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Abstract

In this paper, we attempt to predict the depositional environments with associated
lithofacies of the main reservoir of the late Cretaceous Mishrif carbonate Formation,
depending on the analysis of the created seismic isopach map by integrating seismic
and well data. The isopach map was created from a 3D-seismic reflection survey
carried out at the Dujaila oil field in southeastern Irag, which is of an area of 602.26
Km2, and integrated with the data of the two explored wells. Based on the
interpretation of the seismic isopach map, the diagram of the 3D-depositional
environment model of Mishrif Formation was constructed. It showed three
distinguished depositional environments, which were graduated from a back reef
lithofacies of a shallow open marine (shelf) environment in the west and NW, to a
shoal environment of isolated Rudist reefal buildup in the middle, and a fore reef
lithofacies of the deep open marine basin environment in the SE of the field. A 3D-
instantaneous frequency model was generated to verify the capability of the seismic
isopach map of predicting the depositional environments, which in turn showed that
the low frequency was restricted in the region of the high thickness of Rudist reefal
buildups (porous reservoir facies) in the vicinity of the productive well Dujaila-1.

Keywords: 3D-Seismic, Isopach map, Depositional environments, Instantaneous
frequency attribute, Mishrif Formation, Dujaila oil field.
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Introduction
Modern three-dimensional (3D) seismic data assists not only in delineating reservoir geometry but
also in predicting petrophysical properties (thickness, porosity, and lithology) with variations away
from those of the well control [1]. The geologic model derived from combining the 3D seismic survey
with available well data provides a degree of detail about the depositional environments of the
producing reservoir that cannot be obtained from well data alone [2]. This research is interested in
predicting the thickness and delineation of the depositional facies environments of Mishrif Formation
(Cenomanian-Early Turonian), which is the main reservoir in Dujaila oil field, depending on the
integration of the 3D post-stack time migrated seismic data and available data of two wells. The
Dujaila oil field is one of the promising fields in the Mesopotamian basin that was discovered before
1960 and has not been exploited to this day. A 3D-seismic reflection survey was carried out in 2010
by the second crew of the Iragi Oil Exploration Company [3], which is also responsible for processing
the seismic data. Two exploration wells are available in the Dujaila field. The first well is Dujaila-1
(Du-1) that was drilled in 1960 and produced oil from Mishrif Formation. While the second well is
Dujaila-2 (Du-2) which was drilled in the1981 and is a dry well [4]. This study aims to estimate the
depositional environments and associated lithofacies of the carbonate reservoir of Mishrif Formation
from the seismic isopach map.

Location of the Study Area

Dujaila oil field is located in the southeastern part of Iraq in Maysan Governorate, about 50 Km to the
NW of Amara city and about 250 Km to the south of the capital Baghdad, as seen in Figure-1. The
study area is generally a flat terrain covered by Quaternary Period deposits, which is characterized by
prevailing floodplain sediments and swamp deposits, in addition to the aeolian sediments spreading in
the western part [5]. Structurally, Dujaila oil field lies in the Mesopotamian foredeep basin of the outer
platform of the Arabian plate [6],Ias illustrated in Figure-1.
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Figurel- The location of the study area on the structural map of Iraq, after [6]
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Time Maps of Mishrif Formation

The structural interpretation of the 3D seismic reflection data is directly dependent on the time
maps of the reflection horizons, which resulted from identifying and picking the seismic reflectors in
the two-way vertical time (TWT) unit that was calibrated and correlated with the well data through the
seismic-well-tie synthetic seismogram [7], as displayed in Figure-2. Contour time maps for the top and
bottom surfaces of Mishrif Formation were drawn with contour interval 5 ms to show the geometry of
the captured reflection horizons, as seen in Figures-(3 and 4), respectively. Then, the 3D-seismic
reflection horizons model for the identified and picked reflection horizons (four main strata units) of
Mishrif Formation, on the entire seismic cube of Dujaila field, was generated to show the general
topography of Mishrif Formation, as shown in Figure-5.
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Figure 2- The seismic inline section tﬁé{passes through the wells of Dujaila-1.
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Figure 3- The TWT map of the top of Mishrif Formation with contour interval of 5 ms.
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Figure 4- The TWT map of the bottom of Mishrif Formation with contour interval of 5 ms.
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Figure 5- The 3D-seismic reflection horizons model of Mishrif Formation.

The two-way time (TWT) structural maps and 3D-layers model of Mishrif exhibited several
seismic structural features, which can be interpreted depending on the integration with available
geological information and wells data, as follows.

In general, the Mishrif layers are inclined toward the east and northeast. The west and southwest
sides of the map are rising in what could represent a part of a folded structure extending out of the
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study area. The middle part shows a longitudinal wide flat area extended in the NW-SE direction, that
is coincided with the Zagros folded trend. It may represent the shelf of a ramped-carbonate platform
[8]. It also showed a simple closure (according to the shape of contour lines) in the region of the two
wells of Dujaila-1 and 2, which may be related to the randomly distributed isolated reef buildups
(Rudist mound) lithofacies on the rim of the carbonate platform [9]. The elevation time in the east and
northeast sides is steeply lowering, which may represent a part of the deep basin. The time map of the
bottom Mishrif generally showed the same topographic picture of the top Mishrif surface, but the
longitudinal flat area in the middle part became narrow with slight reliefs. This may reflect the
absence of reef buildups and vertical variations in the lithofacies succession.
Construction of 3Dimensional-Velocity Model

Building a velocity model on accurate geological and geophysical information is an important step
in the depth conversion and seismic interpretation [10]. 3D-velocity model is one of the best
techniques, where the use of time depth relation is necessary to convert to depth or thickness of the
subsurface layers that are interpreted from seismic reflection images in the time domain. It may also
show a real picture of the subsurface setting [11]. A 3D-average velocity model was constructed using
Petrel software, depending on the linear equation V =V, + K*Z, where: V is the average velocity, V,
is the instantaneous velocity, K is time/ depth gradient, and Z is the depth. This moder explains the
distribution of velocity, in both vertical and horizontal directions, that is calibrated to wells check-shot
velocities, as shown in Figure-6.
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Figure 6- The 3D-velocity model of Mishrif Formation in Dujaila oil field.

Average velocity map

To study the behavior of the velocity throughout Mishrif Formation in the Dujaila oil field, average
velocity maps were drawn for the top and bottom surfaces of the formation from the 3D velocity cube,
as illustrated in Figures 7 and 8, respectively.
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Figure 7- The average velocity map of top Mishrif with contour interval of 10 m/s.
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Figure 8- The average velocity map of bottom Mishrif Formation with contour interval of 10 m/s.

1948



Khawaja and Thabit Iraqgi Journal of Science, 2021, Vol. 62, No. 6, pp: 1943-1955

In general, the two velocity maps demonstrated an increase in the velocity values toward the east
and northeast, with a slight gradient of about 250 m/s throughout the study area. They also showed
that the contour lines have a longitudinal shape that extends in the NW-SE trend. The velocity map of
top Mishrif (Figure -7) exhibited velocity anomaly in the region of well Dujaila-1, that is distinguished
by a low velocity relative to the velocity values of the surrounding area. This negative anomaly reveals
lateral changes in the physical properties of the adjacent lithofacies, so that it is associated with the
presence of porous reef buildups and hydrocarbon accumulation in the region of well Dujaila-1 [8].
While the average velocity map of the bottom Mishrif (top Rumaila), as shown in Figure-8, shows an
increase in the magnitude of velocity value and the absence of the negative anomaly, especially in the
area around well Dujaila-1. It also indicates vertical changes in the lithofacies succession.

Depth Maps of Mishrif Formation

A depth map is resulted from multiplying the average velocity map with the one-way time map
(isochron map). In other words, at each common midpoint (CMP) of the area with the normal incident
of seismic rays, a vertical depth value (Z) is computed (Z = VT/2) from the velocity value (V) and the
reflected one-way vertical time (T/2) that is known from the two-way time (TWT) at that point [12,
13]. Hence, to obtain depth maps, the picked time data of any reflector is needed to the velocity data.
The most accurate velocity to be used in the conversion from time to depth is the average velocity. It
represents the actual velocity of formation that is computed directly from well data and can be derived
from the 3D velocity model [14]. The structural contour map illustrated the locations of anomalous
structural features based on the geometrical shape of contour lines, and it displayed a general picture
of the subsurface structural setting of the survey area. The depth map showed approximately what a
time map could look like, especially when the vertical and horizontal variations in velocity are small.
While, when the velocity variation is large, the two contour maps (time and depth maps) are expected
to show some dissimilarity, especially in the size and extent of the anomaly [15, 16].

624000 E28000 632000 G36000 E40D00 B44000 E<BDOD B52000 B5E000
H |Elevation depth [m

-

3552000
“E
DODEGSE

&

3540000 3544000 3548000
H .

E“EFB%H.EFE. |

DIOFSE | DOORSSE | CORREE

3532000 3538000
DODGZSE  DOOZSE  CODBESE

3528000

3524000

Contour Interval= 25 m

40 2 4 L] B 10km

Depth Map of
Top Mishrif

" oemE

T T T T T T T T T T T T T T T T T
624000 EZE000 632000 636000 E40000 644000 E4E00D 632000 655000

Figure 9- The depth map of top Mishrif Formation with contour interval of 25 m.
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Figure 10- The depth map of bottom Mishrif with contour interval of 25 m.

The two structural depth maps of top and bottom Mishrif, Figures- 9 and 10, showed that the study
area is generally a monocline structure dipping toward the east and northeast. They also show that the
southwest part is a rising area, which is then lowering toward the middle part of the study area, which

is a longitudinal broad

flat area extending in the NW-SE trend. It represents a ramped carbonate

platform, whereby the two wells are located in the zone of the shelf edge or basin margin. Then, the

depth is steeply sloping i

n the east and southeast parts of the study area, which represent a deep basin.

This is compatible with the structural and stratigraphic images of the formation that resulted from the
interpretation of the seismic reflection events of the study area, as seen in Figure-11, which represents
an arbitrary seismic section that passes through the two wells of Dujaila-1 and 2 with its geologic

interpretation.
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Isopach Map of Mishrif Formation

An isopach map shows the real thickness of a Formation that is created from the integration of
seismic and well data. Thickness map is useful in the studying of the depositional environments that
are associated with the thickness variations, structural growth of sediments, identification of the
sediment source, and zones of lateral changes in the lithofacies [12]. The thickness of the Formation is
a final result of the various interactions of the depositional environment conditions that include the
local sea level fluctuations, tectonic activity, climate conditions, and the sediment supply [17].
Therefore, the Formation depositional environment can be identified depending on its thickness and
configuration shape of the seismic reflection events [18]. An isopach map was obtained by subtracting

the top map from the bottom depth map [14], as shown in Figure-12.
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Figure 12- The isopach (thickness) map of Mishrif Formation in Dujaila oil field with contour interval
of 10 m. The higher thickness values of the Formation were marked with the letters A and B.

Based on the integration of the 3D seismic data and well information, the isopach map of the study
area can be interpreted as follows:

e The thickness of the Formation in the west and northwestern parts of the study area has
approximately the same value of about 300 m. The shelf zone is distinct by the relative stability of sea
level and climate conditions, which has led approximately to the deposition of equal thickness and
homogeneous rocks. Besides, their seismic section exhibited continuous and parallel reflection
horizons with high amplitude frequency [18], as seen in Figures- 11 and 12. Thus, this part represents
a shelf area of the ramped-carbonate platform of a shallow open marine environment that is associated
with a back-reef facies deposit [19].

e The thickness of Mishrif Formation is increasing to more than 350 m at two separate regions
(marked by letters A and B) in the middle part of the map, especially where the well Dujaila-1 is
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located. Furthermore, its seismic section showed discontinuous, mound-shaped, marginal, onlapping
reflections, that is compatible with the location that was interpreted as a reef mound grown on the
shelf edge, as shown in Figure-11. In addition, the central part appears to be a narrow longitudinal belt
extended in the NW-SE direction. It represents a rim of the carbonate platform, or a belt of shelf
margin, associated with the random distribution of the rudist reefal mound, which clearly appears in
the region A with a high thickness in the vicinity of the productive well Dujail-1, where it is the
preferential place for reef growth. This confirms that the distribution and thickness of the rudist
buildup are controlled by paleo-high features on the rim belt of the carbonate platform [20].

¢ In the east and southeast parts of the study area, the thickness is decreasing to less than 250m,
which may represent a deep basin. The open marine environment of the deep basin does not encourage
the production of carbonate rocks, which leads to the reduced thickness of carbonate rocks that are
dominated by fore-reef lithofacies [17]. Meanwhile, its seismic section exhibited continuous reflection
horizons with low amplitude events, which distincts the deep basin environment [18], as noticed in the
seismic section in Figure-11. Thus, this part of the study area represents a deep basin of the open
marine environment that is associated with the fore-reef facies deposit [18, 17, 9].

e The productive well, Dujaila-1, was drilled in the region A of the high thickness of a rudist reefal
buildup [9]. While the dry well, Dujaila-2, was drilled at an outer side of these regions of high
thickness of Rudist mounds, which explains why it is dry.

e The thickness values of the Mishrif Formation that are obtained from the isopach map are closely
coincided with the true thickness values of the well data [3], as shown in Tabl-1.

Table 1- The thickness values of Mishrif Formation obtained from the seismic isopach map and well
data.

Thickness (m) Well data (EOC, 2013) Seismic isopach map data
Dujaila-1 323.1m 324 m
Dujaila-2 309 m 310 m

Construction of 3D- depositional model of Mishrif Formation

Based on the analysis of the seismic isopach map and geologic information of wells data, the
diagram of the 3D depositional environment model of Mishrif Formation in the study area was
constructed, as shown in Figure-13. It demonstrates that Mishrif formation (Cenomanian-early
Turonian) consists of three depositional environments; in the west and northwestern part is a shallow
open marine environment of the shelf of the carbonate platform that is associated with back reef
lithofacies of a uniform thickness, whereas the middle part represents a shelf margin belt of the shoal
environment that is associated with isolated rudist reefal mound lithofacies of higher thickness, and
the east and southeastern parts of the study area is a deep basin of the open marine environment
associated with the fore reef lithofacies of thin thickness.

Ramp Carbonate Platform
West | I\ East
Shelf Margin
\

]

Uniform
thickness of shelf

Higer thickness region of
the isolated Rudist reefal
mound

Thin thickness

of basin \

Figure 13- Diagram of the 3D-depositional environments model of Mishrif Formation in Dujaila oil
field that is derived from seismic data.
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Instantaneous Seismic frequency attribute

The seismic attribute technique allows us to increase the ability of geological interpretation of a
formation, particularly in the thin-bed reservoir environments [21]. There is an inverse relationship
between the thickness of a rock layer and the corresponding peak frequency of its seismic reflection.
That is, thinner rock layers are much more apparent at higher frequencies, whereas thicker rock layers
are much more apparent at lower frequencies. This can be used to qualitatively identify thinning or
thickening of a rock units in different directions [22].
The real 3D model of the instantaneous frequency attribute was generated from 3D-seismic data of
Mishrif Formation in the Dujaila field by using the Petrel software, as shown in Figure-14. The
frequency model showed that the low-frequency (15 Hz) is restricted in the area around the
productive, well Dujaila-1, which confirmed the presence of porous rudist buildups of high thickness
on the shelf margin. In addition, it showed that the western and northwestern parts of the study area
have approximately a moderate frequency (25- 35 Hz) of continuous reflection horizons, due to the
presence of back reef lithofacies in the shelf of the carbonate platform that were deposited in the
shallow open marine environment. Whereas, the east and southeastern parts are dominated by high
frequency (40-50 Hz) reflection events, due to the presence of the tight limestone of the fore reef
lithofacies that were deposited in the open marine deep basin environment [23], as shown in Figure 14.
As a result, the use of the instantaneous frequency attribute confirmed the ability to predict the
depositional environment from the seismic isopach map.
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Figure 14- The actual 3D-seismic frequency model with the depositional environments of Mishrif
Formation in Dujaila oil field.
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Conclusions

1. A 3D-depositional environment model of Mishrif Formation was predicted directly from the
seismic isopach map to illustrate the general configuration of the depositional basin architecture and
horizontal lithofacies environments distribution.

2. The created 3D-lithofacies environment model of Mishrif Formation in Dujaila field
demonstrated three essential depositional environments , which were graduated from the back reef of
the open marine environment in west and NW to the reef of the shoal environment in the middle, and
the fore reef of the deep open marine environment in SE of the field.

3. The Instantaneous frequency attribute supported and confirmed the ability to predict the
depositional environment from the seismic isopach map, which in turn showed that the low frequency
was restricted to the region of the high thickness of rudist reef buildups (porous reservoir facies) that
grow in the shoal environment over the belt of the shelf edge.
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