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Reservoir compartmentalization is a phenomenon whereby the presence of flow barriers divides a
hydrocarbon reservoir into separate zones with distinct flow behaviors. Accurate identification of these
flow barriers and the various reservoir zones is crucial for optimal field management, accurate reserve
estimation, proper well placement design, and, in general, for all future field development decisions.
Given the significance of studying reservoir compartmentalization in Iranian oil fields, this paper
investigates lateral continuity in the Bangestan reservoir in one of the fields from the Dezful
Embayment. For this purpose, a novel and efficient approach was employed, utilizing the structural
characteristics of asphaltenes through Fourier-transform infrared (FTIR) spectroscopy. Asphaltenes are
macromolecular compounds with a structure similar to kerogen. Due to their stability against secondary
processes, such as biodegradation and water washing, they serve as reliable indicators for obtaining oil
fingerprints and assessing fluid composition heterogeneity within a reservoir. In this study, four crude
oil samples were collected from producing wells in the Bangestan reservoir and analyzed by FTIR to
determine various structural indices, including aliphatic, aromatic, branched, and substitution indices, to
compare the structural characteristics of different asphaltenes. The results showed that sample S-1
exhibited significant differences in structural indices and chemical composition compared to the other
samples (S-2, S-3, and S-4). This issue indicates a difference in crude oil fingerprints among the studied
wells, which is attributed to the presence of a flow barrier in the Bangestan reservoir. To confirm these
results, pressure data were also analyzed, which revealed a different pressure gradient for well S-1
compared to the other wells, further supporting the presence of a flow barrier. Therefore, the use of
structural characteristics of asphaltenes is considered an efficient, low-cost, and straightforward method,
providing results comparable to reservoir engineering data in identifying reservoir discontinuities.

Introduction
Reservoir

compartmentalization

streaks, or tar mats (Smalley and Muggeridge, 2010).

refers to the Furthermore, depositional heterogeneities, diagenetic

subdivision of a reservoir into hydraulically isolated
segments caused by the presence of flow barriers, where
each segment behaves as an independent flow unit
during production (Smalley and England, 1994).
Compartmentalization can be induced by lateral barriers
such as sealing faults or facies transitions, as well as
vertical barriers including shale layers, low-permeability

processes, geochemical alterations such as asphaltene
precipitation, and structural complexities can contribute
to the subdivision of reservoirs (Chen, 2013).
Understanding reservoir connectivity and flow
barriers is crucial for both technical and economic
evaluations of hydrocarbon field development.
Unrecognized barriers may lead to substantial financial
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loss and even early field abandonment (Asemani and
Rabbani, 2020). Therefore, accurate identification of
hydrodynamic zones and flow compartmentalization is
fundamental for reliable reservoir modeling, reserve
estimation, well planning, recovery strategy selection,
and overall field management (Asemani and Rabbani,
2021; Smalley and Muggeridge, 2010).

Following a hydrocarbon charge into a reservoir,
compositional heterogeneity may arise due to multiple
sources, variable migration pathways, or different filling
histories. Over geological time, molecular diffusion
tends to homogenize fluid composition laterally,
whereas vertical gradients persist due to the influence of
gravitational and thermal segregation (England, 2007;
England et al., 1987). However, the presence of flow
barriers can hinder lateral homogenization, resulting in
fluid compositional differences between wells across
the field (Asemani and Rabbani, 2021). Consequently,
fluid geochemistry, and particularly compositional
fingerprinting of oils, has emerged as a powerful
approach for assessing reservoir connectivity (Brown,
2003; Chen, 2013; Milkov et al., 2007).

Asphaltenes are defined as the heaviest, most polar,
and complex macromolecules of crude oil (McKenna et
al., 2009; Speight, 2004). Due to their structural
similarity to kerogen and their inherent characteristics,
asphaltenes are valuable for obtaining fingerprints of
reservoir crude oil (Gray et al., 2011). Fourier
Transform Infrared (FTIR) spectroscopy has proven to
be a rapid, non-destructive, and cost-effective analytical

method for the structural characterization of
asphaltenes, providing insight into aromaticity,
aliphaticity, oxidation levels, and polyaromatic

condensation (Boukir et al., 1998; Permanyer et al.,
2005).

The primary objective of this paper is to investigate
reservoir connectivity within a Bangestan reservoir,
situated in one of the fields of the Dezful Embayment,
southwest Iran, through asphaltene structural analysis
using FTIR spectroscopy. Four crude oil samples from
producing wells were selected, and their asphaltenes
were extracted and analyzed. The molecular fingerprints
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were then compared to assess lateral connectivity. In
addition, pressure gradient data were incorporated as a
complementary indicator to validate the geochemical
findings. The overall objective of this work is to
introduce a simple, practical, and reliable methodology
for evaluating reservoir compartmentalization based on
the structural characteristics of asphaltenes.

Geological settings

The Dezful Embayment, located within the Zagros
fold-and-thrust belt, is recognized as one of the world’s
most prolific hydrocarbon provinces (Asemani and
Gholami, 2023; Mehdipour et al., 2023; Ansari et al.,
2024). Covering an area of approximately 60,000 km?2
and hosting more than 40 discovered hydrocarbon
fields, it accounts for nearly 8% of the global proven oil
reserves (Bordenave and Hegre, 2005; Yaghoubi et al.,
2021).

From a structural geology perspective, the Dezful
Embayment has been profoundly shaped by intense
tectonic activity associated with the collision between
the Arabian and Eurasian plates, which initiated during
the Miocene and continues to the present (Yaghoubi et
al., 2021). This tectonism resulted in crustal shortening,
thrusting, faulting, and folding, and was further
accompanied by the reactivation of pre-existing
basement faults (Berberian, 1995). These structural
elements exerted a fundamental control on facies
distribution, stratigraphic thickness variations, and
fracture intensity, thereby directly impacting reservoir
compartmentalization,  connectivity, and sealing
efficiency.

Materials and Methods

In this study, four crude oil samples were collected
from the Bangestan reservoir in one of the fields of the
Dezful Embayment. Asphaltenes were precipitated
according to the IP 143/84 standard (D6560, 2017),
using n-hexane as the precipitating solvent, and
subsequently purified through Soxhlet extraction with
n-hexane and toluene. The obtained pure asphaltenes
were subjected to Fourier Transform Infrared
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Spectroscopy (FTIR) to identify their functional groups.
For analysis, KBr pellets were prepared from the
powdered asphaltenes and examined using a Thermo
Nicolet-Nexus 670 spectrometer. The FTIR spectra
provided detailed structural information for evaluating
molecular characteristics of asphaltenes.

Results and Discussion
Reservoir connectivity

Reservoir connectivity is a prerequisite for fluid
compositional equilibrium, and its assessment provides
critical insights into reservoir architecture and flow
barriers. In this study, crude oil samples from the
Bangestan reservoir in the Dezful Embayment were

analyzed to evaluate fluid homogeneity using both
asphaltene structural indices and pressure data.

Structural characteristics of asphaltenes

Asphaltenes, due to their structural similarity to
kerogen and high resistance to secondary alteration
processes, were isolated and characterized using FTIR-
derived indices to obtain fingerprints from oil samples.
Figure 1 shows the plot of different structural indices of
asphaltenes for the studied samples. The results
revealed that sample S-1 exhibits a distinct molecular
signature compared to other wells, particularly in the
aliphatic and aromatic index, indicating a lack of
connectivity and the presence of a flow barrier.
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Fig. 1. Plots of a) Branched Index versus Aliphatic Index, b) Aliphatic Index versus Aromatic Index, c) Substitution Index 1 versus
Aromatic Index, and d) Substitution Index 2 versus Aromatic Index for asphaltene samples from the Bangestan reservoir in the

studied field.
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Pressure data

Complementary pressure data were also analyzed by
constructing pressure—depth plots for different wells.
Figure 2 illustrates the pressure-depth plot for the
studied wells in the Bangestan reservoir. While uniform
gradients do not always exclude compartmentalization,
variations in pressure gradients clearly indicate the
presence of flow barriers. In the Bangestan reservoir,
well S-1 shows a distinct gradient compared to other

wells, demonstrating reservoir compartmentalization.
This barrier prevents fluid mixing and pressure
equilibrium, and the results are consistent with fluid
composition analyses.

The combined evidence from asphaltene structural
fingerprinting and pressure gradients demonstrates that
the Bangestan reservoir is divided into at least two
hydraulically isolated zones in the studied field.
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Fig. 2. True vertical depth (TVD) versus pressure plot for studied wells in the Bangestan reservoir of the studied field.

Conclusions

Reservoir connectivity is one of the key challenges
throughout the life cycle of an oil field, playing a crucial
role in decision-making and future development
strategies. In this study, reservoir continuity in the
Bangestan reservoir from a field of the Dezful
Embayment was evaluated using an integrated approach
that combines asphaltene structural analysis with
pressure gradient data. FTIR analysis revealed that
sample S-1 differs significantly from samples S-2, S-3,
and S-4 in terms of aliphatic, aromatic, branched, and
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substitution indices, indicating fluid heterogeneity and
reservoir compartmentalization. These findings were
further confirmed by pressure—depth analysis. The
consistency between geochemical fingerprints and
pressure data demonstrates the reliability of FTIR
spectroscopy of asphaltenes as a powerful, low-cost,
and non-destructive tool for detecting flow barriers and
compartmentalization. Ultimately, tectonic faults and
fractures were identified as the main drivers of reservoir
compartmentalization in the Dezful Embayment,
highlighting the importance of their detailed evaluation
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for effective reservoir management and strategic field
development.
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also shown (Elyad et al., 2025). b) Structural contour map of the studied field, indicating the locations of the sampled wells.
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Fig. 4. Plots of a) Branched Index versus Aliphatic Index, b) Aliphatic Index versus Aromatic Index, ¢) Substitution 1 Index versus
Aromatic Index, and d) Substitution 2 Index versus Aromatic Index for asphaltene samples from the Bangestan reservoir in the

studied field.
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Fig. 5. Representation of the different compartments within the Bangestan reservoir caused by a flow barrier in the studied field.
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Fig. 6. True vertical depth (TVD) versus pressure plot for different wells in the Bangestan reservoir of the studied field.
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