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•  Area	  of	  interest:	  New	  England	  Mud	  Patch	  south	  of	  Martha’s	  Vineyard	  	  
	  
•  The	  model	  uses	  the	  two-‐dimensional	  full-‐wave	  Dme-‐domain	  finite-‐difference	  

code	  developed	  at	  WHOI	  over	  the	  past	  30	  years.	  	  	  

•  Model	  DescripDon	  
•  Perfectly	  elasDc,	  isotropic	  media	  with	  uniform	  step	  sizes	  in	  Dme	  and	  space.	  	  	  
•  Source	  waveform	  is	  a	  Ricker	  wavelet	  with	  a	  peak	  frequency	  in	  pressure	  of	  

200	  Hz	  
•  100	  m	  water	  waveguide	  (Vp	  =	  1500	  m/s,	  1000	  kg/m3)	  overlying	  12	  m	  of	  

mud	  (Vp	  =	  1530	  m/s,	  Vs	  =	  100	  m/s,	  Rho	  =	  1400	  kg/m3)	  above	  a	  faster	  
bo<om	  (Vp	  =	  1700	  m/s,	  Vs	  =	  500	  m/s,	  Rho	  =	  1800	  kg/m3).	  	  	  

•  The	  goal	  of	  the	  modeling	  was	  to	  understand	  the	  propagaDon	  of	  compressional,	  
shear	  and	  interface	  waves	  in	  the	  presence	  of	  a	  soc	  muddy	  layer	  

Overview	  



h<p://pubs.usgs.gov/of/2003/of03-‐001/htmldocs/maps.htm	  

New	  England	  Mud	  Patch	  



•  Tdfd_grid.m	  	  
•  Defines	  the	  physical	  models	  of	  interest	  
•  Generates	  P-‐wave	  (compressional)	  and	  S-‐wave	  (shear)	  velocity	  files,	  and	  

density	  files	  
•  FDREP	  

•  Checks	  model	  parameters	  for	  validity	  
•  Source	  

•  Ricker	  wavelet	  with	  peak	  frequency	  in	  pressure	  of	  10Hz	  and	  200Hz	  
•  FDBNY	  

•  Calculates	  velociDes	  within	  the	  boundary	  layer,	  allowing	  verDcal	  and	  
lateral	  heterogeneity	  in	  2-‐D	  

•  FINDIF	  
•  Outputs	  Snap-‐shots	  and	  Dme	  series	  data	  files	  

•  Plogng	  Socware	  
•  Snap-‐shots	  
•  Time	  series	  
•  Movies	  

Code	  summary	  



Original	  Example	  



Original	  example	  
	  

Model	  Name	   HCC08	  

Frequency	   10	  Hz	  

Water	  Depth	   100	  m	  

Sediment	  Layer	  1	   Linear	  Sand	  
Gradient	  

	  	  	  	  Width	   	  900m	  

	  	  	  	  Compressional	  
Velocity	  

2000-‐2250	  m/s	  

	  	  	  	  Shear	  Velocity	   680-‐760	  m/s	  

	  	  	  	  Density	  	   2000-‐2100	  kg/
m^3	  

Overall	  Model	  
Depth	  

1000m	  

Overall	  Model	  
Range	  

5000	  m	  

Source	  Depth	   50	  m	  

Shallow Water Example  -  P-Vel (m/s)
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•  Three	  examples:	  
•  1/60th	  water	  wavelength	  above	  the	  seafloor	  
•  1/10th	  water	  wavelength	  above	  the	  seafloor	  
•  1	  water	  wavelength	  above	  the	  seafloor	  

Source	  depth	  dependence	  and	  interface	  waves	  



Source	  located	  1/60	  water	  wavelength	  above	  sediment	  layer	  

Model	  Name	   Hcc12	  

Frequency	   200	  Hz	  

Water	  Depth	   100	  m	  

Sediment	  Layer	  1	   Hard	  Sediment	  

	  	  	  	  -‐Width	   110	  m	  

	  	  	  	  -‐Compressional	  
Velocity	  

1700	  m/s	  

	  	  	  	  -‐Shear	  Velocity	   500	  m/s	  

	  	  	  	  -‐Density	  	   1800	  kg/m^3	  

Overall	  Model	  
Depth	  

215m	  

Overall	  Model	  
Range	  

500	  m	  

Source	  Height	  
Above	  Sediment	  

.125	  m	  



Scholte	  Wave	  

P1P2S2	  Shear	  Head	  Wave	  

Leaking	  Shear	  Wave	  

Source	  located	  1/60th	  of	  
a	  water	  wavelength	  (.
125m)	  above	  water/
sediment	  interface	  

Compressional	  Head	  Wave	  

Direct	  Wave	  Root	   Transmi<ed	  Compressional	  Wave	  

Evanescently	  Generated	  Shear	  Waves	  

Direct	  Water	  Wave	  Sea	  Surface	  
ReflecDon	  

Source	  located	  1/60	  water	  wavelength	  above	  sediment	  layer	  



Model	  Name	   Hcc13	  

Frequency	   200	  Hz	  

Water	  Depth	   100	  m	  

Sediment	  Layer	  1	   Hard	  Sediment	  

	  	  	  	  -‐Width	   110	  m	  

	  	  	  	  -‐Compressional	  
Velocity	  

1700	  m/s	  

	  	  	  	  -‐Shear	  Velocity	   500	  m/s	  

	  	  	  	  -‐Density	  	   1800	  kg/m^3	  

Overall	  Model	  
Depth	  

215m	  

Overall	  Model	  
Range	  

500	  m	  

Source	  Height	  
Above	  Sediment	  

.75	  m	  

Source	  located	  1/10	  water	  wavelength	  above	  sediment	  layer	  



Scholte	  Wave	  

P1P2S2	  Shear	  Head	  Wave	  

Leaking	  Shear	  Wave	  

Source	  located	  1/10th	  of	  
a	  water	  wavelength	  (.
75m)	  above	  water/
sediment	  interface	  

Compressional	  Head	  
Wave	  

Direct	  Wave	  Root	  
Transmi<ed	  
Compressional	  
Wave	  

Evanescently	  Generated	  Shear	  
Waves	  

Direct	  Water	  Wave	  Sea	  Surface	  
ReflecDon	  

Source	  located	  1/10	  water	  wavelength	  above	  sediment	  layer	  



Model	  Name	   Hcc14	  

Frequency	   200	  Hz	  

Water	  Depth	   100	  m	  

Sediment	  Layer	  1	   Hard	  Sediment	  

	  	  	  	  -‐Width	   110	  m	  

	  	  	  	  -‐Compressional	  
Velocity	  

1700	  m/s	  

	  	  	  	  -‐Shear	  Velocity	   500	  m/s	  

	  	  	  	  -‐Density	  	   1800	  kg/m^3	  

Overall	  Model	  
Depth	  

215m	  

Overall	  Model	  
Range	  

500	  m	  

Source	  Height	  
Above	  Sediment	  

7.5	  m	  

Source	  located	  1	  water	  wavelength	  above	  sediment	  layer	  



SOURCE	  LOCATED	  1	  WATER	  WAVELENGTH	  ABOVE	  SEDIMENT	  LAYER	  

SIGNIFICANTLY	  
REDUCED	  

Scholte	  Wave	  &	  
Evanescently	  

Generated	  Shear	  
Wave	  

P1P2S2	  Shear	  Head	  Wave	  

Leaking	  Shear	  Wave	  

Source	  located	  a	  water	  
wavelength	  (7.5m)	  above	  
water/sediment	  interface	  

Compressional	  Head	  Wave	  

Direct	  Wave	  Root	   Transmi<ed	  Compressional	  Wave	  

Evanescently	  Generated	  Shear	  Waves	  

Direct	  Water	  Wave	  Sea	  Surface	  
ReflecDon	  



Muddy	  Environment	  Example	  

Model	  Name	   Hcc21	  

Frequency	   200	  Hz	  

Water	  Depth	   100	  m	  

Sediment	  Layer	  1	   Mud	  

	  	  	  	  Width	   12	  m	  

	  	  	  	  Compressional	  Velocity	   1530	  m/s	  

	  	  	  	  Shear	  Velocity	   100	  m/s	  

	  	  	  	  Density	  	   1400	  kg/m^3	  

Sediment	  Layer	  2	   Hard	  Sand	  

	  	  	  	  	  Width	   100	  m	  

	  	  	  	  Compressional	  Velocity	   1700	  m/s	  

	  	  	  	  Shear	  Velocity	   500	  m/s	  

	  	  	  	  	  Density	  	   1800	  kg/m^3	  

Overall	  Model	  Depth	   216m	  

Overall	  Model	  Range	   500	  m	  

Source	  Depth	   .125	  m	  above	  
seafloor	  

Shallow Water Example  -  P-Vel (m/s)
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Scholte	  Wave	  

Converted	  Shear	  Wave	  ReflecDon	  
Evanescently	  Generated	  Shear	  Waves	  

ZOOM	  VIEW	  



Summary	  

•  LocaDon	  of	  source	  needs	  to	  be	  within	  1/10	  water	  wavelength	  
to	  see	  significant	  Scholte	  wave	  and	  evanescently	  transmi<ed	  
shear	  wave	  

	  
•  Scholte	  wave	  and	  the	  evanescently	  transmi<ed	  shear	  wave	  

are	  significantly	  weaker	  in	  mud	  layer	  model	  
	  
•  There	  are	  converted	  shear	  wave	  reflecDons	  generated	  from	  

the	  mud/harder	  sediment	  boundary	  layer	  
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Evanescently	  Generated	  Shear	  
Waves	  

P1P2S2	  Shear	  Head	  Wave	  in	  sediment	  
with	  compressional	  wave	  horizontal	  
phase	  velocity	  

Leaking	  Shear	  Wave	  

Stoneley	  Wave	  

Ground	  
Wave	  

Airy	  Phase	   Direct	  Wave	  
Root	  
Transmi<ed	  
Compressional	  
Wave	  

Gradient	  
Sediment	  

Homogeneous	  Water	  

Homogeneous	  Sediment	  
Vp	  =	  2,250m/s	  
Vs	  =	  760m/s	  
Rho	  =	  2100kg/m^3	  

Vp	  =	  2	  -‐2.25km/s,	  Vs	  =	  .68	  -‐.76km/s,	  Rho	  =	  2000-‐	  
2100kg/m^3	  

Vp	  =	  1.5km/s,	  Rho	  =	  1000kg/m^3	  

Source	  at	  50m	  
above	  

sediment	  

ORIGINAL	  EXAMPLE	  



MUDDY	  ENVIRONMENT	  EXAMPLE	  

Scholte	  Wave	  

P1P2S2	  Shear	  Head	  Wave	  

Compressional	  Head	  Wave	  

Direct	  Wave	  Root	   Transmi<ed	  
Compressional	  Wave	  

Leaking	  Shear	  Wave	  

Converted	  Shear	  Wave	  ReflecDon	  

Direct	  Water	  Wave	  



Notes	  

•  Pressure	  and	  verDcally	  polarized	  shear	  (PSV)	  –	  Scholte	  is	  this	  type	  of	  wave	  


