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show one velocity model to represent our horizontal oceanic
crust before the TMVB.
[19] On the basis of our observations in sections 2.2 and

2.3, the model consists of an average crust of 45 km, an
oceanic crust, which runs horizontally for 145 km, and a
mantle zone prior to the oceanic crust diving into the mantle
(see the P wave model in Figure 11). Delays between the
direct and converted wave are proportional to the depth of
the interface and depend on the transmission velocities
along their paths, while the amplitude of the converted
arrival depends on the magnitude and sign of the velocity
contrast. Thus, the thickness and the RF amplitude peak‐to‐
peak height of the oceanic crust are used as additional
constraints to construct the model. To match the negative
(blue) and positive (red) RF pulses at 5 and 6 s, respectively,
from Figure 6, the oceanic crust should be characterized as a
low‐velocity layer above the mantle. However, a single
layer cannot reproduce the amplitudes of the positive and
negative pulses, so it is further divided into two low‐
velocity layers to achieve a comparable (but opposite in
polarity) velocity contrast that we see from the 1 s RF data
(Figure 6). The additional low‐velocity zone (denoted
hereafter as upper oceanic crust) includes velocities much
lower that normal oceanic crustal velocities (of the lower
oceanic crust). Song et al. [2009] also inserted the ultraslow

velocity layer (S wave velocity of 2.0 to 2.7 km/s) over the
low‐velocity layer in their model to reproduce the converted
SP arrivals and teleseismic underside reflections from the top
of the subducting plate. In the P and S wave velocity model
(Figure 11), the upper oceanic crust has the thickness of
3 km, the P wave velocity of 5.54 km/s, and S wave velocity
of 2.6 km/s; the lower oceanic crust the thickness of 5 km,
the P wave velocity of 6.98 km/s, and S wave velocity of
4.06 km/s. Plane waves with variable incident angles in the
range of 0.04 to 0.08 are then entered as boundary condi-
tions on left bottom corner of our constructed model. Iter-
ative time domain deconvolution [Kikuchi and Kanamori,
1982; Ligorria and Ammon, 1999] is used to convert the
synthetic seismograms to the radial RFs (Figure 11).
[20] Figure 12 shows result of a dip sensitivity test. We

vary the dip from shallow to steep angles (10°, 25°, 50°, and
75°), using the same velocity model specified in Figure 11,
and observe how the RF image reproduces the dipping slab.
When the dip angle exceeds 50°, the polarity of the synthetic
RFs changes the sign, in agreement with the change in sign
of the transmission coefficient. This explains why we do not
see a clear image of the slab descending into the mantle in
75° from Figure 7. The effect of the sign change is not
included in the migrated image (Figure 10).

Figure 11. (top left) P wave velocity model, (top right) P and S wave velocity models, and (bottom)
corresponding synthetic RFs for the subhorizontal part of the Cocos plate subduction south of the TMVB.
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Publica+ons	
  

Receiver	
  func+ons	
  along	
  the	
  MASE	
  line	
  show	
  that	
  the	
  Cocos	
  slab	
  is	
  horizontal	
  for	
  200	
  km	
  
and	
  is	
  separated	
  from	
  the	
  upper	
  plate	
  by	
  a	
  thin	
  layer	
  with	
  very	
  low	
  shear	
  veloci+es.	
  Note	
  
that	
  Moho	
  does	
  not	
  have	
  an	
  Airy	
  crustal	
  root	
  under	
  the	
  elevated	
  TMVB.	
  

The	
  regional	
  tomography	
  shows	
  the	
  dip	
  progressive	
  steeping	
  to	
  the	
  east.	
  It	
  also	
  shows	
  a	
  south	
  dipping	
  structure	
  on	
  the	
  eastern	
  end	
  of	
  the	
  line.	
  Other	
  features	
  
include	
  high	
  a_enua+on	
  zone	
  associated	
  with	
  tremor	
  located	
  in	
  the	
  con+nental	
  crust.	
  

The	
  teleseismic	
  tomography	
  shows	
  that	
  the	
  Cocos	
  slab	
  steeply	
  
descends	
  into	
  the	
  mantle	
  to	
  a	
  depth	
  of	
  500	
  km.	
  

A	
  model	
  of	
  the	
  evolu+on	
  of	
  the	
  subduc+on	
  system.	
  At	
  ~29	
  Ma	
  the	
  arc	
  presently	
  
located	
  near	
  the	
  coast	
  is	
  shut	
  off,	
  and	
  over	
  the	
  next	
  10	
  Myrs	
  minimal	
  volcanism	
  
migrates	
  north	
  the	
  the	
  north	
  edge	
  of	
  the	
  TMVB.	
  For	
  the	
  past	
  10	
  Myrs,	
  it	
  has	
  been	
  
rolling	
  back	
  to	
  its	
  present	
  configura+on.	
  

Full	
  waveform	
  modeling	
  is	
  used	
  
to	
  determine	
  the	
  lateral	
  extent	
  
of	
  the	
  low-­‐velocity	
  layer	
  

Based	
  on	
  seismicity	
  there	
  is	
  a	
  dis+nct	
  change	
  in	
  the	
  slab	
  dip	
  along	
  
the	
  projec+on	
  of	
  the	
  Orosco	
  Fracture	
  Zone,	
  indica+ng	
  a	
  developing	
  
tear	
  in	
  the	
  slab.	
  

New	
  tear	
  

The	
  new	
  tear	
  is	
  likely	
  developing	
  to	
  provide	
  a	
  more	
  efficient	
  path	
  for	
  the	
  return	
  flow	
  
	
  while	
  the	
  roll	
  is	
  rolling	
  back.	
  See	
  Southern	
  Mexico	
  poster	
  for	
  more	
  on	
  this	
  story.	
  

Veloci+es	
  determined	
  from	
  surface	
  waves	
  are	
  very	
  low	
  in	
  the	
  
lower	
  crust	
  beneath	
  the	
  TMVB,	
  probably	
  caused	
  by	
  dehydra+on	
  
of	
  the	
  Cocos	
  slab	
  as	
  it	
  rolled	
  back.	
  These	
  low	
  veloci+es	
  if	
  scaled	
  
to	
  density	
  are	
  capable	
  of	
  suppor+ng	
  the	
  TMVB	
  without	
  a	
  root.	
  

The	
  amplitudes	
  of	
  the	
  receiver	
  func+ons	
  can	
  be	
  
used	
  to	
  determine	
  the	
  changes	
  in	
  shear	
  wave	
  
speed	
  across	
  the	
  interfaces.	
  By	
  comparing	
  the	
  
posi+ve	
  and	
  nega+ve	
  amplitudes	
  (red	
  and	
  blue),	
  
we	
  can	
  determine	
  the	
  rela+ve	
  change	
  in	
  Vs,	
  and	
  
by	
  assuming	
  the	
  veloci+es	
  above	
  and	
  below	
  the	
  
thin	
  layer	
  we	
  can	
  convert	
  these	
  to	
  absolute	
  Vs.	
  

The	
  results	
  show	
  an	
  ultra	
  low-­‐velocity	
  layer	
  between	
  the	
  slab	
  and	
  the	
  overriding	
  
con+nent.	
  The	
  layer	
  is	
  only	
  3	
  km	
  thick.	
  When	
  the	
  shear	
  wave	
  velocity	
  is	
  matched	
  
to	
  a	
  suite	
  of	
  candidate	
  minerals	
  for	
  the	
  35-­‐45	
  km	
  deep	
  sec+on,	
  Talc	
  is	
  the	
  closest.	
  
The	
  lower	
  crustal	
  layer	
  the	
  best	
  match	
  is	
  to	
  Gabbro.	
  

One	
  commonly	
  proposed	
  mechanism	
  for	
  slab	
  fla_ening	
  is	
  an	
  
impactor	
  (ocean	
  ridge	
  or	
  plateau).	
  We	
  search	
  for	
  poten+al	
  
impactors	
  on	
  the	
  conjugate	
  plate	
  but	
  non	
  were	
  found.	
  Here	
  
the	
  conjugate	
  of	
  the	
  current	
  trench	
  is	
  overlain	
  on	
  the	
  bathymetry	
  
and	
  no	
  features	
  of	
  the	
  sized	
  needed	
  for	
  fla_ening	
  were	
  found.	
  

The	
  minerology	
  analysis	
  has	
  shown	
  that	
  the	
  only	
  mineral	
  that	
  
is	
  capable	
  of	
  producing	
  the	
  ultra-­‐low	
  shear	
  veloci+es	
  that	
  are	
  
found	
  in	
  the	
  	
  layer	
  separa+ng	
  the	
  slab	
  and	
  con+nent	
  is	
  Talc.	
  
the	
  make	
  Talc,	
  Si-­‐saturated	
  fluids	
  are	
  required,	
  and	
  these	
  	
  are	
  
found	
  in	
  the	
  mantle	
  wedge	
  and	
  not	
  on	
  the	
  trench-­‐side	
  of	
  the	
  
system.	
  This	
  implies	
  the	
  fla_ening	
  process	
  is	
  driven	
  from	
  the	
  
mantle	
  wedge,	
  and	
  not	
  by	
  the	
  direct	
  subduc+on	
  of	
  an	
  impactor.	
  	
  

A	
  model	
  for	
  the	
  inita+on	
  of	
  flat	
  subduc+on	
  proposed	
  
by	
  Manea	
  and	
  Gurnis	
  (2007)	
  used	
  a	
  low-­‐viscosity	
  zone	
  
in	
  the	
  mantle	
  wedge	
  that	
  lips	
  the	
  slab	
  by	
  increasing	
  the	
  
corner	
  flow.	
  The	
  Talc	
  layer	
  men+oned	
  above,	
  may	
  be	
  
the	
  low-­‐viscosity	
  zone.	
  

The	
  Mexican	
  flat	
  subduc+on	
  is	
  some+mes	
  compared	
  
to	
  the	
  subduc+on	
  zone	
  in	
  Cascadia.	
  However,	
  the	
  very	
  
low	
  Vp/Vs	
  ra+os	
  of	
  the	
  Mexican	
  system	
  is	
  far	
  too	
  low	
  
(and	
  too	
  deep)	
  to	
  be	
  explained	
  by	
  free-­‐water,	
  which	
  
is	
  the	
  popular	
  model	
  for	
  Cascadia.	
  

Web	
  Site:	
  h_p://www.gps.caltech.edu/~clay/MexWeb/MexSubduc+on.html	
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