and folding by wrench (strike-slip) type faults (Pace et al., 

2012). 

 

Figure 20. The modeled faults and positive flower structure within the study area. The 

colors on the horizon show depth, and two different colors were chosen to show the part 

of flower structure faults for yellow (right) and blue (left). Colors show the variations in 

depth in meters. The z-axis is in milliseconds (twt), and the distances are in meters. 



32  

CHAPTER 4 
 

 
 
 

4.1 Well Logging Fundamentals 
 

Well logs are the recordings of geophysical parameters (e.g. velocity, density, and 

radioactivity) using a variety of instruments passing through the well from bottom to the 

top. The recorded value is plotted as a function of depth of the borehole. For the study 

area, there are three well logs which are Well 1, Well 2, and Well 3 (Figure 21). On this 

part, the Hampson-RusselTM and PetrelTM software used to interpret and plot well logs 

data for enhancing visual results’ diversity because both of the two softwares have 

distinct advantages over each other. 

 

Figure 21. The three wells (Well 1, 2, and 3) superimposed on a seismic reflection data. 

The z-axis spaces on the seismic cube are in milliseconds (twt). 
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The general features of recorded wells showed on the Table 1. According to the 

TPAO’s check shot data, two formations that are the Danismen and Osmancik were 

identified down to the maximum depth (2,875.0 m), so just these formations were 

analyzed on this study (Table 1). 

Table 1. Well logs general features in the study. (MD = Measured depth, SSTVD = Sub- 

sea true vertical depth). 

 
Well Name 

(UWI) 

Start 

Depth 

Stop 

Depth 

Danismen 

MD 

Danismen 

SSTVD 

Osmancik 

MD 

Osmancik 

SSTVD 

Well 1 6.50 m 2,845.20 m 235 m 184 m 1,440 m 1,389 m 

 

Well 2 
 

9.50 m 
 

1,747.44 m 
 

234 m 
 

166 m 
 

1,293 m 
 

1,224 m 

 

Well 3 
 

9.50 m 
 

1,413.50 m 
 

235 m 
 

172 m 
 

1,296 m 
 

1,233 m 

 

The properties measured consist of gamma-ray (GR), resistivity, neutron porosity 

(NPHI), density (DRHO), spontaneous potential (SP), caliper (CALI), and sonic log 

(DT). Well 3 has also photo electrical log (PEF) (Table 2). However, The PEF logs do 

not include measured shear-wave velocity information. 

Table 2. Type of logs which were used in the study. 

 
Type of Well Generalities Symbol, Abbreviation 

Gamma-Ray Radioactivity measurement    , GR 

 

Resistivity 
 

Formation conductivity. 
 

RD, LLD / RS, LLS / RXO, MSFL 

 

Self-Potential 
 

Natural potential differences. 
 

, SP 
 

Porosity and 

Density Logs 

 

Porosity calculation and preliminary 

interpretation of hydrocarbon accumulation. 

 

, NPHI / , RHOB/ / , 
DHO 

 

Sonic Log 
 

Calculation the porosity of formation and 

density with interval transit time 

 

, DT 
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Gamma-Ray Log (GR). The GR log measures the formation’s radioactivity, a 

value that is usually related to the amount of shale. The GR log is useful in making 

stratigraphic correlation and to identify specific lithologies. The radioactivity is caused by 

the decay of uranium, thorium and potassium radioisotopes within mainly potassium-rich 

minerals, and is mainly used for calculating shale volume. Most rocks have radioactive 

elements to a certain extent, whereas sediments emit less radioactivity than igneous and 

metamorphic rocks (Rider, 1991). On the GR log, shale generates high radioactive values 

while sandstones and carbonates generally include less radioactive material. 

Self Potential Log (SP). The SP method measures the natural potential contrasts 

and/or self potentials that are between the electrodes in a well and at the surface (Rider, 

1991). The SP log is also used to determine the shale volume and formation permeability. 

Porosity and Density Logs (NPHI, RHOB, DRHO). The RHOB is the total 

density of the solid matrix including rock’s porosity and fluid in the pores of the 

formation. The RHOB log can be used with the NPHI which is associated with existing 

of hydrogen on the formation to decide the formation porosity and the nature of the pore 

fluid. The amount of hydrogen in the pore spaces can be calculated if they are associated 

with carbon (oil and gas) or oxygen (water) by a neutron porosity log. 

The NPHI log is mainly used to measure water and hydrocarbon matter in the 

formation (Rider, 1991). In well logs investigation, using both the RHOB and the NPHI 

logs in combination is the best way to detect the hydrocarbon accumulation. If there are 

higher neutron and lower density, and they touch or cross each other on the one column, 

it shows the volume of the gas bearing zone and quality of the reservoir (Figure 22; 

Luthi, 2000). The NPHI and the RHOB logs were used to calculate reservoir zone fatures 
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and area’s petro-physical features which are volume of shale, water saturation, and 

porosity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 22. The NPHI and the RHOB well logs crossed over on the border that are for 

Well 2 between 1,090 and 1,095 and 1,760 and 1,775 meters, for Well 3 between 1.210 

and 1,215 meters. The yellow colored areas in the black rectangle that are crossing the 

RHOB and the NPHI show probable hydrocarbon accumulation areas. 
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Sonic Log. Sonic log displays the duration of interval transit time (Δt) of the P 

wave. The sonic log measures the travel time of sound wave to calculate formation’s 

content features which are dependent of the lithology, rock type, and porosity (Rider, 

1991). The sonic log can be advantageously utilized in seismic interpretation to find 

duration of the sound wave velocity, and acoustic impedance log that was made by the 

TPAO can be created by the sonic log. 

The interval transit time is calculated as follows (Rider, 1991): 

1 microsecond = 1 x 10-6 second 

 
Velocity = 

1 

Δt*10
-6

 

 
(4.1) 

 
where delta t is measured on the sonic log. 

 
Resistivity Logs. Resistivity logs measure the formation’s electrical resistivity 

which is its resistance to the electric current. The resistivity log was established mainly to 

search for hydrocarbon reservoirs. Also, it can be used to determine permeable zones 

(Rider, 1991; Hearst et al., 2000). There are MSFL (micro spherically focused log), LLS 

(shallow lateral log), and LLD (deep lateral log) resistivity logs. Within the reservoir 

zone, all three resistivity logs can show a curve which indicates an abrupt increment of 

gas zone because hydrocarbons have infinitive resistivity features unlike other fluid. 

Thus, sudden changes on the log’s curve can be easily identified on the resistivity logs. 

 
 
 

4.2 Well Log Correlation 
 

In this chapter, the wells’ physical features were matched with each other using 

check shot data to identify formation boundaries and general rock types according to the 

GR or GR and SP logs curves. A well log correlation is not sufficient to interpret 
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geologic subsurface features but it is used mainly supporting seismic reflection 

interpretation results. Well log correlation is mainly used to find hydrocarbon 

accumulation but it is also practical for mining and hydrogeology. There are a number of 

different types of correlation methods, and the litho-stratigraphic correlation method that 

is mainly based on the GR log or combination of the GR and the SP log (Luthi, 2000). 

Both methods were used in this part of the study. 

In the litho-stratigraphic correlation method, the GR log or a combination of GR 

and SP logs were correlated connecting similar part of the all three logs data to define the 

lithologic features of a region and the boundaries of the formations because these well log 

tools include mainly lithologic information. According to the idea of the well correlation, 

shale rocks that are middle Eocene age are on the top of the Danismen Formation, and 

shale has low GR values (Figure 23). There are shale and sandstone present in the middle 

of the Danismen Formation, and the Osmancik Formation has more sandstones and less 

shale. 

 
 
 

4.3 Reservoir Petrophysical Features 
 

In this part of study, petro-physical features relevant to oil and gas production, 

which include physical and chemical features of rocks and interaction of fluids with the 

formation, were calculated. These features include water saturation (Sw), Porosity (∅), 
and volume of shale (Vsh). These values were calculated to show the extent of the 

 
reservoir zone in accordance with the seismic reflection study (Figure 24). 
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Figure 23. The Well 2 and 3 wells correlation in the study area using the just GR (left), 

and GR and SP logs (right). Tops on the figures show the changing of rock types from 

shaly sand to sandstones (less shaly) (left). The Osmancik Formation has mainly 

sandstone and less shale than the Danismen Formation. The blue line is the GR log and 

red line the SP log (right). 
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Figure 24. Well 2(left) and 3(right) well’s petro-physical features which are water 

saturation (Sw), volume of shale (Vsh), and porosity (∅). The yellow colored lines show 
probable hydrocarbon reservoirs. 
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Volume of Shale (Vsh). One of the first step towards the characterization of the 

petroleum reservoir zone is the calculation of the volume of shale using the gamma ray 

log. This step does not only calculate the shale volume but it also helps determining the 

amount of the water saturation. Shale can hold water within a formation so the water 

saturation goes up. Also, a formation which has high shale volume shows low 

permeability (Hearst et al., 2000). There are many formulas for the shale volume 

calculation as shown below (Figure 25). After these formulas were calculated and plotted, 

the formula proposed by Larionov (1969) for older rocks was selected for this study. The 

formulas are: 

for older rocks Larionov (1969): 
 

Vsh = 0.033*(2(2*IGR)-1) (4.2) 
 

for tertiary rocks Larionov (1969): 
 

Vsh = 0.083*(2(3.7*IGR)-1) (4.3) 
 

Stieber (1970): 

 
Vsh = 

IGR
 

3 – 2 * IGR 

 
 

 
(4.4) 

 

To calculate volume of shale (Vsh), it is required to first find the Index gamma- 

ray value (IGR) using the gamma-ray reading and then using the equation: 

 

IGR = 

GRlog – Grmin Grmax – Grmin  

(4.5) 
 

where IGR is the gamma ray index, Vsh is the shale volume, GR log is the gamma ray 

reading, GR min is the minimum gamma-ray reading, and GR max is the maximum 

gamma-ray reading. 
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Figure 25. Volume of shale calculations according to the formulas listed in the text which 

include equation 4.5 (red), equation 4.4 (green), equation 4.3 (blue), and equation 4.2 

(yellow). 

 
Water Saturation (Sw). Water saturation is described as the ratio of water volume 

to pore volume on the formation and can be calculated using electrical resistivity log and 

porosity of the formation. 

Sw = ( 
a
 

∅m 

1 

* 
𝑅�

)
n 

(4.6) 

𝑅� 

where Sw is water saturation, ∅ is Porosity, Rw is formation water resistivity, Rt is true 
resistivity, a, m, and n are Archie’s parameters (Archie, 1942). Archie’s parameters for 
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∅ = √ 

sandstone are:  a= 0.62, m= 2.15, the n value can be arranged from 1.6 to 2.2, it is 

required to calculate formation porosity. 

Porosity (∅). Porosity can be described the ratio of the pores in the rocks to entire 
rock’s volume. Actually, there is no log to measure porosity but it can be calculated using 

 
alternative methods from logs (Hearst et al., 2000). In this study, porosity was calculated 

using density and neutron logs. 

∅d = 

ρmatrix − ρlog 

− ρfluid 

 

(4.7) 

where ∅d is the density-derived porosity, ρmatrix is the matrix density, ρfluid is the fluid 
density (the value of ρfluid and ρmatrix depend on the lithology), and ρlog is the density 

 
log reading. On this study, ρmatrix is 2.644 g/cc for sandstone, and ρfluid is 1.088. 

For gas reservoir: 

(∅d)2 + (∅n)2 

2 
(4.8) 

where ∅ is the porosity, ∅n is the neutron porosity that is from neutron log, and ∅d is the 

density porosity. 
 
 
 
 

4.4 Well to Seismic Tie 
 

A well to seismic tie which is also called well tie is a method of correlating 

seismic reflection data to well log data in order to identify the picking horizons in seismic 

reflection data accurately. On this method, the first step is digitalizing the acoustic 

impedance log that is defined as a depth from density and sonic log. Then, the acoustic 

impedance log can be used to calculate the reflection coefficient and a wavelet that 

include same the frequency respond as seismic reflection data which is defined as a time. 
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In the last step, the reflection series is produced from the wavelet convolving with the 

acoustic impedance, and the seismic series are correlated with the original seismic 

reflection data (Figures 26 and 27). Moreover, this step is necessary to improve the 

trustworthiness of seismic data that has lithologic information distant from well logs data 

(White and Simm, 2003). Before creating a synthetic seismogram, the seismic reflection 

data was prepared for more accurate data processing; the techniques include zero offset 

data, noise free seismic, and preserved true amplitudes. 

The parameters of the seismic well tie study are: 

 
 Phase rotation: 0 degree 

 
 Time shift: 1 msec. 

 
 Synthetic: Zero offset synthetic 

 
 Wavelet length: 200 msec. 

 
 
 
 

4.5 Well Log Interpretation 
 

According to the study and interpretation of the Well 2 well, the reservoir zone 

which identified as the shaly sand zone as a shaly sandwich was determined at the depth 

interval of 1,760 – 1,775 m using mainly GR and other logs, including RHOB, DRHO, 

and SP (Figure 28). The yellow-colored area on the image of the Well 2 well provides 

evidence for hydrocarbon accumulation because the reservoir zone has mainly low 

porosities, which in turn depends on which type of rocks it is. 
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Figure 26. An example of well to seismic tie in calculating a synthetic seismogram for the 

Well 2 well. Purple and green line shows the picked horizon on the inline panel. Far left 

panels are the P-wave velocity and density logs, and the correlation with the P-wave is on 

the right. Real traces are represented as red traces, and synthetic traces which are 

produced by extracted wavelet from well logs are represented as a blue traces on the 

middle panel (Correlation between real and synthetic traces is 73.9 %). 
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Figure 27. An example of well to seismic tie calculating a synthetic seismogram for the 

Well 3 well. Purple and green line shows the picked horizon on the inline panel. Far left 

panels are the P-wave velocity and density logs, and the correlation P-wave is on the 

right. Real traces are represented as red traces, and synthetic traces which are produced 

by extracted wavelet from well logs are represented as a blue traces on the middle panel 

(Correlation between real and synthetic traces is 69.7 %). 
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Also, the calculated petrophysical features of the well support this area being a 

reservoir zone. To delineate the gas bearing zone, other logs (gamma-ray, density 

(RHOB), and resistivity (LLS, LLD)) can be applied to the well log interpretation. If the 

porosity (NPHI) log is low, density log (RHOB) is high, and GR log also shows 

decreasing trend at the same time, there is a possibility of hydrocarbon accumulations on 

the field (Schlumberger, 1994). Thus, the defined yellow-colored area might host a 

hydrocarbon accumulation. 

For Well 3 well, the reservoir zone can be found at about 1,200 meters depth 

(Figure 29). The well log curves are similar with the Well 2 but the reservoir zone that is 

yellow colored is not as significant as it was in the other well. Thus, there is lower 

percentage possibility that the Well 3 log has as much hyrocarbon accumulation as the 

Well 2 log. The tectonic feaures of the area might have caused this difference, especialy 

the presence of flower structure. 

According to the reservoir petrophysical features for the Well 2 and 3 wells, the 

volume of shale values which were calculated with the GR log are from 6 to 24 %, and 

it’s averagely 15% using equations 4.2, 4.3, 4.4, 4.5, and 4.6. Also, the porosity was 

calculated as an average 20% using equations 4.8 and 4.9. The cross plot which was used 

NPHI log and Vp/Vs rate was plotted for rock petro-physical features of rocks with the 

Hampson RussellTM software (Figure 30). The reservoir petro-physical features are good 

indicators of hydrocarbon accumulation, especially the gas bearing zone, which has low 

water saturation and high porosity values (Figure 24). 
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Figure 28. The reservoir zones that are colored (yellow) can be identified to contain 

hydrocarbons in Well 2. (Neutron Porosity = NPHI, Density_2 = RHOB, Resistivity 1 

and 3 = MSFL, LLS) 
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Figure 29. The reservoir zone that is between 1,190 and 1,200 meters on the Well 3 well 

is shown in yellow. (Neutron Porosity = NPHI, Density_2 = RHOB, Resistivity 1 and 3 = 

MSFL, LLS) 
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The compressional wave is susceptible to the fluid type, and its ratio to shear 

wave velocity which was created in the study, Vp /Vs, can be also used to identify the 

fluid type. Generally, the compressional wave velocity goes down and shear wave 

velocity rises with the increment of hydrocarbon saturation. The rock density decreases 

when the pore spaces are filled by water with low density gas so the compression is 

increased by water filling that include huge bulk modulus by gas in the pores. Thus, 

Vp/Vs ratio trends to go down with water filling with gas (Hamada, 2004; Jain, 2012). 

 
Figure 30. The Vp/Vs – Density cross for the Well 2(left) and Well 3(right) wells. The 

prediction of density is a major goal in petroleum exploration. Therefore, the relationship 

between velocities (Vp and Vs) and rock density were plotted. 
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CHAPTER 5 
 

 
 
 

5.1 Gravity Method 
 

The application of gravity method is mainly used to interpret the location, shape 

and depth of subsurface density variations. It can be used to search for minerals, 

geothermal activity, and structures related to hydrocarbon accumulations. Also, it can be 

the primary or secondary exploration method when searching for minerals, geothermal, 

and hydrocarbon field using density differences of the subterranean rocks (Rivas, 2009, 

Demir et al., 2012). 

In the gravity method, gravity anomalies are calculated using Newton laws which 

are universal law of gravitation and second law of motion. The universal law of 

gravitation is: 

F = G ∗ M ∗ m 

R2 

 
 
 

(5.1) 

 

The second law of motion is: 

 
F = m * g (5.2) 

 

 

These formulas are combined to find relationship between acceleration and mass of the 
 

Earth. 

g = 
G * M 

R2 

 

 
 
 

(5.3) 

 

where, F is force, G is gravitational constant that is 6.67 x 10-11 Nm2 kg-2, M is mass of 

the earth, m is mass, R is distance between masses, and g is acceleration  (Sheriff, 1994). 
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5.2 Gravity Data Interpretation 
 

A Bouguer gravity anomaly map is based on contrasts of the gravitational 

accelerations that is generated by the subsurface density variations (Bonvalot, 2012). 

Figure 31 shows the Bouguer gravity anomalies within Turkey. The major trend of the 

gravity anomalies are east-west primarily caused by the east-west trending strike-slip 

tectonic regime. The blue values represent regions of less gravity caused by thicker low 

density sediments (Ates and Kearney, 1999). 

 

Figure 31. Bouguer gravity anomaly map of Turkey which shows east-west trending 

anomalies (Ates and Kearney, 1999). Contour interval is 10 mGal. 

 
The validity of applying of the study area’s geological information is based on the 

accuracy of the geoid used in the computing of the free air gravity and the Bouguer 

anomaly. The gravity data used in this study was obtained from the EGM2008 project 

(Balmino et al., 2012). The EGM2008 dataset combines a variety of data sources 
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including satellites land, marine, and airborne sources (Balmino et al., 2012; Pavlis et al., 

2012). In this chapter, the Bouguer gravity anomaly data were used to support seismic 

and well log data in the Thrace basin (Figure 32). The Bouguer gravity anomalies values 

in the study area range from 105 to 125 mGal, and study area has mainly lower gravity 

values in comparison to its environment. There is no any significant regional trend to the 

gravity anomalies within the Thrace basin area which implies that the crust thickness and 

lower crustal thickness are constant under the basin. However, there are two main trends 

(Figure 32; anomalies 1 and 2); that can be seen within the Thrace basin. 

The residual gravity map (Figure 33) was made by creating a regional gravity 

anomaly map where the Bouguer gravity anomalies were continued to 2 km above the 

surface (Jacobsen, 1987). The regional gravity anomaly data was then subtracted from the 

Bouguer gravity anomaly data to create the residual gravity anomaly map (Figure 33). On 

the residual gravity anomaly map, the Thrace basin is characterized by a series of gravity 

minima due to the thick shales and sandstones. The gravity minima mainly trends north- 

south and is mainly related to the formation of the forearc basin. There are no east-west 

trending anomalies that correspond to the strike-slip tectonic regime. 

The horizontal derivative method determines the magnitude of the gradient in the 

gravity field and can be used to define the edges of subsurface density variations (Cordell 

1979; Blakely and Simpson, 1986; Blakely, 1996). To interpret a horizontal derivative 

map, one looks for trends of derivative maxima which indicate the lateral boundaries of a 

dense subsurface body. However, this method is not enough to completely interpret the 

gravity data. The horizontal derivative results must be compared to other methods 
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including magnetic and seismic data in conjunction with the geological data to improve 

the interpretation of the gravity data (Grauch and Cordell, 1987). 
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Figure 32. The Bouguer gravity anomaly map of Thrace basin.  The contour interval is 5 

mGal. These anomalies which are related to region's tectonic history trend east-west (1) 

and southwest (2). 



54  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study 

Area 
 

 
 
 
 
 
 

Figure 33. Residual gravity anomaly map of the Thrace basin. Contour interval is 5 

mGal. 

 
The horizontal derivative gravity anomaly map (Figure 34) which was created 

using the residual gravity anomaly data (Figure 33) indicates a series of derivative 

maxima which trend north-south, northwest-southeast and northeast-southwest. These 

anomalies indicate a more complex subsurface than suggested by the Bouguer and 
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residual gravity anomaly maps.  These anomalies in general show that the origin of the 

Thrace basin is complicated, as it has been affected by both compressional and strike-slip 

tectonics. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study 

Area 
 

 
 
 
 
 

Figure 34. Total horizontal derivative of the residual gravity anomaly map. 
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CHAPTER 6 
 

 
 
 

6.1 Discussion 
 

This study was undertaken with two main purposes: 1) to define the geological, 

structural features and petroleum potential of the Thrace basin started forming in the 

Early Eocene, and 2) to model and interpret seismic reflection, well log, and gravity data 

compatible with number 1. These purposes were selected to show how the basin has been 

formed and to determine what the hydrocarbon potential of a part of the Thrace basin. 

Thus, the study engaged a variety of geophysical methods to evaluate the results from 

different angles and get more detailed information for the study area within the Thrace 

basin. 

The Thrace basin (Figure 1) was formed by the subduction of the African plate 

going under the European plate and the escape tectonics caused by the collision of the 

Anatolian and Arabian plates (Turgut et al., 1983; Coskun, 1996). These tectonic 

activities formed a variety of structures including horsts and grabens (pull apart basins) 

along the north side of the basin by the NAFs which has mainly strike slip motions. 

These structures include the pull-apart basin imaged by the seismic reflection data 

(Figure 17), where flower structures confirm that this basin was formed by strike-slip 

tectonics (Figure 20). This tectonic evolution history is a commonly accepted hypothesis 

for the Thrace basin (Turgut et al., 1983, 1991; Siyako, 2006; Siyako and Huvaz, 2007; 

Sen, 2011; Derman, 2014). This mode of basin formation also includes the deposition of 

several geologic formations which are mainly Oligocene-aged sandstones and shales of 

the Osmancik and Danismen Formations, and with the Oligocene-aged shale, sandstones 
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and siltstones of the Mezardere Formation comprise the main units with hydrocarbon 

potential within the Thrace basin. The well log analysis (Figures 28 and 29) showed that 

the Osmancik and Danismen Formations have a moderate potential for hydrocarbon 

production. Schindler (1997) showed that the basin depositional systems include 

turbiditic, deltaic and fluvial phases, and Siyako and Huvaz (2007) revealed that this 

sedimentation occurred from the Middle Miocene to Pliocene using fossil records (Figure 

8). However, there is a difference of opinion about the kerogen types that comprise 

hydrocarbon production from the Eocene age shale rocks but the TOC values determined 

by this study are accepted between 0.01% and 6.3% by Burkan (1992) and Soylu et al. 

(1992). The TOC values of shales, ranging between 2% and 5% are considered to have a 

good generation potential by the AAPG. The basin's shale content as determined by this 

study that is primer hydrocarbon production is however limited for Turkey’s hydrocarbon 

requirements with conventional method but the new shale gas production technology 

which utilitizes unconventional techniques could be very useful to increase hydrocarbon 

production (EIA, 2015; TPAO, 2015). 

 
 
 

6.2 Conclusion 
 

A geologic and geophysical interpretation study of the Thrace basin in 

northwestern Turkey, via seismic reflection, well log data, and gravity anomaly maps 

were analyzed to determine the geologic characteristics and hydrocarbon potential of the 

basin. The study was concentrated on the northern sections of the Thrace basin, where 

seismic models were constructed from 3D seismic reflection data and were integrated 

with well log and gravity data. 
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The 3D seismic reflection interpretation was able to define the several geologic 

structures including normal and strike slip faults, anticlines and a pull-apart basin. The 

anticline and pull-apart basin models contained the shallow Danismen and deeper 

Osmancik Formations. These formations illustrate the tectonic history of this portion of 

the basin as folding, ascent on the left side and descent on the back side of horizons that 

was caused by the formation of the pull-apart basin. Also, this portion of the basin was 

initially formed as a forearc basin by compressional forces in the Miocene and this 

tectonic environment created anticlines, as imaged by the seismic modeling. The 

anticlinal structure also contains the Osmancik and Danismen Formations which, 

according to well log analyses, have hydrocarbon potential.  This possible reservoir zone 

has the potential to contain hydrocarbon reserves within this structural trap. 

The potential reservoir zones were defined from well logs for the Well 2 and 3 

wells but the reservoir zone that is between 1,760 and 1,775 meters on the Well 2 well 

can be described as a main reservoir zone because the cross-over using NPHI and RHOB 

logs size is bigger than other wells. However, reservoir petrophysical features results do 

not support economic and high hydrocarbon accumulation on the area. The gravity 

anomaly maps show that the study area has lower sedimentary thickness in comparison 

with the area surrounding it. The seismic reflection models, well log data analysis and 

gravity anomaly maps reveal that the basin has potential hydrocarbon accumulation but it 

might not be economical for conventional hydrocarbon production methods. 
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