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è The	
  reflec-on	
  and	
  transmission	
  (R/T)	
  responses	
  from	
  a	
  
layered	
  periodic	
  medium	
  are	
  frequency-­‐dependent.	
  This	
  
dispersion	
  and	
  aOenua-on	
  of	
  the	
  effec-ve	
  medium	
  is	
  
controlled	
  by	
  the	
  layering	
  and	
  the	
  medium	
  parameters.	
  

	
  
•  What	
  could	
  happen	
  if	
  we	
  mix	
  the	
  frequency	
  dependence	
  due	
  

to	
  the	
  layering	
  with	
  the	
  one	
  coming	
  from	
  patchy	
  saturated	
  
porous	
  media	
  ?	
  



Two	
  scales	
  of	
  periodicity	
  
•  Layering	
  è	
  macroscale	
  (wavelength)	
  

•  Patchy	
  satura-on	
  è	
  mesoscale	
  (gas	
  
inclusions)	
  

è	
  Both	
  can	
  affect	
  wave	
  propaga-on	
  (dispersion,	
  aOenua-on…)	
  at	
  
seismic	
  frequencies	
  (1	
  to	
  1000	
  Hz)	
  
	
  

Gas	
  saturated	
  rock	
  embedded	
  in	
  water	
  saturated	
  rock	
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Model	
  
Layers	
  1	
  =	
  shales	
  
VP	
  =	
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VS	
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Elas-c	
  

Layers	
  2	
  =	
  par-ally	
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  sandstones	
  
Gas	
  satura-on	
  =	
  10	
  %	
  

	
  
Patchy	
  satura-on:	
  ANELASTIC	
  

OR	
  
Equivalent	
  medium:	
  ELASTIC	
  

	
  
3	
  porosity	
  models	
  (=	
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  levels	
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  dispersion)	
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P-­‐wave	
  dispersion	
  and	
  aOenua-on	
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QP	
  max	
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  25	
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  100	
  VP	
  dispersion	
  between	
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Computa-on	
  of	
  R/T	
  responses	
  
Propagator	
  matrix	
  for	
  1	
  cycle	
  (2	
  layers):	
  

r(ω)	
  =	
  reflec-on	
  coefficient	
  	
  
t1	
  and	
  t2(ω)	
  	
  =	
  travel-mes	
  
θ1	
  and	
  θ2(ω)	
  	
  =	
  phase	
  factors	
  

Equa-ons	
  valid	
  for	
  P-­‐	
  or	
  S-­‐waves	
  independently	
  



Reflec-on	
  coefficients	
  

rP(ω)	
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Propagator	
  matrix	
  for	
  1	
  cycle	
  (2	
  layers):	
  

Total	
  response	
  for	
  m	
  cycles:	
  

Transmission	
  tD(ω)	
  and	
  reflec-on	
  rD(ω)	
  responses	
  for	
  a	
  downgoing	
  wave:	
  

Computa-on	
  of	
  R/T	
  responses	
  



R/T	
  responses	
  for	
  m=4	
  and	
  φ=32%	
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R/T	
  responses	
  (φ=32%)	
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R/T	
  responses	
  (m=4)	
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R/T	
  responses	
  differences	
  (m=4)	
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Time	
  domain	
  responses	
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  -me	
  responses	
  (φ=32%)	
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R/T	
  -me	
  responses	
  (φ=32%):	
  
reflected	
  events	
  for	
  m=1	
  and	
  m=2	
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R/T	
  -me	
  responses	
  (φ=32%):	
  
resonance	
  for	
  m=4	
  and	
  m=8	
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R/T	
  -me	
  responses	
  (φ=32%):	
  
effec-ve	
  medium	
  for	
  m=16	
  and	
  m=32	
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  -me	
  responses	
  differences	
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Conclusions	
  
•  3	
  porosity	
  models	
  =	
  3	
  levels	
  of	
  dispersion	
  è	
  dispersion	
  
and	
  aOenua-on	
  peak	
  frequency	
  around	
  50	
  Hz	
  

•  Frequency	
  domain:	
  
–  The	
  differences	
  between	
  anelas-c	
  and	
  elas-c	
  R/T	
  responses	
  
increase	
  when	
  porosity	
  increases	
  

–  The	
  layering	
  generally	
  dominates	
  the	
  responses	
  (for	
  realis-c	
  
porosi-es)	
  

–  The	
  number	
  of	
  resonance	
  peaks	
  is	
  higher	
  when	
  the	
  number	
  of	
  
cycles	
  decreases.	
  These	
  peaks	
  are	
  more	
  pronounced	
  when	
  m	
  
increases.	
  

–  If	
  we	
  consider	
  weaker	
  contrast	
  between	
  the	
  2	
  layers	
  (here,	
  rP	
  
is	
  about	
  0.11	
  to	
  0.17),	
  the	
  effect	
  of	
  anelas-city	
  could	
  be	
  
stronger.	
  



Conclusions	
  
•  Time	
  domain:	
  
–  Typical	
  elas-c	
  behavior:	
  reflected	
  events,	
  resonance	
  
system	
  and	
  then,	
  effec-ve	
  medium	
  are	
  observed	
  when	
  
m	
  increases.	
  

– On	
  the	
  contrary	
  to	
  frequency	
  domain	
  results,	
  the	
  
anelas-city	
  has	
  a	
  strong	
  influence	
  on	
  the	
  amplitude	
  of	
  
responses	
  

è	
  Important	
  conclusion	
  when	
  we	
  deal	
  with	
  seismic	
  
interpreta-on	
  of	
  a	
  layered	
  system:	
  the	
  dispersion	
  and	
  
aOenua-on	
  of	
  the	
  effec-ve	
  R/T	
  responses	
  are	
  not	
  
only	
  due	
  to	
  the	
  layering	
  and	
  can	
  be	
  controlled	
  by	
  
intrinsic	
  anelas/city	
  of	
  layers.	
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VP	
  with	
  respect	
  to	
  the	
  porosity	
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Model	
  

Layers	
  1	
  =	
  shales	
  
VP	
  =	
  5500	
  m/s	
  
VS	
  =	
  3000	
  m/s	
  
ρ	
  =	
  2700	
  kg/m3	
  
	
  

Elas-c,	
  frequency-­‐independent	
  

Layers	
  2	
  =	
  par-ally	
  saturated	
  sandstones	
  
Gas	
  satura-on	
  =	
  10	
  %	
  
	
  
Patchy	
  satura-on:	
  frequency-­‐dependent	
  
OR	
  
Equivalent	
  elas-c	
  layer:	
  frequency-­‐
independent	
  



Computa-on	
  of	
  R/T	
  responses	
  
Propagator	
  matrix	
  for	
  1	
  cycle	
  (2	
  layers):	
  

r(ω)	
  =	
  reflec-on	
  coefficient	
  	
  
t1	
  and	
  t2(ω)	
  =	
  travel-mes	
  
θ1	
  and	
  θ2(ω)	
  =	
  phase	
  factors	
  

Equa-ons	
  valid	
  for	
  P-­‐	
  or	
  S-­‐waves	
  independently	
  


