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Abstract

Sequence stratigraphy highlights stratal stacking patterns and changes thereof within a time
frame. Each stratal stacking pattern defines a particular genetic type of deposit with a unique
geometry and sediment dispersal pattern within the basin. Common genetic types of deposit are
referred to as ‘forced regressive’, ‘lowstand normal regressive’, ‘transgressive’, and ‘highstand
normal regressive’. These genetic units are the basic building blocks of the sequence
stratigraphic framework at any scale of observation, and are bounded by sequence stratigraphic
surfaces. The recurrence of the same types of sequence stratigraphic surface through geologic
time defines cycles of change in accommodation or sediment supply, which correspond to
sequences in the rock record. Depending on the scale of observation, sequences and sequence
stratigraphic surfaces may be ascribed to different hierarchical orders.

The concept of accommodation, which defines the space available for sediments to fill, is central
to sequence stratigraphy. Changes in accommodation are in part controlled by regional to local
tectonism, and therefore are location specific. The construction of accommodation curves is
based on Wheeler diagrams, the preserved thickness of sequences, and the paleodepositional
environment. Accommodation curves may or may not correlate between different sedimentary
basins, or even between different sub-basins of the same sedimentary basin, depending on the
interplay of local versus global controls on sedimentation. The offset between the
accommodation curves that characterize different depozones tends to increase for cycles of
increasingly lower rank.

While the workflow and principles of sequence stratigraphy remain the same irrespective of the
age of strata under analysis, the differences and similarities between the Phanerozoic and the
Precambrian rock record provide significant clues to improving our approach to the application
of the sequence stratigraphic method.
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1. Introduction

Sequence stratigraphy is uniquely focused on the analysis of stratal stacking patterns and
changes thereof within a time frame. Stratal stacking patterns form in response to the interplay of
accommodation (space available for sediments to fill) and sedimentation, and reflect



combinations of depositional trends that include progradation, retrogradation, aggradation and
downcutting.

Sequence stratigraphy was developed as a new method of stratigraphic analysis based primarily
on Phanerozoic case studies. It was generally assumed that conclusions drawn from the study of
the Phanerozoic record would be universally applicable to strata of all ages, following the
principle of uniformitarianism. This approach was debated and placed under scrutiny in recent
years (e.g., Eriksson et al., 2004a; Catuneanu et al., 2005). It is now accepted that both
similarities and differences exist between the patterns of sedimentation within Precambrian and
Phanerozoic depositional settings. In terms of similarities, the same set of controls on
sedimentation operated throughout geological time; such controls include the interplay of plate
tectonic and mantle-thermal processes, modified by the influence of eustasy and paleoclimate
(e.g., Eriksson et al., 2001a and b, 2004a and b, 2005a). The effects of the same set of underlying
allogenic controls on sedimentation lead to marked similarities with respect to preserved
lithologies, sedimentary structures, and the association of sedimentary facies and depositional
elements within Precambrian and Phanerozoic sedimentary basins. Such observations lead to the
conclusion that the origin of almost all Precambrian sedimentary facies has counterparts in
modern environments (e.g., Eriksson et al., 1998; Altermann and Corcoran, 2002).

Differences between Precambrian and Phanerozoic sedimentary-basin fills are caused by changes
in environmental-energy conditions and the related physical processes; the evolution of
competing groups of organisms; and changes in the rates and intensities of processes controlling
various aspects of sedimentation at different scales of observation (e.g., Catuneanu, 2007). The
latter type of changes include variable rates of plate drift coupled with variable rates of
continental crustal growth (e.g., Catuneanu, 2001; Arndt, 2004; Cousens et al., 2004; Eriksson
and Catuneanu, 2004); the change in the gravitational effects of the moon on sedimentation over
time, together with a gradually decreasing rotation rate for the Earth (Williams, 2004); the lack
of vegetation during the Precambrian coupled with the long-term evolution of the planet’s
hydrosphere-atmosphere-biosphere system (Grotzinger, 1990; Pfliiger and Sarkar, 1996;
Eriksson et al., 2000; Altermann, 2004; Ohmoto, 2004; Schopf, 2004; Sarkar et al., 2005); and
variations in the rates of weathering, erosion, transport, deposition and diagenesis (e.g.,
Donaldson et al., 2002; Eriksson et al., 2004a and c). All these changes contributed to differences
in the scale and architecture of Precambrian sequences when compared with Phanerozoic
counterparts (e.g., Catuneanu, 2007).

While hampered by practical limitations, such as lesser preservation and poorer time control, the
Precambrian enlarges our window into the geological past and affords better insights into some
of the first principles of sequence stratigraphy. This paper reviews the fundamental concepts of
sequence stratigraphy that are used in this volume, and examines the application of sequence
stratigraphy to the Precambrian rock record.



2. Fundamental concepts
2.1. Accommodation

The concept of ‘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. Changes in marine accommodation are
referred to as relative sea-level changes, when emphasis is placed on the interplay of tectonism
and eustasy, or as base-level changes, when the energy flux of the depositional setting is also
considered. Fluvial accommodation responds to changes in marine accommodation within the
downstream portion of fluvial systems, and to changes in discharge, gradient and sediment
supply that may be controlled by climate, atmospheric composition (in the case of Precambrian
examples) and/or source area tectonism within the upstream portion of fluvial systems.

2.2. Accommodation curves

The nature of the reference curve that is utilized to define sequence stratigraphic surfaces and
systems tracts varies with the sequence stratigraphic model. Candidates for application to this
curve include eustasy, relative sea level, and base level (Fig. 1). The concept of ‘base-level
change’ is more comprehensive than all other candidates for a reference curve, as it accounts for
both the long-term (e.g., eustasy, tectonism) and the short-term (e.g., fluctuations in
environmental energy flux) controls on accommodation (see full discussion in Catuneanu, 2006).

Eustatic curves are difficult to reconstruct from the architecture of the stratigraphic record,
because the relative importance of eustasy and tectonism on accommodation in underfilled
basins is, in most cases, difficult to discriminate and quantify. This realization came in the
1990’s, when the early global cycle charts of the Exxon group fell under intense scrutiny (e.g.,
Miall, 1991, 1992, 1995). Eustatic curves can however be reconstructed from independent
isotope studies (e.g., Miller et al., 1998, 2004), or even from the stratigraphic record in cases
where the effects of tectonism can be demonstrated as having been negligible at the time of
sedimentation (i.e., in tectonically stable basins; Haq, 2009).

Relative sea-level curves combine the effects of eustasy and tectonism, without attempting to
discriminate between their relative importance, and work well in underfilled basins where a
marine environment is present. However, such curves cannot be used to describe cyclicity in
overfilled basins, or in the updip-controlled portion of sedimentary basins where processes of
fluvial aggradation or incision may be offset relative to the timing of sea-level or relative sea-
level changes.

Considering the limitations imposed by the eustatic and relative sea-level curves, the
accommodation curves provide the viable solution to illustrate the timing of formation, as well as
the relative importance, of sequences and sequence boundaries in all settings, from underfilled to
overfilled. The construction of accommodation curves is based on the combination of



information from Wheeler diagrams, the preserved thickness of sequences, as well as
paleogeographic and paleobathymetric data.

2.3. Stratal stacking patterns

Stratal stacking patterns are defined on the basis of geometries and facies relationships that
emerge from the interplay of available accommodation and sediment supply at syn-depositional
time. All conventional sequence stratigraphic models (Fig. 1) account for stratal stacking patterns
that can be tied to specific types of shoreline trajectory: forced regression (forestepping and
downstepping at the shoreline, interpreted as the result of negative accommodation); normal
regression (forestepping and upstepping at the shoreline, interpreted as the result of positive and
overfilled accommodation); and transgression (backstepping at the shoreline, interpreted as the
result of positive and underfilled accommodation) (Fig. 2). In the case of stratigraphic cycles that
include a stage of forced regression as well as a stage of transgression, normal regressions can
occur during both lowstands and highstands of relative sea level and, consequently, the products
may be classified as ‘lowstand’ and ‘highstand’ deposits.

Each type of stratal stacking pattern defines a particular genetic type of deposit with a distinct
geometry and facies preservation style (Fig. 2). These genetic units are the basic building blocks
of any sequence stratigraphic framework, at any scale of observation (Fig. 3). At smaller scales,
normal regressive, forced regressive and transgressive deposits contribute to the makeup of
parasequences, which are essentially prograding lobes bounded by flooding surfaces (Van
Wagoner et al., 1988, 1990). At larger scales, overall normal regressive, forced regressive and
transgressive trends define systems tracts, which are linkages of contemporaneous depositional
systems that form the subdivisions of sequences (Brown and Fisher, 1977) (Fig. 3).

2.4. Sequence stratigraphic surfaces

Sequence stratigraphic surfaces are surfaces that can serve, at least in part, as systems tract and
sequence boundaries. These surfaces include subaerial unconformities, correlative conformities,
maximum flooding surfaces, maximum regressive surfaces, transgressive ravinement surfaces
and regressive surfaces of marine erosion. Not all types of data afford the recognition of all
sequence stratigraphic surfaces, and not all sequence stratigraphic surfaces are present in every
depositional setting. The area of transition between fluvial and shallow-water systems affords the
formation of the entire array of sequence stratigraphic surfaces. In contrast, within fluvial and
deep-water systems, conditions are favorable for the formation of fewer key bounding surfaces
(Catuneanu et al., 2009, 2010).

The criteria that can be used to identify each sequence stratigraphic surface include: the
conformable versus unconformable nature of the contact; the depositional systems below and
above the contact; the depositional trends below and above the contact; the types of substrate-
controlled ichnofacies associated with the contact; and stratal terminations associated with the
contact (see fig. 4.9 in Catuneanu, 2006, for a review of criteria; Catuneanu et al., 2009, 2010).

The recurrence of the same types of sequence stratigraphic surface through geologic time defines
cycles of change in accommodation or sediment supply, which correspond to sequences in the



rock record. Depending on the scale of observation, sequences and sequence stratigraphic
surfaces may be ascribed to different hierarchical orders.

3. Sequence models

A "sequence" corresponds to a cycle of change in accommodation or sediment supply
(Catuneanu et al., 2009). Several different types of sequence have been proposed and are
currently in use (Figs. 4, 5). Each of these approaches (models) as to how the sequence
stratigraphic method should be applied to the rock record has its own merits and pitfalls. A brief
review of the different types of sequence follows below (from Catuneanu et al., 2009, 2010).

3.1. Depositional sequences

A depositional sequence forms during a full cycle of change in accommodation, which involves
both an increase (positive) and decrease (negative) in the space available for sediments to fill.
The formation of depositional sequence boundaries (i.e., subaerial unconformities and one of two
types of correlative conformities; Fig. 5) requires periods of negative accommodation. The
dependency of depositional sequences on negative accommodation (whether in continental or
marine settings), in addition to the nature of bounding surfaces, separates depositional sequences
from other types of sequence stratigraphic units, the formation of which may not require negative
accommodation (i.e., parasequences, genetic stratigraphic sequences, transgressive-regressive
sequences in the sense of Johnson and Murphy (1984), and systems tracts that form during
positive accommodation).

3.2. Genetic stratigraphic sequences

The formation of genetic stratigraphic sequences depends on the development of maximum
flooding surfaces, which form during times of positive accommodation. A genetic stratigraphic
sequence may form during a full cycle of change in accommodation, as in the case of a
depositional sequence, but it may also form during periods of positive accommodation in
response to fluctuations in the rates of accommodation creation and/or sediment supply.
Consequently, a genetic stratigraphic sequence may or may not include an internal subaerial
unconformity, depending on whether or not the corresponding cycle includes a stage of negative
accommodation. Maximum flooding surfaces may include unconformable portions expressed as
“hiatal surfaces preserved as marine unconformities” (Galloway, 1989). Such unconformities
may develop on the shelf and slope because of sediment starvation, shelf-edge instability and
erosion during transgression. Where present, unconformable maximum flooding surfaces are
included within but do not constitute the bounding surfaces defining depositional sequences and
transgressive-regressive sequences.

3.3. Transgressive-regressive (T-R) sequences
The original T-R sequence of Johnson and Murphy (1984) depends on the development of

maximum regressive surfaces, which form during times of positive accommodation. As in the
case of genetic stratigraphic sequences, this type of sequence may form during a full cycle of



change in accommodation, but it may also form during periods of positive accommodation as a
result of fluctuations in the rates of accommodation and/or sediment supply. By contrast, the T-R
sequence of Embry and Johannessen (1992) is dependent on negative accommodation, as it
requires a subaerial unconformity at the sequence boundary. As the maximum regressive surface
is younger than the subaerial unconformity, the marine portion of the maximum regressive
surface may or may not meet with the basinward termination of the subaerial unconformity
(Embry and Johannessen, 1992). The temporal and spatial offset between the two portions of the
sequence boundary is increasingly evident at larger scales of observation (Catuneanu et al.,
2009).

4. Hierarchy

The definition of sequences and systems tracts is independent of spatial and temporal scales. The
relative significance of sequence stratigraphic units that develop at different scales of observation
is resolved via the concept of hierarchy. This concept refers to the definition of different orders
of cyclicity on the basis of their relative stratigraphic significance.

Different proposals on how to define a hierarchy system (e.g., Vail et al., 1977, 1991; Mitchum
and Van Wagoner, 1991; Embry, 1995; Krapez, 1996, 1997) have stimulated active discussions
within the stratigraphic community (e.g., Miall, 1995, 1997; Drummond and Wilkinson, 1996;
Schlager, 2004; see recent summaries in Catuneanu et al., 2009, 2010). A limiting factor in the
way of defining a universally applicable hierarchy system is that the interplay of competing
sequence-forming mechanisms results in the formation of stratigraphic cycles across a
continuum of temporal and spatial scales (Drummond and Wilkinson, 1996; Schlager, 2004). In
the absence of discrete modes within the wide continuum of scales, hierarchical subdivisions
often remain arbitrary and may only be basin specific (Catuneanu et al., 2009, 2010).

The application of sequence stratigraphy to the Precambrian rock record has significantly
improved our insights into the definition of criteria for a system of stratigraphic hierarchy. A
critical aspect is that the rates and concomitantly even partly, the nature of basin-forming
mechanisms has changed during Earth's evolution, from a greater measure of competing plume
tectonics and plate tectonics in the Precambrian to a more stable plate-tectonic regime in the
Phanerozoic (Eriksson and Catuneanu, 2004; Eriksson et al., 2005a, b). The more erratic nature
of the tectonic regimes which controlled the formation and evolution of sedimentary basins in the
Precambrian indicates that time is largely irrelevant as a parameter in the classification of
stratigraphic sequences. Instead of time, it is rather the record of changes in the tectonic setting
that provides the means for the subdivision of the stratigraphic record into basin-fill successions
separated by first-order sequence boundaries. These first-order basin-fill successions are in turn
subdivided into second- and lower-rank sequences that result from shifts in the balance between
accommodation and sedimentation at various scales of observation, irrespective of the time span
between two same-order consecutive events.

Sequences identified in any particular basin are not expected to correlate to sequences of other
sedimentary basins, unless their formation may be linked to global controls. The lower the
hierarchical rank of stratigraphic cycles the greater the possibility for only a local relevance of



those cycles, due to the potentially increased influence of local controls on accommodation. A
full discussion on the issue of hierarchy and the criteria that can be used to separate between
orders of cyclicity is provided by Catuneanu (2006).

5. Discussion and conclusions

The method of sequence stratigraphy requires the application of the same workflow and
principles irrespective of the age of strata under analysis (Fig. 6). In that respect, its application
to Precambrian successions is similar to the approach used for Phanerozoic case studies.
Differences, however, are recorded in terms of the preservation potential and the amount of data
available for analysis; the rates and intensities of the allogenic controls on sedimentation; the
environmental conditions and related physical processes; and the evolution of competing groups
of organisms and associated biogenic processes. The combined effect of these contrasting
aspects may account for differences in the architecture of Precambrian depositional sequences,
particularly with respect to the relative contributions of various systems tracts to the makeup of a
sequence (e.g., Sarkar et al., 2005; Catuneanu, 2007).

The application of sequence stratigraphy to Precambrian basins has considerably enlarged the
perspective on the fundamental principles governing the processes of sedimentary basin
formation and the mechanisms controlling stratigraphic cyclicity in the rock record. These first-
order principles are perhaps the most important contribution of Precambrian research to sequence
stratigraphy. At the broader scale of Earth’s geological history, the tectonic regimes governing
the formation and evolution of sedimentary basins are shown to have been much more erratic in
terms of nature and rates than originally inferred solely from the study of the Phanerozoic record.
This provides important clues with respect to the criteria that should be involved in the hierarchy
system of classification of stratigraphic sequences and bounding surfaces.

Accommodation curves may be reconstructed based on geometries preserved in the rock record,
including the thickness of topsets that form during normal regressions, the increase in the
elevation of backstepping (transgressive) coastlines, the magnitude of downstepping during
forced regressions, or the depth of fluvial incised valleys. However, such quantitative curves may
only have local relevance due to variations in tectonic regimes and sediment supply from one
sedimentary basin to another, or between different sub-basins within the same sedimentary basin.

All sequences whose timing and origin are related to shoreline trajectories share the common
element that they all consist of a combination of the same basic building blocks defined by
normal regressive, transgressive and forced regressive stacking patterns. These building blocks
compose any type of sequence stratigraphic unit, from sequence to systems tract and
parasequence, at any scale of observation (Fig. 3; Catuneanu et al., 2009, 2010).
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Figure captions

Figure 1. Correlative conformities as defined by different sequence stratigraphic models (from
Catuneanu, 2006). The timing of formation of correlative conformities may be independent of
sedimentation (models A, B, D and F), or dependent upon sedimentation (models C and E).
Abbreviations: LST — lowstand systems tract; HST — highstand systems tract; TST —
transgressive systems tract; FSST — falling-stage systems tract; RST — regressive systems tract.

Figure 2. Stratal stacking patterns related to shoreline trajectories (from Catuneanu et al., 2010):
forced regression, normal regression, transgression. Zigzag lines indicate lateral changes of
facies within individual sedimentary bodies. The diagram shows the possible types of shoreline
trajectory during changes (rise or fall) in relative sea level. During a stillstand of relative sea
level (not shown), the shoreline may undergo sediment-driven progradation (normal regression,
where the topset is replaced by toplap), erosional transgression, or no movement at all. However,
due to the complexity of independent variables that interplay to control relative sea-level change,
it is unlikely to maintain stillstand conditions for any extended period of time. Abbreviation:
RSL — relative sea level.

Figure 3. Types of sequence stratigraphic unit: sequences, systems tracts, parasequences. Stratal
stacking patterns are central to the definition of any kind of sequence stratigraphic unit, at any
scale of observation. All sequence stratigraphic units whose origin relates to changes in shoreline
trajectory consist of a combination of forced regressive, normal regressive and transgressive
deposits. Abbreviations: FR - forced regressive; NR - normal regressive; T - transgressive.

Figure 4. Evolution of sequence stratigraphic approaches (from Catuneanu et al., 2010).

Figure 5. Nomenclature of systems tracts, and timing of sequence boundaries for the various
sequence stratigraphic approaches (modified from Catuneanu et al., 2010). Abbreviations: RSL —



relative sea level; T — transgression; R — regression; FR — forced regression; LNR — lowstand
normal regression; HNR — highstand normal regression; LST — lowstand systems tract; TST —
transgressive systems tract; HST — highstand systems tract; FSST — falling-stage systems tract;
RST —regressive systems tract; T-R — transgressive-regressive; CC* — correlative conformity in
the sense of Posamentier and Allen (1999); CC** — correlative conformity in the sense of Hunt
and Tucker (1992); MFS — maximum flooding surface; MRS — maximum regressive surface.
References for the proponents of the various sequence models are provided in Figure 4.

Figure 6. Model-independent methodology versus model-dependent choices in sequence
stratigraphy (modified from Catuneanu et al., 2009, 2010). The model-independent methodology
starts with basic observations and leads to the construction of a sequence stratigraphic
framework defined by specific stratal stacking patterns and bounding surfaces. The model-
dependent choices refer to the selection of surfaces that should be elevated to the status of
sequence boundary. This selection is commonly guided by how well the various surfaces are
expressed with the available data in a given succession.
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Figure 6
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