
University Of Basrah 
College of Science  
Department of Geology 

 
STRATIGRAPHY 

 
 

 
Lectures Notes for Third-Class Undergraduate Students 
 

Instructed by 
Dr. Nawrast Sabah Abdalwahab 

Academic Year 2022-2023 
 

  



STRATIGRAPHY 

 2 

Contents 
Chapter Six ...................................................................................................................................... 3 
Cyclicity and Sequence Stratigraphy ............................................................................................... 3 

The fascinated fashion of Earth ........................................................................................... 3 
What is Cyclicity? ........................................................................................................................... 3 
Types of Cyclicity ........................................................................................................................... 3 

Long scale cycle .................................................................................................................. 3 
Short scale cycle .................................................................................................................. 5 
Other types of cyclicity ....................................................................................................... 5 

The hierarchical order of cycles ...................................................................................................... 6 
Cyclostratigraphy ............................................................................................................................ 7 
Milankovitch Cycles ........................................................................................................................ 7 

The Precession Cycle (19-23 ka) ......................................................................................... 8 
The Obliquity Cycle (41 ka) ................................................................................................ 9 
The Eccentricity Cycle (106, 410 ka) .................................................................................. 9 

Sedimentary Expression and interpretation of cycles ................................................................... 10 
Productivity and dilution cycles: extremes of a continuum .................................................. 10 

Sea Level ....................................................................................................................................... 12 
Definition concepts of base level .................................................................................................. 13 
Sequence stratigraphy .................................................................................................................... 14 
Controls on Sedimentation ............................................................................................................ 14 
Hierarchies order ........................................................................................................................... 15 
Accommodation ............................................................................................................................ 15 
Shoreline Trajectories .................................................................................................................... 16 
Transgression ................................................................................................................................. 16 
Regression ..................................................................................................................................... 17 
Sea level cycle ............................................................................................................................... 19 
Reference ....................................................................................................................................... 20 
 
  



STRATIGRAPHY 

 3 

Chapter Six 

Cyclicity and Sequence Stratigraphy 

The fascinated fashion of Earth 

- The History of earth is recording in its strata.  

- The geological record is of 4.5 Ga years old. 

- This record arranges in a fascinated fashion of cyclicity and events. 

What is Cyclicity?  

- Cyclicity means repetition of patterns in rhythmic order in regular frequency of time. 

- It has been recognized in different scales of space and time.  

- The recurrent of cyclicity in earth system made geology a historical science. 

Types of Cyclicity 

• Cyclicity can be divided into many types according to: 

1. Space and time scale: 

o long scale cycles 

o Short scale cycle 

2. The driving processes. 

o Allogenic cycle: like tectonics, sea level and climate 

o Autogenic cycle: like tides and storm 

Long scale cycle 

• Plate tectonic cycle is a type of large scale cycle with a periodical of 200 Ma years. 

• Milankovitch Orbital Cycle is another type of large scale cycle that causes by 

astronomical factors. 

•  It has a periodical of 0.01 to 2 Ma years.  

• The astronomical factors determine many other sedimentation cycles like: Productivity 

and Dilution, Redox, Dissolution and Diagenesis Cycles.  
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PLATE TECTONIC CYCLE 

 
MILANKOVITCH ORBITAL CYCLE 

PHOTO FROM: MIALL, ANDREW D. 2016. “STRATIGRAPHY: THE MODERN SYNTHESIS.” PP. 311–70 
IN STRATIGRAPHY: A MODERN SYNTHESIS. CHAM: SPRINGER INTERNATIONAL PUBLISHING. 
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Short scale cycle 

The simplest form being of small scale cyclicity is herringbone structures. It is a type of cross-

bedded units with opposite direction of forest laminae in 

adjacent layers. It is formed under the influence of the 

reversing currents of tides. 

 
 
PHOTO FROM: MIALL, ANDREW D. 2016. “STRATIGRAPHY: 
THE MODERN SYNTHESIS.” PP. 311–70 IN STRATIGRAPHY: 
A MODERN SYNTHESIS. CHAM: SPRINGER INTERNATIONAL 
PUBLISHING.  
 

Other types of cyclicity 
 

- Inversion of magnetic field of earth 

- deposition of sediments ore 

- sedimentary basin formation 

- accentuated and attenuated climate zone 

- glaciations 

- Volcanism 

- Bioevolution Cycle 

- Rock Cycle  

- Wilson Cycle of opening and closing of oceanic basin.  
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The hierarchical order of cycles 
 

 
Photo from: Miall, Andrew D. 2016. “Stratigraphy: The Modern Synthesis.” Pp. 311–70 in 
Stratigraphy: A Modern Synthesis. Cham: Springer International Publishing.  
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Cyclostratigraphy 
 

- Cyclostratigraphy is the study of the sedimentary record produced by climatic cycles of 

regular frequency, tens to hundreds of thousand years in duration, which are generated by 

variations in the earth's orbit and are known as Milankovithch Cycles. 

- Recognition of these cycles in sedimentary record enabled geologists to develop an 

orbital timescale graduated in tens or hundreds of thousands of years for parts of the 

geological column. 

- Cyclostratigraphy also investigated the frequently complex way in which orbital cycles 

have influenced earth's climate, oceans and ice-caps, and attempts to interpret how the 

cycles seen in the stratigraphic record have formed. 

- The expression of climatic cycles in sediments takes a myriad of forms, because climate 

change has complex effects on physical, chemical and biological system. 

- Climatic cycles have been identified from numerous parameters, including: mineralogy 

and geochemistry which records changing sediment flux or biological productivity, for 

example; variation in stable isotope ratios of oxygen, reflecting changing temperatures 

and ice volume; and changes in the relative abundance of fossil species.  

Milankovitch Cycles  

• Cycles of Milankovitch Band fall in the frequency interval of 10 Ka to 1 Ma, and are 

caused by complex orbital patterns of the sun-moon-earth systems. 

• These changes affect both the amount of insolation (solar energy) reaching the earth's 

surface, and the seasonal distribution of insolation. 

• Three main cycles are found: those of precession, obliquity and eccentricity, which 

combine to produce an intricately detailed curve. 

• The actual variations in insolation are of about 5% and affect the earth's mate in a 

complex manner; they include various feedback mechanisms which augment the effects 

of the eccentricity cycle in particular. The effects of different cycle frequencies vary 

latitudinally, such that the precessional effects are dominant at low latitudes and obliquity 

at higher ones. 
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The Precession Cycle (19-23 ka) 

Precession is the combined effect of the precession of the 

equinoxes and the movement of the perihelion, expressed 

as the movement of the axial projection of the earth's 

rotational axis relative to the stars. At the present time, 

two peaks with periodicities of 19 and 23 ka are 

dominant. 

 

 

 

 

 

 

 

 
PRECESSION RELATED IN THE PLIOCENE CONTINENTAL SUCCESSION OF PTOLEMAIS 
PHOTO SOURCE: HTTP://WWW.UU.NL/STAFF/FJHILGEN/0 
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The Obliquity Cycle (41 ka) 

The angle between the earth's celestial equator (projection of the equator onto the sky) and plane 

of the earth's orbit-the ecliptic- varies by about 3.5, fluctuating between 21.5 and 24.4 with a 

periodicity of 41 ka. This affects the insolation received by the earth by changing the intensity of 

the seasonal cycle, and affecting the latitudinal insolation gradient. 

The Eccentricity Cycle (106, 410 ka) 

There is considerable variation in the orbit of the earth-moon system around the sun, which 

results in more and less strongly elliptical pathways of orbit. The most important of these are the 

106 and 410 ka cycles. 

There is good evidence the duration of the lunar day and the lunar month have changed with 

time, and it is requisite that the periods of precession and obliquity must have changed. The 

periods of these frequencies have increased slowly through time. It is important to note that the 

duration of eccentricity has not changed. 

 
TIME-CALIBRATED MILANKOVITCH CYCLES FOR THE LATE PERMIAN. PHOTO OF THE 
UPPER CHANGHSINGIAN DALONG FORMATION AT SHANGSI SECTION 
Five thin precession-scale beds are bundled into 100-kyr eccentricity cycles (e) and four ~100-

kyr cycles are bundled into 405-kyr eccentricity cycles (E). Eccentricity maxima are recorded by 
pronounced, thin precession beds, whereas the eccentricity minima correlate to thick limestone 
beds. Circled numbers indicate bed numbers; white lines mark bed boundaries (Huaichun Wu et 

al., 2013) (http://www.nature.com/articles/ncomms3452#auth-1). 
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Sedimentary Expression and interpretation of cycles 

- Since the effects of Milankovitch cycles on climate are global in extent, sedimentary 

responses to the changes they cause should be identifiable in all depositional 

environments. 

- In practice, ancient cycles are more readily interpreted in marine environments, why? 

- The mechanisms outlined below are believed to have been important in the sedimentary 

expression of climatic cycles in the Milankovitch Band. 

Productivity and dilution cycles: extremes of a continuum 
 
Dilution and productivity cycles are set of opposite ends of a continuous spectrum, and the real 
problem is identification of the dominant process. 



STRATIGRAPHY 

 11 

 

Carbonate-marls rhythms in the Pliocene Punta di Maiata section of the Rossello composite on 
Sicily PHOTO SOURCE: HTTP://WWW.UU.NL/STAFF/FJHILGEN/0 
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Sea Level 
 

• Base level: is an imaginary and dynamic 4D surface of equilibrium between deposition 
and erosion, largely dependent on environmental energy and sediment supply. 

o Marine Base level = sea level  

o Fluvial Base level = graded Fluvial Profile 

• Startigraphic base level iclude a continental portion (fluvial base level= graded fluvial 
profile) and a maine portion (marine base level= sea level) 

• Eustasy: is the sea level relative to the center of Earth. 

• Relative Sea-level: is the sea level to a datum that is independent of sedimentation. 

• Water depth: is the sea level relative to the seafloor. 
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Definition concepts of base level 
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Sequence stratigraphy 

- The concept of cyclicity has a major development in much more predictive science as 

Sequence Stratigraphy.  

- Sequence: is genetically related strata that bounded by unconformities (or sequence 

boundaries).  

- The origin of sequence is interaction between the rate of Eustasy (global sea-level 

change), tectonics, and climate.  

- The sequence boundary: is surface imprint a sudden change in sea-level cycle.  

- The hierarchies of cyclic sea-level change were ranked by their duration as first, second, 

third, fourth and fifth orders. 

Controls on Sedimentation 
 

- sedimentation is generally controlled by a combination of autogenic and allogeneic 

processes, which determined the distribution of depositional elements within a 

depositional systems, as well as, the large- scale stacking patterns of depositional systems 

within a sedimentary basin. 

- Autogenic processes (e.g.’ self-induced avulsion in fluvial and deep-water environments) 

are particularly commonly studied using the methods of conventional sedimentology and 

facies analysis. 

- Allogeneic processes, are directly relevant to sequence startigraphy; as they control the 

larger-scale architecture of the basin fill. 

 
ALLOGENIC CONTROLS ON SEDIMENTATION, AND THEIR RELATIONSHIP TO 
ENVIRONMENTAL ENERGY FLUX, SEDIMENT SUPPLY, ACCOMMODATION, AND 
DEPOSITIONAL TRENDS (CATUNEANU, 2006) 
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Hierarchies order 

 

Accommodation 
 

- Accommodation: defines the space available for sediments to fill (Jervey 1988).  

- Accommodation may be modified by the interplay between various independent controls 

which may operate over a wide range of temporal scales.  

- Marine accommodation is controlled primarily by basin tectonism and global eustasy, 

and, over much shorter time scales, by fluctuations in the energy flux of waves and 

currents. 
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- Depositional trends of aggradation, erosion, progradation and 

- retrogradation may be explained by changes in accommodation or by the 

- interplay between accommodation and sediment supply.  

- Positive accommodation promotes sediment aggradation, whereas negative 

- accommodation results in downcutting. 

 

 

Shoreline Trajectories 
Definition:  

- The interplay between base-level changes and sedimentation controls the fluctuations in 

water depth, as well as the transgressive and regressive shifts ot the shoreline. 

- Note// The types of shoreline shifts are critical in sequence stratigraphy framework, as 

they determined the formation of package of strata associated with particular depositional 

trends and hence characterized by specific stacking patterns, known as system tract. 

Transgression 
- Transgression: is defined as the landward migration of the shoreline.  

- This migration triggers a corresponding landward shift of facies, as well as a deepening 

of the marine water in the vicinity of the shoreline. 

- Transgressions result in retrogradation stacking patterns, e.g., marine facies shifting 

towards and overlying nonmarine facies. 

- Retrogradation is the diagnostic depositional trend of transgressions. 
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Regression 
Regression: is defined as the seaward migration of the shoreline.  

• This migration triggers a corresponding seaward shift of facies, as well as a shallowing of 

the marine water in the vicinity of the shoreline. 

• Regression result in progradation stack patterns, nonmarine facies shifting towards and 

overlying marine facies. 

• Progradation is the diagnostic depositional trend for regression.  

 

 
TRANSGRESSIONS AND REGRESSIONS. 
NOTE THE RETROGRADATION AND PROGRADATION (LATERAL SHIFTS) OF FACIES, AS WELL AS 
THE SURFACE THAT SEPARATES RETROGRADATIONAL FROM OVERLYING PROGRADATIONAL 
GEOMETRIES. THIS SURFACE IS KNOWN AS THE MAXIMUM FLOODING SURFACE (MFS). 
SOURCE: CATUNEANU (2006) 
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Sea level cycle 

 
TIMING OF SEQUENCE STRATIGRAPHIC SURFACES RELATIVE TO THE MAIN EVENTS OF THE 
BASE-LEVEL CYCLE. 
PHOTO FROM: CATUNEANU, OCTAVIAN. 2006. PRINCIPLES OF SEQUENCE STRATIGRAPHY. 
ELSEVIER. 
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