
Click
Here

for

Full
Article

Geometry and seismic properties of the subducting Cocos plate
in central Mexico
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[1] The geometry and properties of the interface of the Cocos plate beneath central
Mexico are determined from the receiver functions (RFs) utilizing data from the Meso
America Subduction Experiment (MASE). The RF image shows that the subducting
oceanic crust is shallowly dipping to the north at 15° for 80 km from Acapulco and then
horizontally underplates the continental crust for approximately 200 km to the Trans‐
Mexican Volcanic Belt (TMVB). The crustal image also shows that there is no continental
root associated with the TMVB. The migrated image of the RFs shows that the slab is
steeply dipping into the mantle at about 75° beneath the TMVB. Both the continental and
oceanic Moho are clearly seen in both images, and modeling of the RF conversion
amplitudes and timings of the underplated features reveals a thin low‐velocity zone
between the plate and the continental crust that appears to absorb nearly all of the strain
between the upper plate and the slab. By inverting RF amplitudes of the converted
phases and their time separations, we produce detailed maps of the seismic properties of
the upper and lower oceanic crust of the subducting Cocos plate and its thickness. High
Poisson’s and Vp/Vs ratios due to anomalously low S wave velocity at the upper
oceanic crust in the flat slab region may indicate the presence of water and hydrous
minerals or high pore pressure. The evidence of high water content within the oceanic
crust explains the flat subduction geometry without strong coupling of two plates.
This may also explain the nonvolcanic tremor activity and slow slip events occurring
in the subducting plate and the overlying crust.
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1. Introduction

[2] The Cocos plate has been subducting underneath the
North American plate in this present geometry at a rate of
about 12 cm/yr from 20Ma to 11Ma and 6 cm/yr from 11Ma
to present (from EarthByte poles [Müller et al., 2008]). The
subduction interface has a strong variation in along‐strike dip
angles along the central part of Middle American Trench
(MAT). To the northwest near the Rivera Plate junction, the
dip is 50°, while to the southeast near the Tehuantepec Ridge
it is 30° [Pardo and Suárez, 1995]. As shown by Pérez‐
Campos et al. [2008], the slab at the central part near
Acapulco is horizontal. The along‐strike change in dip is
evident in the trace/strike of the Neogene volcanic arc
(TMVB) which trends at a 17 degree angle to the trace/strike
of the trench. At 30 Ma, the volcanism ceased in Miocene arc
along the coast, and after 10 Ma hiatus, reappeared just south
of Mexico City and proceeded to migrate to the northern end
of the TMVB [Ferrari, 2004]. Since that time, the slab in

central Mexico has been rolling back, as evidenced by the
southward migration of TMVB volcanism, to its current
location at the south edge of the TMVB.
[3] There have been a number of studies of the Cocos plate

subduction especially regarding the slab geometry in central
Mexico. Couch and Woodcock [1981] described offshore
seismic, gravity, and magnetic measurements near Acapulco
and suggested a 9 km thick oceanic crust dipping 2° under
the continental margin. Valdes‐Gonzalez and Meyer [1996]
provided a model which includes the continental Moho of
45 km and 10° dipping slab with 8 km thickness between the
Pacific coast and Mexico City using the Petatlán earthquake
aftershocks. Pardo and Suárez [1995] described the shallow
slab subduction at distances of between 110 km to 275 km
from the MAT based on relocated hypocenters of local
earthquakes. The work by Kostoglodov et al. [2003] further
supported the shallow slab subduction by providing a more
precise geometry of subducting Cocos plate up to 200 km
from the MAT constrained by the seismicity and gravity
data. None of the studies resolved the slab geometry
underneath the TMVB because there is very little seismicity
away from the seismogenic zone adjacent to the trench.
[4] There are several geochemical studies that infer the fate

of the descending slab underneath the TMVB (after 250 km
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