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Autogenic	  Processes	  &	  Allogenic	  Forcings	  

Allogenic	  Forcings: 	  	  
Changes	  in	  boundary	  condi-ons	  (think	  sea-‐level,	  climate,	  or	  
tectonic	  environment),	  which	  influence	  a	  sediment	  rou-ng	  
system	  

Autogenic	  Processes:	   	  	  
Processes	  internal	  to	  a	  sediment	  rou-ng	  system.	  Can	  be	  
stochas-c	  or	  cyclic	  in	  nature.	  Occur	  when	  boundary	  
condi-ons	  are	  constant	  or	  dynamic	  



Signal	  “Shredding”:	  Jerolmack	  &	  Paola,	  2010	  



Transport	  Shredder	  vs.	  Deposi-onal	  Shredder	  

Shredder	  from	  
TMNT	  

Qs,in	  

Qs,out	  

Transport	  Shredder	  

Sediment	  s-ll	  in	  flux	  and	  available	  
for	  deposi-on,	  not	  yet	  stored	  in	  
the	  immobile	  substrate!	  

Allen,	  2008	  



Transport	  Shredder	  vs.	  Deposi-onal	  Shredder	  

Deposi-onal	  Shredder	  

Short	  term	  cut	  and	  fill	  un-l	  surface	  
is	  transferred	  to	  depth	  that	  is	  no	  

longer	  suscep-ble	  to	  surface	  
processes,	  driven	  by	  long	  term	  
accumula-on	  associated	  with	  

genera-on	  of	  accommoda-on	  space	  	  	  

Straub	  &	  Esposito,	  2013	  

Qs,in	  

Qs,out	  

Transport	  Shredder	  

Sediment	  s-ll	  in	  flux	  and	  available	  
for	  deposi-on,	  not	  yet	  stored	  in	  
the	  immobile	  substrate!	  



Global	  Sea-‐Level	  Change	  

Developed	  from	  stack	  of	  57	  globally	  distributed	  benthic	  δ18O	  records	  

•  Influence	  of	  RSL	  on	  morphodynamics	  and	  
resul@ng	  stra@graphy	  of	  deltaic	  systems	  is	  
well	  known.	  	  

•  Large	  magnitude,	  long	  period	  RSL	  well	  
documented	  in	  geomorphology	  and	  
stra@graphy.	  

•  Recent	  numerical	  experimental	  studies	  are	  
searching	  for	  the	  signal	  of	  milenial	  scale	  RSL	  
cycles	  in	  stra@graphy	  (Csato	  et	  al.,	  2014).	  

Sequence	  Stra-graphy	  



Building	  Deltas	  on	  a	  Delta	  

Lab	  observa-ons:	  guide	  development	  of	  
landscape	  evolu@on	  models	  and	  provide	  benchmarks	  
for	  fully	  3D	  numerical	  models	  of	  surface	  processes	  
and	  their	  rela@onship	  to	  stra@graphy	  
	  

They	  do	  these	  because:	  
1)  They	  evolve	  fast	  	  
2)  They	  are	  small	  enough	  to	  compressively	  monitor	  

complete	  transport	  system	  

3)  We	  can	  independently	  control	  individual	  
variables	  

Also:	  In	  the	  last	  10-‐15	  yrs	  
experiments	  have	  highlighted	  
stochas@city	  in	  sediment	  rou@ng	  
systems	  and	  the	  need	  to	  treat	  certain	  
problems	  in	  surface	  processes	  and	  
stra@graphy	  with	  a	  sta@s@cal/
probabilis@c	  approach.	  	  



Field	  Systems:	  The	  real	  thing	  
at	  field	  scale:	  Hard	  to	  observe	  
surface	  processes	  &	  genera@on	  of	  
stra@graphy	  over	  these	  @me	  scales.	  

Lab	  Systems:	  Can	  observe	  
surface	  processes	  &	  genera@on	  of	  
stra@graphy	  over	  “long”	  @me	  
scales.	  Full	  Physics	  in	  opera@on.	  
Down	  side:	  scaling	  problems.	  

Numerical	  	  Systems:	  Can	  observe	  
surface	  processes	  &	  genera@on	  of	  
stra@graphy	  over	  long	  @me	  scales.	  
Generally	  no	  scaling	  problems.	  Down	  
side:	  user	  has	  to	  specify	  their	  choice	  of	  
important	  physics.	  



•  Constant	  input	  water	  &	  sediment	  flux	  rates	  and	  constant	  base	  level	  rise	  rate	  	  
•  Qw:Qs	  =	  1000:1	  
•  Overhead	  photographs	  of	  ac@ve	  delta-‐top	  once	  every	  15	  minutes	  
•  Lidar	  used	  to	  map	  deltaic	  topography	  once	  an	  hour	  
•  Aggraded	  ~15	  channel	  depths	  of	  stra@graphy	  

Autogenic	  Experimental	  Setup	  

Experiment	  run	  by:	  Li	  &	  Benson	  

Coarsest	  5%	  of	  
sediment	  
commercially	  dyed	  
either	  red	  or	  blue	  

Sediment	  mixture	  similar	  to	  
ExxonMobil	  “secret	  
sauce”	  (Hoyal	  and	  Sheets,	  
2009)	  



Autogenic	  transgressions	  and	  regressions	  
Dip	  sec-on	  through	  TDB-‐12	  (Autogenic)	  experimental	  delta	  

Van	  Wagoner	  et	  al.,	  1990	  

Difficult	  to	  separate	  
products	  of	  autogenic	  
processes	  and	  allogenic	  
forcings	  in	  parasequence	  
scale	  architecture	  



Defining	  -me	  scales	  and	  strength	  of	  autogenics	  in	  alluvial	  basins	  

σss     High σss     Medium σss    Low 

A1er	  Sheets	  et	  al.,	  2002	  and	  Lyons,	  2004	  



Defining	  -me	  scales	  and	  strength	  of	  autogenics	  in	  alluvial	  basins	  

σss     High σss     Medium σss    Low 

A1er	  Sheets	  et	  al.,	  2002	  and	  Lyons,	  2004	  

Wang	  et	  al.,	  2011	  

Roughness	  Length	  Scale	  

Long-‐term	  	  
Aggrada-on	  Rate	  

Compensa-on	  Time	  scale	  

Compensa-on	  Index	  

Straub	  et	  al.,	  2009	  

TDB-‐12	  



Defining	  -me	  scales	  and	  strength	  of	  autogenics	  in	  alluvial	  basins	  

σss     High σss     Medium σss    Low 

A1er	  Sheets	  et	  al.,	  2002	  and	  Lyons,	  2004	  

TDB-‐12	   Wang	  et	  al.,	  2011	  

Roughness	  Length	  Scale	  

Long-‐term	  	  
Aggrada-on	  Rate	  

Compensa-on	  Time	  scale	  

TDB-‐12	  
=	  12	  mm	   	  	  	  	  	  	  	  	  	  	  	  =	  49	  hr	  
	  

=	  0.25	  mm/hr	  



Important	  non-‐dimensional	  #’s	  for	  RSL	  cycle	  shredding	  

Cycle	  Magnitude	  
Range	  of	  rela@ve	  	  
sea	  level	  cycle	  

Maximum	  depth	  of	  	  
system	  channels	  
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Experiments	  share	  same	  background	  
sea-‐level	  rise	  rate,	  water	  and	  
sediment	  feed	  rates,	  and	  sediment	  
mixture	  	  
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