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Sequence stratigraphy of siliciclastic systems is a significant concept in sedimentology and
paleontology, particularly in the context of hydrocarbon exploration and production. Developed in the
1970s and 1980s, sequence stratigraphy has become an indispensable tool for geologists and
geophysicists in understanding the spatial and temporal distribution of sedimentary deposits. This
article delves into the ExxonMobil methodology and concepts surrounding the sequence stratigraphy
of siliciclastic systems, drawing from the insights provided in the CSP Series.

Understanding Sequence Stratigraphy

Sequence stratigraphy is a branch of geology that studies sedimentary deposits in relation to changes
in sea level and sediment supply. It provides a framework for interpreting the stratigraphic record,
enabling geologists to predict the distribution of reservoirs, seals, and source rocks in sedimentary
basins. The ExxonMobil methodology, in particular, emphasizes a systematic approach to sequence
stratigraphy, integrating data from sedimentology, stratigraphy, and paleontology.

Key Concepts in Sequence Stratigraphy

The fundamental concepts of sequence stratigraphy can be broken down into several key principles:

1. Sequence: A sequence is a stratigraphic unit that is bounded by unconformities or their
correlative conformities. It represents a cycle of sediment deposition related to changes in
relative sea level.

2. System Tracts: These are subdivisions of sequences that reflect different depositional
environments and processes. Common system tracts include lowstand, transgressive, and
highstand system tracts.

3. Chronostratigraphy: This aspect of sequence stratigraphy focuses on the age relationships of
rock layers, allowing geologists to place sedimentary deposits within a temporal context.

4. Facies Analysis: Understanding the characteristics of sedimentary facies is crucial for
interpreting depositional environments and predicting reservoir characteristics.



The ExxonMobil Methodology

ExxonMobil has developed a comprehensive approach to sequence stratigraphy, which is
characterized by its emphasis on integrating various geoscientific disciplines. The methodology
includes the following steps:

1. Data Collection

The first step involves gathering data from various sources, including:

e Well logs
e Core samples
e Seismic data

e QOutcrop studies

This data is essential for constructing a detailed picture of the sedimentary environment.

2. Sequence lIdentification

Once data is collected, geologists identify sequences within the stratigraphic record. This is done by
analyzing the data for signs of unconformities, which mark the boundaries between sequences. By
recognizing these boundaries, geologists can delineate the stratigraphic units that reflect changes in
sea level and sediment supply.

3. System Tract Analysis

After identifying the sequences, the next step is to analyze the system tracts. Each system tract
represents a specific phase of sediment deposition and is characterized by distinct sedimentary
features. This analysis helps in understanding the depositional environments and the dynamics of
sediment transport.

4. Chronostratigraphic Correlation

Chronostratigraphic correlation involves correlating the identified sequences and system tracts across
different wells and seismic profiles. This step is critical for constructing a regional stratigraphic
framework and for predicting the distribution of reservoir rocks.



Applications in Siliciclastic Systems

The ExxonMobil methodology for sequence stratigraphy has been effectively applied to siliciclastic
systems, which are characterized by the dominance of siliciclastic sediments, such as sandstones and
shales. The following applications highlight the significance of this methodology:

1. Hydrocarbon Exploration

One of the primary applications of sequence stratigraphy is in hydrocarbon exploration. By
understanding the distribution of reservoir, seal, and source rocks through the sequence stratigraphic
framework, geologists can identify potential exploration targets. The methodology allows for:

e Predicting the location of high-quality reservoirs.

e Assessing the effectiveness of seals and their ability to trap hydrocarbons.

* |dentifying potential source rocks based on their stratigraphic relationships.

2. Reservoir Characterization

In addition to exploration, the ExxonMobil methodology aids in the characterization of reservoirs. By
analyzing the sedimentary facies and system tracts, geologists can:

* Determine reservoir quality and heterogeneity.
e Understand the distribution of porosity and permeability within the reservoir.

e Model fluid flow and behavior within the reservoir system.

3. Paleoclimatic and Paleogeographic Reconstruction

Sequence stratigraphy also plays a vital role in reconstructing past climates and environments. By
analyzing the sedimentary deposits and their relationships, geologists can infer:

e Past sea-level changes and their impact on sedimentation.

e Shifts in sediment supply due to climatic events.



e Changes in depositional environments over geological time.

Case Studies in Siliciclastic Systems

The application of the ExxonMobil methodology to sequence stratigraphy has been illustrated through
various case studies, showcasing its effectiveness in real-world scenarios.

Case Study 1: The Niger Delta

The Niger Delta is a classic example of a siliciclastic system where sequence stratigraphy has been
successfully applied. The delta is characterized by a complex interplay of fluvial, deltaic, and marine
processes. ExxonMobil utilized its methodology to identify sequences and system tracts within the
deltaic deposits, leading to the discovery of significant hydrocarbon reserves.

Case Study 2: The Gulf of Mexico

In the Gulf of Mexico, the ExxonMobil methodology has been essential for understanding the
stratigraphic architecture of siliciclastic reservoirs. By integrating seismic data and well logs,
geologists characterized the depositional systems, leading to improved exploration strategies and
reservoir management practices.

Challenges and Future Directions

Despite its successes, the ExxonMobil methodology faces challenges in the field of sequence
stratigraphy. Some of these challenges include:

e Data Limitations: Inadequate data can hinder the identification of sequences and system tracts.

e Complex Depositional Environments: Highly variable depositional settings may complicate
stratigraphic interpretations.

e Technological Advances: As technology evolves, integrating new data types (e.g., machine
learning, advanced seismic imaging) will be crucial for refining methodologies.

Looking ahead, the future of sequence stratigraphy in siliciclastic systems lies in the continued
integration of multi-disciplinary approaches and the incorporation of advanced technologies. As
geologists refine their methods, the potential for discovering new hydrocarbon reserves and
understanding past environments will expand significantly.



Conclusion

The sequence stratigraphy of siliciclastic systems, particularly through the ExxonMobil methodology,
offers a powerful framework for understanding sedimentary processes and predicting hydrocarbon
reservoirs. By combining data from multiple disciplines and applying a systematic approach,
geologists can unlock valuable insights into the geological history of sedimentary basins, ultimately
leading to more effective exploration and production strategies. As technology progresses and new
methodologies emerge, the field of sequence stratigraphy will continue to evolve, providing essential
tools for geologists and paleontologists alike.

Frequently Asked Questions

What is sequence stratigraphy and why is it important in
siliciclastic systems?

Sequence stratigraphy is the study of rock layer sequences and their organization in relation to
changes in sea level and sediment supply. It's important in siliciclastic systems as it helps identify
reservoir potential and understand depositional environments.

How does the ExxonMobil methodology contribute to the
understanding of sedimentology?

The ExxonMobil methodology integrates geological, geophysical, and engineering data to create
detailed sedimentological models. This approach emphasizes the predictive capability of sequences
and stratigraphic frameworks in resource exploration.

What are the key components of the ExxonMobil sequence
stratigraphy framework?

The key components include understanding system tracts, identifying maximum flooding surfaces,
and recognizing sequence boundaries. These elements are crucial for interpreting depositional
environments and predicting reservoir characteristics.

What role does paleontology play in sequence stratigraphy?

Paleontology helps in biostratigraphic correlation and understanding the ecological context of
sedimentary deposits. Fossils within sequences provide insights into past environments, aiding in
interpreting the depositional history.

What are system tracts in the context of siliciclastic sequence
stratigraphy?
System tracts are sedimentary deposits characterized by specific features and processes associated

with particular phases of relative sea-level change. They include lowstand, transgressive, and
highstand system tracts, each reflecting different sedimentary dynamics.



How does the concept of maximum flooding surfaces aid in
stratigraphic interpretation?

Maximum flooding surfaces mark the peak of transgression and indicate the highest sea level reached
during a sequence. They serve as important indicators for correlating rock layers and understanding
the distribution of sedimentary facies.

What is the significance of sequence boundaries in siliciclastic
systems?

Sequence boundaries represent significant shifts in depositional environments, often linked to
changes in relative sea level. They are crucial for subdividing sequences and understanding the
geological history of an area.

How can the ExxonMobil methodology improve hydrocarbon
exploration?

By applying a rigorous sequence stratigraphic approach, the ExxonMobil methodology enhances the
understanding of reservoir distribution and quality, leading to more efficient and successful
hydrocarbon exploration strategies.

What are some challenges in applying sequence stratigraphy
to siliciclastic systems?

Challenges include recognizing subtle stratigraphic features in complex depositional settings,
integrating diverse datasets, and accurately interpreting facies changes across sequences, which
requires a multidisciplinary approach.
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