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Definitions and Concepts: Stratigraphy

World Atlas

Law of superposition

Principle of original horizontality

Principle of lateral continuity



Definitions and Concepts: Relative Sea Level

Kendall (2006); After Emery (1995)



Definitions and Concepts: Accommodation

Modified from Sedflux



Definitions and Concepts: Base Level

Qayyum et al., (2017)



Definitions and Concepts: Base Level

Barrell (1917); Qayyum et al., (2017)



Definitions and Concepts: Unconformity

Road Cut, Ecuador Catuneanu (2006)



Definitions and Concepts: 
Lithostratigraphy vs. Sequence Stratigraphy

Catuneanu (2006)
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Sequence Stratigraphy
The study of the rock relationships of repetitive, genetically related strata 
bounded by unconformities or their correlative conformities, within a time-
stratigraphic framework (Posamentier et al., 1988; Van Wagoner, 1995).

Adapted  from Van Wagoner (1990). strata.uga.edu



Basic Units

Sequence: the primary unit of sequence stratigraphy bound by 
unconformities or their correlative conformities (Sloss,1949; 
Mitchum et al., 1977), irrespective of temporal and spatial scales 
(Catuneanu, 2006)

Systems tract: a linkage of contemporaneous depositional systems, 
forming the subdivision of a sequence. A systems tract includes all 
strata accumulated across the basin during a particular stage of 
shoreline shifts (Brown and Fisher, 1977)

Depositional systems: three-dimensional assemblages of 
lithofacies, genetically linked by active (modern) processes or 
inferred (ancient) processes and environments (Fisher and 
McGowan, 1967, in Van Wagoner, 1995)



Base Level and T-R Curves

Catuneanu (2006)



Base Level Transit Cycle: Simplified Model

Catuneanu (2006)



Base Level Transit Cycle: Simplified Model



History and Schools of Thought

Catuneanu (2006) Catuneanu (2006)



Systems Tracts and Surfaces

Depositional Sequence Approach T-R Sequence Approach

Surfaces

Subaerial Unconformity Subaerial Unconformity

Maximum Regressive Surface Maximum Regressive Surface

Maximum Flooding Surface Maximum Flooding Surface

Regressive Surface of Marine Erosion Unconformable Shoreline Ravinement 

Shoreline Ravinement Diastemic Shoreline Ravinement 

Correlative Conformity Slope Onlap Surface

Basal Surface of Forced Regression Regressive Surface of Marine Erosion

System Tracts

Transgressive Systems Tract Transgressive Systems Tracts

Falling Stage Systems Tract Regressive Systems Tracts

Highstand Systems Tract

Lowstand Systems Tract
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Harry E. Wheeler introduced the concept of 
time-stratigraphy in 1958, and his charts are 

referred to as Wheeler diagrams

An arbitrary time is assigned to each surface 
following the law of superposition such that a 

surface is considered as a time barrier 
separating older strata from the younger

Strata is flattened along the time-surfaces. The 
y-axis is the relative geological time. The x-

axis is usually distance

Wheeler (1964), Qayyum et al., (2017)

Chronostratigraphy



Simplified Model



Developments in Chronostratigraphy

Semi-automated approaches in the construction of 
Wheeler diagrams from seismic data started in 1990s

Global Seismic Interpretation Techniques: Age Volume, 
PaleoScan, Volumetric, Flattening and HorizonCube

They differ in how correlation of timelines are 
established and stored

Focus on seismic data but not suitable for other 
geological data types

Most are not open-source

Qayyum et al., (2012)



Qayyum et al., (2017)

Developments in Chronostratigraphy



For Further Reading
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Geological Data Types: Seismic

sercel.com dGB Earth Science; De Bruin et al., (2007)

Catuneanu (2006)



Geological Data Types: Well-Sections

Shebl et al., (2019)



Geological Data Types: Outcrops

Bover-Arnal et al., (2009)



Geological Data Types

Catuneanu (2006)
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WheelerLab - Introduction

WheelerLab is the first image-based model driven approach for constructing 
Wheeler diagrams

Written in MATLAB and is an interactive program with a GUI

Stand alone versions for MAC, LINUX, and Windows are available on google drive

Source Code is available on github and zenodo

Email me for links: adewale@tamu.edu



WheelerLab GUI

Input Panel

Output Panel



WheelerLab I/O

Input

• Seismic: SEGY or Image (JPG, PNG, TIFF, …)

• Outcrop: Image (JPG, PNG, TIFF, …)

• Well-Section: Image (JPG, PNG, TIFF, …) from concatenated LAS files

• Synthetic: No input required

Output

• Wheeler Diagram: MATLAB FIG, PNG,

• Dynamic Wheeler Diagram: AVI GIF

• Data: ASCII



WheelerLab Demonstration

Data: F3 block, Netherlads, dGB Earth Science



WheelerLab Output



WheelerLab Demonstration: Seismic

Data: F3 block, Netherlads, dGB Earth Science; Amosu and Sun (2017)



WheelerLab Demonstration: Well-Section

Modified from Shebl et al., (2019)



WheelerLab Demonstration: Well-Section

Modified from Shebl et al., (2019)



WheelerLab Demonstration: Outcrop

Modified Bover-Arnal et al., (2009); Amosu and Sun (2017)



WheelerLab Demonstration: Outcrop

Modified Bover-Arnal et al., (2009); Amosu and Sun (2017)



WheelerLab Demonstration: Outcrop

Modified from Razin et al., (2010)
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Conclusion

We have developed an open-source program for sequence stratigraphic 
and chronostratigraphic analysis of geological data

It is the first model-driven image-based program for sequence 
stratigraphic and chronostratigraphic analysis

The program permits flexibility of interpretation and sequence 
stratigraphic model or approach

Can be applied to different geological data types including seismic data, 
well-sections and  outcrops



Future Work

Incorporation of top flattening of systems tracts

AI-detection of sequence tracts in seismic data and outcrop images

Extension to 3D seismic data

Extension to 3D outcrop images (DOMs)

Version 2 in MATLAB AppDesigner

Nesbit et al., (2020)



Other MATLAB Projects: MinInversion

Amosu and Sun (2018)



Other MATLAB Projects: FischerLab

Amosu et al., (2020)



Other MATLAB Projects: ML Prediction in Unconventionals

Amosu and Sun (2019)
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