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Abstract

Sequence stratigraphy is a stratigraphic discipline in which the defined stratigraphic sur-
faces represent either breaks in deposition or changes in depositional trend. Two
approaches for defining sequence stratigraphic surfaces and units have evolved, with
one being inductive and the other deductive.

The empirical, inductive approach defines surfaces based on observable, physical
characteristics. Five surfaces, subaerial unconformity (SU), unconformable shoreline
ravinement (SR-U), slope onlap surface (SOS), maximum regressive surface (MRS), and
maximum flooding surface (MFS), are used to define inductive sequence units and
to construct a correlation framework. Two different types of sequences (depositional
T-R, genetic stratigraphic) and two systems tracts (transgressive systems tract, regressive
systems tract) are employed in the inductive approach.

In contrast, the deductive approach defines sequence stratigraphic surfaces in
terms of theoretical events on a base-level curve (e.g., start base-level fall). Three
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deductive surfaces (SU, MRS, and MFS) used for unit definition and correlation are the
same as those employed by the inductive approach. Two surfaces, not recognized in the
inductive approach, are also used to delineate units and for correlation. Notably, both
are chronostratigraphic surfaces which display no diagnostic physical characteristics.
These surfaces include the basal surface of forced regression (BSFR), the depositional
surface at the start of base-level fall, and the correlative conformity (CC), the depositional
surface at the start of base-level rise. A sequence is defined as a succession of strata
deposited during a full base-level cycle and associated change in accommodation or
sediment supply. Recognition of the five surfaces has allowed the definition of four
types of sequences (depositional sequence type 1 and 2, T-R, genetic stratigraphic), with
each type being divided into four systems tracts (lowstand, transgressive, highstand,
and falling stage).

The decision as to what approach to use—inductive or deductive—depends on
the robustness of the available data and whether the BSFR and CC can be recognized
with reasonable objectivity and consistency over the study area. Caution must be
exercised to avoid the pitfall of trying to force fit data into the deductive approach
by interpreting an inappropriate surface (e.g., facies change) as either the BSFR or
CC. In many situations, especially when seismic data are not available, it is not possible
to recognize and correlate the BSFR and/or the CC with objectivity. In these cases, the
inductive approach is required for unit delineation and correlation.

1. INTRODUCTION

Sequence stratigraphy has become a popular methodology for corre-
lating sedimentary strata and constructing a quasi-chronostratigraphic
framework for a basin. Such a framework, in conjunction with the sedimen-
tology of the strata, is fundamental for interpreting paleogeography and
depositional history in terms of changes of base level, shoreline movement,
and/or sediment supply.

As significant as sequence stratigraphy has become over the past 30 years,
controversies regarding sequence stratigraphic terminology and methodol-
ogy exist (Burgess and Prince, 2015; Catuneanu et al., 2009, 2011; Embry,
1995, 2002, 2009; Embry and Johannessen, 1993; Madof et al., 2016). Such
controversies seem in part to be rooted in stratigraphic classification prob-
lems addressed by Hedberg (1958) who stressed the need for precise defini-
tions of stratigraphic terms so as “to allow ready communication and clear
understanding.” He elaborated, “Confusion results from ill-defined terms
which are used with a certain meaning by one man and with a different
meaning by another.” Hedberg (1958) also highlighted the need to avoid
“the mixing of the objective and the subjective in our terminology” and
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lamented “the millions of hours wasted in stratigraphic controversy” merely
as a result of such a mixture.

We have used sequence stratigraphy in our basin analysis studies since
1977, when the modern era of sequence stratigraphy began with the water-
shed publication of the Exxon definitions and methodology (Payton, 1977).
By 1990, it was apparent to us that two different approaches to sequence
stratigraphic methodology and classification were in use and that the exis-
tence of two different approaches might well be contributing to methodo-
logical and communication problems associated with sequence stratigraphy.
Miall and Miall (2004) drew attention to the two approaches which they
termed inductive and deductive. Regarding sequence stratigraphy, Miall
(2004) commented that, “two distinct intellectual approaches resulted in
the development of two conflicting and competing paradigms which are
currently vying for the attention of practicing earth scientists.”

The inductive approach to sequence stratigraphy requires a
methodology and classification system similar to the other empirical and
material-based, stratigraphic disciplines (Embry, 2002, 2010; Embry and
Johannessen, 1993). The deductive approach, conceptual and somewhat
model-driven (Miall, 2004; Miall and Miall, 2004), has dominated sequence
stratigraphic methodology and terminology for the past 30 vyears
(Catuneanu, 2006; Catuneanu et al., 2009, 2011; Helland-Hansen and
Gjelberg, 1994; Hunt and Tucker, 1992; Jervey, 1988; Posamentier and
Allen, 1999; Van Wagoner et al., 1990). The deductive approach to
sequence stratigraphy differs from other stratigraphic disciplines as expressed
by Helland-Hansen (2009): “Sequence stratigraphy is and will necessarily
remain interpretive in its philosophical essence, far more so than these other
methodological branches of stratigraphy.”

As demonstrated below, the inductive approach to sequence stratigra-
phy, which is empirical and material-based, is readily applied using a wide
variety of data sets. This contrasts with the deductive approach, which
generally relies on very specialized data in order to be applied in a scien-
tific and reliable manner. It is critical that those engaged in sequence strat-
igraphic investigations are aware of the existence of the two distinctly
different approaches to the discipline, and of the problems that might arise
if one does not apply that approach most appropriate to their study. This
contribution describes both sequence stratigraphic methodologies empha-
sizing the strengths and weaknesses of each so as to allow the practitioner
to make an informed choice as to which approach is best suited to his or
her work.
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2. INDUCTIVE APPROACH TO SEQUENCE
STRATIGRAPHY

2.1 Sequence Stratigraphy as an Inductive Stratigraphic
Discipline

Wikipedia defines stratigraphy as “a branch of geology which studies rock
layers (strata) and layering (stratification).” We would add that such layers
must obey Steno’s Law of Superposition (younger strata overlie older strata).
Stratigraphic analysis includes the description and interpretation of physical,
biological, and chemical properties of strata and the recognition of a variety
of stratigraphic surfaces and units on the basis of vertical changes of the afore-
mentioned properties (Hedberg, 1959).

Inductive stratigraphy seeks to define and delineate surfaces on the basis of
observable, physical features. Each inductive, stratigraphic discipline concen-
trates on vertical variations of a specific property of strata. Inductively defined
stratigraphic surfaces serve as surfaces of correlation and define the boundaries
of stratigraphic units of the discipline. Established, inductive, stratigraphic
disciplines and their characteristic, observable properties include lithostrati-
graphy (changes in lithology), biostratigraphy (changes in fossil content),
magnetostratigraphy (changes in magnetic properties such as polarity), and
chemostratigraphy (changes in chemical properties such as isotope ratios).

Two types of changes in sedimentation leave a record in the form of
sequence stratigraphic surfaces—breaks in deposition (unconformities,
diastems) and changes in depositional trend, including fining-upward or
coarsening-upward trends. Given the above, we define sequence stratigra-
phy as the recognition and correlation of stratigraphic surfaces which repre-
sent depositional breaks and changes in sedimentation trend in the rock
record. Such changes are recognized by sedimentological criteria and geo-
metric relationships.

Finally, it is useful, but not essential, to have a solid theoretical founda-
tion linking the generation of the various surfaces of a given stratigraphic
discipline to phenomena that occur on our planet. For example, biostrati-
graphic surfaces represent changes in fossil content that are due mainly to
a combination of evolution and shifting environments of deposition. It is
noteworthy that biostratigraphy flourished long before the theory of evolu-
tion was developed. Similarly, most sequence stratigraphic surfaces were
recognized in the rock record and used for correlation before a model
was developed to explain their existence. It is now generally accepted that
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surfaces included in sequence stratigraphy are generated by the interaction of
changing rates of sedimentation and base-level movement (Barrell, 1917;
Burgess and Prince, 2015; Catuneanu, 2006; Embry, 2002; Jervey, 1988,
1993; Wheeler, 1958, 1959, 1964).

2.2 Inductive Sequence Stratigraphic Surfaces

It is essential that inductive sequence stratigraphic surfaces are material-based
and guided by objectivity and reproducibility. It is also important that such
surfaces (1) can be recognized in diverse stratigraphic successions, from
undisturbed basin fill to tectonically disrupted strata with only fragmentary
continuity, and (2) can be potentially delineated in outcrop sections,
mechanical well logs supported by analysis of chip samples and discontinu-
ous core, seismic data, and any combination of these data types.

Seven inductive surfaces of sequence stratigraphy have been described in
the literature and are most commonly referred to as: (1) subaerial unconfor-
mity (SU), (2) unconformable shoreline ravinement (SR-U), (3) diastemic
shoreline ravinement (SR-D), (4) maximum regressive surface (MRYS), (5)
maximum flooding surface (MFES), (6) slope onlap surface (SOS), and (7)
regressive surface of marine erosion (RSME). Each of these surfaces is char-
acterized by a combination of observable attributes that allow it to be dis-
tinguished from other surfaces. Reliable recognition of inductive surfaces
requires adequate and reliable sedimentological information from outcrop
and/or the subsurface as well as geometric relationships from outcrop expo-
sures, correlated cross sections, and/or seismic data. Finally, it must be
emphasized that although the surfaces tend to have names which have a
genetic overtone (e.g., MRS), their definitions and criteria of recognition
in the inductive approach are devoid of any genetic relationships, that is,
they are objective.

Embry (2009, 2010) discussed the inductive surfaces, including their var-
ious sedimentological and stratigraphic attributes (Fig. 1), their inferred rela-
tionships with base-level changes (Figs. 2—4), their relationships with each
other (Figs. 3 and 4), their significance as indicators of time (Fig. 1), and their
value to regional correlation. Five of the seven surfaces (SU, SR-U, SOS,
MRS, MES) are, by virtue of their low diachroneity, especially useful for
establishing a chronostratigraphic relationships and as bounding surfaces
of sequence stratigraphic units. The highly diachronous SR-D and RSME
surfaces are useful for facies analysis within an established sequence strati-
graphic framework (Embry, 2010).
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Fig. 1 A summary of the characteristics of the surfaces of sequence stratigraphy recog-
nized by the inductive approach. Modified from Figure 5 of Embry, A.F., 2010. Correlating
siliciclastic successions with sequence stratigraphy. In: Ratcliffe, K., Zaitlin, B. (Eds.), Appli-
cation of Modern Stratigraphic Techniques: Theory and Case Histories, SEPM Special Pub-
lication 94. pp. 35—53.

2.3 Inductive Sequence Stratigraphic Units

Sequence stratigraphy relies upon three types of units—sequence, systems
tract, and parasequence. However, the inductive approach to sequence
with the
parasequence being classified as a lithostratigraphic unit on the basis of

stratigraphy utilizes only sequences and systems tracts

its accepted definition (see discussion below). Inductive sequences and
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Fig. 2 Base-level change model for the generation of the inductive surfaces of
sequence stratigraphy. Each surface is generated during a specific time interval of a
base-level cycle as a consequence of the interaction of rates of change of accommoda-
tion space and sedimentation. Modified from Figure 1 of Embry, A., 2002. Transgressive-
regressive (T-R) sequence stratigraphy. In: Armentrout, J.,, Rosen, N. (Eds.), Sequence strat-
igraphic models for exploration and production. Gulf Coast SEPM Conference Proceedings,
Houston, pp. 151-172.

systems tracts are primarily defined by the inductive, sequence stratigraphic
surfaces which bound them.

2.3.1 Sequence
The primary unit of sequence stratigraphy is the sequence, initially defined
in an empirical manner by Sloss et al. (1949) as a stratigraphic unit bound by
large-scale, regional unconformities. Wheeler (1958) retained this overall
definition but extended the term sequence to units bounded by smaller-scale
unconformities. Although a particular type of bounding unconformity was
not specified by either Sloss et al. (1949) or Wheeler (1958), applications of
this concept in the 1950s and 1960s used either SUs or unconformable
shoreline ravinements as sequence bounding surfaces (e.g., Sloss, 1963;
Wheeler, 1958). These types of unconformities are mainly confined to
the flanks of a basin, limiting their correlation over much of the central por-
tions of a basin and therefore their practical application to basin analysis.
In 1977, Exxon researchers demonstrated in a series of articles (Payton,
1977) that the seismic reflectors encompassing basin flank unconformities
could be traced basinward into submarine unconformities and conformable
surfaces. Thus, the definition of a sequence was modified to include a unit
“bounded by unconformities or their correlative conformities” (Mitchum
et al., 1977). Accordingly, a sequence boundary was recognized as a com-
bination of surfaces rather than just an unconformity and, importantly, it
permitted the correlation of sequence boundaries and their contained
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Fig. 3 Schematic evolution of the inductive sequence stratigraphic surfaces in a ramp
setting. (A) By the end of base-level fall, the subaerial unconformity (SU) reaches its max-
imum extent and a regressive surface of marine erosion (RSME), a highly diachronous
surface at the base of shoreface deposits, has migrated basinward. (B) An unconform-
able shoreline ravinement (SR-U) begins to migrate landward as base level starts to rise,
eroding portions of the SU. Finer sediment is deposited at any given marine locality and
a maximum regressive surface (MRS) is generated in deeper water. A maximum flooding
surface (MFS) develops near the time of maximum transgression. (C) In the late phase of
base-level rise a progradational, coarsening-upward succession begins to accumulate
on the shelf. Modified from Figure 4, Embry, A.F., 2010. Correlating siliciclastic successions
with sequence stratigraphy. In: Ratcliffe, K., Zaitlin, B. (Eds.), Application of Modern Strati-
graphic Techniques: Theory and Case Histories, SEPM Special Publication 94. pp. 35—53.

sequences across an entire basin. This greatly expanded the utility of
sequences for basin analysis.

Two types of sequences were defined in the late 1980s. Exxon scientists
(Van Wagoner et al., 1988) defined a depositional sequence as a unit bound
by SUs or their correlative conformities. Contemporaneously, Galloway
(1989) proposed a sequence bounded by MFSs which he termed a genetic
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Fig.4 Schematic evolution of inductive sequence stratigraphic surfaces associated with
a shelf/slope/basin setting. (A) Falling base level is accompanied by the basinward
migration of the subaerial unconformity (SU). (B) The late stage of falling base level,
when much of the shelf is exposed, is marked by the generation of a slope onlap surface
(SOS) and deposition of turbidites in the basin. The initiation of rising base level is
defined by a maximum regressive surface (MRS) within the basinal turbidite deposits.
(C) During transgression, an unconformable shoreline ravinement (SR-U) removes most
of the SU. Finer-grained sediment accumulates in the basin as base level rises. The strat-
igraphic position of the finest sediment defines the maximum flooding surface (MFS).
(D) The reversal of rising base level results in the accumulation of coarser-grained sed-
iment only to be eroded as the SU progrades basinward. Modified from Figure 7.4,
Embry, A.F.,, 2009. Practical Sequence Stratigraphy. Canadian Society of Petroleum Geolo-
gists, Calgary, 76 pp.

stratigraphic sequence. The genetic stratigraphic sequence is considered to
be compatible with the general definition of a sequence because a portion
of the MFS may be unconformable due mainly to sediment starvation
and/or minor scouring. However, the MFS is clearly much different from
the depositional sequence boundary of Van Wagoner et al. (1988). Finally, a
T-R sequence was defined (Embry, 1993; Embry and Johannessen, 1993) as
a sequence bounded by an SU and/or an SR-U on the basin margins and an
MRS farther basinward. Because a T-R sequence fits the definition of the
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earlier defined, depositional sequence, we apply the name depositional T-R
sequence to emphasize this equivalence. Notably, this is the only type of
depositional sequence so far defined in the literature bounded solely by
inductive surfaces.

Given various types of sequences have been defined, a suitable, generic
definition of a sequence is required. Accordingly, Embry (2009) defined a
sequence as “‘a stratigraphic unit bounded by a specific type of unconformity
or its correlative surfaces.” A correlative surface is a sequence stratigraphic
surface that passes laterally into a sequence-bounding unconformity, thereby
forming a continuous sequence boundary. Consistent with this definition, a
specific type of sequence can be defined and named on the basis of different
types of bounding unconformities and/or their correlative surfaces. For
example, the defining unconformity for a depositional sequence is an SU
and that for a genetic stratigraphic sequence is the unconformable portion
of the MES.

The inductive, sequence stratigraphic approach requires that all
bounding surfaces of any type of sequence must be material-based surfaces.
The fact that the MES is a relatively easily recognized, inductive surface
makes the genetic stratigraphic sequence an acceptable inductive sequence.
Indeed, there are many published examples of the use of genetic stratigraphic
sequences in basin analysis (e.g., Combellas-Bigott and Galloway, 2006;
Partington et al., 1993; Xue and Galloway, 1993).

The defining SU of a depositional T-R sequence is material-based as are
its correlative surfaces. Fig. 5 illustrates inductive depositional T-R
sequences and their bounding surfaces in both ramp (Fig. 5A) and shelf-
slope—basin (Fig. 5B) settings. The relationships of the surfaces to each other
are based on our stratigraphic studies over the past 40 years (Embry, 1993,
2010, 2011; Embry and Johannessen, 1993; Hadler-Jacobsen et al., 2005;
Johannessen and Embry, 1989; Johannessen and Steel, 2005; Johannessen
et al., 1995, 2011; Mjos et al., 1998) and on a published (Embry, 2009,
2010), base-level/sedimentation interaction model for surface generation
(Figs. 3 and 4). A depositional T-R sequence in a ramp setting is bounded
by an SU and an SR-U on the flanks of a basin. The boundary passes laterally
basinward into an MRS which joins with the seaward termination of the
shoreline ravinement. A depositional T-R sequence boundary in a shelf—
slope-basin setting (Fig. 5B) is bounded by a combination of SU and uncon-
formable shoreline ravinement (SU/SR-U) over part, or all, of the shelf.
Where the SU/SR-U does not come close to the edge of the shelf
(Fig. 5B, lower boundary), the boundary is most often extended from the



Two Approaches to Sequence Stratigraphy 95

[ wonmaRing

[ sraLLow MaRINE
B oFrsHORE SHELF

Subaerial Unconformity . ..................

Shareline Ravinement—Diastemic . .. ... . .. SR-D
Shareline Ravinement—Unconformable . . .. SR-U
Regressive Surface of Marine Erosion . ... RSME

Maximum Regressive Surface . ........... MRS
Maximum Flooding Surface . ............. MFS
Within-Trend Facies Contact.......... —Z

Subaerial Unconformity . . .................

Shoreline Ravinement—Diastemic . . ... ... SR-D
Shoreline Ravinement—Unconformable . . .. SR-U
Regressive Surface of Marine Erosion . ... RSME

Maximum Regressive Surface . . .......... MRS
Maximum Flooding Surface . ............. MFS
Slope Onfap Surface . . ..........ccoun.. S0s
Within-Trend Facies Contact . ........... —Z—

[ nonmARINE
[ sHaLLOW MARINE
[ OFFSHORE MARINE

[ rurBIDITES

Fig. 5 Depositional T-R sequences. (A) Boundaries of a depositional T-R sequence in a
ramp setting are shown in red. The unconformable shoreline ravinement (SR-U) trun-
cates the basinward portion of the subaerial unconformity (SU) and is a correlative sur-
face of the SU. The SR-U passes basinward into the maximum regressive surface (MRS).
Thus, a continuous depositional T-R sequence boundary in this setting consists of an SU,
SR-U, and MRS. (B) Boundaries of a depositional T-R sequence in a shelf/slope/basin set-
ting are shown in red. The correlative surfaces of the SU include SR-U, the slope onlap
surface (SOS), and the MRS. Modified from Figure 2, Embry, A.F., 2010. Correlating
siliciclastic successions with sequence stratigraphy. In: Ratcliffe, K., Zaitlin, B. (Eds.), Appli-
cation of Modern Stratigraphic Techniques: Theory and Case Histories, SEPM Special Pub-
lication 94. pp. 35-53.
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outer shelf, slope, and basin along the MRS. In the situations where the
SU/SR-U can be traced to the shelf edge, the depositional sequence
boundary can be traced basinward along an SOS, an unconformable, often
channeled, surface onlapped by the MRS in deeper regions of the basin
(Fig. 5B). Given that the correlative surfaces of an SU are an SR-U and
an MRS (Fig. 5), a unit bounded on top and bottom by an SR-U and/or
an MRS without a presence of an SU would also be classified as a depo-
sitional T-R sequence. It is noteworthy that many published examples of
material-based, depositional T-R sequences in siliciclastic and carbonate
successions can be found in the literature (e.g., Beauchamp and
Henderson, 1994; Brigaud et al., 2014; Embry, 1993; Hampson, 2016;
Lash and Engelder, 2011; Sansom, 2010; Sonnenfeld and Cross, 1993;
Wendte and Uyeno, 2005; Zimmermann et al., 2015).

Catuneanu et al. (2009, 2011) have noted that, from a theoretical per-
spective (e.g., Jervey, 1988), the shoreline ravinement (SR) may not inter-
sect and erode part or all of the SU. Consequently, an SR-U would not be
generated and only a highly diachronous, SR-D would be present. In such a
case, the MRS would not be continuous with the SU (by way of an inter-
vening SR-U) forming a through-going boundary (Fig. 6). Our review of
the literature has revealed a few, well-documented cases of this relationship
and all occur in siliciclastic strata characterized by very high rates of depo-
sition (e.g., Pellegrini et al., 2017). In such cases, the inductive, depositional
T-R sequence boundary cannot be extended beyond the basinward termi-
nation of the SU (Fig. 6). However, such an occurrence seems to be rare. For
example, all sequence boundaries in the 13-km-thick, Carboniferous—
Cretaceous succession of the Sverdrup Basin of Arctic Canada include an
SR-U as part of the unconformable portion of the boundary (Embry and
Beauchamp, 2008). However, in the absence of an SR-U, the only option
for extending the sequence boundary basinward of the distal termination of
the SU is to use the deductive approach as is discussed in a subsequent
section.

2.3.2 Systems Tracts

A sequence can be subdivided into component units on the basis of sequence
stratigraphic surfaces within a sequence, thereby enhancing the resolution of
the sequence stratigraphic framework. The component unit of the sequence
is the systems tract (Posamentier and Vail, 1988; Van Wagoner et al., 1988),
a unit originally defined by Brown and Fisher (1977), as “a linkage of con-
temporaneous depositional systems.” This definition is not adequate because
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Fig. 6 Depositional T-R sequence with sequence boundaries highlighted in red. An
unconformable shoreline ravinement (SR-U) has not formed in this model (only a dia-
stemic shoreline ravinement (SR-D)). Sequence boundaries consist only of subaerial
unconformities (SU) restricted to the basin flanks. There are no inductive, correlative sur-
faces, which would allow the sequence boundaries to be extended into the basin. As
discussed in the text, such stratigraphic relationships are very rare but have been docu-
mented in a few cases. Modified from Figure 9.7, Embry, A.F., 2009. Practical Sequence Stra-
tigraphy. Canadian Society of Petroleum Geologists, Calgary, 76 pp.

it does not identify the bounding surfaces of the systems tract. A simpler and
more straightforward definition, and one which matches the application of
systems tracts, is a component unit of a sequence which is bound by
sequence stratigraphic surfaces.

In the inductive approach, the depositional T-R and genetic strati-
graphic sequences can be subdivided into systems tracts using inductive,
sequence stratigraphic surfaces. A system tract is defined by its bounding
stratigraphic surfaces rather than by the strata that comprise it. Still, the char-
acteristics of the strata (e.g., grain size trends) aid in the recognition of var-
ious bounding surfaces and, thus, indirectly contribute to the delineation ofa
given systems tract.

The only inductive, low diachroneity, sequence stratigraphic surface
within depositional T-R sequences of ramp and shelf—slope—basin settings
is the MFS (Fig. 5A and B). On this basis, Embry (1993) and Embry and
Johannessen (1993) proposed that a depositional T-R sequence be
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subdivided into two systems tracts, a lower transgressive systems tract (TST)
and an overlying regressive systems tract (RST) (Fig. 7A and B). A TST,
adhering to the definition of Van Wagoner et al. (1988), is a sequence strat-
igraphic unit bounded at its base by an MRS and its correlative surfaces and
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Fig. 7 Inductive systems tracts. (A) The boundaries of a depositional T-R sequence (SU,
SR-U, MRS) in a ramp setting are shown in red. The occurrence of the maximum flooding
surface (MFS) allows the sequence to be subdivided into two systems tracts—a trans-
gressive systems tract (TST) and a regressive systems tract (RST). (B) The boundaries of
depositional T-R sequence (SU, SR-U, SOS, MRS) in a shelf/slope/basin setting are shown
in red. The internal, MFS allows a sequence to be subdivided into a TST and an RST.
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an MES above. The RST is bounded by an MFS below and by an MRS and
its correlative surfaces above.

The genetic stratigraphic sequence has MESs as its bounding surfaces as
discussed previously. Like the depositional T-R sequence, it can also be sub-
divided into a TST and an RST by using the internal, composite boundary
of an SU/SR-U/MRS/SOS as the shared boundary for both systems tracts.

The RST, as defined above, includes both the lowstand systems tract
(LST) and highstand systems tract (HST) of Van Wagoner et al. (1988).
The boundary used by Van Wagoner et al. (1988) to separate our RST into
lowstand (LST) and highstand (HST) systems tracts is a highly diachronous,
facies change surface in the basin area (e.g., base prograding turbidites). Such
a surface is not a valid systems tract boundary, and thus, recognition of the
HST and LST by the inductive approach is not possible. As will be subse-
quently discussed, the HST and LST are part of the deductive approach to
sequence stratigraphy.

2.3.3 Parasequence

A parasequence was originally defined by Van Wagoner et al. (1988) as “a
relatively conformable succession of beds or bedsets bound by marine-
flooding surfaces.” A marine-flooding surface or flooding surface (FS) was
defined by Van Wagoner et al. (1988) as “a surface separating younger from
older strata across which there is an abrupt increase in water depth.” Given
that all stratigraphic surfaces separate younger from older strata, this leaves
“an abrupt increase in water depth,” a highly interpretive criterion, as the
only means of recognition. Van Wagoner et al. (1990) provided much more
information and insight into what they meant by the terms flooding surface
and parasequence. It is clear from their diagrams that Van Wagoner et al.
(1988, 1990) envisioned a flooding surface as a contact between a marine
sandstone and an overlying deeper water, marine shale/siltstone (Fig. 8).
Such a contact is a diachronous lithofacies boundary which, in most cases,
lies between an MRS below and an MFS above (Fig. 9). Thus, the
parasequence as defined by Van Wagoner et al. (1988, 1990) is a
lithostratigraphic rather than a sequence stratigraphic unit. This is not meant
to diminish the utility of the parasequence to stratigraphic analysis; rather, it
1s simply not a unit of sequence stratigraphy.

2.4 Sequence Hierarchy in the Inductive Approach

As discussed in detail by Embry (1993, 1995, 2009), it is necessary to assign
recognized sequence boundaries and other associated sequence surfaces of a
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Fig. 8 A portion of Figure 7 of Van Wagoner et al. (1990) showing the parasequence
boundaries (FSs in blue) as well as MRSs in red. Flooding surfaces represent a facies
change from sandstone below to shale/siltstone above. Modified from a portion of
Figure 7, Van Wagoner, J.C, Mitchum, RM., Campion, K.M., Rahmanian, V.D., 1990.
Siliciclastic sequence stratigraphy in well logs, cores and outcrops. AAPG Methods in Explo-
ration, No. 7. AAPG, Tulsa, 55 pp.
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Fig. 9 A schematic cross-section illustrating the correlation of three transgressive—
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and flooding surfaces as defined by Van Wagoner et al. (1988, 1990). The diachronous,
flooding surfaces (FS in blue), which are lithostratigraphic surfaces, bound each
parasequence, making them lithostratigraphic units. The depositional T-R sequence is
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basin to a hierarchy to allow the delineation of various orders of sequences. In
the absence of such a hierarchy, any two sequence boundaries, regardless of
their magnitude (e.g., any two MRSs in the case of a depositional T-R
sequence), could, in theory, be used to form the boundaries of a sequence. This
would result in a very large number of sequences and the only way to escape
such a chaotic, unmanageable situation is to establish a hierarchy of surfaces.
The hierarchy of boundaries within a given basin is established based on
observable criteria and an assessment of the relative magnitudes of the rec-
ognized sequence boundaries. Such criteria reflect the relative magnitudes of
the base-level changes that generated the boundaries. The criteria include:
1. the degree to which the boundary reflects a changing tectonic regime;
2. the degree of change of the depositional regime and sediment compo-
sition across the boundary;
3. the amount of section missing below the unconformity at as many local-
ities as possible, especially those localities proximal to the basin edge;
4. the estimated amount of deepening associated with an MFS that overlies
an erosional sequence boundary;
5. the distance that the SU and associated shoreline facies extend into the
basin.
The largest magnitude sequence boundaries within a basin are referred to as
first order and some basinal successions contain as many as six orders of
sequence boundaries (Fig. 10). The reader is referred to Embry (1993,
1995, 2009, 2011) for in-depth discussion of the application of an inductive
hierarchy and examples of its use. Catuneanu (2006) and Catuneanu et al.
(2011) also favor the use of the inductive approach to determining a
sequence hierarchy and recommend the use of similar observable features
of the boundaries as discussed above.

3. DEDUCTIVE APPROACH TO SEQUENCE
STRATIGRAPHY

3.1 Sequence Stratigraphy as a Deductive Stratigraphic
Discipline
A second sequence stratigraphic methodology and classification entails a
deductive, conceptual approach. This approach includes surfaces and units
documented by the inductive approach, as well as several surfaces and units
unique to the deductive approach. The deductive approach is based primar-
ily on a mathematical, stratigraphic model which was developed by Mac
Jervey of Exxon in 1979 (Jervey, 1988) to provide a theoretical basis for
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Fig. 10 Schematic depiction of five orders of sequence boundaries of the inductive
sequence hierarchy. Each order is determined by observable criteria including degree
of tectonic regime change and penetration of the unconformity into the basin. The
criteria needed to build such a hierarchy reflect the amount of base-level change that
resulted in the formation of the sequence stratigraphic surfaces. Modified from Figure 7,
Embry, A.F., 1995. Sequence boundaries and sequence hierarchies: problems and proposals.
In: Steel, R.J.,, Felt, F.L., Johannessen, E.P., Mathieu, C. (Eds.), Sequence Stratigraphy on the
Northwest European Margin. NPF Special Publication 5, pp. 1-11.

seismic-based, sequence stratigraphic concepts presented by Exxon scientists
in 1977 (Payton, 1977). The model used sinusoidal sea-level rise and fall,
hinged subsidence that increased basinward, and a constant sediment supply
as a priori input parameters. Notably, it predicted the occurrence of stacked,
basin flank unconformities and downlap surfaces in central regimes of the
basin, the principal surfaces interpreted from seismic sections. As noted ear-
lier, this model provides a reasonable explanation for the inductive surfaces
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of sequence stratigraphy which had been empirically recognized long before
the model was formulated. Exxon researchers (Posamentier and Vail, 1988;
Posamentier et al., 1988; Van Wagoner et al., 1988) adopted the Jervey
Model to provide the theoretical underpinning of sequence stratigraphy,
including the terminology of sequence stratigraphy and sequence strati-
graphic models (Posamentier et al., 1988). The reader is referred to
Nystuen (1998), Embry (2002, 2009), and Catuneanu (2006) for compre-
hensive descriptions and discussions of the Exxon sequence stratigraphic
methods and terminology.

3.2 Deductive Sequence Stratigraphic Surfaces

The deductive sequence stratigraphic approach recognizes seven surfaces,
including SU, SR, RSME, MRS, MFES, basal surface of forced regression
(BSFR), and correlative conformity (CC) (Catuneanu, 2006). The first
five surfaces are recognized in the inductive approach, although they are
defined somewhat differently by the inductive approach. As expressed
by Catuneanu (2006), sequence stratigraphic surfaces in the deductive
approach “are defined relative to the four main events of the base-level
cycle” (Fig. 11). Consistent with the deductive methodology, “the max-
imum regressive surface is defined relative to the transgression-regressive
curve, marking the change from shoreline regression to subsequent
transgression” (Catuneanu, 2006, p. 135). Despite the more theoretical

Base Level Events Surfaces
ISEE  FALL Start Base-
é <«+— Level Fall
<+—Start MFS
Regression Shoreline
Start Ravinement
-«—— Transgression MRS
<«— Start Base- [—— Correlative
Level Rise Conformity Subaerial
Unconformity
S0s Regressive Surface
<«— Start Base-  — Basal Surface of of Marine Erosion
Level Fall Forced Regression

Fig. 11 The seven sequence surfaces of the deductive approach relative to events on
base-level curve. As discussed in the text, the basal surface of forced regression (seafloor
at start base-level fall) and the correlative conformity (seafloor at start base-level rise)
are chronostratigraphic surfaces that display no diagnostic physical attributes.



104 Ashton F. Embry and Erik P. Johannessen

approach to defining sequence surfaces inherent to the deductive
approach, surfaces common to both approaches (SU, SR, MRS, MES,
RSME) are delineated based on objective, physical criteria, as they are
in the inductive approach (Catuneanu, 2006; Embry, 2002, 2009,
2010). It is noteworthy that these surfaces are reliably and consistently
delineated in studies using either sequence stratigraphic approach.

The two deductive surfaces not recognized in the inductive approach are
the BSFR and the CC and both are integral to the deductive approach. They
were originally defined by Hunt and Tucker (1992) who had recognized a
few, critical inconsistencies in Posamentier et al.’s (1988) application of the
Jervey Model. Specifically, Hunt and Tucker (1992) demonstrated that the
stratigraphic position of the sequence boundary advocated by Posamentier
et al. (1988) placed strata deposited during falling base level below the
sequence boundary on the basin flanks and above it in more basinward local-
ities. To rectify the inconsistency, Hunt and Tucker (1992) introduced the
BSFR and CC. The BSFR equates to the depositional surface (time surface)
at the start of base-level fall, whereas the CC represents the depositional sur-
face at the start of base-level rise (Fig. 11). Recognition of these two
chronostratigraphic surfaces is discussed in a subsequent section.

3.3 Deductive Sequence Stratigraphic Units

The deductive and inductive approaches to sequence stratigraphy share
common units—sequence and system tract.

3.3.1 Sequence

The deductive approach defines a sequence in terms of the theoretical model
of the generation of sequence stratigraphic surfaces as “a succession of strata
deposited during a full cycle of change in accommodation or sediment
supply” (Catuneanu et al., 2009, 2011). The model-based definition antic-
ipates four main types of sequences: (1) depositional sequence type 1
bounded by a small portion of the SU and the BSFR (Fig. 12A), (2) depo-
sitional sequence type 2 bounded by the entire SU and the CC (Fig. 12B),
(3) genetic stratigraphic sequence bound by MFESs, and (4) T-R sequence
bounded by MR Ss.

The genetic stratigraphic sequence is the same in both approaches. The
T-R sequence is similar to the depositional T-R sequence of the inductive
approach except that it does not include an SR-U as part of the boundary
and the MRS onlaps the SU (compare Figs. 6 and 12).
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Fig. 12 Deductive depositional sequences. (A) Boundaries of a deductive depositional
sequence type 1 in a ramp setting displayed in red. The basal surface of forced regres-
sion (BSFR) is used as the primary correlative surface of the SU. (B) Boundaries of a
deductive depositional sequence type 2 in a ramp setting displayed in red. The correl-
ative conformity (CC) is used as the primary correlative surface of the SU.
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3.3.2 Systems Tracts

Any of the four deductive sequence types contain as many as three sequence
surfaces. The depositional sequence type 2, equivalent to the depositional
sequence of Hunt and Tucker (1992), is bounded by the SU on the basin
margin and the CC farther basinward (Fig. 13). This sequence type includes
an MRS, an MFS, and a BSFR. Hunt and Tucker (1992) defined four
systems tracts on the basis of these three internal surfaces. Subsequently,
Catuneanu et al. (2009, 2011) attributed the four systems tracts to the
deductive approach. Thus, a depositional sequence type 2 comprises,
from base to top, the LST, TST, HST, and falling-stage systems tract
(FSST) (Fig. 13).

The LST is bounded by the SU/CC below and the MRS above. In the
context of the deductive approach, deposits of this system tract accumu-
lated between the onset of base-level rise (CC) and the start of transgression
(MRS). The TST is bounded by the MRS below and the MES (time of
maximum transgression) above (Van Wagoner et al., 1988). Strata that
comprise the HST were deposited between the time of maximum

Correlative Conformity . ...............cooovviiiiiin CC | Subaerial Unconformity . ...................coiie
Basal Surface of Forced Regression . . . . .... BSFR | Shoreline Ravinement—Diastemic
Within-Trend Facies Contact . . . .. ..——2Z— | Regressive Surface of Marine Erosion .
Maxir Regressive Sufface . . ... ..
Maximum Flooding Surface . .. ...........

] NONMARINE
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Fig. 13 Boundaries of a deductive depositional sequence type 2 in a ramp setting (SU,
CC) are shown in red. The sequence contains three sequence stratigraphic surfaces—
maximum regressive surface (MRS), maximum flooding surface (MFS), and basal surface
of forced regression (BSFR). The sequence comprises four systems tracts: lowstand (LST),
transgressive (TST), highstand (HST), and falling-stage (FSST).
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transgression (MFS) and the start of base-level fall, defined by the BSFR.
The uppermost systems tract, the FSST, is bounded at its base by the BSFR
and its top by the CC, both model-derived, chronostratigraphic surfaces.
Accordingly, the FSST encompasses all strata deposited during falling
base level.

The above discussion demonstrates that the deductive approach to
sequence stratigraphy subdivides a given type of sequence into four systems
tracts, whereas the inductive approach recognizes only two systems tracts.
The TST is the same for both approaches, whereas the RST of the inductive
approach encompasses the LST, HST, and FSST of the deductive approach
(Fig. 14). However, recognition of the three systems tracts of the regressive
portion of a sequence relies upon the scientifically rigorous delineation of
the BSFR and CC, chronostratigraphic surfaces. This critical point is
addressed below.

Neal et al. (2016) have offered a modest variation of the deductive clas-
sification scheme as it relates to the depositional sequence type 2 of
Catuneanu et al. (2011). Specifically, although they adopt SU and CC sur-
faces as sequence boundaries, they do not recognize the BSFR as a valid sur-
face of sequence stratigraphy. Consequently, Neal et al. (2016) divide
depositional sequences into three systems tracts rather than four. They
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Approach | Inductive | Deductive Events
mes__RST wes  HST Start Regression
TST TST
| MRS MRS Start Transgression
LST
£ Start Base-Level Rise
RST FSST
BSFR
Start Base-Level Fall
Systems HST
MFS MFS Start Regression
Tracts TST TST
MRS MRS Start Transgression
LST
£c Start Base-Level Rise
RST FSST
BSFRT Start Base-Level Fall

Fig. 14 Comparison of the systems tracts of an inductive, depositional T-R sequence
and a deductive, depositional sequence type 2. The sequence boundaries are shown
in red and systems tract boundaries in blue.
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combine the HST and FSST, separated by the BSFR (Catuneanu et al.,
2011), into a single unit, the HST.

3.3.3 Parasequence

The deductive approach adopts Van Wagoner et al.’s (1988) definition of a
parasequence. As discussed previously, the parasequence is a lithostratigraphic
unit rather than a sequence stratigraphic one.

3.4 Sequence Hierarchy in the Deductive Approach

The deductive approach to determine the hierarchy of sequence boundaries
has been described by Vail et al. (1977), Mitchum and Van Wagoner (1991),
Vail et al. (1991), and Posamentier and Allen (1999). This model-driven
methodology assumes that sequence stratigraphic surfaces are generated
by eustasy-driven, sinusoidal, base-level changes and that the amplitude
of such eustatic cycles increase as frequency diminishes. Sequence bound-
aries associated with very large amplitude base-level changes (tectono-
eustasy) are assigned to either a first- or second-order category. High-order
boundaries (fourth, fifth, and sixth order) are related to climate-driven,
high-frequency, eustatic changes in the 20,000-400,000 year band.

In the deductive approach, a sequence is assigned to a given order based
on the amount of time which lapsed between the development of each of its
bounding surfaces. Vail et al. (1991) defined six orders of boundaries con-
sistent with the deductive approach to sequence stratigraphy. These were
first order: 50 MA; second order: 3—50 MA; third order: 0.5-0.3 MA; fourth
order: 0.08-0.5 MA; fifth order: 0.03—-0.08 MA; and sixth order:
0.01-0.03 MA.

The deductive approach to establishing a hierarchy of sequences is basi-
cally unworkable and prone to circular reasoning. Any desired frequency of
boundary occurrence can be determined simply by selecting only the
boundaries that fit the desired result (Embry, 1995). As emphasized by
Embry (2009), “If one wants to determine the frequency of 2™ order
sequence boundaries, one must be able to empirically recognize 2™ order
boundaries in the first place. Boundary frequency is a conclusion that can
be only be reached once the diftferent orders of boundaries are defined with
reasonable objectivity. Duration is not an observable characteristic of a
sequence.” Catuneanu et al. (2011) also pointed out major flaws in the
deductive approach to sequence hierarchy.
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3.5 Recognizing Sequence Stratigraphic Surfaces in the
Deductive Approach

The inductive approach employs five surfaces, two sequence types, and two
systems tracts, whereas the deductive approach relies upon seven surfaces,
four sequence types, and four systems tracts (Fig. 14). The deductive
approach does not recognize the SOS, a useful empirical surface of the
inductive approach (Embry, 2009). In contrast, the inductive approach does
not utilize the two conceptual chronostratigraphic surfaces of the deductive
approach—the BSFR and the CC.

The additional surfaces and units of the deductive approach potentially
offer enhanced resolution, assuming that these surfaces can be recognized
with a high level of certainty. The BSFR and the CC have been defined
as chronostratigraphic surfaces tied to the base-level curve of the Jervey
Model (Fig. 11). The chronostratigraphic nature of the BSFR was under-
scored by Catuneanu (2006, p. 123) who declared that the surface
“approximates the paleo-seafloor at the onset of base level fall at the
shoreline.” The CC of Hunt and Tucker (1992) was envisioned to be a
chronostratigraphic surface described by Catuneanu (2006) as the “end-
of-fall paleo-seafloor.”

Recognition and delineation of chronostratigraphic surfaces is a highly
interpretive exercise because such conceptual surfaces are abstract and have
few, if any, physical attributes. The BSFR displays no obvious sedimento-
logical variation or grain size change that would permit its ready recognition
in outcrop or well logs. Indeed, Posamentier and Allen (1999, p. 90) pointed
out that, as the BSFR “exists only as a chronohorizon, precise identification
... can be limited.” Plint and Nummedal (2000, p. 5) wrote that the BSFR is
“difficult or impossible to recognize in outcrops or well logs.” Catuneanu
(2006, p. 129) echoed this view declaring that “the basal surface of forced
regression ... has no physical expression in a conformable succession of shal-
low water deposits.”

Similar problems attend recognition of the CC. Catuneanu (2006) noted
that, “The main problem relates to the difficulty of recognizing it in most
outcrop sections, core or wireline logs.” The CC he continued “develops
within a conformable prograding package (coarsening-upward trends below
and above); lacking any lithofacies and grading contrasts.” Catuneanu’s
(2006) points were underscored by Plint and Nummedal (2000, p. 5)
who succinctly stated that “From a practical point of view, this marine sur-
face will be difficult to impossible to identity.”
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Geologists using the deductive approach to sequence stratigraphy are
faced with the prospect of recognizing these chronostratigraphic horizons.
Indeed, failure to objectively and reliably delineate these surfaces negates
the value of the deductive approach. Notably, erroneous interpretations
can result if these surfaces are identified on a speculative basis or if inappro-
priate proxy surfaces (e.g., a facies contact for the BSFR) are used.

Catuneanu et al. (2009, 2011), referring to the Jervey Model, suggested
that the BSFR and CC mark changes in parasequence stacking pattern. Spe-
cifically, the BSFR defines a change from a normal regressive stacking pat-
tern to a forced regressive pattern. The CC marks the opposite trend, from a
forced regressive stacking pattern to a normal regressive one. This approach,
however, suffers from a lack of reasonably objective criteria that can be used
to delineate these stacking pattern changes in outcrop or on well logs.

Catuneanu (2006) interpreted the BSFR to be the clinoform (paleo-
seafloor) at the start of offlap along a given transect perpendicular to the
shoreline. Unfortunately, it is difficult at best to recognize the first clinoform
associated with offlap, especially based on outcrop studies. Seismic data seem
to offer the best hope for identifying a BSFR in this manner and, in theory, it
is approximated by (or contained within) the reflector that intersects the SU
at the start of a basinward trajectory. However, such an intersection point
can rarely, if ever, be determined with objectivity as it is lost to erosion dur-
ing falling base level (Catuneanu, 2006).

The viability of the CC as a meaningful chronostratigraphic surface
depends on its ease of identification in the rock record. Unfortunately,
the CC is not readily delineated on a regional basis by a change in stacking
pattern from forced regression to normal regression, principally because
physical attributes of such a change remain unknown in the rock record.
As with the BSFR, seismic data hold the best potential for approximating
the stratigraphic position of a CC, the surface being contained within a
reflector that merges with that reflector defining the marginal unconformity
(SU/SR-U). Notably, such a reflector would also most likely encompass the
MRS, which generally forms simultaneously with, or shortly after, the CC
(Figs. 1 and 6).

Catuneanu (2006, Fig. 6.2) and Catuneanu et al. (2011, Fig. 7)
referenced a seismic section on which they have identified both a BSFR.
and a CC (Fig. 15A). However, we interpret their BSFR as an MFES, given
the apparent downlap and condensation onto the reflector (Fig. 15B). The
surface labeled as the CC on Fig. 15A can be interpreted as an MRS, given
the overlying transgressive strata and initiation of a new sequence (Fig. 15B).
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Fig. 15 Deductive interpretation vs inductive interpretation of a seismic section.
(A) Deductive sequence stratigraphic interpretation of a seismic section of
Pleistocene-Recent sediments in the Gulf of Mexico by Posamentier (2003) and
Catuneanu (2006). (B) Inductive interpretation of the same seismic section. Refer to text
for discussion. BSFR, basal surface of forced regression; CC, correlative conformity; MFS,
maximum flooding surface; MRS, maximum regressive surface; SOS, slope onlap surface,
SU, subaerial unconformity; SR-U, unconformable shoreline ravinement.

The reflector interpreted to be an MRS by Catuneanu (2006) (Fig. 15A)
appears to merge with the SU/SR-U (clear downcutting) and an SOS (clear
onlap) (Fig. 15B). The lesson to be learned from this example is that seismic
data can be equivocal when used to identify sequence surfaces. The identi-
fication of the BSFR and CC requires unequivocal, physical criteria that can
be applied in a consistent manner on a regional basis using a variety of data-
bases. Such criteria have yet to be described and documented and, until they
are, the widespread application of the deductive approach of sequence stra-
tigraphy will not be reasonable or reliable.

4. COMPARISON OF THE TWO APPROACHES

It is essential for practitioners to be cognizant that two different
approaches to sequence stratigraphic methodology exist and that a choice
must be made as to which one will be used in any given situation. The
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inductive approach involves the delineation of five surfaces (SU, SR-U,
SOS, MRS, MFES), all of which can be empirically recognized on the basis
of physical characteristics and geometric relationships. These surfaces are
used for correlation and as bounding surfaces of depositional T-R and
genetic stratigraphic sequences, each of which can be subdivided into
TST and RST. The great advantage of this approach is that all of these sur-
faces can be reliably and consistently identified using sedimentological and
stratigraphic data from outcrop, well log, and/or seismic sections in unde-
formed to highly deformed sedimentary successions. Further, the inductive
approach is more readily applied in regional work, because only objectively
defined surfaces are correlated. The main disadvantage of this approach is
that it does not provide the level of stratigraphic resolution and consequent
interpretive insight as provided by the deductive approach. An additional,
but minor, drawback is that in rare cases, a regional depositional T-R
sequence boundary cannot be delineated because the SU does not adjoin
the SR-U.

The deductive approach may provide more stratigraphic resolution and
hence improved understanding of the depositional history of a sedimentary
succession by virtue ofits recognition of the BSFR and CC. As noted above,
these chronostratigraphic surfaces potentially enhance the time stratigraphic
framework of basin fills. The surfaces recognized by the deductive approach,
including surfaces embodied in the inductive approach, allow four different
types of sequences to be recognized, each of these divided into four systems
tracts linked to the base-level and shoreline movement history. Thus, the
fact that the deductive approach is potentially more comprehensive than
the inductive approach would seem to make the former the preferred
approach, all things being equal.

The major weakness of the deductive approach is the great difficulty in
delineating the BSFR and CC in a reliable, consistent, and scientifically
acceptable manner. Currently, there are no published examples of these sur-
faces being objectively recognized with rock-based data in a regional con-
text. This stands in stark contrast to the regionally consistent recognition of
the inductive surfaces of sequence stratigraphy described in numerous pub-
lications (e.g., Brigaud et al., 2014; Hampson, 2016; Ichaso et al., 2016; Lash
and Engelder, 2011; Sansom, 2010; Zimmermann et al., 2015). It is note-
worthy that every publication we examined purporting to delineate a BSFR.
and CC using rock-based data was, in fact, describing inductive, material-
based stratigraphic surfaces (facies contacts, inductive sequence surfaces).
Such misidentification of undoubtedly diachronous surfaces (e.g., lithofacies
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contacts) as chronostratigraphic surfaces leads to erroneous interpretations of
sedimentology and depositional history.

In summary, the choice of whether to use the inductive approach or the
deductive approach comes down to the question, “Are my data sufficient to
reliably delineate and correlate BSFRs and CCs throughout my study area?”
If so, then use of the deductive approach would be best so as to gain max-
imum resolution and greater insight into basin history. If not, then the prac-
titioner would want to use the inductive approach to avoid nonactualistic
and misleading interpretations of facies relationships and depositional history
based on the misidentification of BSFRs and CCs.

5. SUMMARY

There are currently two distinctly different approaches to sequence
stratigraphic classification and methodology. The inductive approach
defines sequence surfaces on the basis of observable characteristics. The
deductive approach, on the other hand, defines sequence surfaces that reflect
the interaction of base-level change and sedimentation. It is important for
any practitioner to be aware of these two different approaches to sequence
stratigraphy so that the level of interpretation is justified by the data at hand
and to escape the problem of force-fitting data to an inappropriate classifi-
cation system.

The inductive approach recognizes seven surfaces of sequence stratigra-
phy in terms of observable characteristics. Five of these surfaces, SU, SR-U,
SOS, MRS, and MES, are used for correlation and as bounding surfaces of
various sequence stratigraphic units.

A sequence is defined as a unit bounded by an unconformity or its cor-
relative surfaces. Two types of inductive sequences are recognized: the
depositional T-R sequence which is bounded by SUs and/or correlative
surfaces (SR-U, MRS, SOS), and the genetic stratigraphic sequence which
is bounded by MFSs. Each sequence type can be divided into two systems
tracts: a TST and an RST. A parasequence, as originally defined and as cur-
rently employed in stratigraphic analysis, is a lithostratigraphic unit rather
than a sequence stratigraphic one.

Sequence stratigraphic surfaces of the deductive approach include five
surfaces recognized in the inductive approach (SU, SR, MRS, MES,
RSME). However, the deductive approach recognizes two additional
chronostratigraphic surfaces: the BSFR which marks on the onset of falling
base level, and the CC which represents the seafloor at the start of rising base
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level. Unlike the surfaces common to both sequence stratigraphic
approaches, the BSFR and CC display no diagnostic physical characteristics.
Rather, it 1s suggested that these surfaces can be identified based on inter-
preted changes in parasequence stacking patterns.

The deductive sequence stratigraphic approach recognizes four types of
sequences, each one comprised of four systems tracts: lowstand, transgres-
sive, highstand, and falling stage (LST, TST, HST, and FSST). Thus, the
deductive approach is potentially superior to the inductive approach in that
it yields greater resolution and interpretive insight. However, the deductive
approach suffers from a general inability to reliably recognize the BSFR and
the CC. The practitioner must choose between the inductive approach and
its readily recognized surfaces, but lower resolution, and the nebulous sur-
faces but higher resolution of the deductive approach. Ultimately the choice
usually comes down to answering the question, “Are my data sufficient to
reliably identify and correlate the BSFR and CC throughout my study
area?”
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