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Abstract 

The Rivera plate subduction zone is characterized by high seismicity. The Rivera plate subducts under the North 

American plate which results in the generation of devastating earthquakes and destructive Tsunamis. This work aims at 

better characterizing the structural framework of the region offshore Colima, Mexico, in order to identify the tsunamigenic 

potential of the area. Numerous old data that consists of gravimetry and aftershock measurements of earthquakes are the 

defining techniques when it comes to the delineation of focal points of earthquakes, however, showing vague ambiguous 

results and speculative solutions to the presence of tsunamigenic structures. I use seismic data from the TSUJAL marine 

geophysical survey. I work on overlapping profile of MCS (multichannel seismic) and OBS (ocean bottom seismometer) 

data. I use the travel time information from MCS data, and the previous tomographic information derived from the OBS 

data to obtain an optimized velocity model for the time migration of MCS data. I interpret the structural framework from the 

resulting time migrated section paying extra attention to the presence of structures with apparent seismogenic and 

tsunamigenic potential. This will help in the implications and solutions to where and how the tsunamigenic earthquakes 

are potentially generated.  

Introduction 
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During the TSUJAL marine geophysical survey, conducted in February and March 2014, Spanish, Mexican and British 

scientists and technicians explored the western margin of Mexico, considered one of the most active seismic zones in 

America. This work aims to characterize the internal structure of the subduction zone of the Rivera plate beneath the 

North American plate in its southern boundary with the Cocos plate, using a seismic multi approach methodology (wide-

angle and multichannel seismic data). For this purpose, it has been carried out the processing and geological 

interpretation of the multichannel seismic (MCS) reflection TS02 profile running perpendicular to the margin. 

This area of the Earth is dominated by subduction geodynamic process, in which one lithospheric plate slides beneath 

another tectonic plate, and eventually sinks into the mantle, along their boundary (subduction zone). The interplate 

coupling is a weak zone in which friction leads to high rates of earthquakes. The distribution of earthquakes related to the 

subducting plate defines the so-called Wadati-Benioff zone. The shallow part of the interplate boundary is usually beneath 

the sea surface. Thus, earthquakes that rupture up this shallow most region of the interplate may cause a sudden 

deformation of the sea floor, triggering this way, destructive tsunamis. 

 

Figure 1 Rupture area of previous earthquakes (Yaga et al., 2004) + TS02; my line of work containing MCS+OBS coverage 

The Rivera plate is particularly a region where large earthquakes have occurred with very destructive consequences, 

including the generation of big tsunamis, e.g. the Mw > 8.0 in 1932 and 1995, demonstrating that it is a zone of high 

seismic potential as a consequence of the subduction dynamics. To characterize the vulnerability of this area to 

Tsunamigenic hazards we need to understand the structural framework. 

The Rivera plate began to separate from the Cocos plate at about 10 Ma (DeMets and Traylen, 2000) as evidenced 

by spreading velocities along the East Pacific Rise and Mathematician Ridge. Almost all reconstruction Euler models 

indicate that the convergence rate between the Rivera and North American plate decreases northward along the Middle 

American Trench (MAT), averaging about 2-3 cm/year, which is slower than the adjacent Cocos plate (5-8 cm/year) and 

becomes highly oblique north of 20°N. Rivera plate subduction is characterized by a steeper angle and more northerly 

trajectory than the adjacent Cocos plate, with a dip angle increasing at depths around 100 km (Bandy, 1992; Pardo and 

Suárez, 1995). 



The age of the Rivera sea floor near the trench is about 9 Myr (Klitgord & Mammerickx, 1982) that is geologically 

young with uncertain seismic potential. In Figure 1, there seems to be difficulty in locating the epicenter because of the 

breakage of several foci during the earthquake, some key points arose and might have shifted the point source of the high 

seismic potential. The exact boundary between Cocos plate and Rivera’s plate is unknown due to possibly the 1932 

earthquake (8.2 ms) that broke off the shallow part of the Rivera subduction part; one possible solution to explain the 

missing gap in the aftershock areas of 1932 Jalisco and 1973 Colima earthquake that are about 60 km (SINGH et al., 

1985). Another solid proof is that an earthquake from 1995 didn’t seem to be a recurrent of the 1932 earthquakes which 

occurred on the Rivera-North American plate whereas the 1995 earthquakes location depends on the location and nature 

of the Rivera-Cocos boundary; which seems to be the driving force between the geological processes and tectonic 

deformations (Pacherco J. et al., 1997). From the length of the rupture, Singh et al. (1985) concluded that the 1932 

earthquakes broke the Rivera-North American plate boundary. Both aftershocks were located offshore with different 

simultaneous subsidence of the coast. A convergence rate of 2 cm/year between the two plates gives a recurrence period 

of 77 years, which is poorly constrained and not accurate due to irregular timings of previous earthquakes (Pacherco J. et 

al., 1997). In my work, I will improve the knowledge that we have on the nature of the plate tectonics of the Rivera plate 

using travel time tomography of refracted waves from ocean bottom seismometer (OBS) data to use as a starting velocity 

model for MCS data. A breakage in the intraplate and presence of thrust faults will be key in assessing the structural 

framework of the Rivera plate subduction zone. A side by side comparison will show how the combination of OBS and 

MCS will better outline the intraplate and Moho boundary. It’s of utmost interest for geophysicists, geologists, and 

everyone in the near vicinity who are at an imminent danger because of the earthquakes that are creeping their way to a 

sudden jolt of disaster.  

 

Figure 2 Geographical location with interacting plates (TSUJAL, 2014) + TS02; my line of work containing MCS+OBS coverage 

In a few 100 square kilometers overview, we have 4 plates involved; namely the continental North American plate, 

and the 3 oceanic plates; Pacific, Cocos, and Rivera. Aside from the 2 trenches and 1 transform fault that we have, a 

converging tectonic setting occurs between the River plate and North American plate and up to the point where the 3 

(Cocos, Rivera, north American) plates intersect at one point (Fig. 2).                                                     



Objectives 

The principal goal of this work is to characterize the structural framework of the Rivera plate subduction zone 

west of Jalisco, offshore Mexico with emphasis on the structure of the overriding plate from MCS data (Fig. 2). The 

MCS data used in this work corresponds to profile TS02 in Figure 3a, which is coincident to the wide-angle seismic line in 

Figure 3b, recorded by OBS. The main goal of this work can be divided in two methodological tasks: 

• Assess the relevance of the velocity model during seismic imaging: Here, I will use travel-time tomography 

(TTT) of refracted travel times from MCS shot gathers, and the outcome of: 

• A previous inversion of travel-times from OBS data performed during the survey as a starting velocity 

model. The main goal behind this approach is to obtain an optimum P-wave velocity model for the time 

migration. Two times migration will be then performed to the same MCS dataset: ones using this refined 

velocity model (here after TTT velocity model), and a second one using a conventional velocity model 

derived from a classic velocity analysis of CDP gathers (here after MCS velocity model). The 

comparison of both time migrated sections will allow me to assess the relevance of the velocity model. 

• Processing and interpretation of the final time migrated section along line TS02: A standard processing 

workflow will be applied to obtain both time migrated sections. The interpretation of the structural framework 

will be performed on the best seismic section. 

Data 

Acquired data from the TSUJAL project (2014) 

The TSUJAL project aim at the characterization of the crustal structure of the Rivera plate subduction zone from 

active-source seismic data (MCS+OBS data) (Fig. 3).  

                                 

                                 

Figure 3 a) Bathymetry with MSC b) MCS + OBS profile lines (line of work) 



During the seismic survey a total of 14 MCS data profiles were acquired. MCS shot gathers were recorded by 468 

channels spaced 12.5 m along a 6 km long streamer. The source of the MCS data was generated by an air gun array with 

a frequency range of 12 to 100 KHz. Shot spacing was 50 m; meaning all air guns will shoot simultaneously after moving 

50 m (Bartolome, 2014). I use line TS02 which is spatially coincident with the OBS profile shown in Figure 3b. I will use 

the P-wave velocity model previously obtained during the survey along this OBS line as a starting point for the 

tomography of MCS travel-times.  

Methodology 

Downward continuation of MCS data, and travel time picking: 

To obtain the TTT velocity model I have selected the travel times of first arrivals (i.e. refracted P-waves) from MCS 

shot gathers that image the overriding plate along TS02 (900 shots). To maximize the amount of travel times I have 

applied a re-datuming technique called downward continuation (DC; Gras et al., in review), a virtual manipulation of the 

location of the source and receivers. The method propagates the signal of the shot gather assuming that both source and 

receivers are at the sea floor (further details of the method can be found in Gras et al., in review). This allows to extract 

the hidden information of the refracted travel times of P-waves that are masked by the arrivals of the quicker reflected 

waves at the sea floor (Fig.4 c).  

 

 

        

 

Figure 4 From left to right a) Raw shot gather b) Pre-processing; band pass filtering and muting c) After downward continuation 
ready for manual picking. Note: All sections correspond to the same shot gather. 

First, the shot gathers have to be pre-processed to properly implement the DC. A band pass filtering and external 

muting were applied to the raw shot gathers in Figure 4a to remove the swell noise and the signal of the trace 

corresponding to the water layer, respectively (Fig. 4b). This latter step will avoid the generation of numerical artifacts 

during the re-datuming of the source and receivers to the sea floor. After this pre-processing, DC was applied to all shot 

gathers, resulting in the recuperation of refracted P-waves previously hidden beneath the sea floor reflected arrivals (Fig. 

4c).  

Refracted first arrivals after 

DC, no reflected waves 

Sea floor Reflected 

First arrivals 

Sub-sea floor refracted 

first arrivals 
Direct waves 



The picking of first arrivals was then performed manually. Following previous studies on TTT of MCS data (e.g. Prada 

et al., 2018), we picked one out of four shot gathers, which means that we have travel time information every 150 m along 

the profile distance. This distance is within the first zone of Fresnel (100 m assuming 2 km/s for sediment velocity, and a 

dominant frequency of 50 Hz at shallow depths), and this within the minimum range of spatial resolution. In total, we have 

picked 180,000 travel times from 900 shot gathers. We have assigned an uncertainty of 20-40 ms to each travel time on 

the basis of the amount of noise found in each shot gather after the DC. 

Travel-Time Tomography of MCS first arrivals 

While OBS field data can provide TT information up to ~100 km of offset, MCS field data is restricted to the streamer 

length (6 km offset in this case). This means that OBS travel times can provide tomographic information from deeper 

layers of the crust than MCS travel times. However, the denser spatial sampling of MCS data compared to OBS data –

MCS source spacing 50 m and receiver spacing 12.5 m versus OBS source spacing 200 m and receiver spacing 10 km) – 

translates into a higher lateral tomographic resolution. MCS TTT can retrieve lateral velocity variations down to 400 m 

wide at the shallowest level of the model (Prada et al., 2018), while the minimum lateral velocity variations retrieved with 

OBS TTT are > 3 km wide (Zelt, 1998). The advantage of using OBS TTT first is that we have well constrained the deeper 

part of the model in which MCS data cannot provide information. Thus, adding MCS travel time information to the OBS 

velocity model will enable to define much better the tomographic image in the shallow part of the model.  

The selected travel times from MCS data were inverted to obtain P-wave velocity (Vp) information of the upper most 

structure of the overriding plate. I used TOMO2D presented by Koreanaga et al. (2000) and adapted to streamer 

geometry by Begovic et al. (2017). This method computes synthetic travel times by means of ray-tracing algorithm. Then, 

a damped least-square inversion method minimizes the difference between observed and synthetic travel times, 

modifying the velocity model. This process is performed iteratively until the residual travel times between observed and 

synthetic are of the order of the picking uncertainty (in this case 20-40 ms). 

As starting model, I used the final velocity model obtained from the TTT of the coincident OBS profile in Figure 3b, the 

gird spacing was set to 100 m since I am inverting one shot every 150 m. After 4 iterations the inversion reaches a 

satisfactory convergence with residual travel times of 30 ms. The final velocity model is shown in Figure 5. 

It is shown how superior the combination of OBS and MCS data. The intraplate zone is visible with Vp ranging 

between 5-5.5 km/s with a dip angle of 20-30º (Fig. 5B). The accretion zone and trench are well constrained. In the 

second graph its visible how the overriding plate is better characterized showing some low-velocity zones at the tip of the 

overriding plate (Fig. 5B) This shallow Vp model will be used to produce the desired stack. Certain low-velocity anomalies 

are better defined when inverting the travel times of MCS data. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I will now proceed to process the MCS data, using the final Vp model, for migration. This migrated section will be 

compared with the MCS migrated section using my own manual picking to see how the structural framework of the 

overriding plate differs. 

MCS data processing         

    The main objective of seismic processing is to produce an interpretable image using redundant reflection seismic 

records, or section in 2D acquisition, that represents the geological structure below the surface. To obtain seismic images, 

several processing must be applied to the seismic data to improve the seismic resolution and to increase the signal/noise 

ratio.     

The main applied processing steps include: I) Prestack signal enhancement (editing traces and preprocessing), II) 

Quality control of acquisition using a near section, III) Water bottom picking to delete the energy before the sea floor, IV) 

Noise suppression using Despiking, burst edition and TFDN algorithms, V) Trace deconvolution, to improve vertical 

resolution, VI) Velocity analysis every 250 CDP (8500 total), VII) Demultiplex, to suppress multiple sea floor arrivals 

Figure 5 A) Initial model derived from OBS travel times B) Final velocity model of this work obtained from inversion of 
MCS travel times C) Derivative weight sum of the inversion showing the ray density through the model 

Low velocity anomalies 



(SRME), V) NMO correction and stack to increase the signal/noise ratio, and finally, V) Migration, which increase the 

horizontal resolution and collapse diffractions relocating in time events. Time variant band-pass filtering and gain have 

been applied for final imaging. 

The processing of the line TS02 was carried out using the software package Radexpro© 2018.4, running under a 

Windows platform, due to the availability of licenses in CSIC. I applied a standard processing workflow for multichannel 

data, defining and designing very carefully windows and parameters required in every step of the processing (Fig. 6). 
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1) Input (SEGD-input flow) + Pre-processing flow 

 

Figure 7 CDP raw 

The aim of this processing step is to improve the signal to noise ration of the recorded data. Trace editing and muting 

are the two specific jobs, identifying in the raw data with all the frequencies related with the ambient noises, for instance, 
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Figure 6 Processing workflow 



the water column, refraction waves and noise due to malfunctioning traces. Direct, reflection, and refraction waves are all 

present, but most of the useful signal masked by the aforementioned noises (Fig. 7).  

 

Figure 8 CDP preparation. Note: Y- axis in all the following figures are in TWT. 

Data has been resampled from 2 to 4 ms, reducing its size by half. In addition, a band-pass Butterworth filter has 

been set to remove low frequency noise and avoid anti-aliasing (< 4-8 to 125, >200 Hz); therefore, data is kept from 8 Hz 

to 125 Hz (Nyquist) with 100% of the amplitudes (Fig. 8). 

2) Near trace flow section  

A section using the first channel of all 3323 shots is produced to get a foreshadowing view of the entire seismic profile 

line. This near trace profile gives a first approximation of what will be our seismic section, including all shooting gaps. The 

last channel (468th) in Figure 9b is compared with the 1st in Figure 9a to see how the unwanted noise, faster direct waves, 

refraction waves and geometry acquisition evolved during the acquisition, as a careful quality control of the data. First 

near channel section is used to check misfired air guns’ delays during the seismic survey acquisition. 

 

Figure 9 Shot near trace sections: a) 1st channel b) 468th channel 

 

 

3) WB flow (water bottom picking) 

 



 

Water bottom picking has been applied to the data to remove 

the water column noise. The strategy to pick the water bottom 

avoiding picking every shot consists of a first limiting “pick 1” (at 

900 ms), with top muting to help the software plot the waterbed 

(wb1 in red contour). A 1st break amplitude horizon with threshold 

of 1 ms with preamp proved to be the most fitting parameter 

setting to accurately find automatically the topography of the sea 

floor for every channel in the section. However, a hole in the data 

due to a stop during data acquisition (wildlife protection 

purposes) is detected around FFID 550. Since various reflectors 

have various amplitudes ranging from 0.01 to 100+, I had to 

make a secondary picking to help the software correctly find the 

sea floor for all channels (Fig. 10). 

Quality control: A mean value of 7 traces has been used to 

smooth and average the water bottom picks. A running average 

has been applied instead of “Alpha trimmed” because the data 

have no extreme deviations and spikes. I checked every 4th 

channel to see if the “wb1” is mistakenly cutting through a signal 

reflector (sea floor), and two problems arise. First, “wb1” picking 

starts cutting through some signals at later traces (1400 onwards) and has been solved by shifting vertically the entire 

water bottom header “wb1” by 44 ms (wb1-44 ms). Second, data is missing in channels 252 and 260 (no information 

recorded) and has been solved editing the traces to avoid future processing errors. 

4) Despike or TFDN burst noise attenuation 

After a careful visual checking, I found 45 channels with amplitude spikes, having different origins; a sharp increase in 

reflector strength, possible electrical discharge error or even wave interferences. Noise attenuation have been applied 

using two different algorithms: TFD Noise and Despike, both designed for attenuation of noises localized in frequency 

domain allowing the removal of local narrow frequency band noises without affecting the spectrum of the remaining 

record. Data is checked every 10th channel for any possible signal deterioration, and the previously fixed 45 channels to 

see if spikes are removed and uncover the wanted signals masked by the noise. The output of this workflow must be 

double checked with the original data (trace numbers and size of file) looking at the same window using a synchronization 

option. Data should be visualized with a special WT/VA display mode with non-variable density display mode; to better 

show how the spikes are removed (Fig. 11a, b). TFDN algorithms allows to identify and control the ranges of frequencies 

of noise (multiples, spikes, random noises), losing less useful data and successfully eliminating all spike noises. The slight 

loss of signal data of the seabed reflectors will be mitigated and amended by future stacking; using all 468 channels (466 

after deletion of the 2 empty channels) increasing the signal to noise ratio. Whereas Despike proved to be more 

detrimental than useful, it is discarded from the workflow. 

 

Water 
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Figure 10 Water bottom picking, for trace number 1-
8500 

900 ms line limiter 



 

 

 

 

 

 

 

 

 

5) Deghost   

Deghost works by removing ghost 

wavefields (streamer and source) generated 

during the acquisition. The routine uses a 

recursive filter solution, applied to a seismic 

trace in both forward and reversed time. The 

resulting two traces, primary wavefield without 

the ghost and ghost wavefield without the 

primary, are combined in order to maximize the 

signal and suppress the noise trains. The result 

is a sharp crystal-clear seismic image with high 

signal to noise ration. After applying deghost to 

TS02 section, we stated that that makes the 

actual real reflectors stand out, especially in 

deeper parts were signal to noise ratio is 

increasing (Fig. 12), however it is detrimental to 

the sea floor signals. Therefore, deghosting has 

not been finally applied to our data after testing the 

results along the profile. 

 

 

 

 

 

Figure 11 Comparison of sections in the Oceanic plate with a) TFDN noise attenuation b) Despike noise elimination 

Figure 12 Deghosting trench 

Well reinforced signal reflector 
Loss in sea floor reflector signal 

+ noise introduction 



6) Predictive deconvolution 

 

Predictive deconvolution is applied to remove 

coherent noise and to increase resolution ratio. The 

convolution model of a seismic trace states that a 

seismic record is a product of the frequency 

characteristic of the medium and the characteristic of 

receiving-recording channel (sources and receivers) 

in the frequency domain. Deconvolution will delete 

the contribution of source and receivers from the 

record, leaving the response of the Earth, that is, the 

structure of the Earth. We applied predictive 

deconvolution using a 0.1% of white noise to avoid 

using the mathematically catastrophic division by 0 

during the calculations, and the option to not preserve 

trace amplitudes during the Fourier transform 

calculation. Results show that deconvolution 

removed the repeated signals; bubbles; rebounds (Fig. 13). A second point of this step is to see how predictive 

deconvolution can help in increasing the efficiency and accuracy of the velocity picking; leading to overall better and 

clearer stacked images. A 1st manually velocity picking is made on the output of the predictive deconvolution; in which the 

rebounds on the sea floor reflectors and even multiples are partially removed.  

7) Velocity picking + stack  

To pick velocities we need to sort the seismic traces according to CDP headers (see Figure 14). This consists of 

gathering traces that, by geometry, belong to the same midpoint between a source and a given receiver. The reflection 

observed in this CDP gathers are hyperbolic trajectories because they correspond to different offsets. All the information 

contained in the traces of one CDP is basically the same, so I need to find the hyperbolic corrections that will put every 

reflection at the same time to add, or stack, them in order to increase the signal to noise ratio. Primary reflections will be 

highlighted and coherent signals as well if the corrected CDP traces are summed up, and incoherent signal; including 

noise, direct waves or multiples, will be attenuated. This step is known as NMO (Normal Move Out) correction. In practice, 

the way of achieving such alignment is carrying out an RMS velocity analysis (root mean squared), named velocity 

picking. The RMS - velocity is the optimal velocity for which the hyperbola of reflection becomes horizontal in a given time 

but does not have to belong to any particular layer. 

In order to better pick velocities in the CDP domain, I built super CDP (SCDP) combining traces of 6 continuous 

CDPs. The procedure of picking velocities includes 4 panels. From left to right (Fig. 14), first velocity vs depth panel gives 

a semblance of the best wave velocity (maximum probability of a correct velocity for a certain reflector) based on the 

energy of the stack; the third panel. Typically, an increasing gradient velocity is expected when picking velocities, although 

this is not always the case in Earth structure. An NMO (normal move out) second panel helps to straighten the offset that 

must be horizontal when the correct velocity is chosen. The fourth constant velocity stack panel (CVS) shows which 

velocity is the best stacking at certain depth; showing clearer and continuous reflectors. This recursive process step has 

Figure 13 Deconvolution trench 
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signal reflector 

 Good sea floor 

reflector signal 

 



been performed three times, each time yielding better velocity semblances, reduction in multiple energy, and uncovering 

structures previously masked. I perform the stack of the traces in each CDP using the velocity model to NMO correct the 

reflectors.  All the reflections are highlighted, and the random noise interferences diminishes in a destructive way. The 

resulting stacked section shows an image in time domain in which the signal/noise ratio has been drastically improved. 

 

Figure 14 Velocity picking 

8) SRME (Surface reflector multiple elimination)  

Stacking is not a sufficient strategy to remove multiples, hence an SRME multiple removal strategy has been 

performed to better image the intraplate and Moho discontinuities. SRME is based on the multiple wave prediction of the 

data on the CDP domain, taking into account the time of the water bottom. This strategy needs the interpolation of data to 

a regular source and receiver grid, and each receiver point also acts as a source for another trace. Then, a multiple wave 

prediction procedure is applied and finally the multiples are deleted from the original data using the theoretical model 

previously calculated. This works by eliminating repeated energy of the sea floor reflection via 5 windows with different 

individual parameters to reduce the deletion of useful energy by the program (Fig. 15). 

I have designed 5 windows to apply SRME algorithm to remove the steeper multiples’ energies (Fig. 16). The removal 

of the multiples from the original set of data did not yield the expected ideal results, therefore an enhancement procedure 

in which an amplitude correction that works in terms of operator length is made. After multiple elimination have been 

applied by SRME, I performed a 3rd and final velocity picking as a final Vp model for the MCS data followed by a final 

stack. To reduce the remnant noise observed in the stacked section, a time-variant band-pass filter was applied at the 

high-and-low-frequency end of the signal spectrum. In our particular case, a time variant bandpass filters low/high-cuts of 

the multiples’ frequencies (F-K spectrum analysis), coupled with amplitude gain produces a satisfactory clean image with 

maximum signal to noise ratio. 

1st  2nd  3rd  4th  



  

Figure 15 Manual picking-wb1new + SRME preparation using assumptions 

 

Figure 16 SRME module 

To prepare the velocity model for the migration I have first time converted the velocity model (Fig. 17a), and then, 

transformed the velocities into Root Mean Square (RMS) velocities. This latter conversion was following Dix equation (Dix, 

1955) (Fig. 17b). This time converted TTT velocity model will be migrated then compared to the MCS velocity analysis 

time migration in the results. 
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Figure 17 a) Time converted TTT velocity model b) RMS velocity model derived from the TTT velocity model. TWT (two-way time)                                                                                                                                                

9) Stolt migration 

Seismic migration improved the horizontal resolution by collapsing diffractions and moving dipping reflectors to their 

true position to enhance the spatial resolution and to obtain geologically interpretable stacked section. 

Time migration is needed when the stacked section contains diffractions and structural dips and is suitable for 

vertically varying velocity and for smooth lateral velocity variations (Yilmaz, 1987), which is the case of the line TS02. 

From the different existing migration algorithms, I applied the Stolt migration due to its high velocity time execution and 

reasonable results up to about 45°. The velocity field, which vary in time and space, was defined by the smoothing of the 

RMS velocity model. 

Principal results 

Our goal here is to better classify the Rivera plate subduction zones from MCS data using as a starting point the 

outcome of the OBS. The main problem here was not getting enough information due to masking problems. Hence the 

designing of the data using the refracted waves in the TTT of MSC data using OBS as a starting reference (OBS + MCS). 

Downward continuation exposed the refracted waves allowing for the picking of the velocity tomography of the waves and 

performing a stack that shows a splendid seismic profile with a clear trench and intraplate of the subducting oceanic 

Rivera plate. Two thrust faults are shown with one reaching the surface, probably more normal faults are found but cannot 

be accurately pinpointed in my section. The overriding plate seems to be damaged and thinning. The previously 30 km 

thick overriding plate was thinned due to rifting during the opening of the Gulf of California (Brown et al., 2001). 

Subduction features such as trenches and accretionary prisms to some extent are present unequivocally, with the visible 

Moho discontinuity that can be traced with fair accuracy between CDP 4900 to CDP 8500 and at 7 to 8.2 s TWT (Fig. 18). 

The velocities from the TTT model are better constrained in depth than those from the MCS velocity-analysis model. 

Consequently, first order reflections of the interplate are better imaged between CDP 0 to CDP 6300 at 5.5 to 6.5 s TWT. 

The manually picked velocities on the MCS stack showed better shallow resolution compared to the TTT velocity model, 

allowing to define much better the reflectors in the shallow part. 



 

Figure 18 TTT velocity tomography time migration. Note: For both Figures 18 and 19, the orange line is the interplate and the 
purple line is the Moho. The two dashed-line boxes define the areas of the close ups of Figures 20 and 21. 

 

Figure 19 MCS velocity model time migration  

In Figures 18 and 19, I have shown in dashed lines the extrapolations of the interplate (orange color) and Moho 

discontinuity (purple color) because they are not visible (more extrapolation needed in the MCS velocity model time 

migration). There are two thrust faults on the overriding plate, and more in-depth interpretation will be discussed in the 

discussion section. I have better geometry definition in the TTT velocity model migrated section.  
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Figure 20 TTT a) TTT velocity model migration interplate closeup b) MCS velocity analysis migration interplate closeup 

   From the dashed boxes found in Figures 18 and 19, I have a closeup to show that the TTT velocity model migration has 

better clarity and recovery of the interplate reflector and its outline. Same color for the interplate is denoted here (orange). 

Figure 20a shows best the interplate geometry continuation, and the possible breakage that is better constructed. 

 

 

                                                                                                                                                                          



 

 

Figure 21 a) TTT velocity model migration Moho discontinuity closeup b) MCS velocity analysis migration Moho discontinuity 
closeup 

And again, the TTT velocity model migration visibly shows the continuation of the Moho discontinuity reflector, 

whereas the MCS velocity analysis migration barely showed patches which can be easily mistaken for noise if not for the 

extrapolation of its position from the former migrated stack. Technically speaking, the migrated section shows a clearer 

image of the interplate geometry and Moho discontinuity when using the TTT velocity model for the migration. On the 

other hand, in the MCS velocity analysis migration the shallower parts (shallow sedimentary cover) with some faults are 

better imaged. This latter aspect is possibly caused by the fact that I used a partial information from the MCS shot gathers 

to retrieve the Vp model, that is the travel times from refracted first arrivals. Including the information from reflected 



seismic waves, such as those at the interplate in the inversion might allow to improve this latter issue and retrieve a better 

migrated section at shallow depths. The migrated section obtained using the TTT velocity model will be now used for the 

following discussion and in-depth interpretation. 

Discussion 

 

Figure 22 Geological interpretation of the time migrated stack using TTT velocities 



In figure 22 I made the geological interpretation with all units, plates, and deformational structures. The overriding 

continental crust shows a well-developed accretionary prism consisting of highly deformed shallow sedimentary cover and 

crystalline basement with prominent slumping towards the trench. The mass wasting bump marks the end of the interplate 

megathrust continuation into the trench. The oceanic domain is dominated by subduction-accretion along the lower slope 

of the margin showing deformational structures such as mass wasting of the shallow sedimentary cover. The thickness is 

2 s in TWT which translates to 8-10 km in the Middle American Trench (MAT). The top of the oceanic crust (intraplate 

reflector) is visibly continuous along ~81 km of the profile towards the NE with a gentle dip (< 20°); with two normal faults 

that may result from the bending of the plate during subduction (Ranero et al., 2003), from 4000 CDP to 6000 CDP (25 km 

long). These faults might be able to explain the possible breakage of the intraplate, found at CDP 5000 with a depth of 7 s 

TWT. The presence of bending-related faulting produces a rough topography of the interplate megathrust, thus, favoring 

the accumulation of tectonic stresses during subduction, and the consequent generation of earthquakes. The Moho 

discontinuity presents high amplitude reflections ~7-9 s TWT following the gentle dip of the interplate subduction plane (< 

20°). However, from CDP 4500 to 0, the Moho discontinuity had to be tentatively marked, due to some residual energy of 

the multiple. 

We have two different sets of faults that are not related to each other, first is the set of thrust faults with possible splay 

faults that are on the overriding plate and result from the convergence between the two plates. The second set is the 

normal faults found on the subducting oceanic crust related to the bending of the incoming overriding plate. While 

bending-related faulting conditions the topography of the megathrust, thrust faults on the overriding plate have a 

tsunamigenic potential, since they might cause vertical displacement at the sea floor and trigger the generation of 

tsunamis. 

Overall, with this work I demonstrate the presence of potential tsunamigenic structures through the Rivera plate 

shallow subduction zone. I propose that further detailed studies of these potential tsunamigenic structures may provide 

better understanding of the vulnerability of coastal areas to tsunamigenic hazard. 

Conclusions 

Technical conclusions 

1. Downward continuation proved effective in unveiling refracted information, showing beneficiary results. 

2. TTT of refracted travel times from MCS data (using as a starting velocity model the outcome of OBS data) improved the 

shallow section of the model, better defining low-velocity anomalies. 

3. Processing of MCS using the final Vp model from TTT of MCS to migrate the section clearly shows better the structural 

information of the interplate and oceanic Moho in comparison to stacked MCS with manual picking. 

4. Velocities are better constrained laterally and at depth with TTT showing the interplate geometry and Moho discontinuity, 

however, with the manually picked velocities the shallower parts with some faults are better constrained. 

Geological/Scientific conclusions 

1. Geological model: Damaged continental crust with 2 layers with different reflectors, oceanic crust, upper mantle, 

intraplate, interplate, thrust faults + normal faults, strike-slip faults (no evidence whatsoever) that are potentially 

tsunamigenic, the Moho discontinuity.  

2. Crustal images show an oceanic domain, dominated by subduction-accretion along the lower slope of the margin with a 

subparallel sediment thickness of up to 2 s two-way travel time (approximately 8-10 km) in the Middle American Trench. 



3. The top of the oceanic crust (intraplate reflector) is very well imaged. It is almost continuous along 81 km of the profile 

with a gentle dip (< 20°); however, it is disrupted by normal faulting resulting from the bending of the plate during 

subduction, as we can see from 4000 CDP to 6000 CDP (equivalent to 25 km long distance). 

4. High amplitude reflections at around 7 to 9 s TWT clearly image a discontinuous Moho, defining a very gentle dipping 

subduction plane. 

5. A potential breakage of the intraplate can possibly be seen in the TTT velocity model migrated section at 5000 CDP at 

depth of around 7 s TWT. The focal points of potential earthquakes of various magnitudes should be located all along the 

interplate.  

6. The continental crust presents a well-developed accretionary prism consisting of highly deformed sediments with 

prominent slumping towards the trench that may be the result of past tsunamis. 

7. The seismic potential of the Rivera plate subduction zone is high, but future studies ought to give an accurate assessment 

of tsunamigenic structures. This will allow to better evaluate the reoccurrence rate of tsunamigenic earthquakes. 

Bibliography 

Bandy, W., (1992), Geological and Geophysical investigation of the Rivera-Cocos Plate Boundary: Implications for 

Plate Fragmentation 

Begovic, S., Melendez, A., and Ranero, C., (2017), Joint refraction and reflection travel time tomography of 

multichannel and wide-angle seismic data, EGU General Assembly 2017, Vienna, Austria, Poster EGU2017-17231 

DeMets, C., and Traylen, S., (2000), Motion of the Rivera plate since 10 Ma relative to the Pacific and North American 

Plates and the mantle, Tectonophysics 318, pp 119-159 

Dix, C. H., (1955), Seismic velocities from surface measurements, Geophysics, 20(1), 68-86 

Gras, C., Sallares, V., Dagnino, D., and Jimenez, C. E., Full waveform inversion of short-offset, band-limited seismic 

data in the Alboran basin (SE Iberia), Solid Earth Discuss, in review, 2019 

Brown, H., Holbrook, S., and Paramo, P., (2001), Seismic structure of the Rivera plate beneath the Jalisco block, 

western Mexico, from the PESCADOR experiment, Research gate.net/publication/239587967 

Pacheco, J., Singh, S. K., and Dominguez, J., (1997), The October 9, 1995 Colima-Jalisco, Mexico earthquake (Mw 

8): An aftershock study and a comparison of this earthquake with those of 1932, GEOPHYSICAL RESEARCH LETTERS, 

VOL.24, NO. 17, pp 2223-2226, SEPTEMBER 1, 1997 

Korenaga, J., Holbrook, W. S., and Kent, G. M., (2000), Crustal structure of the southeast Greenland margin from joint 

refraction and reflection seismic tomography, Journal of Geophysical Research – Solid Earth Discuss, 105, 21591-21614 

Pardo, M., and Suarez, G., (1995), Shape of the subducted Rivera and Cocos plates in southern Mexico: Seismic and 

tectonic implication, JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 100, NO. B7, PAGES 12,357-12,373, JULY 10, 

1995 

Prada, M., Lavoue, F., Saqab, M. M., O’Reilly, B. M., Lebedev, S., Walsh, J. J., and Childs, C., (2018), Across‐axis 

variations in petrophysical properties of the North Porcupine Basin, offshore Ireland: New insights from long‐streamer 

traveltime tomography, Wiley basin research, pp 1-18 



Ranero, C. R., Morgan, J. P., McIntosh, K., & Reichert, C., (2003), Bending-related faulting and mantle 

serpentinization at the Middle American trench, Nature, 425(6956), 367 

Bartolome, R., (2014), TSUJAL Marine Cruise Report (pp. 1-172, Rep.), Spain, Mexico: Rafael Bartolomé, TSUJAL 

cruise party 

Singh, S. K., Ponce, L., and Nishenko, S. P., (1985), THE GREAT JALISCO, MEXICO, EARTHQUAKES OF 1932: 

SUBDUCTION OF THE RIVERA PLATE, Bulletin of the Seismological Society of America, Vol. 75, No. 5, pp. 1301-1313 

Andrews, V., Stock, J., and Vazquez, C. A. R., (2010), Double-difference Relocation of the Aftershocks of the Tecoma 

´n, Colima, Mexico Earthquake of 22 January 2003, Pure and Applied Geophysics. 

Yilmaz, O., (1987), Seismic data processing, Soc. Expl. Geophys. 

Zelt, C. A., (1998), Lateral velocity resolution from three-dimensional refraction data, Geophysical Journal 

International, 135(3), 1101-1112 

 


