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Basin	  Analysis	  	  
•  Basin	  analysis	  integrates	  program	  
sedimentological,	  stra-graphic,	  and	  tectonic	  
principals	  to	  develop	  a	  full	  understanding	  of	  
the	  rocks	  that	  fill	  sedimentary	  basins.	  	  	  

•  A	  sedimentary	  basin	  is	  an	  area	  in	  which	  
sediments	  have	  accumulated	  during	  a	  -me	  
span	  to	  significantly	  greater	  thickness	  than	  in	  
the	  surrounding	  areas.	  	  

•  What	  are	  mechanisms	  that	  can	  generate	  
sufficient	  subsidence?	  
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•  Isosta-c	  compensa-on	  because	  of	  sedimentary	  and	  
volcanic	  loading.	  

•  This	  concept	  of	  isostasy	  assumes	  that	  local	  
compensa-on	  of	  the	  crust	  occurs	  as	  if	  Earth	  consists	  
of	  a	  series	  of	  free-‐floa-ng	  pistons.	  
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Filling	  a	  basin	  with	  sediment	  causes	  subsidence;	  removing	  a	  
load	  	  (erosion	  of	  the	  crust)	  causes	  upliJ.	  



Mechanisms	  of	  basin	  forma-ons	  
(subsidence)	  

•  Crustal	  thinning	  -‐	  extensional	  stretching	  	  
•  Mantle-‐lithospheric	  thickening	  
•  Sedimentary	  and	  volcanic	  loading	  
•  Tectonic	  loading	  
•  Subcrustal	  loading	  –	  lithospheric	  flexure	  
during	  underthrus-ng	  of	  dense	  lithosphere	  	  
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Sedimentary	  Basins	  
•  Basin	  forma-on	  and	  evolu-on	  can	  be	  
explained	  by	  the	  Theory	  of	  Plate	  Tectonics,	  
and	  accordingly	  sedimentary	  basins	  can	  be	  
classified	  based	  on	  this	  theory,	  and	  more	  
specifically	  according	  to	  their	  loca-on	  on	  the	  
three	  types	  of	  plate	  boundaries:	  

•  Convergent	  
•  Divergent	  
•  Transform	  



Classifica2on	  of	  Sedimentary	  Basins	  

•  A.	  Basins	  unrelated	  to	  plate	  boundaries:	  Cratonic	  
and	  epicratonic	  basins	  	  

•  Cratons	  are	  rather	  stable,	  con-nental	  blocks	  that	  have	  a	  
basement	  of	  Precambrian	  rocks.	  They	  make	  up	  the	  cores	  of	  
present-‐day	  con-nents	  in	  both	  North	  and	  South	  Americas,	  
Australia,	  Russia	  and	  Africa,	  where	  there	  are	  several	  cratons	  
separated	  by	  more	  mobile	  belts.	  Within	  them	  intracratonic	  
basins	  may	  develop	  because	  of	  very	  slow	  subsidence.	  

•  	  Mechanism=Stretching	  and	  thinning	  of	  the	  con8nental	  
lithosphere	  followed	  by	  cooling	  and	  thermal	  contrac8on.	  	  



Orogens	  and	  cartons	  
Geological	  map	  	  
of	  North	  America	  



•  Intracratonic	  basins:	  Stable	  cratons	  covered	  
with	  thin	  and	  laterally	  extensive	  sedimentary	  
strata.	  

The	  Michigan	  Basin.	  
• 	  The	  present	  outcrop	  
paXern	  is	  essen-ally	  
that	  at	  the	  end	  of	  the	  
Paleozoic	  



Cratonic	  and	  epicratonic	  basins	  
•  Cratonic	  basins	  can	  be	  divided	  as	  intracratonic	  and	  
epicratonic	  basins	  	  

•  Intracratonic	  basins	  lie	  within	  the	  con-nental	  crust.	  
Epicratonic	  basins	  lie	  on	  con-nental	  crust,	  but	  are	  
par-ally	  open	  to	  an	  ocean	  basin.	  	  

•  These	  two	  types	  oJen	  occur	  adjacent	  to	  one	  another	  
with	  liXle	  fundamental	  difference	  in	  genesis	  or	  
sediment	  fill!	  

•  Both	  intracratonic	  and	  epicratonic	  basins	  include	  
either	  siliciclas-c-‐	  (shale-‐sandstone)	  or	  carbonate-‐
dominated	  successions.	  	  



Classifica2on	  of	  Sedimentary	  Basins	  

B.	  Basins	  related	  to	  convergent	  plate	  
boundaries:	  	  
•  a)	  Back-‐arc	  basins	  (e.g.,	  Black	  Sea)	  	  
•  b)	  Intra-‐arc	  basins	  	  
•  c)	  Fore-‐arc	  basins	  (e.g.,	  Trakya	  basin)	  	  
•  d)	  Trenches	  (e.g.,	  many	  trenches	  in	  the	  Pacific	  
Ocean)	  	  

•  e)	  Foreland	  basins	  



Subduc-on	  zone	  plate	  boundaries	  



Convergent	  plate	  boundaries	  

The cumulative length of convergent plate margins is ≈55,000 km  



Island arcs and active continental margin 

magmatic arc 

magmatic arc 

Accretionary 
prism 

Forearc 
basin 



Trapped West 
Philippine 
Basin 

Trapped 
Aleutian Basin 

Heat flow and 
classification of 

back-arc basins  

Trapped	  basins	  are	  
formed	  when	  
subduc-on	  zone	  
suddenly	  jumps	  in	  a	  
new	  posi-on	  

Ac-ve	  and	  inac-ve	  
marginal	  seas	  are	  
true	  backarc	  basins	  



Convergent	  plate	  boundaries,	  Collisions	  
•  Thickening	  of	  con-nental	  crust	  
•  Foreland	  basins	  filled	  with	  molasse	  	  deposits	  
•  Fold-‐and-‐thrust	  belts	  
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Foreland	  basin	  	  
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Classifica-on	  of	  Sedimentary	  Basins	  
Divergent	  plate	  boundaries	  

• Con-nental	  riJs	  
• Failed-‐riJ	  basins	  (aulacogens)	  
• Passive	  con-nental	  margins	  (e.g.	  SE	  
Turkey)	  

These	  types	  of	  sedimentary	  basins	  
are	  the	  most	  important	  types	  for	  
stra-graphers	  and	  petroleum	  
geologists	  	  



Rise of hot material 
Domal uplift 
Volcanism  

Thinning of 
continental crust 
Volcanism 
Extension 

Formation of oceanic crust 
Hot oceanic lithosphere 
Cooling at cont. margin 

Con-nental	  spli]ng	  

Subsidence	  at	  
the	  margins	  



-‐	  RiJs	  in	  Africa	  	  
-‐	  Red	  Sea	  riJ	  –	  
beginning	  of	  the	  
oceanic	  stage	  
(Con-nental	  
spli]ng)	  



Passive continental margins 
Thinning of continental crust during splitting of a continent 
Listric faults 
Graben facies 
Thermal subsidence of margin because of young oceanic 
lithosphere cooling 
Shallow sea to deep-water facies changes 



Wilson	  Cycle	  
Continental rift 

Continental splitting 

Oceanic stage 

Closure of the ocean 

Collision of the split 
continents 



D.	  Transform	  Plate	  Margins	  
• Along	  strike-‐slip	  faults	  there	  are	  transtensional	  
and	  transpressional	  zones.	  	  

• Strike-‐slip	  basins	  (extensional	  basins)	  
• Fault	  

Classifica2on	  of	  Sedimentary	  Basins	  

• Pull-‐apart	  basins	  	  
• Examples:	  	  Marmara	  Sea	  and	  
many	  other	  basins	  on	  the	  
North	  Anatolian	  	  
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Dextral	  	  
San	  Andreas	  

transform	  fault	  

Transform	  fault	  basin	  	  



Ridge	  Basin,	  California	  
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§ 	  Miocene-‐Pliocene	  
sedimentary	  fill;	  
§ 	  The	  northern	  
boundary	  is	  San	  Andreas	  
Fault;	  
§ 	  The	  San	  Gabriel	  Fault	  is	  
in	  the	  south	  
§ Deposi-on	  is	  controlled	  
by	  dextral	  mo-ons	  along	  
the	  San	  Andreas	  Fault	  	  
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The	  Ridge	  Basin	  cross	  sec-on	  
Violin	  Breccia	   Lacustrine	  (lake)	  deposits	  	  
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Rose	  diagram	  	  

Interpreta-on?	  
Dip	  direc-on	  
of	  cross-‐beds	   Flute	  casts	  
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-‐	  The	  depocenter	  of	  the	  	  
Ridge	  Basin	  gets	  progressively	  	  
younger	  to	  the	  north;	  	  
-‐ The	  cumula-ve	  thickness	  	  
of	  the	  Violin	  Breccia	  is	  13,400	  m	  
but	  it	  is	  200-‐400	  m	  thick	  in	  	  
each	  local	  area;	  
-‐	  The	  source	  area	  of	  the	  Violin	  
Breccia	  is	  very	  local;	  
-‐	  The	  Violin	  Breccia	  gets	  younger	  to	  
the	  north.	  



The	  North	  Anatolian	  Fault	  	  
and	  sedimentary	  basins	  

30	  

Some	  of	  these	  basins	  may	  evolve	  as	  the	  Ridge	  Basin	  in	  California.	  It	  can	  be	  an	  interes-ng	  
topic	  of	  your	  personal	  research.	  	  

Şengör	  et	  al.	  2005	  
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The	  North	  Anatolian	  Fault	  	  
and	  sedimentary	  basins	  


