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Abstract

On May 7, an earthquake with MW = 5.6 took place in the contact area of the
Rivera Plate, Cocos Plate and the Middle America Trench, subsequently
occurred a seismic sequence with over 300 earthquakes until May 16.

To study of passive seismic activity in the region of the plate Rivera and
Jalisco block, in addition to the Jalisco telemetric Seismic Network (RESA))
Project Tsulal was carried out, from April to November 2016 a temporal
seismic network (TSN) with 25 Obsidian stations with sensor Le-3D MkllI
were deploying from the northern part of Nayarit state to the south of
Colima state, including the Marias Islands, being a total of 50 seismic
stations on land. Offshore, ten Ocean Bottom Seismographs (OBS) type
LCHEAPO 2000 with 4 channels (3 seismic short period and 1 pressure
sensores) were deployed and recover by the BO El Puma from UNAM in an
array from the Marias Islands to off coast of the border of Colima and
Michoacan state, in the period from 19th April to 7th November 2016.

We observed that location from USGS is north of the Rivera Fault Zone (RFZ)
near the Middle America Trench, meanwhile location from OBS network is
about 50 km southeast direction between the RFZ and the northern tip of
the East Pacific Rise. The USGS reported a strike slip fault focal mechanism
suggest, meanwhile the data from OBS network indicate a normal fault focal

mechanism.
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Figure 1. Tectonic frame of the region, TZR: Tepic-Zacoalco Rift zone; ChR: Chapal Rift zone; CRZ: Colima Rift
zone; MG: Manzanillo Graben; MAT: Middle America Trench: EGG: El Gordo Graben: RFZ: Rivera Fault zone;
MoT: Moctezuma Trough; MSS: Moctezuma Spreading Segment; EPR: East Pacific Rise.
used in this study: White: RESAJ permanent stations; Cyan: Tsudal temporal network stations (TN) on land and
green: OBS. Black triangles: epicenters of May 7, 2016 (E1 and E2) earthquakes as reported by CMT catalog.

The Jalisco, Colima and Nayarit coast in western margin of Mexico is one of the
most seismically active areas in North America, which has experienced
destructive earthquakes of great magnitude, that also has originated loca

Seismic networks

tsunamis. Currently, an important seismic gap (Vallarta) is present in norther

coast of Jalisco. Project Tsulal was designed to study the seismic anc
tsunamigenic potential associated to the interaction of the Rivera Plate, Jalisco
Block and the North America plate. This Project was divided in two stages: a
Active geophysics offshore and onland; and b) Passive seismicity. Here we
present the first results of the second stage of TsuJal Project.

The second stage of Tsulal project (Nunez-Cornu etal. 2016) was to study of

passive seismic activity in the region of the plate Rivera and Jalisco block.
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Figure 2. Preliminary automatic locations of seismicity for
period May 7 -9 reported by Antelope system (Antelope uses
|IASP 91 velocity model).

In addition to the Jalisco Telemetric Seismic
Network (RESAJ), from April to November 2016 a
temporal seismic network (TN) with 25 Obsidian
stations with sensor Le-3D Mklll were deploying
from the northern part of Nayarit state to the
south of Colima state, including the Marias
Islands, being a total of 50 seismic stations on
land.

Offshore, ten Ocean Bottom Seismographs
(OBS) type LCHEAPO 2000 with 4 channels (3
seismic short period and 1 pressure sensors)
were deployed and recover by the BO El Puma
from UNAM in an array from the Marias Islands
to offcoast of the border of Colima and
Michoacan state, in the period from 19th April to
7th November 2016. (Figure 1).

Figure 4. Seismic traces from OBS and TsudJal network (TSN)
for May 7,00:18, 2016 earthquake.

800000000 nm/sec ——
400000000 —|
0BS10 EHZ %JJWMW

-400000000 nm/sec —

Zoo0oomormises
0BS09.EHE -
200000000 —|

-300000000 nnvsec —|

¥
!

. e fal A
0BS06 EHZ - WWWMMWWWWWM JOPU RO Ry

8000000 nm/sec ——

4000000 —|
OBS01 EHZ
4000000 —

-8000000 nm/sec ——

Es 18

00, 2 19: 30. 00;
016128 2016128 2016128 2016128 2016128 2016128 2016128 20161

C23 EHZ [
TSO5L EHZ [
TSO7L EHZ [
TSO08L EHZ [
STO3L EHZ [
TOMJ EHZ [
AUTJEHZ [
TS02L EHZ [
TS10LEHZ [
RESJ EHZ [
JAPJ EHZ [
AHRJ EHZ []
ALGJ EHZ [
CORJ EHZ | P
YETJ EHZ [ oo mﬁw::‘l Mgt

TS
wwwwwww

=z = 3 3 2 .
3 > ¥ 2 2
% 3 §<- < £ 3
A = =53 3
§ 3 = I c %
EQ E i 3
2 £ 5 1
= {3

CAFJ EHZ
TS04L EHZ
PV1J EHZ
SMTJ EHZ
JUAJ EHZ
OLOJ EHZ
PSSJ EHZ
AMEJ EHZ
MZCJ EHZ
TS15L EHZ
CPRJ EHZ
TS17L EHZ
TS16L EHZ

00:18: 200618 JD0ONE: DOHNE: DDONS: DOONE: VOGNS (G0N (ODHLN: V0O VOHH:Z0019: 50019): NOTN: 0061 VGG G000 SO COZ0: (ODHZ0: CONGAN: 106Z0: TNER0: AM0Z0: 2 G20: SHOBZ0: WOOZ0LAMCZ0:45.000

Filter: None, Amp: Auto
BRTT dbpick: sisvoc red.ps root Wed Dec 7 16:02:31 2016

ACKNOWLEDGEMENTS: This Research is funded by : CONACYT -FOMIXJAL 2008 96567 (2009); CONACYT -FOMIXJAL 2008 -96539 (2009); CONACYT -FOMIXJAL2010-149245 (2011); CONACyT-FOMIX]Jal (2012-08-189963) [MEXICO]; CGL (2011-29474-C02-01) DGI Plan Nacional I+D+i [Espafia]. NOC Cruise Jc098, RRS James Cook UK; COIP/COPO/UNAM J-GAP2013
Cruise (BO El Puma); Secretaria de Marina (Mexico) ARM Holzinger; Secretaria de Defensa Nacional (Mexico); Unidad de Tecnologia Marina (Spain); Unidad Municipal de Proteccion Civil y Bomberos (Puerto Vallarta, Mexico); Unidad Estatal de Proteccion Civil y Bomberos (Nayarit State, Mexico); Unidad Municipal de Proteccion Civil y Bomberos (Jalisco State, Mexico); Reserva
de la Biosfera (Islas Marias) CONANP-SEMARNAT; Organo Desconcentrado de Prevencion y Readaptacion Social de la SEGOP; Secretaria de Relaciones Exteriores (Mexico).

19°

Depth (k(sn)

-10

18.5" g

Latitude

I )
-50
0 Resaj Netwd

O TsudJal Net

e Y 1 M) /s 7
y ¥ J &L el
e ] ”
> 4
4 ’
™ / ’ e
4

O M>40
O 30<M<40
o 20<M<3.0

17.5°

-105.5  Longitude

Profile P1

T T T T T T T T T T T T T
-105.65 -105.60 -105.55 -105.50 -105.45 -105.40 -105.35 -105.30

Profile P2
NV, 13BE

1 Km

T T T T
-105.8 -105.6 -105.4 -105.2

Distance
Figure 3. Relocation using P and S waves readings. Squares: RESAJ data
using Antelope System and velocity model model IASP91; Circles: RESAJ and
Tsujal Network data locations using Hypo-71 and P-wave velocity model VVJB02
(Nufiez-Cornu et al. 2004)

On May 4, an earthquake with ML = 4.2 took place in
the contact area of the Rivera Plate, Cocos Plate and
the Middle America Trench, subsequently occurred a
seismic swarm with over 300 earthquakes until May 16,
including an earthquake with Mw= 5.5 on May 7. A
second swarm took place between May 28 and Jun 4
Including an earthquake with ML =4.8 onJun 1.

An analysis of the seismicity between May 7 and May
10 using data from the three seismic networks (RESAJ,
TN and OBS) is presented. This period includes the (E1)
May 7, 00:18, Mw=5.5 (Figure 1) and(E2) May 7, 01:06,
Mw = 5.2 as reported by CMT, which locate the
earthquakes between the Rivera Fault zone and the
Middle America trench (MAT) near of the eastern tin of
the RFZ and north of the East Pacific Rise (EPR) and
area with a very complex tectonics where the features
that delimit the Pacific, Rivera and Cocos Plates are not
clearly defined (Figure 1). Figure 2 shows preliminary
automatic locations carried on by Antelope system
using RESAJ for period May 7 -10; Antelope uses
IASP91 P-wave velocity model. A manual picking of P
and S waves for a group of earthquakes was done for
RESAJ and Antelope located the swarm about 50 km
SW of CMT locations and a depth below 20 km (Figure
3). The same group de earthquakes including data
from TN were located using Hypo71 and P-wave
velocity model VJB02 (Nuhez-Cornu et al. 2004);
hypocenters obtained are in the region as the
hypocenters reported by CMT (Figure 4).
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Figure 5. P-wave velocity model SVRV01.
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Figure 6. Hypo 71 locations of test group using data from OBS and P-
wave velocity model RVSV01.
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Figure 9. P-wave residuals for OBS, RESAJ and TSN stations from

locations using model RVSV01.
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Readings from OBS (Figure 4) were difficult due to noise and in many cases in some stations the signals were masked by other oceanic signals.
For the studied period it was possible to identify 83 earthquakes in four or more OBS. However, when we joint the three set of data (RESAJ, TN,
OBS) solutions were not reliable and/or P and S wave residuals were high using Antelope system or Hypo71.

To solve the problem, the first step was to locate the seismic swarm using only OBS data and Hypo71, we select 30 earthquakes that was
recorded in most of the OBS as test group. Using the Rivera Crustal velocity models proposed by Nufiez-Cornu, et al. (2016) and Nunez et al.
(2019), we adjust model SVRVO1 (Figure 5) for which P and S waves residuals were minimum.
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Figure 8. Hypo 71 locations of the 87 earthquakes using
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Figure 7. Hypo 71 locations of the 87 earthquakes using data from
OBS and P-wave velocity model RVSV01.

To obtain the best solutions using Hypo71, eight different depths were used as the initial solution. Those with the lowest location errors were
selected. The local magnitude (Lay and Wallace, 1995) relation was used in this study.

The locations obtained for the test group are shown in Figure 6, where it can be seen that the epicenters are distributed almost aligned between
the northern tip of the EPR and where the eastern tip of the RFZ looks like to be located. In depth, two groups are observed one between 0 and
10 km and the second between 14 and 25 km deep. There is a gap between 10 and 14 km depth. Figure 7 show the location of the 87
earthquakes using only OBS data, hypocentral distribution is similar to Figure 6. The Gap between 10 and 14 km depth suggest the existence of
a ductile layer below the oceanic crust.

When we included the RESAJ and TN data, we observed conflicts with earthquake locations and residuals from P and S waves.

We use as master events the earthquakes located with OBS and the weight was taken
off for the stations on the continent. It was noted that the stations in the range 140 to
240 km away from the epicentral zone the residuals for the P wave are less than -1.0
sec, for distances greater than 330 km the residuals are greater than 1.0 sec. Figure 8
shows the locations obtained with the OBS, RESAJ and TN data without including the
stations in the aforementioned distance ranges; the hypocenters are plotted with a
time color code, but no pattern is observed. Hypocentral distribution is similar to
Figure 6 and 7; and the proposed ductile layer can be observed also. Figure 9 shows
the distribution of P-wave residuals for RESAL; TN and OBS, it can be seen that the
effectis clearly related to the pathways of the waves in the continental crust.

For the 86 earthquakes located including data from OBS, RESAJ and TN we got the
Root Mean Square (RMS) error with a mean value of 0.36 sec. The standard error of
the epicenter (ERH), which represent the diameter of the epicentral error circle, has a
mean value was 2.0 km and the standard mean value error of the focal depth (ERZ)
was 3.1 km.

The earthquakes E1 and E2, as the seismic swarm, were located about 50 km SW
from the locations reported by the continental networks (SSN, TN) and CMT
Catalog. This difference is mainly due to two reasons, station coverage and the
velocity model, the OBS data are basic for correct location of the seismic swarm. The
distance of 50 km may not be important in another tectonic area, but in this case the
possible source of the earthquakes changes completely (Figure 12). The focal
mechanism obtained for the E1 earthquake is a normal fault (Figure 11a) and for the
E2 earthquake a reverse fault (Figure 11b). The mechanisms reported by CMT for
these earthquakes are strike-slip fault (Figure 12) as most of those reported for RFZ
using regional and global data (Sanchez and Nunez-Cornu, 2009).
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Figure 12. Different locations reported for earthquakes E1 and E2.

Preliminary Conclusions....

A P-wave velocity model was obtained for the Rivera Plate

The OBS data was definitive for the relocation of the seismic swarm 50 km SW
from others sources.

The seismicity pattern and the focal mechanism suggest the propagation
(opening?) of the EPR to the RFZ.

The ductile layer could be a magmatic shallow reservoir.
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