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Abstract

The study area is located in the Missan government in southeastern lIraqg, including
oilfields (Halfaya, Noor, and Amara). The study area is about 966 Km?. Based on the
2D seismic reflection interpretation, well-logs data (sonic and estimated density logs),
and synthetic seismogram of well Am-2, two horizons were identified and picked
(Nahr Umr and Shuaiba) within the Lower Cretaceous age. For the picked reflectors,
two-way time and depth maps were created to display the subsurface's structural
makeup. The structural interpretation shows two structural axes in the study area. The
first is the Halfaya-Amara axis, whose direction is WNW-ESE corresponding with the
Amara structure. This axis deviates southeast due to the tectonic effect at the Halfaya
structure. Another tectonic force affected the Halfaya structure in the northwest-
southeast direction leading to the appearance of a branch of a convex extension
towards the north from the middle of the Halfaya structure, completing this branch to
a structural closure as nose towards the Noor structure in the northern part of the study
area. The second axis of Halfaya-Noor oilfields trending northwest-southeast
direction.

Keywords: 2D seismic reflection data, structural interpretation, Halfaya-Noor-Amara
oil fields, lower cretaceous formations.
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1. Introduction

Seismic reflection exploration is used to investigate the subsurface image of the oilfields
since the turn of the 20th century [1]. There are several reasons for the seismic method's
superiority to geophysical approaches, the most significant of which are its high accuracy, high
resolution, and great penetration [2]. Numerous seismic investigations were carried out to
investigate the underlying geology of numerous oilfields in Iraq. Those who conducted the
research concluded that the seismic reflection method offers a clear picture of the stratigraphy
and structure of the subsurface, which aids in understanding subsurface geology and offers solid
proof of oil accumulation [3-6]. The basic idea in seismic methods is a hit on the surface to
create a seismic wave that travels underground. This wave is reflected when it reaches a
boundary between different layers. By using the travel time, the geological boundaries can be
determined [7]. The time it takes for sound to travel from its source to the reflecting interface
and back to the surface provides information about the reflector's depth, and the intensity of the
reflected signal provides information about any differences in the properties of the rocks at the
interface [8]. The two steps before the interpretation stage are data acquisition and data
processing. Seismic data interpretation is the third and last step of any seismic exploration work.
Structural seismic interpretation aims to provide structural maps of the subsurface [9]. Since
the Cretaceous sequence in Iraq is the greatest-producing reservoir and holds over 80% of the
country's oil reserves, much research has concentrated on this region [10]. This research aims
to study the structural axes of the Lower Cretaceous formations in the Halfaya, Noor, and Amara
oilfields in southeastern Iraq in one study, where each field has been studied independently,
where the A 2D seismic survey covers the area.

2. Location of the Study Area

The study area is located in southeastern Iraq in Missan Governorate, as shown in Figure-1.
The study area is about 966 km?, and the Tigris River penetrates the study area. The study area
included three oil fields, the Halfaya in the southeast, Noor in the north, and Amara in the west.
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Figure 1: Map of Iraq showing the location of the study area.

3. Geology of the Study Area

Topographically, this region belongs to the typical Quaternary area with no exposure to the
older bedrock. Lithologically the sediments filling the Mesopotamian plain are represented by
gravels, sands, silts, and clay [11]. The subsurface geology of the study area is identified from
the data obtained from Am-2 well drilled within the Amara oil field, Am-2 well reaches to
Yamama Formation at a depth (4692 m). This study concerns the Lower Cretaceous formations:
Nahr Umr and Shuaiba Formations. Figure-2 is a stratigraphic column of Am-2 well with a
brief description of the formations included in this study [12]. The Mesopotamian can be
subdivided into three subzones, Euphrates, Tigris, and Zubair. The study area is located within
the unstable shelf of the Mesopotamian zone and precisely in the Tigris subzone. The Tigris
Subzone is the largest and most mobile unit in the Mesopotamian Zone. It contains two NW-
SE trending groups of relatively low amplitude buried anticlines associated with longitudinal
faults and an E-W transversal trend [13].
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GEOLOGICAL SECTION OF AMARA WELL-2
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Figure 2: Stratigraphic column for Amara oil field (Am-2 well) with a brief description of the
formations included in this study.

4. Data and Methodology

Three types of data were used in the current study (Obtained from the Iraqi Ministry of Oil,
Oil Exploration Company), which include:
1-Well data: Including well tops, sonic log, and the coordinates of the well (Am-2) of the Amara
oilfield in the study area.
2-Well seismic data: Check-shot (One-way time) for well Am-2.
3-Seismic data: Twenty-six 2D seismic lines cover almost all the study area.

The base map was constructed using Petrel software (Figure-3). Before the interpretation
process, seismic data improvement was carried out by using attributes as follows: structural
smoothing attribute (to increase the continuity of the seismic reflectors and decrease noise).
Then, the second derivative attribute (used to help in picking the reflectors by providing
continuity in areas where reflections are poorly resolved on the raw amplitude). The calculated
seismic data will be shifted to 180° phase. So, the phase shift attribute is applied (to recover the
original phase). As a result of these improvements, the seismic data will lose some of the
amplitude range. So, we must re-inventory the original seismic section values. Finally, for better
improvement, the trace AGC attribute was applied (used for enhancing low-amplitude sections
to improve horizon interpretation) [14, 15]. Also, the mis-tie correction was applied because
the 2D seismic lines were implemented at different times and directions. The interpretation
process was carried out on the Petrel software, where first, the reflectors were picked in all
seismic sections, then time and depth maps were drawn, velocity model was constructed to
convert the time map into a depth map to obtain the structural image. The input data required
to generate the velocity model of the current study are: two-time surfaces (top of Nahr Umr and
Shuaiba), well tops and time-depth relationship.
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Figure 3: Base map of the study area, shows the in-between area within the Halfaya-Noor-
Amara oil fields and seismic survey lines.
5. Horizon Picking

A synthetic seismogram is generated by multiplying calibrated sonic and estimated density
logs to generate an acoustic impedance log, derive reflection coefficients, and convolve with a
deterministic wavelet. A synthetic seismogram is developed to determine the reflector more
precisely on the seismic section at the well site to begin the process of horizon picking. Horizon
picking is marking the reflection on a seismic section. It involves deciding what wiggles from
trace to trace are from the same reflection [16]. One then follows the path of that specific
reflector on a set of seismic lines that cross orthogonally in planar view, producing a result that
correlates on every line. By linking particular horizons on a seismic line, one may subsequently
generate a (TWT) map [17]. The identification of the tops of Nahr Umr and Shuaiba horizons
in this study was carried out depending on well tops and the well-seismic velocity survey data
(check shot) of well Am-2 and more precisely by using a synthetic seismogram of this well as
shown in Figure-4. The picked reflectors appeared as troughs on the synthetic trace.
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Figure 4: Shows horizons picking from well Am-2 in Ama_8 seismic section, the base map (in
the lower left corner) shows the location of the section (black line) in the study area near the
Amara oilfield.

6. Structural Interpretation

The top reflectors of the Nahr Umr and Shuaiba Formations were picked in all the study area
to prepare the TWT maps, which are later converted to depth maps using these reflectors'
velocity models. Structurally, all structural maps (time & depth map) show the highest area is
located on the southwest and southeast side, representing an anticline folded structure extending
out of the study area, while the lower area on the northeast side represents the basin. The slope
is steep on both sides of the anticline (it may describe a trend of faults) and then gradually
decreases towards the NE. A saddle separates Halfaya and Amara structures with a general
direction of NW-SE with a slight difference for each structure. The Halfaya, Noor, and Amara
structures appear as closures with the axis running about along N60°W, N65°W, and N75°W
trending, respectively, corresponding to results in the previous study [18]. In this study, it was
found that there are two structural axes, as shown in Figures 5-6 and 9-10. The first is the
Halfaya-Amara axis, whose direction is WNW-ESE at the Amara structure. Then the axis
deviates in the southeast direction due to the tectonic effect at the Halfaya structure, as
explained by [19]. Another tectonic force affected the Halfaya structure in the northwest-
southeast direction leading to the appearance of a branch of a convex extension towards the
north from the middle of the Halfaya structure, completing this branch to a structural closure as
nose towards the Noor structure. The second axis of Halfaya-Noor was formed in the direction
of northwest-southeast. Below is a detailed interpretation of all maps of interested formations:

6.1 Two-Way Time (TWT) Maps

Two TWT maps were constructed for the picked horizons (Top Nahr Umr and Top Shuaiba
Formations) to show the values and changes on the map in the time domain. A contour interval
of 10 ms was basically used, while the sea level is considered a reference datum for all maps.
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The increase in the TWT means the seismic wave took extra time to reach the reflector's surface
because the reflector is getting deeper. There is excellent correspondence between the two TWT
maps of the two horizons regarding higher and lower values and the location of structural
closures.

6.1.1 Two-Way Time Map of Top Nahr Umr Formation

The TWT map of Nahr Umr (Figure-5) shows that the lowest value of TWT is at the west
and southwest (2100 ms), representing the Amara structure and at the southeast (2130 ms),
representing the Halfaya structure, while the highest value of TWT is at the northeast of the
study area (2525 ms). In addition, the minimum value in the Noor structure is (2327 ms) within
the study area. The contour value of the enclosure of the structures is (2170, 2350, 2170) ms,
with closure amounts of 40, 23, and 70 ms for Halfaya, Noor, and Amara, respectively, within
the study area.
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Figure 5: TWT map of the top Nahr Umr Formation.

6.1.2 Two-Way Time Map of Top Shuaiba Formation

The TWT map of Shuaiba (Figure-6) shows that the lowest value of TWT is at the west and
southwest (2129 ms), representing the Amara structure and at the southeast (2173 ms),
representing the Halfaya structure, while the highest value of TWT is at the northeast of the
study area (2580 ms). In addition, the minimum value in the Noor structure is (2364 ms) within
the study area. The contour value of the enclosure of the structures is (2190, 2390, 2190) ms
with closure amounts (17, 26, 61) ms for Halfaya, Noor, and Amara, respectively, within the
study area.
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Figure 6: TWT map of the top Shuaiba Formation.

6.2 Average Velocity Maps
The average velocity was calculated using the time horizons of the two formations (top Nahr
Umr and top Shuaiba). Velocity maps of the reflectors showed increased velocity values with

depth.

6.2.1 Average Velocity Map of Top Nahr Umr Formation

The average velocity map (Figure-7) shows a range of 3160 - 3500 m/s values. Velocity value
increases toward the southwest direction and decreases toward the southeast direction. Contour

interval (20 m/s).
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Figure 7: Average Velocity Map of top Nahr Umr Formation.
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6.2.2 Average Velocity Map of Top Shuaiba Formation

The average velocity map (Figure-8) shows a range of 3435 - 3520 m/s. Velocity value
increases toward the southwest direction and decreases toward the northwest direction in the
east with a contour interval of 5 m/s.
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Figure 8: Average Velocity Map of the top Shuaiba Formation.

6.3 Depth Maps

The shape of the depth map looks like a TWT map and shows the same picture of the studied
formations. It is obtained by using the velocity map and one-way time from the time map of the
given reflector by dividing the values in the TWT map by two (to convert it to a one-way time
map because the depth map is measured by one direction only). In general, the structural depth
map illustrates the locations and shapes of the main structural features in the study area based
on the geometrical shape of contour lines and is displayed a real picture of the structural
subsurface setting. These maps depend on sea level as a reference level.

6.3.1 Depth Map of Top Nahr Umr Formation

The depth map (Figure-9) shows that the lowest depth is at the southeast (3443 m),
representing the Halfaya structure, while the highest depth is at the northeast of the study area
(4135 m). In addition, the minimum depth in the Amara structure (3654 m), while in the Noor
structure is (3895 m) within the study area. The contour value of the enclosure of the structures
is (3705, 3925, 3705) m with closure amounts (262, 30, 51) m for Halfaya, Noor, and Amara,
respectively, within the study area. This map was drawn with a contour interval of (5 m) to
illustrate the closure in the Noor structure.
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Figure 9: Depth Map of top Nahr Umr Formation.

6.3.2 Depth Map of Top Shuaiba Formation

The depth map shown in (Figure-10) appears that the lowest depth is at the west and
southwest (3713 m), representing the Amara structure, and at the southeast (3775 m),
representing the Halfaya structure, while the highest depth is at the northeast of the study area
(4462 m). In addition, the minimum depth in the Noor structure is (4109 m) within the study
area. The contour value of the enclosure of the structures is 3825, 4155, and 3825 m, with
closure amounts is 50, 46, and 112 m for Halfaya, Noor, and Amara, respectively, within the
study area. A contour interval of 15 m was used.
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Figure 10: Depth Map of top Shuaiba Formation.

7. Conclusions

1- The top of the Nahr Umr and Shuaiba Formations were picked. TWT and depth maps showed
that the values of (time & depth) are decreased towards the southeast, represented by the
Halfaya structure, and decreased towards the southwest, represented by the Amara structure.
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These structures represent anticline folded structures extending out of the study area, so the
values in time and depth decrease. At the same time, values increase to the northeast side
representing the basin. The velocity map of the Nahr Umr Formation shows that the value rises
toward the southwest direction and decreases toward the southeast direction. The velocity map
of the Shuaiba Formation shows value increases toward the southwest direction and decreases
toward the northwest direction in the east. The difference in velocity is due to the difference in
lithology, geological age and compaction of formations.

2- The study revealed three separate structures representing the three oil fields (Halfaya, Noor,
and Amara) affected by different tectonic forces in other geological times with two structural
axes in the study area. The first one is the Halfaya-Amara axis (which is separated by a saddle),
and its direction is WNW-ESE at the Amara structure. Then this axis deviates in the southeast
due to the tectonic effect on the Halfaya structure. Another tectonic force affected the Halfaya
structure in the northwest-southeast direction leading to the appearance of a branch of a convex
extension towards the north from the middle of the Halfaya structure, completing this branch
to a structural closure as nose towards the Noor structure. The second axis of Halfaya-Noor was
formed in the direction of northwest-southeast.
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