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Abstract: During the spring of 2014, scientists onboard the RSS James Cook explored the western margin of Mexico through a
dense geophysical sampling of the plates. Data obtained during the oceanographic survey images the crustal transition from an
active margin where the Rivera Plate subducts beneath the North American plate,  a process that has been taking place since
Middle Miocene (10 Ma), to the rifting zone in the Gulf of California. The tectonic processes occur in a geological setting of high
seismicity, where earthquakes M= 8.2 have taken place and where a high probability of tsunami generation exists. From a tectonic
point  of  view, this  is  a  complex  region  where  several  plates  interact  with  accretionary  processes  in  the  East  Pacific  Rise,
subduction processes occurs in the Middle American Trench and an important segmentation of extensional faults exists in the
mouth of the  Gulf  of  California.  The new TSUJAL seismic  images and models  recently obtained unravel  the  geometry and
morphology of faults and mass wasting, possible sources of seismic and tsunami events, as well as the crustal structure in the
different domains of the Mexican margin.

TSUJAL PROJECT AND MARINE SURVEY

TSUJAL project,  which  acronym comes  from the  words
TSU-nami and JA-lisco, is a Collaborative Research Project
funded by the Spanish National Agency in the frame of the
"Convocatoria  de  ayudas  de  Proyectos  de  Investigación
Fudamental  no orientada" call.  TSUJAL has two principal
general objectives; first  to characterize and determine the
naure  of  the  lithospherere  and  its  structure,  from  the
seafloor  across  the  crust  and  down  to  the  mantle,  and
identify the sources (faults, landslides...) which can trigger
earthquakes and tsunamis on the  West  coast  of  Mexico.
The second general  objective is a seismicity study which
includes an offshore network of 16 OBS recording passive
seismics for a minimum period of 6 months, at present not
yet scheduled by the authorities. 
The  characterisation  of  the  shallow  and  deep  internal
structure  of  the  active  Rivera  Plate–Jalisco  Block
collision/subduction  zone,  will  certainly  benefit  the
knowledge  on  the  occurrence  of  strong  earthquakes
associated  with  a  high  seismic  risk  and  natural  hazards
(tsunamis)  with  a  significant  socio-economic  incidences
within Mexico.

The project, with a budget of 302500 €,  is the result of a
close  collaboration  between  different  Spanish  Research
Institutions  like  the  Universidad  Complutense  de  Madrid
(UCM),  Unidad  de  Tecnología  Marina (UTM-CSIC),  Real
Instituto y Observatorio de la Armada (ROA),  Universidad
Politécnica de Madrid (UPM) and the  Instituto Geográfico
Nacional (IGN).  The  Mexican  counterpart  will  be  the
Universidad   de  Guadalajara (UDG),  Centro  de
Investigaciones  Científicas  y  Educación  Superior  de
Ensenada (CICESE)  and  the  Universidad  Nacional
Autónoma de México (UNAM).  The Government of Jalisco

State  has  provided funding  to  this  project  with  a  parallel
proposal through FOMIX (Fondo Mixto CONACYT-Gobierno
del  Estado  de  Jalisco),  up  to  7.180,700  pesos  (aprox.
430000 €) and all the logistic during the deployment of land
stations. The UNAM also participate providing the research
vessel PUMA as a key scientific infrastructure to acquire a
previous bathymetry data in the areas where the OBS have
been deployed during the acquisition of the TSUJAL survey.
Last,  the Mexican Army provided the military vessel ARM
Holzinger as a chase boat during all the acquisition survey.

The TSUJAL marine cruise, named the same as the project,
has  been  successfully  accomplished  between  17th
February and 19th March 2014 and leaded by R. Bartolome
(ICM-CSIC) onboard the English vessel RSS James Cook.
At  the  same  time,  around  100  land  stations  have  been
deployed  along  the  coast  collecting  data  mainly  at  the
Rivera Plate and the Jalisco Block, West Pacific coast of
Mexico between 18 ° 00' N to 22 ° 30' N (Fig. 1)

The  scientific  experiment  TSUJAL took  place  aboard  the
RRS James Cook, under a barter agreement between the
NERC  (UK)  and  the  CSIC  (Spain).  The  barter  cruise
exchange is part of the Ocean Facilities  Exchange Group
(OFEG),  a  forum  of  Europe’s  leading  oceanographic
research  organisations  for  the  Global  and  Ocean  Class
research fleet. OFEG aims to maximise the overall scientific
output  using  its  state-of-the-art  facilities  in  support  of  the
worldwide oceanographic community. 

During the cruise we conduct a detailed marine geophysical
study using seismic refraction and reflection methods, along
with  multibeam  mapping,  magnetic  and  gravity  records.
Thus, the vessel  RSS James Cook (NERC, UK) departed
from Manzanillo  with  technicians  and acoustic  equipment
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from the NERC and UTM-CSIC, on the 18th February 2014.
First  action  was  devoted  to  deploy  16  OBS,  to  shoot  a
refraction line and to recover the OBS. Then, 14 MCS lines
were acquired with a 6 km length streamer. Finally, 16 OBS
were deployed again in the vicinity of Islas Marias, and 6
refraction  profiles  were  recorded again by OBS and land
stations. The last action was the OBS recovering to finally
docking the vessel on March 19th in Manzanillo.  During the
refraction acquisition, around 100 land stations have been
deployed  on  land  in  order  to  characterize  the
offshore-onshore  crustal  transition,  recording  the  acoustic
signals generated from the vessel.

GEOLOGICAL SETTING

The western Mexico includes, from north to south, a trans-
form margin  formed by a  set  of  spreading ridges among
transform faults  that  are  the  continuation  of  the  San  An-
dreas fault to the south and under the waters of the Gulf of
California (or Sea of Cortez). This swarm of strike-slip faults
is the Pacific-North American plates  conform the boundary
between the Pacific and North American plates from 32 ° N
to 23 ° N. A convergent paleomargin whose activity ceased
10  Ma  ago  is  located  west  of  the  Gulf  of  California
(Lonsdale, 1989). At the southern end of the Gulf of Califor-
nia, the most notable structural feature is the 70 km long
Tamayo transform fault,  which connects to the south with
the accretion zone of the Pacific-Rivera Rise (PRR). The
PRR is the plate boundary between the Rivera and Pacific
plates, which takes place between 23 ° N and 19 ° N. The
SW  end  of  the  PRR  is  the  triple  junction  between  the
Rivera, Pacific and NA plates. Somewhere further south, the
accretion of new oceanic crust forms a boundary between
the Cocos and the Pacific plates. Around 21 ° N and East of
the Rivera plate we found the northern end of the Middle
America Trench (Middle America Trench, MAT), which forms
the active convergent margin of western Mexico, a collision
zone where the Rivera microplate and Cocos plate subduct
beneath the NA plate, respectively (Fig. 1).

Figure 4.1: Location map of study area 

Figure 1: Location map of study area (red box) showing the
major  tectonic  features:  Rivera  and  Cocos  plates
subducting beneath the North American plate and transform
faults zones associated to spreading. The relative rates of
convergence (cm / year) between oceanic and continental
plates are indicated by arrows (Pardo et al,  1995).  EPR:
East  Pacific  Rise,  MAT:  Middle  America  Trench,  OFZ,
Orozco  Fracture  Zone;  TME:  Tres  Marias  Rise,  EG,  El
Gordo Graben.

The western margin of  Mexico is  one of the most active
seismic zones in America. It  is also a region where large
earthquakes  (M=8.2)  have  occurred with  very  destructive
consequences,  including  the  generation  of  big  tsunamis.
From a tectonic point of view, this region is highly complex
due  to  the  interaction  of  several  tectonic  plates,  the
processes of oceanic accretion in the East Pacific Rise and

subduction in the Middle American Trench, and the major
extensional fault segmentation within the Gulf of California.
Up to now, only the southern part of the studied area has
been hit by large earthquakes to date.. This fact suggests
that the northern Jalisco coastal area, including the Bay of
Banderas off Pto. Vallarta (20.6ºN), is also a zone of high
seismic  potential.  In  addition,  not  only  earthquakes
associated with subduction processes occur in the region,
also  large  intraplate  earthquakes  such  as  the  events  of
December  27,  1568,  and  February  11,  1872  take  place.
Moreover, three active volcanoes rise in this region, namely:
Sanganguey, Ceboruco, and the Fire Volcano (also known
as  Colima,  and  Zapotlán)  the  most  active  volcano  in
Mexico. For these reasons, the TSUJAL project proposes a
combined sea-land study with  investigations involving the
application of various geophysical techniques in the marine
as well as in the continental parts of the project area.

The macroseismic history of the region dates back to 1544.
In the last 160 years, there have been 8 major earthquakes
with Ms> 7.4 (see Table 1). Although the tsunami of 1995
affected  a  200 km stretch  of  coast,  severe  damage  was
confined to  areas with  shallow shoreline  topography. The
recurrence  time  estimated  by  Singh  et  al  (1985)  for
earthquakes similar to the 1932 on the coast of Jalisco is 77
years  and  considering  that  the  earthquake  of  1995  was
generated with the rupture of only the southern half of the
fractured  area  in  1932,  suggests  that  the  occurrence
likelihood of an event similar to 1995 in a relatively short
period  of  time  is  very  high.  On  the  other  hand,  the
complexity  of  this  region  is  reflected  in  the  tectonic
existence  of  unknown  structures  or  not  studied  so  far,
capable  of  generating  earthquakes of  medium magnitude
(7.0 - 7.6) as occurred near the Islas Marias, on December
3, 1948 (M = 7.0), which caused great destruction. These
last two earthquakes may be related to the almost certain
existence of an oblique subduction of the Rivera Plate.

# Event Date Magnitude

1 11 february1875 Ms  =  7.5  (Singh  et  al,
1985)

2 20 January 1900 Ms = 7.9

3 and 4 16 may 1900 Ms = 7.4

4 and 5 3  and  18  June
1932

Ms = 8.2 and 7.8

5 10 January 1973 Ms>  7.5  (Eissler  and
McNally, 1984)

6 and 7 19  and  20  sep
1985

Ms = 8.1 and 7.8,

8 09/10/1995 Mw = 8.0

Table  1: Earthquakes  with  Mw =  8.0  hitting  the  area  of
study in the last 160 years.

In terms of seismic data, few single channel seismic profiles
are available in the literature (Bourgois and Michaud, 1991;
Khutorskoy, et al., 1994; Michaud et al., 1996), one 3-fold
profile (Bandy et al., 2005), and five multichannel seismic
data, acquired in 1996, published by our team (Bartolome et
al.  2011).  These  data  show  active  shallow  strike-slip
tectonics and a subsidence in the upper (first second twtt)
continental slope area at 18.5ºN, and the subducting Rivera
plate  crustal  structure  has  been only  well  identified  near
Pto.  Vallarta  at  21ºN.  TSUJAL  will  solve  this  lack  of
information  after  the  intensive  survey  between  18ºN  and
22ºN 

OBJECTIVES OF THE TSUJAL CRUISE

This  cruise  aims  to  carry  out  studies  of  seismology
(seismicity, multichannel reflexion and wide angle seismics),
magnetics, gravity, high resolution bathymetry and geology,
to achieve a geophysical  characterization of the structure
and tectonics in the Rivera plate and the Jalisco Block. The
results will be of paramount importance to understand the
tectonic processes and seismic hazard in this region and its
relation to the Pacific plate.

118



Resúmenes de la 2ª Reunión Ibérica sobre Fallas Activas y Paleosismología, Lorca, España (2014)

The specific objectives of the survey are:

1. Characterize the subduction of the Rivera plate along
the western Mexican margin, clarifying the convergence
direction and angle of subduction. We will reveal these
parameters  in  the  oceanic  crust,  the  trench,  the
continental slope and rise and up to the coast.

2. Identify the active structures, mainly faults, with recent
neotectonic  deformation  that  are  candidates  for
generating  earthquakes and tsunamis.   A large effort
has  been  dedicated  to  image  the  shallow  geometry,
pattern  and style of  deformation of  the  morphological
structures  using  high-resolution  methods,  and  the
correlation  with  its  seafloor  topography.  These
parameters are a contribution of paramount importance
for  modellers  giving  the  required  values  to  compute
tsunami time arrivals and run up of the water column.

3. Identify and characterize mass transport  deposits and
submarine  landslides  associated  to  active  faults,
emphasizing  the  ones that can generate  earthquakes
and tsunamis.

4. Provide new constraints into the deep crustal structure,
nature  of  the  crust,  and  timing  of  the  main  tectonic
events using chronology from already acquired DSDP
and ODP cores. Special attention will be devoted to the
northern part of the Rivera plate, where the subduction
regime changes to a ridge with a spreading processing
at the vicinity of Islas Marias.

5. Acquire  a  network  of  deep  seismic  profiles  of  wide
angle  refraction/reflection  at  sea  and  on  land  to
investigate the structure of the lithosphere in the area of
contact between the Rivera Plate and the Jalisco block
and  the  northeast  edge  contact  between  the  Rivera
Plate and the North American Plate. To accomplish the
objective, it will be deployed a set of 100 land seismic
stations and 16 OBS in the sea area, off the coast of
Jalisco.

6. Characterize  of  the  crustal  structure  of  the  Jalisco
margin up to the internal areas of the Jalisco block, in a
SW-NE transect, of 400 km in length. Determination of
the subduction angle.

7. Perform a 3-D high-resolution bathymetry study of the
seafloor and sediment structure in the Bay of Banderas
in order to identify recent faults and possible areas of
submarine detachment that can produce tsunamis.

8. Simultaneously  acquire  gravity  and  magnetism  along
the seismic profiles in order to identify the crust density
and magnetic  anomalies.  We use these data  to  help
the interpretations of seismic data.

METHODS

Multichannel seismic survey:

We used for the first time 6 km length streamer of the RV
Sarmiento de Gamboa seismic equipment for acquisition in
the RRS James Cook, to obtain deep multichannel across
the  Rivera  Plate.  The  resulting  15  profiles  image  with
unprecedented resolution and penetration the structure of
the above referred structures, basins and margins. A total of
823 nautical miles (1524 km)  of deep multichannel seismic
data has been obtained during this cruise (Fig. 2).

Underway marine geophysical survey:

Simultaneously with the seismic survey, 2936 nautical miles
(approx. 5438 km) swath-bathymetry, acoustic backscatter,
sub-bottom  profiler,  gravity  and  magnetics  data  were
acquired  providing  complementary  information  of  the
seafloor morphology, sub-seafloor deformation and crustal
structure.  An  average  of  one  XBT  (Expendable  Bathy
Thermographs)  per  day  has  been  launched  during  the
survey in order to measure water velocity profile and whose
values have been integrated into the echosunders

Figure  2:  Multichannel  seismic  profiles  TS01  to  TS14
acquired  during  TSUJAL  survey  (position  based  on  the

center of source location during MCS shooting)

Wide angle seismic:

Nine profiles  of  wide  angle  seismic  have  been acquired,
eight  of  them  near  the  Marias  Islands  and  one  off
Manzanillo, coincident with MCS profile TS02,  in order to
investigate  the  structure  and  nature   of  the  lithosphere
structure at the Northern and Southern ends of the Rivera
Plate. A total of 522 nautical miles have been sounded at
sea  with  the  help  of  16  OBS from the  UTM- CSIC pool
deployed two times during the survey, and 100 land stations
(Fig. 3).

Figure 3:  Bathymetric and topographic map showing the
location  of  WAS  line  RTS_IM01  to  RTS_IM06.  Yellow
circles depict the location of the OBSs. 

A strong  understanding  of  the  Mexico  subduction  region
(geometry, seismic zone of subduction, faults and rupture
width,  etc.)  and  detailed  information  about  the  crustal
structure  along  the  Rivera  Plate  is  required  to  carry  out
seismic hazard studies. 
Thus,  future  analysis  and  interpretation  of  seismic  data
provided  by the  OBSs deployed in  the  seafloor  and 100
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land  stations  located  onshore   will  allow  to  resolve  the
structure  and  document  the  velocity/depth  structure  and
geometry  of  the  oceanic  crust  subducting  beneath  North
American plate along the active margin of Mexico at various
locations.  Additionally, multichannel  seismic  data  together
with seafloor and subseafloor information  from multibeam
and parametric echosounders images, from the continental
shelf to the abyssal plain, the entire margin. 
We  will  use  all  this  multiscale  seismic  imaging  of  active
faults  at  sea to  reveal  the geometry and structure  of  the
seismogenic  Mexican  fault  zones.  The  integration  of
multiple types of resolution seismic data has an attractive
potential  for  new  investigations  and  seismic  (and
tsunamigenic)  hazard  assessment  because  the  seismic
parameters (i.e.  geometry, slip rate, maximum magnitude,
recurrence period and elapsed time from last earthquake)
can  be  constrained.  These  parameters  are  critical  for
assessing the seismic hazard models of Mexico, especially
when  considering  large-magnitude  earthquakes,  and  to
constrain tsunami models.
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