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ABSTRACT

The region, which covers the northeast of Syria and the northwest of Iraq in the south of the Bitlis-Zagros Suture Belt, which was
formed as a result of the collision of the Arabian and Eurasian plates during the Middle Miocene and Early Late Miocene, has a
very important position in the world in terms of hydrocarbons. Hydrocarbon exploration activities require enormous labour and
cost. It is aimed to show that the locations of the known hydrocarbon fields in the region coincide with the maximum values of the
gravity tensor invariant with this study. In this way, it is aimed to show that both the working area can be narrowed, and the cost
can be reduced by applying this method beforehand in similar regions. For this purpose, World Gravity Map 2012 global model
gravity data, which is one of the most up-to-date satellite-based gravity data used by many researchers recently, was used. First
of all, the spherical free air and complete spherical Bouguer gravity data were analyzed and then the potential was obtained by
taking the vertical integration of the complete spherical Bouguer data. Tensors were calculated by using this potential data and
gravity tensor invariant was calculated from tensors. When the gravity tensor invariant map is examined, it is observed that the
areas with the maximum positive values observed, and the locations of the known oil wells are mostly compatible throughout the
area. As a result, it would be very beneficial to apply this method for the region first for such high-cost studies.

Keywords: Bouguer, gravity, hydrocarbon, Iraq, Syria, tensor.
oz

Orta Miyosen ve Erken Ge¢ Miyosen siirecinde Arabistan ile Avrasya levhalarinin ¢arpismasi sonucu olusan Bitlis-Zagros Kenet
Kusagi'nin glineyindeki Suriye’nin Kuzeydogusu ile Irak’in kuzeybatisini icine alan bu bélge hidrokarbon agisindan dlinyada ¢ok
6nemli bir konuma sahiptir. Hidrokarbon arama faaliyetleri ¢cok biiylik emek ve maliyet gerektirmektedir. Bu ¢alisma ile bélgedeki
bilinen hidrokarbon alanlarinin yerlerinin gravite tensér degismezinin maksimum dedgerleri ile ¢akistigini géstermek amaclanmisgtir.
Bu sayede benzer bélgelerde éncesinde bu ydntem uygulanarak hem c¢alisma alaninin daraltilabilecegi hem de maliyetin
digtrilebilecegini gbéstermek hedeflenmistir. Bu amagla son zamanlarda ¢ok fazla arastirmaci tarafindan kullaniimakta olan uydu
tabanli gravite verilerinden en giincel olanlarindan biri olan World Gravity Map 2012 global modeli gravite verileri kullaniimistir.
Oncelikle kiiresel serbest hava, tam kiiresel Bouguer gravite verileri analiz edilmis ve sonrasinda tam kiiresel Bouguer verisinin
digey integrali alinarak potansiyel elde edilmistir. Bu potansiyel verisi kullanilarak tensérler ve tensérlerden de gravite tensér
degismezi hesaplanmistir. Gravite tensér dedismez haritasi incelendiginde gézlenen maksimum pozitif degerlerin oldugu alanlar
ile bilinen petrol kuyularinin yerlerinin alan genelinde ¢ogunlukla uyumlu oldugu gézlenmektedir. Sonug¢ olarak bdylesi bliyiik
maliyetli calismalar igin éncelikle bu y6ntemin bolge igin uygulanmasi ¢ok faydali olacaktir.

Anahtar Kelimeler: Bouguer, gravite, hidrokarbon, Irak, Suriye, tensor.
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INTRODUCTION

Owning energy resources, being able to produce
energy and keeping the transportation routes under
control that will bring the energy to the market are
among the issues that states focus on in their foreign
policy. The resources that have the largest share in
primary energy production are oil, coal and natural
gas, respectively. The member states of the
Organization of Petroleum Exporting Countries
(OPEC) have 71.6% of the world's oil reserves.
Looking at the regional distribution of oil reserves
today, it is seen that the Middle East region has
almost half of the world's oil reserves with 48.5%
(Aksoy, 2016). In this study, the area includes
northern Iraq in which contain about 45 billion barrels
of Irag’s 115 billion barrels of oil reserves that makes
Iraq the sixth-largest oil reserve in the World (Al-
Zubaidi and Al-Zebari, 1998; Jassim and Al-Gailani,
2006; Abdula, 2010).

Oil and natural gas explorations should be completed
in the shortest time with the lowest cost due to the
high cost and difficulties in the advanced technology
used in drilling. In addition, drilling costs increase
apparently because most of the new explorations are
done offshore or inaccessible depths (Gullu et al.,
2021). For these reasons, it is very important to
perform pre-study and planning effectively in
hydrocarbon research. The size of the planned
research area also increases the cost and exploration
time. In this study, it is suggested that this method,
which gives fast and costless results for the large area
planned in future studies, is applied and other
methods should be planned according to these
results. Thus, since the area will be narrowed, both
the search cost and the working time will be saved. A
similar study was carried out by Dogru (2022) in the
east of the Black Sea, and it was seen that the
maximum values obtained were compatible with the
known well locations.

The satellite-based gravity models have been used by
many researchers lately for different purposes. World
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Gravity Map 2012 (WGM2012) gravity model was used
in this study to obtain gravity tensor invariants from
gravity tensors. Gravity tensor invariants were used for
satellite gravity gradiometry by the study of
Baur et al., (2008). Oruc (2010) used gravity tensor
invariants to estimate the depth of causative sources.
Bouman et al, (2011) used the gravity tensor
invariants in the gravity data combination study for
geophysical exploration research. Gravity gradients
and invariants were used for geophysical modelling by
Ebbing et al., (2015).
disturbance data was used to obtain invariants in

Satellite-based  gravity

Western Anatolia by Dogru and Pamukcu (2019).
Curvature gravity gradient tensor was used for the
structural interpretation of the Erzurum Basin and the
enhancement of linear features from gravity anomalies
by Oruc (2011) and Oruc et al., (2013), respectively.

Within the scope of the study, gravity tensor invariant
was calculated from the gravity tensors which were
obtained from  satellite-based gravity = model
(WGM2012). Afterwards, the known well locations
were compared with the maxima values of gravity
tensor invariants and most of the area gave compatible
results.

TECTONIC SETTING OF THE STUDY AREA

Zagros Mountain and Bitlis-Zagros Suture Zone
(BZSZ) was created by the collision of the Arabian
Plate crust under the Eurasian Plate and the junction
continues at present (Beydoun et al., 1992). The study
area, which is bordered by BZSZ in the north and the
Dead Sea Fault in the west, includes several
thrusts/blind thrusts in northeast Syria and northwest
Iraq (Seyitoglu et al., 2017). The basement rocks in
northern Iraq are broken into several blocks which the
Kirkuk and northern Mosul are the main ones (Ameen,
1992). A general tectonic map of the study area is
given in Figure 1.
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Figure 1. The general tectonic map of the study area.
(The map modified from Barrier et al., 2014).

Sekil 1. Calisma alaninin genel tektonik haritasi.
(Barrier et al., 2014'den revise edildi).

World Gravity Map (WGM2012) Gravity Model

World Gravity Map (WGM2012), European Improved
Gravity model of the Earth by New techniques
(EIGENG6C-4) (Forste et al., 2014), Gravity field and
steady-state Ocean Circulation Explorer (GOCE) and
Earth Gravitational Model 2008 (EGM2008) (Pavlis et
al., 2008) combined model (GECO) (Gilardoni et al.,
2016), ITSG-Grace2018s (Mayer-Gurr et al., 2018),
XGM2019e_2159 (Zingerle et al., 2020), SGG-UGM-2
(Liang et al., 2020) have been used by many
researchers lately. WGM2012 gravity anomalies are
derived from EGM2008 and DTU10 (Global Ocean
Tide model of Technical University of Denmark) and
include “1x1” resolution terrain corrections derived
from ETOPO1 model (Bonvalot et al., 2012).

The topography of the study area reaches up to 1400
meters, but the values change between 200 to 600
meters in general (Figure 2). The gravity anomalies
were calculated from the WGM2012 gravity model.
The spherical free-air gravity anomaly values change
between -60 to 90 mGal depending on the topography
(Figure 3). In the region where the maximum values of
the topography are, spherical free air values reach up

to 90 mGal. Complete spherical Bouguer gravity
anomaly values change between 20 to 100 mGal and
the maximum values are concentrated in the middle of
the region (Figure 4).
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Figure 2. The topography of the study area (SRTM 3
arc sec data was downloaded from the USGS Earth
website

Explorer (https://earthexplorer.usgs.gov)

(Yellow line indicates the country borders).

Sekil 2. Calisma alaninin topografyasi (SRTM 3 arc
sec verileri USGS Earth Explorer web sitesinden
(https.//earthexplorer.usgs.gov) indirilmistir (Sari ¢izgi
lilke sinirlarini géstermektedir).
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Figure 3. The Free-air gravity anomaly map of the
study area with known hydrocarbon locations which
were taken from Barrier et al., 2014 in Syria (Black line
indicate the country borders).

Sekil 3. Barrier et al., 2014’den alinan Suriye’de bilinen
hidrokarbon yerlerine sahip ¢alisma alanina ait serbest
hava gravite anomalisi (Siyah cizgiler (lke sinirlarini
gostermektedir).
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Figure 4. The Complete Bouguer gravity anomaly of
the study area (Black line indicate the country
borders).

Sekil 4. Calisma alanina ait Tam Bouguer gravite
(Siyah
g6stermektedir).

anomalisi cizgiler lilke sinirlarini

Gravity Tensor and Invariants

Gravity tensor T is a tensor of the second derivatives
of the gravity potential P (Kloko¢nik et al., 2014). In
this study, P was calculated by taking vertical
integration of Bouguer gravity data. The formulas
used to calculate the gravity potential P are given in
detail by Barthelmes (2009). Then the second
derivates of gravity potential presented tensor

components:
P d*P  9*P
2
Tox Txy T,, 6: 6xzﬂy 6;\;61
a°P a°P a°P
=|T T T,,|= —
r yx Yy yz dydx ay? dydz 1)
Tox Toy Tu 9*p  3*P  4*p
0z0x 0zdy F

In addition, invariants were calculated from gravity
tensors and only invariant 2 (l2) was utilized to
determine the location of hydrocarbon areas. In
general, the formula of three invariants is given
following:

I =Ty (Tnyzz
Ty, (Txy Ty,
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Figure 5. The flowchart of the gravity invariant
calculation.

Sekil 5. Gravite degismez hesabinin akis semasi.

After vertical integration of complete spherical Bouguer
gravity anomaly, the gravity potential (P) map was
obtained, and tensors were calculated by using this
potential data. The flowchart of the gravity invariant
calculation is given in Figure 5. Gravity potential values
change between 6000 to 21000 km?/s? (Figure 6). The
gravity tensors were calculated from the second
derivatives of potential (Figure 7).
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Figure 6. The gravity potential map (P) was
obtained from the Complete Bouguer gravity

anomaly (Black line indicate the country borders).

Sekil 6. Tam Bouguer gravite anomalisinden
hesaplanan gravite potansiyel haritasi (P) (Siyah
cizgiler lilke sinirlarini géstermektedir).

Txx and Tyy tensor components give information
about the horizontal and vertical structures,
respectively. Tz tensor is the best fit for the
subsurface structure detection (Murphy and
Dickinson, 2009). Then gravity tensor invariant was
calculated from gravity tensors and the gravity
tensor invariant map was given with the known oil
well locations (Figure 8).

DISCUSSION

Within the scope of the study, first of all, spherical
free-air gravity anomaly and complete spherical
Bouguer gravity anomaly were obtained from the
satellite-based gravity model of WGM2012. The
spherical free-air gravity anomaly values were
compatible with the topography and maximum
values were shown in the middle of the study area
as the result of the complete spherical Bouguer
anomaly values. Then, the gravity potential of the
complete spherical Bouguer gravity anomaly was
calculated using vertical integration in order to
gather gravity tensors by taking second-order

derivatives. Tensors gave mostly information about
the discontinuities all over the area or the location of
subsurface structures. The synthetic trials about
tensors were made by Dogru and Pamukcu (2019)
succesfully. In addition, gravity tensor invariant was
calculated from gravity tensor components. It is
shown that there is consistency between the
maximum values in the gravity tensor invariant map
with known well locations as in the study of Dogru
(2022).

The gravity tensor invariant map shows its
sensitivity to the density variations. The hydrocarbon
leaves the source rock and settles into different
rocks by following a migration path. It contains a
density difference compared to the environment in
the trap where it accumulates afterwards. Thus, it is
thought that the maxima of gravity tensor invariant is
sensitive to this density difference from the results of
this study.

The easy application and cost-effectiveness of the
method reveal the necessity of using it as a
preliminary study in such studies. With this method,
the working area will be reduced, thus saving both
money and time. Since it is valuable to obtain these
results with such an easy effort for such costly
studies, it is recommended to use this method in
hydrocarbon explorations.
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Figure 7. The tensor components: Txx, Txy, Txz, Tyy, Tyz and Tzz (Black line indicate the country borders).

Sekil 7. Tensér bilesenleri: Txx, Txy, Txz, Tyy, Tyz ve Tzz (Siyah cizgiler Ulke sinirlarini géstermektedir).
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Figure 8. The |2 map was calculated from tensors with known hydrocarbon locations which were taken from Barrier
et al., (2014) in Syria (Black line indicate the country borders).

Sekil 8. Barrier et al., 2014°den alinan Suriye’de bilinen hidrokarbon yerlerine sahip ¢alisma alanina ait I2 haritasi
(Siyah cizgiler llke sinirlarini géstermektedir).
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