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Sequence stratigraphy was originally developed from and for
seismic stratigraphy analysis 

Its application to outcropping deposits is usually difficult 

(stratigraphy of subsurface rocks)

large scale seismic profiles



Deposi-onal	
  sequence	
  is	
  a	
  “stra-graphic	
  unit	
  composed	
  of	
  a	
  rela-vely	
  
conformable	
  succession	
  of	
  gene-cally	
  related	
  strata	
  and	
  bounded	
  at	
  
its	
  top	
  and	
  base	
  by	
  unconformi-es	
  or	
  their	
  correla-ve	
  
conformi-es”	
  (Vail	
  et	
  al.,	
  1977)

Fundamentals	
  of	
  sequence	
  stra1graphy

The	
  marine	
  sedimentary	
  record	
  can	
  be	
  divided	
  into	
  deposi-onal	
  sequences

Sequence	
  boundaries	
  are	
  “observable	
  discordances	
  .	
  .	
  .	
  that	
  show	
  
evidence	
  of	
  erosion	
  or	
  nondeposi-on	
  with	
  obvious	
  stratal	
  termina-ons	
  
but	
  in	
  places	
  they	
  may	
  be	
  traced	
  into	
  less	
  obvious	
  paraconformi-es	
  
recognized	
  by	
  biostra-graphy	
  or	
  other	
  methods”	
  (Vail	
  et	
  al.,1977)



systems	
  tract:	
  coeval	
  deposi-onal	
  
systems	
  linked	
  by	
  lateral	
  transi-ons

Standard Model

siliciclastic deposits
sediment comes from outside



The	
  systems	
  tract	
  from	
  basin	
  margin	
  to	
  deep	
  water	
  varies	
  in	
  a	
  
systema-c	
  fashion	
  during	
  a	
  sea-­‐level	
  cycle	
  such	
  that	
  
lowstand,	
  transgressive	
  and	
  highstand	
  systems	
  tracts	
  can	
  
be	
  dis-nguished	
  (Posamen-er	
  and	
  Vail,	
  1988)

The	
  Standard	
  Model

thousands years

SEA LEVEL



The	
  Standard	
  Model

The	
  lowstand	
  systems	
  tract	
  consists	
  of	
  the	
  suite	
  of	
  
deposi-onal	
  systems	
  developed	
  when	
  rela-ve	
  sea	
  level	
  
has	
  fallen	
  below	
  an	
  earlier	
  shelf	
  margin.

Systems	
  tracts	
  follow	
  each	
  other	
  in	
  regular	
  fashion

immediately	
  overlies	
  the	
  sequence	
  boundary



The	
  Standard	
  Model
The	
  transgressive	
  systems	
  tract	
  consists	
  of	
  the	
  deposi-onal	
  
systems	
  developed	
  when	
  sea	
  level	
  rises	
  from	
  its	
  lowstand	
  
posi-on	
  to	
  an	
  eleva-on	
  above	
  the	
  old	
  shelf	
  margin	
  and	
  
deposi-onal	
  environments	
  shiN	
  landward

The	
  transgressive	
  surface	
  forms	
  the	
  boundary	
  
between	
  lowstand	
  and	
  transgressive	
  tract



The	
  Standard	
  Model
The	
  highstand	
  systems	
  tract	
  consists	
  of	
  the	
  deposi-onal	
  systems	
  
developed	
  when	
  sea	
  level	
  stands	
  above	
  the	
  old	
  shelf	
  margin	
  and	
  
deposi-onal	
  environments	
  and	
  facies	
  belts	
  prograde	
  seaward.

The	
  maximum	
  flooding	
  surface	
  is	
  the	
  boundary	
  between	
  transgressive	
  and	
  
highstand	
  tract:	
  the	
  surface	
  at	
  the	
  -me	
  of	
  maximum	
  transgression	
  of	
  the	
  shelf	
  



Time

Distance

Type-­‐1	
  sequence	
  boundary	
  (SB1)	
  forms	
  when	
  rela-ve	
  sea-­‐level
falls	
  below	
  the	
  shelf	
  break	
  of	
  the	
  preceding	
  sequence

Type-­‐2	
  sequence	
  boundary	
  (SB2)	
  forms	
  when	
  rela-ve	
  sea-­‐
level	
  falls	
  to	
  somewhere	
  between	
  the	
  old	
  shoreline	
  and	
  the	
  
shelf	
  break.



Systems	
  tracts	
  in	
  sequence	
  stra-graphy	
  were	
  originally	
  defined	
  by	
  lap-­‐out	
  
paSerns	
  at	
  the	
  base	
  and	
  top,	
  internal	
  bedding,	
  stacking	
  paSerns	
  and	
  
posi-on	
  within	
  a	
  sequence	
  (Posamen-er	
  et	
  al.,	
  1988)

All	
  these	
  criteria	
  are	
  based	
  on	
  geometry

The	
  geometry	
  of	
  systems	
  tracts	
  leads	
  to	
  
characteris-c	
  stratal	
  paSerns	
  in	
  seismic	
  
profiles	
  and	
  large	
  outcrops



Systems	
  tracts	
  in	
  siliciclas-cs	
  are	
  generated	
  by	
  the	
  
interplay	
  of	
  the	
  rate	
  of	
  change	
  in	
  accommoda-on,	
  A’,	
  
and	
  the	
  rate	
  of	
  change	
  in	
  sediment	
  supply,	
  S’.

Accommoda-on	
  space	
  or	
  accommoda-on
is	
  the	
  sum	
  of	
  the	
  rates	
  of	
  subsidence,	
  sediment	
  
compac-on,	
  structural	
  deforma-on,	
  and	
  eustasy	
  

The	
  assump-on	
  of	
  standard	
  sequence	
  stra-graphy	
  that	
  the	
  sequence	
  
paSern	
  is	
  dominated	
  by	
  sea-­‐level	
  related	
  changes	
  in	
  accommoda-on	
  
should	
  not	
  be	
  acepted	
  a	
  priori	
  (Schlager,	
  2005)



Parasequence,	
  or	
  P	
  sequence	
  ,	
  shows	
  the	
  succession:	
  
highstand	
  tract	
  -­‐	
  sequence	
  boundary	
  –	
  transgressive	
  
tract	
  -­‐	
  highstand	
  tract.	
  The	
  sequence	
  boundary	
  is	
  a	
  
type-­‐3	
  boundary,	
  i.e.	
  a	
  flooding	
  surface	
  that	
  overlies	
  
marine	
  deposits	
  without	
  demonstrable	
  evidence	
  of	
  
terrestrial	
  exposure	
  or	
  forced	
  regression	
  (Schlager,	
  
2005)



Integrated	
  
?mescale

Coastal onlap/sequence stratigraphy

Provided a constant subsidence
rate (stable margin ~ stable tectonic 

setting) the succession of 
depositional sequences can be 
interpreted as reflecting eustatic 

(global) sea level changes.

Proxy for a global sea-level curve



1 km

inland algal
marsh

pond
algal marsh

Tropical carbonate systems

lagoon

algal marsh

mud cracks and algal (cyanobacteria) mats

pond



reefs

shoals

slopewave-resistant,
elevated margins oolitic shoals

Production of sediment within the system

Most sediment feeding the systems
is produced in the photic zone 

at the platform top



1 cm

Corals (zooxanthellate corals)

Green algae

Halimedaleans

Dasycladaleans

Udoteaceans

10 cm

5 cm

Skeletal particles 

Sediment producers



Other important carbonate producers

molluscs

gastropods

bivalves

echinoids



Benthic foraminifers

Coralline red algae

Bryozoans

1 cm

10 cm5 cm



5 mm

SEM

Micrite/micritic mud

Early submarine cements Calcareous green algae produce aragonitic mud

5 micron



Loucks & Sarg (1993)





- horizontal tops rather than seaward dipping shelf profiles

- wave-resistant structures in the depositional 
environment. These structures are independent of 
shoreline position.

- may show a reversed dip from the rim into the lagoon

- more complex lapout patterns

Siliciclastic vs. Carbonate lapout patterns

carbonates



carbonates develop karst surfaces where mechanical denudation 
is minimal and chemical denudation is relatively slow



Large amounts of particulate material from 
clay- to granule size are shed down the 

slope and into the basin because 
accommodation on the very shallow 

platforms is limited and the factory normally 
produces far more than can be stored on the 

platform top.

Growth (production) vs.
accomodation



300 km

BAHAMA BANKS

Great Bahama Bank (GBB)

Detached platforms







300 km

BAHAMA BANKS

Great Bahama Bank (GBB)



Flat-topped, steep-sided carbonate platform
< 10 m water depth at the top

No siliciclastic input (except windblown dust)



The shallow-water top of the platform exports sand 
and mud to the adjacent slopes,

mainly at the western margin.

Aragonitic and high-Mg calcite
composition of the particles

Progradation
of platform margin

Highstand shedding



I

V

thousands years

SEA LEVELRecord of rapid, high-amplitude
sea level changes at the Tongue of the

Ocean margin of GBB
(Grammer & Ginsburg, 1992)

During the last 500 ka the platform has been flooded less than 10% of the time
Unconsolidated sediments younger than 6000 years Large production and shedding only during highstands



The morphology and depositional
‘architechture’ at the

slopes are strongly conditioned by
Pleistocene sealevel changes



elevated rims have a strong tendency to stack vertically,
putting reef on reef, sand shoal on sand shoal



deepening of the depositional 
environment to below the 

photic zone and thus below 
the production zone

prominent seismic unconformities
on record

may represent intensive and 
long-lasting marine erosion 
but triggered during a rise or 
highstand of relative sea level

Drowning surfaces



Reef crest

Upper slope



Carbonate-siliciclastic systems







Cool-water carbonate systems
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