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• Toplap and erosional truncation

Reflection terminations

• Baselap – lapout of reflections against an 
underlying seismic horizon

• Two types: downlap and onlap
– Downlap – dip of the underlying horizon is less 

than that of the terminating reflections
– Onlap – dip of the underlying horizon is greater 

than that of the terminating reflections
• Downlap almost always indicates a marine 

setting
• Onlap may be marine or non-marine

• Baselap
Time ->

Se
a 

le
ve

l 
->

A relative sea level curve

Let’s walk through one cycle of fall/rise

Consequences of Sea Level 
Change

• Base level fall:
– Sediment accumulation ceases along basin 

margin, subaerial erosion surface expands 
basinward

– Sea-floor erosion on inner shelf in advance 
of prograding shoreline

Erosion   Deposition

Basin Margin
Basinward
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Erosion   Deposition

Erosion   Deposition
Unconformity

Unconformity

A surface separating younger from older 

strata along which there is evidence of 

subaerial erosion and truncation (and in 

some instances correlative submarine 

erosion) and subaerial exposure along 

which a significant hiatus is represented

Van Wagoner et al., 1988

Unconformity

• Starts to form when base level falls

– Earth’s surface exposed to erosion to fluvial 

action and wind

• Expands basinward as sea level falls and 

the basin edge is progressively exposed

• All strata below a subaerial unconformity 

are older than all strata above it

Unconformity

• “Bypass surface”

• Channel incision -> incised valley 

formation

• “Interfluves” -> soil horizons
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•  Sediment'accumula,on'ceases'along'basin'margin'

•  subaerial'erosion'surface'expands'basinward''

•  Sea;floor'erosion'on'inner'shelf'in'advance'of'prograding'shoreline' ' ''''

•  Unconformity,'expandind'basinward'as'sea;level'falls'

•  Unconformity'recognized'by'trunca,on'of'strata'below'and'onlap'of'strata'above'

Sea0level'fall'
Sea-level cycle 

Typical'features:''

incised'valleys'

channels'

soil'development'
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•  Change'from'regressive'trend'to'a'transgressive'trend'in'marine'deposits''

•  Flooding'surface:'Surface'across'which'there'is'evidence'of'an'abrupt'deepening'

•  Shoreface'erosion,'Erosion'may'cut'down'through'underlying'unconformity'

baselap'

Sea+level.rise.

11

Unconformity - Recognition

• Incised valleys/channels
– Can we distinguish “significant incision” from 

localized channel scour?
– Other factors can cause “significant incision”

• Increase in fluvial discharge/power (climate?)
• Decrease in sediment load
• Tectonic uplift

• Soil development on interfluves
– Not all soil horizons are at unconformities

• Changes in channel stacking patterns, 
sandstone amalgamation, etc.

Consequences of Sea Level 
Change

• Base level rise:
– Accumulation of non-marine strata spreads 

in a landward direction above a subaerial
erosion surface
• Rising water table

– Change from regressive trend to a 
transgressive trend in marine deposits

– Deposition ceases at shoreline and erosion 
at shoreline starts

– Change from transgressive trend to a 
regressive trend

Shoreface
Erosion

Shoreface
Erosion

Shoreface
Erosion
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Shoreface
Erosion

Shoreface
Erosion

•  End'of'transgression,'start'of'regression';'Maximum'flooding'surface'
•  May'be'a'surface'of'non;deposi,on'or'marine'erosion''

•  May'be'an'interval'of'very'slow'deposi,on'–'“Condensed'sec,on”'–'not'really'a'

surface''

Sea-level cycle 
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topset';'most'shallow'/'low;angle'area'

foreset';'central'&'steepest'area'
bo=omset';'flat'area'basinwards'

Clinoforms & Terminations 

sea'level'changes'lead'to'lateral'changes'of'deposi,onal'system:'

'

retrograda,on,'aggrada,on,'prograda,on''

shape'of'a'deposi,onal'surface'at'large'

scale'(en,re'con,nental'margin)'

strata'packages'with'oblique'internal'

layering,'3'geometric'elements:'

clinoforms'–'internal'geometries''
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Clinoforms & Terminations 

clinoforms'–visible'in'seismic'sec,on''
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Clinoforms & Terminations 

clinoforms'–visible'in'large'outcrops'
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Stratal'/'reflec,on'termina,ons'

Describe'geometric'rela,onships'between'a'reflec,on/marker'and'the'surface'against'

which'it'terminates'(originally'developed'in'seismic'stra,graphy)'

Lapout';'lateral'termina,on'of'a'reflec,on'(“bedding'plane”)'at'its'deposi,onal'limit,'

based'on'geometry'alone:'toplap,.downlap,.onlap,.offlap.(original'surface)''

Trunca8on,'implies'surface'originally'extended'further,'but'was'cut:'erosional.trunca8on,.
fault.(tectonic).trunca8on.

Different'types'of'stratal'termina,ons'could'be'used'to'define'deposi,onal'history'

Clinoforms & Terminations 
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Stratal'and'reflec,on'termina,ons'
'

Toplap:'termina,on'of'inclined'reflec,ons'against'an'overlying,'lower'angle'surface,''

assumes'termina,on'is'original'deposi,onal'limit''

Erosional'trunca+on:'termina,on'of'reflec,ons'against'an'overlying'erosion'surface'–'

may'be'marine'(e.g.'submarine'channel)'or'non;marine'(fluvial'channel)''

Dis,nc,on'between'toplap'and'erosional'trunca,on'some,mes'involves'interpreta,on''

Baselap:'lapout'of'reflec,ons'against'an'underlying'seismic'horizon';'downlap'and'onlap'

Downlap:'dip'of'the'underlying'horizon'is'less'than'that'of'the'termina,ng'reflec,ons'

'(almost'always'indicates'a'marine'seUng)'

Onlap:'dip'of'the'underlying'horizon'is'greater'than'that'of'the'termina,ng'reflec,ons'

(maybe'marine'or'non;marine')'

baselap'

Clinoforms & Terminations 
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Chronostratigraphic interpretation 

How'can'we'iden,fy'deposi,onal'history'and'internal'organisa,on'of'

deposi,on'in'highly'complex'sedimentary'systems?'

'
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Measure the lateral extent of all 
terminations and transform it 
into your grid below  

Start with the lowermost (oldest) 
termination and mark it in the 
lowermost time line of your 
chronostratigraphic chart.  

Identification of deposutional 
packages and the time relation-
ships between different 
depositional packages 

Chronostratigraphic interpretation – Wheeler diagram 
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cal progress was made until the early years of the new
century.

The semi-automated approach

The semi-automated approach of creating Wheeler equiv-
alent diagrams started during the beginning of 1990s

(Nordlund & Griffiths, 1992, 1993; Zeng et al., 1998a).
This work continued with the introduction of sophisti-
cated data-driven approaches to fully map the seismic
data (Nordlund & Griffiths, 1992; Lomask, 2003; Keskes
et al., 2004; Stark, 2005; Ligtenberg et al., 2006; Lomask
& Guitton, 2007; Lacaze et al., 2011). Stark et al. (2013)
present an overview of the development of algorithms and
ideas to fully map the seismic data.
At present, several solutions are in practice to create

Wheeler diagrams such as Age Volume, PaleoScan, Volu-
metric Flattening and HorizonCube, etc. Collectively all
such techniques can be referred as global seismic interpre-
tation techniques for seismic horizons (Hoyes & Cheret,
2011). The algorithms behind these techniques share in
common that they aim to correlate seismic positions along
geological time lines to arrive at fully interpreted seismic
volumes. Correlating along geological time lines is doable
because, as explained in the previous section, seismic
reflectors are first order approximations of geological time
lines. In other words, mapping horizons that follow seis-
mic reflectors is equivalent to mapping geological time.
The current group of global seismic interpretation tech-
niques differ in two ways. (i) How correlation of time lines
is established. (ii) How correlated information is stored.
For example, the ‘Age Volume’ assigns a value represent-
ing relative geological time to each seismic sample posi-
tion (Stark, 2004). He proposed to assign ages in two
ways: direct age assignment to horizons and interpolating
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Hiatus

Stratal stacking patterns:

(a)

(b)

(c)Fig. 8. Following Wheeler’s time-strati-
graphic concept, Vail et al. (1977), pro-
posed chronostratigraphic charts (b)
derived from stratigraphic cross-sections
(a). (a) Stratigraphic section in a struc-
tural domain; (b) Wheeler (chronostrati-
graphic) chart transformed from the
structural domain; (c) Interpreted coastal
onlap chart modified from Vail et al.
(1977).
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Fig. 7. Sloss’ chronostratigraphic chart for the North American
craton, which defines six basin-scale ‘megasequences’ modified
from Sloss (1963 for figure’s description, please refer to his
text.). Black areas represent stratigraphic hiatuses.
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Historical developments in Wheeler diagrams

Wheeler.diagram!!–! !chronostra,graphic'interpreta,on'of'complex'

' ' ' ' '''''''''''''''''''''''''sedimentary'systems'

Chronostratigraphic interpretation – Wheeler diagram 
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Chronostratigraphic interpretation – Wheeler diagram 

Wheeler.diagram!!

;  chronostra,graphic'chart'to'analysing'the',ming'and'geometric'organiza,on'

of'the'sedimentary'fill'of'a'basin'

;  'iden,fica,on'of'gene,c'packages'of'sedimentary'cycles'bounded'by'

unconformi,es'

;  gene,c'packages'='system'tracts'(basic'units'in'sequence'stra,graphy)'
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' ' ' ' ''

Sequence'stra,graphy'is'"the!subdivision!of!sedimentary!basin!fills!
into!gene6c!packages!(=!sequences)!bounded!by!unconformi6es!
and!their!correla6ve!conformi6es”'

Emery'&'Myers,'1996'

Gene,c'package'–'sediments'that'are'con,nuously'(conformably)'deposited'

Sequence stratigraphy - Introduction 
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sequence:  
"A chronologic succession of sedimentary rocks from older below to 
younger above, essentially without interruption, bounded by 
unconformities.” 

 

unconformity:  

”A substantial break or gap in the geologic record where a rock unit is 
overlain by another that is not next in stratigraphic succession. It commonly 
implies ... erosion with loss of the previously formed record.“  

Glossary of Geology (Bates & Jackson 1987)  

Sequence stratigraphy - Introduction 
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„A relatively conformable succession of genetically related strata bound at 

its top and base by unconformities and their correlative conformities (Vail, et 

al., 1977). It is composed of a succession of genetically linked deposition 

systems (systems tracts) and is interpreted to be deposited between 

eustatic-fall inflection points.“ 

(Posamentier et al. 1988) 

Sequence stratigraphy - Introduction 
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Benefits of sequence stratigraphy 

•  Understanding and prediction of discontinuities in the sedimentary 

succession 

•  Subdivision of the succession in chronological (time dependent) units, 

useful for stratigraphic correlation and facies prediction 

•  Understanding of the sedimentary succession in time and space 

•  Understanding of past sea-level changes (amplitude and rate) 

•  Identification and classification of complex hierarchies of sedimentary  

cycles (from 10 ka to >50 Ma) 

Sequence stratigraphy - Introduction 
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lunch'break'
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Sequence'is'made'of'individual'subunits'represen,ng'different'episodes'of'

the'sedimtary'cyle'of'the'sequence'='System'Tracts'
System'Tracts'
;  gene,cally'associated'stra,graphic'units'that'were'deposited'during'specific'

phases'of'the'rela,ve'sea;level'cycle'(Posamen,er,'et'al,'1988)'

;  defined'on'the'basis'of'bounding'surfaces,'posi,on'within'a'sequence,'and'

parasequence'stacking'pa`ern'(Van'Wagoner'et'al.,'1988).''

Sequence stratigraphy – System tracts 
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Two main Concepts 
 3 System Tracts (Exxon Model) 
  lowstand systems tract – LST 
  transgressive systems tract – TST 
  highstand systems tract – HST 

Posi,on'of'surfaces'and'boundaries'varies'according'to'different'concepts'

4 System tracts  
Highstand Systems Tract – HST 
Falling Stage Systems Tract  -FSST 
Lowstand Systems Tract – LST 
Transgressive Systems Tract – TST 

Sequence stratigraphy – System tracts 

SB'
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3 System tracts (EXXON) Model 

3'System'tracts''

classical'Model'in'sequence'stra,graphy'(Exxon'Model)'

3.System.Tracts:'LST'–'TST'–'HST'
3'surfaces:'SB'–'TS'–'MFS'

Sequence'Boundary'between'HST'&'LST'

Two'types'of'sequence'boundaries:'SB'type'1,'SB'type'2'

'
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Highstand'System'Tract';'HST'

•  Sets'of'high;frequency'cycles'show'upward'thinning'and'upward'shallowing'trends'

3 System tracts – Exxon Model 

•  maximum'flooding'surface'

at'the'base'and'sequence'

boundary'at'the'top'

•  generally'shingled'or'off;'

lapping'(clinoformal)'

geometries'

•  Prograda,on'on'shelf'
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Lowstand'System'Tract';'LST'

•  erosion'on'shelf,'incised'valleys,'sediment'bypass'across'shelf'

3 System tracts – Exxon Model 

16
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The Exxon Model

Highstand systems tract: progradation on 
shelf

Marine Shale

Shoreface SandCoastal Plain

Maximum Flooding Surface
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Sequence Stratigraphy
The Exxon Model

Flooding Surface

Lowstand systems tract: submarine fans, 
prograding wedges, bypass/erosion on shelf

Sequence Boundary
(Unconformity)

Sequence Boundary

Subaerial Unconformity
Regressive Surface
of Marine Erosion

Correlative
Conformity

Basin-floor fan

Highstand Systems Tract

Flooding Surface
(Maximum Regressive Surface)

Lowstand Systems Tract
Time ->

Se
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Sequence Stratigraphy
The Exxon Model

Transgressive systems tract: non-deposition, 
coastal plain aggradation, marine shale

Maximum Flooding 
Surface

mfs'

SB'

•  Sequence'boundary'below'and'transgressive'surface'above'

•  deposi,on'in'prograding'wedges,'submarine'fans'
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Transgressive'System'Tract';'TST'
•  Transgressive'surface'(TS)'

below,'maximum'flooding'

surface'(MFS)'above'

•  retrograda,onal'stacking'

pa`ern'

•  flooding'of'erosive'structures'

on'the'shelf'(incised'valleys)'

•  estuaries'well'developed,'

trapping'sediment'from'the'

shelf'

•  coastal'plain'aggrada,on'

•  marine'shales'across'the'

shelf,'low'thickness'(par,ally'

non;deposi,on)'

3 System tracts – Exxon Model 

Eventually the rate of eustatic rise will slow and be outpaced by the rate of
sedimentation, leading to progradational stacking in the highstand systems tract.
The turnaround from retrogradational stacking in the transgressive systems tract
to progradational stacking in the highstand systems tracts generally corresponds
to the deepest water depths in a sequence and is called the maximum flooding
surface. As estuaries become filled with sediment, rivers build deltas out onto
shelves, and this sediment is dispersed by tides and waves to nearby regions. This
elevated supply of sediment to the shelves favors the development of
progradational stacking.

An Online Guide to Sequence Stratigraphy http://strata.uga.edu/sequence/tracts.html
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3 System tracts – Exxon Model 

Maximum'flooding'surface'(MFS)'

•  Top'of'the'TST'

•  shows'the'maximum'landward'extent'of'basinal'facies'(flooding)'

•  retrograda,onal'stacking'pa`ern'below'and'prograda,onal/aggrada,onal'stacking'

pa`ern'above'

Transgressive'surface'(TS)'

•  Top'of'the'LST'

•  first'major'flooding'surface'across'the'shelf'

•  prograda,onal/aggrada,onal'stacking'pa`ern'below'and'retrograda,onal'stacking'

pa`ern'above'

Sequence'boundary'

•  laterally'most'extensive'unconformity'and'

its'correla,ve'conformity''

•  trunca,on'+'toplap'below,'onlap'+'

downlap'above'

•  abrupt'basinward'shig'of'facies'above'
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•  strong sea level fall - truncation by river systems (erosional surface, incised valleys) 
•  deposition of sediment towards the clinoforms and the shelf break. 
•  high sediment load causes instabilities in the slope and the formation of lowstand fans 
•  lowest relative sea level characterised coastal onlap below the clinoforms. 

3 System tracts – Exxon Model 

Sequence''

type'1'

UGA Stratigraphy Lab
Type 1 and Type 2 Sequences
Not all relative falls in sea level occur at a fast enough rate to expose the
continental shelf. For example, during a eustatic fall, a rapidly subsiding margin
may still experience a relative rise in sealevel, provided the rate of eustatic fall is
less than the rate of subsidence. Early seismic studies recognized two types of
sequences reflecting the case of sea-level fall below the shelf-slope break (type
1) and the case where sea level does not fall below this break (type 2). Although
there has been much subsequent confusion about the application of these two
types to outcrop studies, their definitions have been modified such that a type 1
sequence now refers to one in which there is a relative fall in sea level below the
position of the present shoreline and a type 2 sequence refers to a sequence in
which the relative fall in sea level does not force a shift in the position of the
shoreline. Type 1 sequences were discussed above in the preceeding sections;
type 2 sequences are discussed below.

figure adapted from Van Wagoner et al. (1990)

Type 2 sequences (shown below) are similar to type 1 sequences (shown above)
in nearly all regards except for the extent of the sequence-bounding
unconformity and its expression in the marine realm. In addition, the two
sequences differ in the name of the systems tract lying above the sequence
boundary but below the transgressive surface .

An Online Guide to Sequence Stratigraphy http://strata.uga.edu/sequence/types.html
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•  low sea level fall - no fluvial truncations (erosional surfaces, incised valleys) 

within the LST (= no submarine fans) 
•  sediments above type 2 SB are called Shelf Margin Wedge (SMW),  the system 

tracts = Shelf Margin Systems Tract (SMST) 
•  Depending on the change in relative sea level, the ST is aggradational at its 

top and progradational at the foot 

3 System tracts – Exxon Model 

Sequence''

type'2'

figure adapted from Van Wagoner et al. (1990)

In a type 2 sequence, the extent of the sequence-bounding unconformity can
reach seaward only to the position of the previous shoreline, but no further. In
other words, none of the marine areas of the previous highstand are subaerially
exposed during a type 2 sequence boundary. Updip of these areas, the sequence
bounding unconformity is expressed as for a type 1 sequence, but no incised
valley forms as sealevel does not fall far enough for incision. In the marine
realm, no basinward shift of facies occurs as in a type 1 sequence, and the type 2
sequence boundary is characterized only by a slight change in stacking patterns
from increasingly progradational in the underlying highstand to decreasingly
progradational (possibly aggradational) above the sequence boundary.
Detecting this subtle transition in marine sections may be difficult to impossible
and many type 2 sequence boundaries probably go undetected.

The shelf margin systems tract in a type 2 sequence is equivalent in
stratigraphic position to the lowstand systems tract of a type 1 sequence. As
stated above, the shelf margin systems tract is characterized by aggradational
stacking. Like the lowstand systems tract, the shelf margin systems tract is
capped by the transgressive surface.

In general, far more type 1 sequences have been reported than type 2 sequences,
possibly in part reflecting their comparative difficulty or ease of detection. Some
workers have gone so far as to question the existence of any type 2 sequences.

Next . . . Application to Outcrops

Comments or questions? Please contact Steven Holland at stratum@uga.edu

All original material Copyright 2008-2013. No part of this site may be reproduced without
written permission.

The content and opinions expressed on this web page do not necessarily reflect the views of
nor are they endorsed by the University of Georgia or the University System of Georgia.
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4 System tracts  Highstand Systems Tract - HST 
       Falling Stage Systems Tract  -FSST 
       Lowstand Systems Tract - LST 
       Transgressive Systems Tract – TST 

 
3 Surfaces    Transgressive surface - ts 

       Maximum Flooding surface – mfs 
       Sequence Boundary – SB 

 

basin'floor'fan'

slope'fan'

4 system tracts 

SB'
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Highstand System Tract - HST 

Sediments between maximum rate of 
sea level rise and maximum relative sea 
level  

Base: maximum flooding surface           
Top: sequence boundary 

Generally off-lapping (clinoformal) 
stratal geometry 

Sets of high-frequency cycles show 
upward thinning and upward 
shallowing trends (parasequences) 

4 system tracts 
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Sequence Boundary (SB) 

Laterally most extensive 
unconformity and its correlative 
conformity  

The unconformity or correlative 
conformity, that bounds a 
sequence 

Commonly (but not always) 
represents a significant change 
in stratal arrangements  

Mostly a major physical feature 

 

 

4 system tracts 

SB'

SB'
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Combination of increasing sea-
level fall and increase of erosion 

Facies shift towards distal 
(progradation). 

Deposition in lower levels 
(height) due to sea level fall. 

4 system tracts 

Falling'Stage'Systems'Tract';'FSST'
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–  Package between 

minimum relative sea 
level and increase in 
accommodation space 

 
–  Shoreline starts building 

upwards from its lowest 
position 

 
–  Progradational to 

aggradational sediments 

4 system tracts 

Lowstand'Systems'Tract'(LST)'
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32'

 
–  First landward shift of sedimentation, sea level rises 

significantly and exceeds sedimentation 

–  The base of the first retrogradational parasequence is defined 
as the transgressive surface 

4 system tracts 

Transgressive'Surface';'TS'
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4 system tracts 

Transgressive'Systems'Tract';'TST'

–  first landward shift of deposition at 
the base and maximum flooding 
surface at the top 

–  retrogradational stacking pattern 

–  sediment deposition tends to be 
proximal (estuaries, sediment traps) 

–  sets of high-frequency cycles show 
upward thickening and upward 
deepening trends 
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4 system tracts 

Maximum'Flooding'Surface';'MFS'

–  Surface marks turn-
around from landward-
stepping to seaward 
stepping strata 

–  Further out on platform 
coincides with the 
downlap surface 
(depending on the level 
of condensation of 
clinoform toes) 

–  Recognition of the MFS 
is important for 
separating TST and HST 
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Next . . . Surfaces

Comments or questions? Please contact Steven Holland at stratum@uga.edu

All original material Copyright 2008-2013. No part of this site may be reproduced without written
permission.
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Complete'deposi+onal'sequence'
4 system tracts 
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3'ST' 4'ST'
3'ST'
modified 

Sequence stratigraphic concepts  


