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Abstract

In 2018, a large earthquake (Mw7.6) occurred in the Swan Island Fault zone at the northwest
boundary of the Caribbean plate. This earthquake generated only a small tsunami of 20 cm.
However, Puerto Cortes in Honduras is located close to the Swan Island Fault zone. Evaluation
of tsunami hazard at Puerto Cortes due to large earthquakes along the fault zone is important. We
first estimated the fault parameters of the 2018 Swan Island earthquake using W-phase inversion
technique. Then, the moment magnitude of 7.6, the fault length of 134 km, the fault width of 24
km, and the slip amount of 5.1 m were estimated. In addition to those estimates, a small fault
dimension of the earthquake, 40 km x 20 km, with a slip amount of 20.8 m was considered. Those
two fault models were used to compute tsunami inundation at Puerto Cortes. The tsunami
computed from the small fault inundated a large area in Puerto Cortes including the port area. The
effect of co-seismic horizontal displacement of ocean floor also enhanced the tsunami inundation
there. Those results indicate that preparation for future tsunami hazard in Puerto Cortes is

important although no significant tsunami was generated historically.

Key words: Tsunami hazard; Puerto Cortes in Honduras; The 2018 Swan Island earthquake.

1. Introduction

On 9th of January in 2018, a large earthquake (Mw?7.6) occurred in the Swan Island Fault zone
at the northwestern boundary of the Caribbean plate (Figure 1). The location and mechanism of
the earthquake from the Global CMT catalog show a left-lateral strike-slip fault motion along the
Swan Island fault zone. The tsunami warning was issued from the Pacific Tsunami Warning

Center immediately after the earthquake. Only small tsunami was generated by the earthquake
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and was observed at George Town in Cayman Islands, United Kingdom. The observed amplitude
of the tsunami was about 20 cm.

The 2010 large Haiti earthquake (Mw7.0) generated tsunamis along the coast of Haiti in
Caribbean Sea (Fritz et al., 2013). Historically, several large earthquakes have occurred along the
Swan Island fault zone (Figure 1). In 1976, the Guatemala large earthquake (Ms7.5) occurred
along the Motagua fault which is located at the western end of the Swan Island fault zone (Plafker,
1977). The surface rupture was extended about 230 km with a left-lateral displacement. The
strong shaking caused more than 23,000 casualties, the most destructive earthquake in Guatemala
since 1917. Because the earthquake occurred inland, the tsunami was not generated. In 1999, the
Guatemala earthquake (Mw 6.7) occurred beneath the Caribbean coast of Guatemala with a left-
lateral fault motion. The strong motion caused one casualty and destroyed several houses in
Guatemala. In 2009, the off-Honduras earthquake (Mw7.3) occurred along the Swan Island fault
zone in Gulf of Honduras (Figure 1). The strong shaking in northern Honduras caused 7 casualties
and destroyed 130 buildings (https://earthquake.usgs.gov/earthquakes/eventpage/usp000gxKkj/
impact).

Although there were no damages reported by tsunamis generated by those historical large
earthquakes, the concern of tsunami risk along the northern coast of Honduras has been increased
after the 2018 large Swan Island earthquake. Especially, evaluation of the tsunami risk at Puerto
Cortes in Honduras, one of the largest seaports in Central America, is an important issue because
Puerto Cortes is located very close to the Swan Island fault zone (Figure 1). Also, in 2016, the
Central American Tsunami Advisory Center (CATAC) was started to establish at the Nicaraguan
Institute of Territorial Studies with Japanese cooperation (Strauch et al., 2018). This center should
be completed in 2019. Evaluation of tsunami hazard along the coast in Central America is also
one of important tasks in the CATAC.

In this study, at first, the source model of the 2018 large Swan Island earthquake is determined

by using the W-phase inversion (Kanamori and Rivera, 2008) and the scaling relationship (Blaser
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et al., 2010). Then, the tsunami hazard at Puerto Cortes in the northern coast of Honduras is
evaluated from realistic fault models based on the fault models of the 2018 large Swan Island

earthquake. Finally, the tsunami risk at Puerto Cortes in Honduras is discussed.

2. Data

Low-frequency broadband seismic records from the database at the German Research Center
for Geosciences (GRCG or GFZ) catalog were downloaded. The vertical components of 49
stations located at epicentral distance less than 90 degrees are used for the W-phase inversion.
The General Bathymetry Chart of the Oceans (GEBCO) dataset of 30 arcseconds grid spacing,
the nautical chart (#28170) of Puerto Cortes (Gulf of Honduras), and the topography data, Shuttle
Radar Topography Mission (SRTM) with a resolution of 1 arcseconds, are used for the tsunami

inundation simulation.

3. Method

3.1 Estimation of Fault model

The W phase, a distinct long-period (100-1000 s) phase arrives before the S phase and can be
used for rapid and robust determination of great earthquake source parameters (Kanamori and
Rivera 2008; Duputel et al. 2011). This W-phase inversion algorithm is used to estimate the
magnitudes, the centroid locations, and the mechanisms of the 2018 Swan Island earthquake
(Mw?7.6). Time domain deconvolution is used to retrieve displacement waveforms from the
broadband seismograms. Then, they are bandpass filtered between 0.00167 and 0.005 Hz using
fourth order of Butterworth filter. The time window (in seconds) used in the inversion is set
between P wave arrival and that plus 15 times the distance (degree) between the epicenter and the

station.
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Scaling relationships are used to estimate the length and width of the fault model from the
estimated moment magnitude by the W-phase inversion. Blaser et al. (2010) determined the
empirical relationship between the fault length, L (km), and moment magnitude, Mw, as shown
in Equation (1), and the relationship between the fault width, ¥ (km), and moment magnitude,
Mw, as shown in Equation (2) for large oceanic strike-slip earthquakes in the world.

logL = —-2.56 + 0.62Mw (1)
logW = —0.66 + 0.27Mw 2)

A slip amount, D (m), is calculated from Equation (3):

D= u"f;y , where M, = 1015Mw+91 3)

where M, (Nm) is the seismic moment, L is the fault length in m, W is the fault width in m, and
u is a rigidity that is assumed to be 1.7 x 10 N/m?, which is the smallest for shallow

earthquakes in the crust. The center of the fault is located at the centroid of the W-phase inversion.

3.2. Tsunami Numerical Simulation

The vertical ocean bottom deformation due to an earthquake is computed from the fault model
using the equations of Okada (1985). Then, the vertical ocean surface deformation due to the co-
seismic horizontal displacement of ocean bottom (Tanioka and Satake, 2006) is added to the co-
seismic vertical deformation. This vertical deformation is used as the tsunami initial surface
deformation. The tsunami propagation is numerically computed using the non-linear shallow
water equations solved by the finite difference scheme (Goto et al. 1997). Tsunami inundation is
numerically computed using a moving boundary condition (Imamura 1996). A Manning’s
roughness coefficient in the non-linear shallow water equations is assumed to be 0.025 sm™”,
Four nested grid systems are used for this tsunami simulation (Figure 2). For Region 1 (R1), the
bathymetry GEBCO 30 arcseconds was resampled to make 27 arcseconds grid system. For
Regions 2 and 3 (R2 and R3), it was interpolated to make 9 and 3 arcseconds grid systems,

respectively. For Region 4 (R4), the nautical cart (#28170) for Puerto Cortes was digitized and
5
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combined with Shuttle Radar Topography Mission (SRTM) 1 arcsecond topography data to make
1 arcsecond grid system. Finally, the 1 arcsecond topography data along the coast of Puerto Corte

are manually corrected using the topography map (Figure 3).

4. Result

4.1. Fault model for the 2018 Swan Island earthquake

The solution of W-phase inversion gives a seismic moment of 2.85 x 102 Nm (Mw 7.57), a
left-lateral strike-slip mechanism (strike = 254.4°, dip = 66.8°, rake = -11.1°), a centroid location
(longitude 83.75°W, latitude 17.46°N), a centroid depth of 11.5 km (Figure 4). The fault length
and width estimated from the scaling relationships, equation (1) and (2), (Blaser et al., 2010) are
134 km and 24 km, respectively. The slip amount is calculated to be 5.1 m using equation (3).

The estimated slip distribution of the 2018 Swan Island earthquake was shown in the USGS
earthquake catalog (https://earthquake.usgs.gov/earthquakes/eventpage/us1000c2zy/finite-fault).
This indicated that the slip was more concentrated near the epicenter, the fault length of about 40
km and the fault width of about 20 km. This may indicate that the world-wide scaling relationships
do not work for large earthquakes in this fault zone. Therefore, we decided to use this small fault
area of 40 km x 20 km for one of fault models to evaluate tsunami hazard at Puerto Cortes in

Honduras. The slip amount for the small fault is calculated to be 20.8 m.

4.2. Tsunami inundation simulation at Puerto Cortes

A long fault model of 136 km x 24 km using the scaling relationships and a small fault model
of 40 km x 20 km based on the slip distribution of the 2018 earthquake are used to compute
tsunami inundation at Puerto Cortes in Figure 3. We located these fault models off Puerto Cortes
along the Swan Island fault zone (Figure 4). The mechanism and the seismic moment are the same

as the 2018 Swan Island earthquake. The co-seismic horizonal displacement of the ocean bottom
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(Tanioka and Satake, 1996) should be important for the tsunami generation because of the strike-
slip type of the fault models. Therefore, four tsunami inundations at Puerto Cortes are numerically
computed using two fault models with the tsunami generation due to the horizontal displacement
or without that.

In Figure 5, the tsunami initial conditions from the long fault model with the effect of the
horizontal displacement and without that are compared. In Figure 6, the tsunami inundations at
Puerto Cortes computed from those two initial conditions are compared. The tsunami numerical
simulations from both initial conditions cause limited inundations and do not cause serious
damages in the port area although the tsunami heights from the tsunami initial condition with the
effect of the horizonal displacement are larger than those from the tsunami initial condition
without the effect.

In Figure 7, the tsunami initial conditions from the small fault model with the effect of the
horizontal displacement and without that are compared. In Figure 8, the tsunami inundations at
Puerto Cortes computed from those two initial conditions are compared. The western part of the
beach and city are inundated by tsunamis of about 4 m maximum height from both initial
conditions. The port area is also inundated by the tsunami. The inundation area computed from
the initial condition with the effect of the horizontal displacement is slightly larger than that from
the initial condition without that. Especially, at the port area, shown as a red ellipse in Figure 8,
the tsunami inundation is larger for the tsunami initial condition with the horizontal displacement
effect than that for the initial condition without the effect. Figure 9 shows the comparison of two
computed tsunami waveforms with and without the effect of horizonal displacement. The
maximum tsunami height from the initial condition with the horizontal displacement effect is

14 % larger than that from the initial condition without the effect.

5. Discussions

Because the 2018 large Swan Island earthquake (Mw 7.6) occurred far from the coast of Central

7
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America (Figure 1), only small tsunami, less than 20 cm, was observed. The results in this study
show that the same size of earthquake occurred near Puerto Cortes along the left-lateral Swan
Island Fault zone cause significant tsunami inundation which could damage one of the largest
ports in Central America and the residents. Large cargo boats in the port can be damaged easily
by those tsunamis. Large cargo boats carried by the tsunamis also damage the port and residents.
It is important to understand this possible tsunami hazard and prepare for that.

The horizontal displacement of ocean bottom slops near the Swan Island Fault zone in this area
enhanced the tsunami generation as shown in Figure 7. In general, strike-slip type earthquakes
cause much larger horizontal displacement than vertical displacement. This causes that the
enhancement of tsunami generation due to the horizontal displacement of the ocean slops by
strike-slip type earthquakes is more significant than that the enhancement by the dip-slip
earthquakes. Figure 9 indicates that the enhancement in this study reaches about 14% of the

tsunami height without the horizontal displacement effect.

6. Conclusions

The tsunami inundation at Puerto Cortes was computed from two fault models in the Swan Island
Fault zone, the long fault model estimated from the scaling relationships (Blaser et al., 2010) and
the small fault model estimated from the slip distribution based on the 2018 Swan Island
earthquake. The tsunami computed from the small fault model with a large slip amount of 20.8 m
inundated a large area of Puerto Cortes including the important port area. Large cargo boats in the
port can be damaged easily by those tsunamis. The effect of the co-seismic horizontal
displacement of the ocean floor also enhanced the tsunami inundation at Puerto Cortes.

The Swan Island Fault zone accommodates the relative motion between the North American and
Caribbean plates, 2 cm/yr (Dixon et al., 1998, ten Brink et al, 2002, Mann, 2007). Consequently,
the large earthquakes repeatedly occurred along the Swan Island fault zone, such as the 1976

8
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Guatemala earthquake (Ms 7.5), the 1999 Guatemala earthquake (Mw®6.7), the 2009 Off Honduras
earthquake (Mw 7.3), and the 2018 Swan Island earthquake (Mw 7.6). However, no large
earthquake (Ms > 7) occurred off Puerto Cortes along the fault zone at least 50 years. We need to

prepare for a large future earthquake off Puerto Cortes and tsunami hazard at Puerto Cortes.
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Figure 1. Large earthquakes occurred along the Swan Island Fault Zone, the 1976 Guatemala
earthquake (Ms7.5), the 1999 Guatemala earthquake (Mw 6.7), the 2009 Off-Honduras
earthquake (Mw?7.3), and the 2018 Swan Inland earthquake (Mw?7.6). The red line shows the

Swan Island Fault Zone (after ten Brink et al., 2002).

Figure 2. Four nested grid systems (R1, R2, R3, and R4) for the tsunami numerical simulation.
Tsunami inundation simulation is carried out for R4 region at Puerto Cortes. The red line shows

the Swan Island Fault Zone (after ten Brink et al., 2002).

Figure 3. Bathymetry and topography in R4 region (Puerto Cortes) where tsunami inundation

simulation is carried out.

Figure 4. The focal mechanism and fault model (a black rectangular) of the 2018 Swan Island
earthquake estimated using the W-phase inversion and the scaling relationships between
magnitude and the fault length or width (Blaser et al., 2010). Purple rectangles show two fault
models, 136 km x 24 km, and 40 km, x 20 km, for the tsunami hazard evaluation at Puerto

Cortes. The red line shows the Swan Island Fault Zone (after ten Brink et al., 2002).

Figure 5. Tsunami initial sea surface deformation for the long fault model (136 km x 24 km) from
the scaling relationships (Blaser at al., 2010). a) no effect of the co-seismic horizontal

displacement. b) including the effect of the co-seismic horizontal displacement.

Figure 6. The results of the tsunami inundation at Puerto Cortes computed from the initial sea
surface deformation in Figure 5 using the long fault model. a) no effect of the co-seismic

horizontal displacement. b) including the effect of the co-seismic horizontal displacement.
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Figure 7. Tsunami initial sea surface deformation for the small fault model (40 km x 20 km) based
on the slip distribution estimated by the USGS. a) no effect of the co-seismic horizontal

displacement. b) including the effect of the co-seismic horizontal displacement.

Figure 8. The results of the tsunami inundation at Puerto Cortes computed from the initial sea
surface deformation in Figure 7 using the small fault model. a) no effect of the co-seismic
horizontal displacement. b) including the effect of the co-seismic horizontal displacement. Red
ellipse shows the port area. A black dot shows a location of tsunami waveform comparison in

Figure 9.

Figure 9. Comparison of tsunami waveforms at a position, P, in Figure 8 for the initial condition

with horizontal displacement effect (blue) and for that without the effect (red).
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