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The exploration of deep-water submarine fan reservoirs has become a prominent research
area for hydrocarbon discovery and recovery. However, the high operational costs render
efficient exploration of this type of reservoir crucial, and the pivotal foundation lies in
studying reservoir architectures. A case study of deep-water submarine fans in the
Albacora Leste oilfield in Brazil is presented along with a characterization of the
underground reservoir architecture based on well-log and seismic model fitting. A
sedimentary microfacies distribution model is systematically established for each
reservoir based on a detailed stratigraphic framework with a well-seismic joint
characterization method and various types of data (e.g., geological, well-log, and
seismic data). The results are as follows: the sedimentary microfacies of the deep-
water submarine fans in the study area can be subdivided into tongue-shaped-lobe,
muddy-channel, sandy-channel, and contourite deposits. Owing to data abundance and
quality constraints, the architecture of the target layer in the study area was characterized
based on Level 4 architectural elements. The AB120 Reservoir consisted of three complex
channels (I, II, and III) and two tongue-shaped complex lobes (I and II). Complex channels I
and III were the first and last to be deposited, respectively, and complex lobe I was
deposited earlier than complex lobe II. Complex channels II and III supply complex lobes I
and II, respectively. Vertically, complex lobe II was composed of three single lobes formed
at different stages, the youngest of which was distributed over the largest area. Complex
lobe II has already been drilled and is currently under development. However, complex lobe
I has not yet been developed. This study has great practical significance for the effective
development of deep-water submarine-fan reservoirs in this area and is of considerable
theoretical significance for the advancement of deep-water sedimentology.
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1 INTRODUCTION

Deep-water submarine fans are rich in oil and gas resources. High
exploration and development costs and immature processing
techniques prevented previous deep-water exploration efforts from
receiving serious attention. As a result, global deep-water oil and gas
resource development levels are low, and the potential amount of
resources available is huge. Statistical data show that untapped oil and
natural gas resources worldwide exceed 300 × 108 tons and 34 ×
1012m3, respectively, demonstrating immense potential for discovery
and recovery (Walker, 1978; Weimer and Link, 1991; Fetter et al.,
2008; Yin, 2018; Liu et al., 2020;Wang L. et al., 2020; Gu et al., 2021; Li
et al., 2021). Continual advancement in deep-water sandy oil and gas
exploration theories and technologies, such as high-resolution three-
dimensional (3D) seismic analysis and deep-sea drilling platforms,
has allowed deep-water sedimentological research to attract growing
attention worldwide (Gervais et al., 2006; Mann et al., 2007; Bhuiyan
and Hossain, 2020; Gao et al., 2020; Sun et al., 2020; Wang W. et al.,
2020; Tang et al., 2021; Zhao et al., 2021). Currently, deep-water
submarine fans constitute an important area for hydrocarbon
exploration and development.

The genetic mechanism of deep-water submarine fan
deposition is very complex, including the transport process of
turbidity currents, debris flows, and sliding-collapse blocks. These
mechanisms form complex and diverse submarine fan deposition
types e.g., turbidity fans which are a type of deep-water submarine
fan (Zhang andWu, 2019; Sajid et al., 2020). Romans et al. (2010)
conducted an in-depth investigation on the evolution of the deep-
water stratigraphic architecture in the Magallanes Basin in Chile
and analyzed the relationship between architectural changes and
intrinsic tectonic evolution. Zhao et al. (2012) introduced a
technique to characterize deep-water turbidite channel
reservoir architectures based on integrated well-log and
seismic data. Following an investigation of a particular
architectural model of turbidite channel systems, Liu et al.
(2013) identified and subsequently established corresponding
architectural models for different types of channel systems and
analyzed their control factors, evaluation criteria, and spatial
distribution patterns. Lin et al. (2014) examined the
distribution patterns of composite sand bodies in the turbidite
channels. Zhang et al. (2015) discussed variations in the physical
properties of reservoirs in sinuous deep-water channel systems
and their relevant control mechanisms. They identified rock
texture, lithofacies, and channel architecture as the primary
controlling factors responsible for variations in reservoir
quality in sinuous deep-water channel systems. According to
the water depth measurement data, Reimchen et al. (2016)
determined the statistical relationship between the cross-
sectional asymmetry and the plane shape of the bent curved
channel, and determined the relationship between the geometric
shape and the plane shape of the submarine channel. Using
unsupervised neural network (UANN) to integrate artificial
intelligence (AI) and fluid identification of seismic attributes,
Obafemi et al. (2020) studied the structural characteristics of
deep-water turbidite channels and submarine fan lobes of deep-
water oil and gas reservoirs in Frem Oilfield, Niger Delta. Recent
published research has focused primarily on turbidite channels

and provides an in-depth examination of their architectural
characteristics, structural models, and control factors. In
contrast, attention to turbidite lobes remains inadequate, with
the investigation of the architectural characteristics of their
reservoirs still in its incipient stages. In this study, guided by a
detailed stratigraphic framework, a sedimentary microfacies
distribution model was systematically established for each
reservoir in the study area through characterization based on
integrated data (e.g., geological, well-log, and seismic data). With
a focus on both turbidite channels and turbidite lobes, reservoir
architectures are characterized in detail based on well-log and
seismic model fitting.

2 GEOLOGICAL SETTING

The Campos Basin is located 120 km off the coast of Rio de Janeiro in
southeast Brazil, and the basin is distributed both onshore and
offshore, is approximately 500 km long and 150 km wide, and is
the most prolific oil- and gas-producing basin in the country.
Basement heights perpendicular to the continental margin
separate the Campos Basin from its adjoining basins. Specifically,
the Campos Basin is separated from the Espirito Santo Basin by the
Victoria High in the north, and from the Santos Basin by the Cabo
Frio High in the south (Figure 1). The tectonic evolution of the
Campos Basin has undergone four stages: the pre-rift, rift,
transitional, and drift stages. The Campos Basin is a typical
Atlantic passive continental margin basin formed by the
separation of South America from Africa. Sediments are deposited
in the South Atlantic crust and become thicker eastward, forming a
sedimentary wedge. (Bybee, 2006; Ma et al., 2011; Kang et al., 2018;
Lima and De Ros., 2019; Pandolpho et al., 2021).

Threemain sedimentary sequences have developed in the Campos
Basin: the continental sequence of the rift stage, the rock-salt sequence
of the transitional stage, and the marine sequence of the drift stage.
There are three Oligocene-Miocene formations in the study area,
which, from the bottom up, are CRT, Marlim, and Albacora.
Albacora Formation was examined in the present study, and for
simplicity, it was divided into six layers: Sq-AB250, Sq-AB210, Sq-
AB140, Sq-AB120, Sq-AB110, andMio400. Sq-AB120 is considered a
primary example for illustration purposes and was further subdivided
into three stratigraphic units: Sq-AB120-1, Sq-AB120-2, and Sq-
AB120-3. In the western part of the study area, the stratum
thickness of the target layer tends to become thinner from north
to south; in the eastern part of the study area, the stratum thickness
tends to become thicker from north to south; in the northern part of
the study area, the stratum thickness changes in equal proportions
fromwest to east, and there is a thinning trend. In the southern part of
the study area, the stratum thickness varies unevenly from west to
east. Overall, from southwest to northeast, the target layer appears to
be thicker in the central region and thins out at both ends.

3 METHODS OF ANALYSIS

Based on a detailed stratigraphic framework, this study
thoroughly characterized the single-well, sectional, and planar
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perspectives of the reservoir by analyzing the sedimentary
microfacies types and their spatial distribution patterns using
well-seismic technical methods and different types of data (e.g.,
geological, well-log, and seismic data). The types and
characteristics of the sedimentary microfacies were identified
with detailed analysis methods including: core description
results, rock-electricity calibration, well-seismic calibration,
determining the single-well interpretation and the sectional
distribution patterns through integrated well-log and seismic
sections along different directions, selecting the limit values of
the seismic attribute corresponding to the sandstone facies, and
estimating the macroscopic morphology of the sedimentary
bodies with a truncation procedure. The results facilitate
architectural characterization using a hierarchical system based
on the abundance and quality of the data for the study area.
Subsequently, a sedimentary model was used to characterize the
single-well and sectional architecture of different sedimentary

microfacies by identifying the boundaries of the architectural
elements. Finally, the architectural elements were connected
according to their geometrical relationships, and the detailed
two-dimensional (2D) depiction of the architectural elements was
completed.

The study area was 19 km2. A detailed core description was
provided for seven coring wells in the study area. A
comprehensive histogram was plotted using the coring well
combined with logging data, and a rock-electric model was
established. A single-well phase interpretation was conducted
for the remaining 53 uncoring wells. The study area was fully
covered with 3D seismic data with good volume quality. The
imaging of the target layer was good, and the signal-to-noise ratio
was high, which can adequately fulfil the requirements of this
reservoir architecture study. The fine seismic interpretation and
tracking of three small layers of the AB120 Formation was
conducted, with the interpretation accuracy reaching 10*10.

FIGURE 1 | Location of the Campos Basin and the distribution of the main oil and gas fields.
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Various seismic attributes were extracted including amplitude,
coherence, and impedance. The correlation between mudstone
thickness, sandstone thickness, sand-ground ratio, and other
parameters and seismic attributes was calculated, and the
corresponding limit value were determined for the sandstone
facies. The sedimentary facies plan of the AB120 Formation was
drawn based on well-seismic combination. The hierarchy of
architecture characterization of the whole area was determined
according to the number of coring wells, logging data and seismic
data quality. Based on the detailed characterization of seismic
profiles, single-well Level 3 architecture was characterized
through lateral transformation features, seismic amplitude
changes, sand body thickness changes. The architecture unit

boundaries were identified according to the geometric
relationships between each unit.

4 RESULTS AND DISCUSSION

4.1 Sedimentary Microfacies Analysis
Sedimentary environments and conditions govern sand bodies in
terms of their level of development, spatial distribution, and
internal structure. Sand bodies that formed in different
sedimentary environments have different reservoir qualities.
Sedimentary microfacies analysis can unequivocally reveal the
macroscopic distribution of sand bodies.

FIGURE 2 | Seismic response, logging and lithologic characteristics of the tongue-shaped lobes in AB120 reservoir.

FIGURE 3 | Seismic response characteristics of the muddy channels.
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FIGURE 4 | Well-log and seismic response characteristics of the sandy channels.

FIGURE 5 | Contourite deposits at the top of the AB120 reservoir.
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Provenance is an important tool for judging the distribution of
sedimentary facies and sand body dispersion systems. The
provenance of deep-water submarine fans can be roughly
determined using channel direction (Li C. et al., 2017). The
downcutting energy of the channel was strong in the western part
of the study area, and the channel was distributed in a northwestern
direction. In the central part of the study area, the downcutting
capacity is weak to non-existent, and the channel is distributed in a
northeastern direction. Constructing seismic profiles is also an
important means to study provenance, and regression and
overpass can indicate source direction (Pu et al., 2003; Liang et al.,
2019). The overlapping points on the seismic profile of the combined
well (Figure 6) show that the sand body receded in a northwestern
direction, and the longitudinal extension scale of the sand body

gradually decreased from bottom to top. Therefore, the provenance
was from the northwest part of the study area. This agrees with the
findings of Kang et al. (2018).

4.1.1 Sedimentary Microfacies Types
The AB120 Reservoir contains various types of sedimentary
microfacies. In-depth analysis of the core, well-log, and
seismic data revealed the presence of four main sedimentary
microfacies in this reservoir: tongue-shaped lobes, muddy
channels, sandy channels, and contourite deposits.

4.1.1.1Tongue-Shaped Lobes
The tongue-shaped lobes display a reverse rhythm, with a
composition that transitions upward from thinly interbedded

FIGURE 6 | Well seismic profile along the source direction of AB110—AB120 reservoir.
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sandstone and mudstone to massive fine sandstone. Observation
of the well-logs shows a typical funnel-shaped natural gamma ray
(GR) pattern, low density, large arrival-time difference, and high
electrical resistance in the reservoir segment, suggesting good
reservoir quality. The seismic response of the tongue-shaped
bodies was characterized by distinctly high-amplitude and
continuous reflections (Figure 2).

4.1.1.2 Muddy Channels
No cores were retrieved from the muddy channels in the study
area. Analysis of the extracted 3D root-mean-square (RMS)

amplitude map for the AB120 Formation revealed distinct
connections between the channels and tongue-shaped lobes in
the western part of the study area, corresponding to low-
amplitude reflections. This suggests that the channels were
filled with muddy sediment. A section perpendicular to the
source direction was taken at the suspected location where the
channels had developed to confirm this. An analysis of this
section of the AB120 Formation reveals a vertical low-
amplitude, imbricate reflection structure, which is
characteristic of a typical cut, and a stacked muddy channel
complex (Figure 3).

FIGURE 7 | Well seismic profile in the direction perpendicular to material source supply from AB110 to AB120 reservoir — near source end.
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4.1.1.3 Sandy Channels
The sandy channels primarily consist of massive fine sandstone and
display a positive rhythm. Specifically, from the bottom up, they are
composed of mass-transport deposits, massive fine sandstone, fine
sandstone intercalated with thinly interbedded sandstone and
mudstone, and finally thinly interbedded silty sandstone and
mudstone. The sandy channels were density-flow deposits.
Observation of the well-logs showed a typical bell-shaped natural
GR pattern, low density, large arrival-time difference, and high
electrical resistance in the reservoir layer, suggesting good
reservoir quality. In the seismic section, the sandy channels appear
U- or V-shaped, with short axes and wavy reflectors filled with
moderate-to high-amplitude seismic facies (Figure 4).

4.1.1.4 Contourite Deposits
The core data for the AB120 Reservoir revealed the presence of
numerous thinly interbedded sandstone and mudstone. The
sandstone lithology is mainly silty fine sandstone and is likely
a product of frequent contourite activity. The cross-well section in
Figure 6 shows the presence of contourite deposits at the top of
AB120 Reservoir. This reservoir layer is approximately 2 m thick
and is distributed transversely in a stable manner (Figure 5).
Examination of the reservoir parameters interpreted from the
well-logs shows that the contourite deposits are inferior to the
tongue-shaped lobes in terms of their physical properties.

4.1.2 Sectional Facies Analysis
Following the determination of the sedimentary microfacies
types, a sectional facies analysis of the AB120 Reservoir was
done using integrated well-log and seismic data.

Marked retrogression is evident along the source direction,
which is associated with a rise in the relative sea level and a
decrease in supply from the source. Analysis of the well-log-
calibrated seismic data revealed that high-amplitude continuous
reflections characterized the AB110 and AB120 Reservoirs. On

the side close to the source, onlap points are recognizable during
seismic events. In addition, the vertical thickness of the sand
bodies gradually decreased from the bottom of the units to the
top. These findings suggest a rapid rise in relative sea level and a
rapid decrease in supply from the source during the
corresponding period (Figure 6).

In the direction perpendicular to the source direction, moving
from the proximal end of the tongue-shaped lobes to their distal
end, the sand bodies in the AB110 and AB120 Reservoirs varied in
their origin and scale. Within the AB110 and AB120 Formation,
at the proximal end of the tongue-shaped lobes, two moderate-to
high-amplitude continuous reflection events are visible on the
seismic section corresponding to their oil-bearing sand bodies. In
addition, the seismic section shows marked erosional truncation
points and a U-shaped reflection structure filled with low-
amplitude seismic facies, which indicate muddy channel
deposits (Figure 7). At the distal end of the tongue-shaped
lobes, there remains only one moderate-to high-amplitude
continuous reflection event within the target layer, which, as
revealed by the well-log-calibrated seismic data, corresponds to
the AB120 oil-bearing sand body. This suggests the disappearance
of the AB110 oil-bearing sand body at this location due to a rapid
rise in sea level and the decrease in supply from the source.
Moreover, the U-shaped reflection structure in the AB120
Formation on the seismic section was inconspicuous,
indicating a weakened downcutting capacity of the channels
on the distal side from the source.

4.1.3 Planar Facies Analysis
Based on the stratigraphic framework and seismic horizon
interpretations, the planar seismic attributes (e.g., RMS
amplitude, maximum amplitude, minimum amplitude,
coherent attribute, minimum impedance, maximum
impedance, and average impedance) of the AB120 Reservoir
were extracted. These attributes and their correlations with
parameters such as sandstone and mudstone thicknesses and

FIGURE 8 | Relationship between thickness and RMS amplitude of
different microfacies in AB120 reservoir.

FIGURE 9 |Relationship between thickness andminimum impedance of
different microfacies in AB120 reservoir.
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the sandstone–formation thickness ratio were analyzed. The RMS
and wave impedance attributes were identified as the most
sensitive and were selected for further analysis. The limit
values corresponding to the sandstone facies were
subsequently determined. The lower-limit RMS amplitude and
upper-limit minimum impedance of the sandstone facies in the
AB120 Reservoir are 20 and 5,850, respectively (Figures 8, 9).

The minimum impedance was selected to interpret the
sandstone facies based on the determined limit values of its
seismic attributes. Through the minimum impedance analysis
of single-well facies in a superimposed AB120 Formation, the
sandstone facies was identified as the dominant facies in the low
value area. The dominant facies in the high value area was the
mudstone facies, and the sandstone-mudstone transition facies
was in the central numerical area. A sedimentary microfacies
distribution model for the AB120 Reservoir was produced
through an integration of the single-well facies analysis, cross-
well sectional facies analysis, and sensitive attributes. Tongue-
shaped lobes were present in the main body of the AB120

Reservoir, and their roots were connected to muddy and
sandy channels (Figure 10).

4.2 Architectural Characterization
The architecture of a reservoir refers to the morphology, scale,
and direction of its constituent elements at varying levels,
including how they are stacked (Allen, 1977; Allen, 1978).
This concept reflects the spatial arrangement of the reservoir
storage elements of varying origins and levels and seepage
barriers, as well as the difference between the distribution
patterns of these elements. Characterizing reservoir
architectures is vital for the evaluation and development of oil
and gas reservoirs.

4.2.1 Characterization Level of Architectural Bounding
Surface
The hierarchical structure of a sedimentary body is the result of
multiple levels and rates of sedimentary environments. Generally,
a sedimentary body is hierarchically divided based on its

FIGURE 10 | Sedimentary microfacies distribution model for the AB120 Formation based on the integrated well-log and seismic data.
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architectural bounding surfaces (ABSs), which are hierarchically
sequential contact surfaces between the rock layers. A stratum can
be split into genetically linked stratigraphic blocks based on its
ABSs (Miall, 1985).

4.2.1.1 Architectural Bounding Surface Classification in the
Albacora Leste Oilfield
Based on prior understanding of ABS systems, the deep-water
sedimentary ABSs in the Albacora Leste (ABL) oilfield are
categorized into seven levels (1–7), with levels 1 and 7 being
the lowest and highest levels, respectively, using deep-water
sedimentary architectures and characteristics of the ABL
oilfield as reflected by its geological, well-log, and seismic data.

Level 7 is a complex fan, which corresponds to layers AB250-
110 and contains a complete stratigraphic formation. This level
can be traced throughout the basin. Level 6 consists of single fans
and includes sequence stratigraphic elements in the target layer
(i.e., AB120). Level 5 is composed of channelized-lobe systems,
including deposits in multiple sedimentary environments and
flow types. Level 4 comprises complex lobes or complex lobe
systems that are deposits formed by the same sedimentation
mechanism but at different stages. The particle size, thickness,
and spatial trends of the sedimentary rock displayed patterns.
Level 3 consists of single lobes that are deposits formed by the
same sedimentation mechanism and stage. They were similar in
terms of particle size, thickness, and spatial trends. Level 2 is
composed of rock facies sequences with single sedimentary
elements. Level 1 comprises single rock facies that are further

breakdowns of individual sedimentary elements, such as single
sections in the Bouma sequence that are similar in particle sizes
and sedimentary structures.

4.2.1.2 Levels Suitable for Architectural Characterization
First, to characterize a specific reservoir requires the selection of
appropriate levels. If the levels are too low, the results cannot meet
the development and production needs, whereas if the levels are
too high, the results are inadequate to allow for good predictions.
The determination of the levels suitable for characterization
depends on the data abundance and quality. The following
section outlines the selection of suitable levels for the
architectural characterization of the ABL oilfield through site-
specific data.

Levels 3 and 2 ABSs had distinctly identifiable features in
the core data of the study area. Further meticulous
observation and description of the core data revealed Level
1 ABSs with extremely high vertical resolution. However,
because of operating expenditure constraints, there are only
a limited number of coring wells in the study area, which
presents a tremendous challenge to transverse tracing of ABSs
and comparing low-level ABSs based on cores retrieved from
different wells is a daunting task.

Observation of the well-logs obtained for the study area
revealed notable well-log responses for Level 3 ABSs likely due
to the abundance of calcareous layers present at these
locations. Therefore, Level 3 ABSs can be identified from
the well-log data in the vertical direction. However, the

FIGURE 11 | Architecture boundary characteristics with lateral phase change in ABL oil field.
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large distances between the deep-water drilling wells in the
study area present an obstacle to the transverse tracing of
Level 3 ABSs. In contrast, the lobe deposits exhibit good
transverse continuity. Therefore, transversely tracing lobe
deposits is more likely to succeed than in tracing channel
deposits. However, channelization in the study area results in

ambiguity for the transverse tracing of the Level 3 ABSs
between single lobes based on the well-log data.

The available seismic data cover the entire study area. An analysis
of the well-log-calibrated seismic data for the target layer in the ABL
oilfield identifies Level 4 ABSs (i.e., intercomplex ABSs) and, in some
areas, Level 3 ABSs (i.e., ABSs between single-origin elements).

FIGURE 13 | Seismic amplitude change of architecture boundary characteristics for sand body in ABL oil field.

FIGURE 12 | Architecture boundary characteristics of sand bodies with elevation difference in ABL oil field.
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Based on the above comprehensive abundance and quality
analysis of the data for the study area, Level 4 architectural
elements were selected to facilitate architectural
characterization of the target layer in the ABL oilfield.

4.2.2 Identification of the Architectural Element
Boundaries
The identification of architectural element boundaries is a key
step in architectural characterization. The following four
characteristics were used in this study as markers for
identifying the boundaries of architectural elements:

4.2.2.1 Lateral Changes in the Facies
Sedimentary microfacies analyses revealed the presence of two
primary sedimentary microfacies in the study area: complex
channels and lobes. These products were formed in different
sedimentary environments and constitute architectural
elements of different types and levels. There is often a
seepage barrier or change at the boundaries of these

microfacies, resulting in disconnection or poor connection
between the sand bodies. Therefore, each boundary displaying
a change in lateral facies is an architecture boundary
(Figure 11).

4.2.2.2 Elevation Difference Between Sand Bodies
Elements which formed at different stages and have different
origins differ in terms of their period of development. Therefore,
corresponding sand bodies have different relative elevation of
their top horizons and the marker bed which is the formation
boundary. In practice, the measured elevation difference must be
combined with the curve patterns, scale and extension of the sand
bodies to determine the boundaries of the architectural elements
accurately (Figure 12).

4.2.2.3 Changes in Seismic Amplitude
Changes in the shale content, extent of erosion, and cross-
cutting and stacking relationships at the boundaries of the
sedimentary bodies of different stages lead to marked changes

FIGURE 14 | Architectural characterization of single well. [(A) Architectural characterization of the complex lobes in Well 9–2; (B) Architectural characterization of
the complex channels in Well 9–21D).
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in the seismic response characteristics. This is primarily
reflected by phenomena such as the appearance of
erosional truncation points and changes in the amplitude
(Figure 13).

4.2.2.4 Changes in Sand Body Thickness
A lobe is characterized by a flat bottom and a convex top. The
sand body deposits are thicker along the central flow line of a
single lobe and gradually thin out towards its edges. Therefore,
the sand body thickness may first decrease and then increase,
moving from one single lobe to another. At the macroscopic level,
the boundaries of the architectural elements can be approximated
based on the thickness contours of the sedimentary body.

4.2.3 Architectural Characterization of the AB120
Reservoir
An earlier sedimentary microfacies analysis revealed that the AB120
Reservoir formed in a deep-water submarine-fan sedimentary
environment and contained tongue-shaped, sandy channel,

muddy channel, and contourite deposits. Contourite deposits are
difficult to distinguish on the seismic sections owing to their small
thickness (approximately 2m) which inhibits their detailed
characterization in this study. The following section presents an
architectural characterization and analysis of the AB120 Reservoir
based on complex lobe and channel elements.

4.2.3.1 Characterization of Complex Lobes
4.2.3.1.1 Single-Well Architectural Characterization. A previous
analysis of the deep-water submarine-fan sedimentary facies
in the study area revealed that tongue-shaped lobes primarily
consist of massive fine sandstone sediments. Well-log
observations revealed a low GR value, low density, large
arrival-time difference, and high electrical resistance in the
reservoir layer, suggesting good reservoir quality
(Figure 14A). It has been reported that a complex-lobe
sedimentary body was found in the study area during the
drilling of 12 wells, most of which were clustered in the
western tongue-shaped lobe.

FIGURE 15 | Well-log and seismic responses of the AB120 reservoir in the direction perpendicular to the source direction.
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Because of factors such as shale content and basal lag deposits,
single lobes formed at different stages may differ in terms of their
vertical well-log patterns, and their contact interfaces may be
associated with high GR values. On this basis, single-well data can
be used to distinguish between single lobes. Three single lobes of
different stages were present in the AB120 Reservoir
(Figure 14A).

4.2.3.1.2 Sectional Architectural Characterization. Integrated
well-log and seismic data revealed the presence of two

complex lobes formed at different stages in the AB120
Reservoir based on sectional architectural analysis. The
complex lobes in the eastern undrilled area and western
drilled area are denoted by I and II, respectively. Marked well-
logs and seismic responses can also be observed for complex
lobe II.

Along the source direction, the AB120 Formation was
characterized by continuous high-amplitude reflections, which
suggest an overall dominance of tongue-shaped lobe deposits.
There is a significant decrease in the amplitude of seismic

FIGURE 16 | Cross-well section of the AB120 reservoir.

FIGURE 17 | AB120 reservoir plane attribute map (minimum impedance distribution).
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reflections at the lowest part of the architecture. This location
represented the boundary between the complex lobes. In the
section perpendicular to the source direction shown in Figure 15,
the geological body is characterized by a continuous, high-
amplitude reflection structure. Well-log-calibrated seismic data
revealed that these structures were tongue-shaped deposits.

Each complex lobe also has a complex internal structure which
is difficult to characterize in undrilled areas. This study focused
on investigating the complex lobe in the drilled area (i.e., complex
lobe II) based on Level 3 architectural elements (e.g., single lobes).
Based on single-well architectural characterization, single lobes
were identified. A cross-well comparison revealed the presence of
three single lobes in complex lobe II which formed at different
development stages of the AB120 Reservoir in the vertical
direction. The youngest lobe was distributed over the largest
area (Figure 16). The three single lobes are difficult to identify
and characterize using seismic profiles owing to the thinness
(2–20 m) of complex lobe II and the low vertical resolution of the
seismic data.

4.2.3.1.3 Planar Architectural Characterization. In the plane,
there were two regions in the study area with a low minimum

impedance. One is located along the line connecting Wells 9–2,
9–65D, and 9-6A in the work area, whereas the other is situated in
the northern part of the study area where no drilling has been
conducted to date. Differences in shale content, as well as
sandstone and mudstone conditions, can lead to changes in
seismic attributes near the boundaries or junctions of different
sedimentary bodies. In the study area, impedance may first
increase and then decrease at the boundaries or junctions of
different sedimentary bodies. This distribution pattern was
observed in the minimum impedance of the AB120 Reservoir,
which supports the earlier finding that two complex lobes exist in
this reservoir (Figure 17).

The boundaries of the architectural elements were
characterized based on well-log and seismic data and guided
by the sedimentation model obtained from the microfacies
analysis. Interactive single-well, sectional, and planar
characterizations were performed using integrated well-log and
seismic data. A detailed 2D depiction (or “planar division”) of
architectural elements was subsequently completed through the
connection of their boundaries based on their geometrical
relationships. An analysis of the reservoir architecture based
on integrated well-log and seismic data revealed the presence

FIGURE 18 | Seismic section of the AB120 reservoir perpendicular to the source direction and through well 9–21D.
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FIGURE 19 | Seismic section of the AB120 reservoir along the source direction and through wells 9–21D and 9-2

FIGURE 20 | Seismic section of the AB120 reservoir perpendicular to the source direction (remote source end).
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of two complex lobes formed at different stages (I and II) in the
AB120 Reservoir (Figure 17).

4.2.3.2 Architectural Characterization of Complex Channels
4.2.3.2.1 Single-Well Architectural Characterization.Deep-water
submarine-fan channels can be categorized as follows based on
paleo-geomorphological features: restricted, semi-restricted, and
unrestricted channels (Clark and Pickering, 1996; Deptuck et al.,
2003). Characterized by marked U- and V-shaped reflections on
the seismic sections, restricted channels have notable downcut
surfaces, and their boundaries show large, incised river valleys. In
comparison, while semi-restricted channel systems have distinct
downcutting surfaces, large-scale natural levee deposits are
present at their edges and appear as seagull-shaped features in
the seismic sections. The principal characteristic of unrestricted
channels is the lack of notable incised river valleys at their
boundary. In the study area, complex channel deposits were
only encountered in the AB120 Formation during drilling of
Well 9–21D. An analysis revealed that this channel is a restricted,
enveloped, and complex channel, which is characterized by
distinct U- and V-shaped reflections on seismic sections and
has distinct downcutting surfaces. At present no vertical contact
has occurred between sand bodies in complex channels. A stable
interlayer composed of fine-grained sediments separated the sand
bodies and corresponded to notable returns on the well-log
(Figure 14B).

4.2.3.2.2 Sectional Architectural Characterization. Within the
AB120 Formation a seismic section perpendicular to the source
direction and through Well 9–21D revealed distinctly
discontinuous seismic events and multiple U-shaped reflection
structures filled with high-amplitude seismic facies. These
characteristics correspond to three sandy complex channels
(denoted as I, II, and III). The stacking of these three complex
channels on the seismic section suggests that complex channels I
and III are the first and last to be deposited, respectively. The well-
log-calibrated seismic data revealed that complex channel III was
encountered during the drilling of well 9–21D (Figure 18).

Observation of a seismic section along the source direction
and through Wells 9–21D and 9-2 showed that the AB120
Formation is characterized by marked continuous, high-
amplitude reflections. In addition, onlap points were visible at
the seismic events on the side close to the source. The well-log-
calibrated seismic data indicated the formation of a channel
(i.e., complex channel III) near the source (Figure 19).

Notable discontinuous seismic events are visible within the
AB120 Formation on the side furthest from the source and in the
direction perpendicular to the source direction. In addition, there
was a U-shaped reflection structure filled with high-amplitude
seismic facies, which was inferred to be a complex channel
(i.e., complex channel II) (Figure 20).

4.2.3.2.3 Planar Architectural Characterization. Changes in the
shale content, extent of erosion, and cutting and stacking
relationships at the boundaries of sedimentary bodies formed
at different stages of reservoir development can cause
considerable changes in the seismic response characteristics at

the boundaries of architectural elements (e.g., changes in the
seismic amplitude). The analysis of the extracted minimum
impedance of the AB120 Reservoir agrees with previous
findings that three complex channels (I, II, and III) may exist
in the AB120 Reservoir (Figure 17). As the oldest of the three
complex channels, complex channel I has been severely cut by
younger complex channels and is distributed over a limited area
in the northwestern part of the study area. The low quality of
relevant seismic data due to the presence of large faults presents a
challenge for obtaining a detailed description of complex
channel I.

Based on the spatial relationship of the reflection structure in
the seismic profile and the distribution characteristics of the wave
impedance plane figure, it is considered that complex channels III
and II are the supply channels for complex lobes II and I,
respectively. The stacking of complex lobe II onto the supply
channel for complex lobe I on the seismic sections, suggests that
complex lobe I was deposited earlier than complex lobe II
(Figures 15, 17, 19, 20).

5 CONCLUSION

(1) The AB120 Reservoir contains four primary sedimentary
microfacies: tongue-shaped, muddy channel, sand
channel, and contourite deposits. Thinly interbedded
sandstone and mudstone form the bottom of each
tongue-shaped lobe and transition upwards into
massive fine sandstone. Tongue-shaped lobes are
characterized by a typical funnel-shaped pattern on
natural GR logs and high-amplitude, continuous
reflections on the seismic sections. Vertically, the
muddy channels are characterized in the seismic
sections by a low-amplitude, imbricate reflection
structure. The sandy channels are primarily composed
of massive fine sandstone, display a positive rhythm and
are characterized by a typical bell-shaped pattern on the
natural GR logs and U- or V-shaped short-axis wavy
reflections filled with moderate-to high-amplitude
seismic facies in the seismic sections. Consisting of
thinly interbedded sandstone (mainly silty fine
sandstone) and mudstone, the contourite deposits have
a thickness of approximately 2 m and are transversely
distributed in a stable manner.

(2) A seven-level classification scheme was adopted for the deep-
water submarine-fan ABS system in the study area. Because of
data abundance and quality constraints, the configuration
characterization of the study area can only identify up to
Level 4 ABSs. Changes in the lateral facies, seismic amplitude,
sand body thickness, and sand body elevation differences
typically delineate the boundaries of architectural elements.

(3) The AB120 Reservoir consists of three complex channels (I,
II, and III) and two tongue-shaped complex lobes (I and II).
Complex channels I and III are the first and last to be
deposited, respectively. Complex lobe I was deposited
before complex lobe II. Complex channels II and III
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supply complex lobes I and II, respectively. Vertically,
complex lobe II (located to the west) is composed of three
single lobes formed at different stages, the youngest of which
is distributed over the largest area.
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