Figure 22. The June 23" aftershock (in red) and the earthquakes identified both before the
event (in yellow), and all earthquakes identified on June 23 following the Mw= 5.7 event (in
blue).

Depths and Magnitudes

After June 23", the number of earthquakes dropped to 25 on June 24™, stabilizing to 1-5
events for the remainder of June (Figure 23). For the remainder of station deployment, through
July 18, 214 events were recorded. Of the 254 events recorded in the database, 191 earthquakes
were calculated at depths between 16 and 24 km (Figure 23). 64 events had focal depths between
and 28 km, and 26 events had depths greater than 28 km. Specifically within the 5-station Keck
network, 155 earthquakes were recorded, with 106 of these earthquakes having focal depths of
~20 km (Figure 24). In close vicinity to the Keck network, 30 earthquakes recorded magnitudes
greater than 1 (Figure 24). The largest magnitude earthquake within the network following the
June 23 event occurred on July 5, 1317 UTC at 9°57'43.1994"N and 85°36'39.6"W with a
magnitude of 1.4. The events within the Keck network also recorded magnitudes of ~0.3 to 1.2.
Lastly, there is a cluster of events located off the coast of the Nicoya Peninsula to the southeast of
the network, which had focal depths that were slightly shallower than the focal depths of the

earthquakes further inland, at ~17-18 km (Figure 24).
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Figure 23. Histograms created from the located earthquakes in the database. Of the 261
events, 191 of those events were located between 16 and 24 km. The rest of the earthquakes
either were shallower or deeper interplate earthquakes in either the Caribbean or Cocos Plate.
The spike in events on June 23-24 is associated with the aftershock seismicity from the M=
5.7 event. Notice that most earthquakes were less than or equal to magnitude 1.0.
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Figure 24. Depth of earthquake locations locally around the Keck Network stations,
identified by the yellow triangles. Earthquakes to the north have focal depths at ~20 km,
while earthquakes to the south have focal depths at ~15 km.

Waveform Correlation

Following earthquake relocation, waveforms within the Keck network were analyzed to
identify instances of multiple waveforms with the same seismic signature. Although waveform
cross-correlation can be fully automated and multiple events can be used, seismic computing
limitations allowed only for manual waveform correlation. The seismic spectrum of an
earthquake, say, F(t) = Ss(f) * Sp(f) * St(f), represents the earthquake source, the earthquake
propagation, and the site response, respectively (Stein & Wysession, 2003). Given that the site
response is constant, if two seismic waveforms have nearly identical seismic signatures, it can be
assumed that both the area of fracture and the direction of wave propagation to a specific seismic
station are the same.

After comparing different waveforms from earthquakes located within the Keck Network,
four different earthquake clusters were identified, each with three similar earthquake events. The
first cluster includes events that occurred on July 3 at 06:12 UTC and 09:03 UTC, and one event

onJuly 5 at 05:38 UTC. Figure 25a shows the north and vertical components of the three
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Figure 25a. Seismograms for the vertical (GUIO.CR.HHZ) and horizontal (GUIO.CR.HHN)
components of three earthquakes, as recorded by the GUIO station at Playa Guiones. Notice the
P-wave arrivals on the vertical stations and the S-wave arrivals on the horizontal-component
stations exhibit the same seismic signature, with the S-wave arriving ~2.5s following the P-wave
arrival.
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Figure 25b. Additional example of correlated waveforms recorded on the LALO Keck station.
Each vertical component (YZ.LALO.CR.HHZ) is sharply dilatational, and on all three horizontal
components, the S-wave arrives ~2.5s following the P-wave arrival. The LALO staiton exhibits
a higher signal-to-noise ratio than the GUIO stations, which makes the S-wave arrival more
difficult to identify.
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separate earthquakes, as recorded by the GUIO station. Notice that on each vertical component
of each earthquake, denoted by the header YZ.GUIO.CR.HHZ, all of the P-wave arrivals are
down. Additionally, look at the three north-component traces, indicated by the header
YZ.GUIO.CR.HHN. The S-wave arrival is clearly shown on each event by the increase in wave
amplitude ~2.5 s following the initial P-wave arrival and is identical on all three traces. Because
of the similar time differences between the P- and S- wave arrivals and the identical P-wave and
S-wave arrivals at GUIQ, it can be concluded that these earthquakes originated from the same
source and propagated along the same path to the GUIO seismic station. The waveforms were
also identical on the other 4 stations, with one more example of the correlated waveform shown at
the LALO station (Figure 25b). Once again, notice the P-wave arrivals on the three Z
components all show the same sharp, dilatational movement. Additionally, the S-wave arrivals
on the three N components all show a small-amplitude dip in the S-wave arrival ~2.5 seconds

following the P-wave arrival, the same time difference recorded at GUIO (Figure 25b).
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Figure 26. Earthquake locations represented by the blue dots, locally around the seismic
stations (red triangles). The yellow locations represent the locations of the earthquake

clusters with similar seismic signatures. Three clusters are located on-land, while one cluster
is located offshore.
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Three other clusters of correlated waveforms were identified in the data set, with each
cluster containing three different earthquakes exhibiting similar seismic signatures, as identified
by the yellow earthquakes in Figure 26.

Focal Mechanisms
Focal mechanisms were created for multiple events located using the Keck and Nicoya
Networks, including the June 23™ aftershock. The Mw= 5.7 aftershock event exhibits pure thrust
motion with a strike of 135°, and a dip of 60° (Figure 27). The multiple solutions shown in Figure
Jz represent the precision of the Focmec program to reproduce very similar solutions, since 33 P-

wave polarities were picked using Nicoya Network stations.

Figure 27. Raw focal mechanism (left) and corresponding beachball diagram (right). 33 P-wave
polarities were used to compute this fault plane solution for the June 23, Mw=5.7 event, created

by a thrusting event along a 50° dip and a trench-parallel strike.

Five of the twelve other earthquakes with calculated focal mechanisms exhibited thrust
motion, including the June 24, July 3, July 5, July 6, and July 11 events (Figure 28). Each
calculated thrust focal mechanism strikes to the northeast at an angle similar to that of the June 23

aftershock. Additionally, these thrust faulted earthquakes contain depths of 24.7 km, 21.3 km,
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20.9 km, 16.3 km, and 18.4 km, respectively, with the epicentral locations shown in Figure 28b.
An additional normal faulted earthquake on July 4 at 00:24 UTC that was not part of the
correlated cluster previously identified, was located at ~18 km depth in the cluster of events
offshore. Lastly, two anomalous focal mechanisms, the July 10, 18:31 event and the July 14,

16:51 UTC event exhibit oblique slip motion.

Jure 23, 2000 Jure 23,1935 June 24 1518

July 311:11 July 4 00:24 July 5, 1507

July &, 1219 uly 7, 09:14 Jly 11

sy 10, 18:31 e
July 10,18 uly 14, 12:42 July 14, 16:51

Figure 28. Raw focal mechanisms calculated using the FOCMEC program in Seisan, created
from multiple events located around the KECK network. Blue circles represent seismic
stations with compressional P-waves, and red triangles represent seismic stations with
dilatational P-waves.
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Figure 28b. Earthquake location map and corresponding focal mechanisms for multiple
events around the Keck Network. Many of these single-event focal mechanisms exhibit
shallow-dipping thrust faulting, with one event exhibiting strike-slip motion.

Composite Focal Mechanisms

Composite focal mechanisms were created from the single-event focal mechanisms
created for the four event clusters (Figure 29). The first cluster, consisting of three normal
faulting events, were combined to create a composite, normal-faulting focal mechanism with the
angle of strike of the nodal plane oriented approximately parallel to the strike of the Middle
America Trench. The second earthquake cluster, located to the southeast of the normal-faulted
earthguakes, consisted of two strike-slip focal mechanisms and one shallow-dipping single-event
focal mechanism. Combining the three events together, a composite, shallow dipping thrust event
was created. The last cluster further inland also consisted of two strike slip fault plane solutions
and one normal faulting fault plane solution, and the composite strike-slip fault plane solution
was created from those single-event mechanisms. Lastly, a cluster of events offshore consisted of
two thrusting fault plane solutions and one strike-slip solution, with the composite solution
exhibiting shallow-dipping thrust motion (Figure 29).

The raw-data focal mechanisms from Seisan and the correlated composite focal
mechanism for the four clustered events are shown in Figure 30. In the first cluster of events, it is

evident that there exists dilatation on all stations for each event, directly in the center of each
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stereonet, which leads to the composite focal mechanism of pure normal motion with the fault
plane oriented parallel to the strike of the Middle America Trench. For the second cluster of
events, while strike slip motion is seen on the two June 24 events, a fault plane solution that fits
all of the single-event mechanisms is a thrusting event. Lastly, combining the three single-event
focal mechanisms into one composite focal mechanism yields the composite thrusting and strike-
slip mechanism in cluster 3 and cluster 4, respectively.
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Figure 29. Composite focal mechanisms (red) interpreted from the single-event focal mechanisms
(blue). For each earthquake cluster, three single-event focal mechanisms were analyzed to produce
the composite focal mechanism. One cluster exhibited normal motion, two clusters exhibited thrust
motion, and one other cluster exhibited strike-slip motion.
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Composite Focal Mechanisms

1
July 3, 6:03 July 3,9:03 July 5,538 0
2 ®
3 June 23, 20:10 June 24, 02:26 June 24,1837
®
4 July 3,13:01 July 3,15:29 July 3, 21119
@
June 23, 23:15 June 24, 00:44 June 24, 01:54

Figure 30. Raw single-event focal mechanisms created using FOCMEC, and the correlated
focal mechanism in red. The correlated focal mechanisms were interpreted from the single-
event station data and are assumed to be more accurate representations of the earthquake
faulting. It’s evident that while some single-event focal mechanisms exhibited strike-slip
motion, such as what is shown in cluster 2, using data from other events affirms a thrusting
event rather than a strike-slip event.
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DISCUSSION
The June 23", M,= 5.7 Event

The June 23", M,= 5.7 earthquake represents an aftershock of the September 5, 2012
M,=7.6 Nicoya earthquake that ruptured the onland section of the locked region of the plate
interface between the subducting Cocos plate and the overriding Caribbean plate (Protti et al.,
2014). The fault plane solution calculated for this event dips at 50° (Figure 27), and is oriented
parallel to the strike of the Middle America Trench. Exhibiting thrusting motion, this aftershock
was most likely the result of underthrusting along the plate interface: the same process that has
contributed to the past large earthquakes off the coast of Costa Rica in 1950 (M 7.7), 1978 (M
7.0), 1990 (M, 7.0), and most recently in 2012 (M,, 7.6) (Avants et al., 2001).

While the 5 September, 2012 earthquake initiated offshore, as shown in previous figures,
the area of rupture occurred primarily beneath the Nicoya Peninsula. Thus, it is possible that this
June 23" event ruptured a small area along the plate interface that did not fully rupture in
September. Additionally, the increase in seismicity on June 23 and June 24 following the June
23" 20:50 UTC event most likely represents very small patches of rupture around the main
rupture area of the M,,= 5.7 event . These earthquakes yielded focal depths of 20.9 £ 5.7 km, the
approximate depth of the plate interface beneath the Nicoya Peninsula. A depth of ~20 km also
places the focal depths of these events within the boundary of plate interface microseismicity, 17-
28 km beneath the northern Nicoya Peninsula, as defined by DeShon et al., (2006). Thus, it can
be assumed that both the June 23™ M,, = 5.7 earthquake and its subsequent aftershocks represent
small areas of rupture beneath the Nicoya Peninsula, along the plate interface that did not fully
release the accumulated strain during the September 5, 2012 earthquake.

Earthquake Analysis
As previously stated, 254 events were recorded from June 23" to July 18", recorded by
both the Nicoya Network and Keck Network. 191 of those 254 events were located between 16

and 24 km, which places them at the approximate depth of the plate interface. These events were
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overlain onto past CRSEIZE data and a believed subducting plate interface beneath the Keck
Network (DeShon et al., 2006, Figure 31). The earthquakes from these two experiments plot at
very similar locations along the plate interface, with most of the earthquakes located along the
plate interface, but there is also outlying seismicity located both in the overlying Caribbean plate

and the subducting Cocos plate.
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Figure 31. Seismic data locally around the Keck Network, overlying CRSEIZE data from
beneath the Keck Network (DeShon et al., 2006). Notice the Keck Network data exhibits similar
trends to the CRSEIZE data, with seismicity between 16 and 24 km depth. The triangles on the
top represent seismic stations from the CRSEIZE experiment, with the triangle furthest left
located at the outer rise, adjacent to the Middle America Trench.

The majority of the earthquakes located were within the area of interseismic coupling on
the Nicoya Peninsula, as shown by the white area in Figure 32. The area of interseismic coupling,
determined by Feng et al., (2012) represents the area of fully-coupled locking along the
subducting plate interface that had accumulated since the last M>7 event in 1950. Yue et al.,
(2013) determined the coseismic rupture area 30 seconds following the mainshock, as outlined in
blue, and additional coseismic rupture during the 2 weeks following the earthquake, represented
by the red area, was determined by Protti et al., (2014). 1t’s apparent that most of the seismicity

between June 23 and July 18 is not located within the area of coseismic rupture, but rather just to
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the west. The earthquakes from June 23 and June 24 are separate from the rest of the seismicity,
and an estimated rupture area was created by outlining the spatial distribution of this seismicity
(Figure 33). Fittingly, the June 23 event and its associated aftershocks are located adjacent to the
coseismic rupture area of the September 5 event and located within the area of interseismic
coupling, meaning that these events rupture an area of the plate interface that did not fully slip
during the 2012 earthquake. Outlying earthquakes, located significantly outside of the network,
were included in the overall earthquake database. However, due to the dense but localized nature
of the Keck Network the epicentral and focal uncertainties for these earthquakes and were greater,

so no further analysis was performed for these events.
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Figure 32. Seismicity recorded from June 23 to July 18 on the Nicoya Peninsula, overlain by
the relative area of interseismic coupling (white), coseismic rupture 40 seconds following the
Mws= 7.6 event (blue line), and additional coseismic rupture 2 weeks following the event

(red). Most seismicity is located within the area of interseismic coupling and west of the area
of coseismic rupture two weeks following the September 5, 2012 event.
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Figure 33. Estimated coseismic rupture model created from the June 23 and June 24
aftershocks following the June 23 M,,= 5.7 event (in red). This area of rupture is adjacent to
the coseismic rupture area following the September 5 earthquake and within the area of
interseismic coupling determined from prior GPS studies.

Earthquake Depth Differences

The earthquakes captured by the Keck Network (Figure 24) exhibit changes in focal
depths from north to south. Newman et al., (2002) performed seismic studies directly beneath the
Nicoya Peninsula as part of the CRSEIZE experiment, in which hundreds of earthquake depths
were determined. They showed that the updip limit of the seismogenic zone transitions from 20
km depth in the north to 10 km depth in the south. This difference in the seismogenic updip limit
beneath the Nicoya Peninsula is attributed to the temperature difference between the subducting
East Pacific Rise crust (north) and the Cocos-Nazca Spreading center (CNS) crust to the south
(Newman et al., 2002).

Crustal temperature plays an important role in constraining the depth of seismicity along
the plate interface. Dehydration reactions occur along the plate interface as it is heated at depth,
which alters the plate interactions along the subducting interface from stable sliding to stick-slip
sliding (Newman et al., 2002). The EPR-derived crust, which is both colder and older than the

younger, warmer CNS crust, experiences these dehydration reactions deeper along the subduction
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interface than the CNS crust. A temperature of 100-150°C, which has been determined to be the
temperature at which stable sliding turns into stick-slip sliding along the Middle America Trench
(Hyndman and Wang, 1993), occurs at shallower depths along the plate interface for the
subducting CNS crust than the subducting EPR crust due to its warmer thermal characteristics,
influencing the depth at which this seismicity begins.

This transition in earthquake hypocenter depth from north to south is clearly represented in
the data locally around the Keck network, as identified by the two yellow circles in Figure 34.
The cluster of earthquakes onshore and to the north, which predominantly have calculated depths
of ~20 km, are deeper than the cluster of events offshore, which predominantly have depths of
~15 km. Notice that the EPR/CNS divide reaches the Nicoya Peninsula directly at the elbow of
the peninsula, separating the northern cluster and southern cluster. Thus the thermal states of the
EPR-derived crust and the CNS-derived crust affect where the seismicity is occurring and the
focal depths of these events. It is interesting to note, however, that seismicity is absent both
offshore on the EPR subducting crust and onshore on the CNS subducting crust; areas that may

represent already ruptured areas along the subducting interface, or areas yet to be ruptured.

<
& 2
V2O
Figure 34. Similar to Figure Gz, but with added yellow circles around two distinct earthquake
clusters, and the EPR-CNS boundary as it reaches the coast of the Nicoya Peninsula. The
cluster to the north, influenced by the colder EPR-derived crust, contains focal depths of ~20

km, while the warmer CNS-derived crust causes a decrease in seismicity depth, to ~15 km in
the southern cluster.




This means that this seismic network has detected where seismicity has dominated at depth along
the plate interface, which varies from north to south (Figure 34), but this lack of seismicity both
on shore and offshore makes it difficult to constrain the updip and downdip changes in focal
depth on the EPR crust versus the CNS crust.

Intraplate Seismicity

Multiple events greater than 24 km that are located within the Keck Network, as indicated
by the red circles in Figure 34, represent intraplate earthquakes originating within the subducting
Cocos slab. A single focal mechanism calculated for an event at 24 km depth on July 10 at 18:31
UTC exhibited obligue slip motion. This fault plane solution is most like not very accurate,
because even though the depth of the event is well constrained, it was located to the north of the
network where station coverage is lacking. Thus, even though this earthquake exhibits oblique
slip, and because this earthquake does not occur near the localized Keck network, the calculated
focal mechanism would benefit from more stations.

Events shallower than 15 km, which are scattered around the Keck network and indicated
by purple circles in Figure 34, either represent shallow intraplate earthquakes, or there exists error
associated with the location. Previous focal mechanism studies on the overlying crust on the
Nicoya Peninsula have identified pure strike-slip events with a north-west-striking nodal plane,
parallel to the MAT (Hansen et al., 2006). One calculated strike-slip focal mechanism, as shown
in Figure 35, contains a slightly northwest-striking nodal plane with right-lateral motion. While
strike-slip motion would typically be evident on the overriding plate, this event is located at 21.2
km depth, which places the earthquake very close to the plate interface. This strike-slip motion is
likely the result of Cocos-Caribbean obligue convergence, which occurs along this subduction
interface (Feng et al., 2012). Better depth constraints are needed to determine whether this
earthquake formed on a shallow crustal fault, but there existed limitations in the number of

stations used to determine focal depths.
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Figure 35. Strike-slip fault plane solution with a nodal plane dipping slightly northwest to the
Middle America Trench. This event, located at 21.2 km, possibly represents a deep, intraplate
event in the overlying Caribbean plate, in which there exists Cocos-Caribbean oblique
convergence as determined by GPS measurements (Feng et al., 2012).

Interplate Seismicity

The vast majority of the seismicity recorded by the Keck Network is located along the
plate interface, at 16-24 km depth, which is expected since the Nicoya Peninsula lies directly
above the seismogenic zone in this subduction environment. Focal mechanisms were computed
for both single events and earthquake clusters along the interface, and it’s apparent that the
dominant faulting mechanism creating these earthquakes is thrust motion. Thrusting fault plane
solutions have been calculated along the entire seismogenic zone, from 16.3 km to 24.7 km,
which indicates that underthrusting occurs along the entire subduction zone. Additionally, the
strikes of these thrusting events are oriented to the northwest, parallel to sub-parallel to the angle
of strike of the Middle America Trench. Dips of these thrust events ranged from 16° to 60°, a
wide range of dipping angles due to the lack of the number of stations used.

Previous focal mechanism studies have linked the EPR/CNS subducting lithospheres to
different layers of underthrusting beneath the Nicoya Peninsula (Hansen et al., 2006), in which
two distinct layers of underthrusting are formed from this crustal temperature difference and
affect the updip limit of seismicity along this subduction zone. This hypothesis can be affirmed
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by the Keck Network data, in which the offshore single-event clusters and the respective
composite focal mechanism (Figure 29), have depths of ~17-18 km, while the other thrust events
contain depths of ~20 km and deeper. These small-magnitude thrust events, which exhibit
northeasterly dipping nodal planes consistent with the subduction of the Cocos Plate, serve as a
useful reminder of the active seismicity that has the potential to produce large, damaging
earthquakes.
Peculiar Normal Faulting

Following waveform correlation and the identification of clusters, the normal faulting
cluster of events (Figure 29) represents anomalous faulting along the seismogenic zone beneath
the Nicoya Peninsula that is uncharacteristic downdip from the trench. Typically, normal faulting
earthquakes occur along the outer-rise (Figure 36), in a tensional environment where the
subducting slab bends and consequently flexes. Extensional normal faults occur, which can
produce significant offshore earthquakes. The last outer rise earthquake off the coast of the
Nicoya Peninsula, a Mw= 6.4 event on July 21, 2000. The normal faulting events observed in
this study, however, are located ~60 km away from the Middle America Trench and cannot be

classified as an outer rise event.
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Figure 36. An outer rise event off the coast of the Nicoya Peninsula, on July 21, 2000. This outer
rise event exhibits normal faulting motion, and was a magnitude 6.4 event that was created due to
the flexure and bending of the Cocos plate subducting beneath the Caribbean plate, creating
extensional normal faults seaward of the Middle America Trench.

Because the cluster of normal faulting events occurred ~60 km from the trench, and have
focal depths of ~19-20 km, these earthquakes occurred very close to the subducting plate
interface. These normal faulting earthquakes most like do not originate in the overlying
Caribbean plate, because at that depth, the Caribbean plate is experiencing compression and
therefore normal faulting would not be created. These earthquakes most likely did not originate
along the plate interface where underthrusting is the dominant process. Thus, the one plausible
origin for these earthquakes is in the Cocos Plate, beneath the subducting plate interface.

Figure 37 highlights the extensional environment that forms at the outer rise, as shown by
the bathymetry to the left of the Middle America Trench. These normal faults that formed at the

outer rise are extremely important, because the normal faulting that occurred beneath the Nicoya
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Peninsula could represent reactivated normal faults that formed at the surface, adjacent to the
Middle America Trench. As oceanic plates such as the Cocos plate subduct and normal faults are
created at the outer rise, fluids are introduced into the lithospheres which are then subducted in
the pores of the subducting rock. As these normal faults get deeper into the subduction zone,
metamorphic processes can release fluids in the downgoing plate, which can promote brittle
failure along preexisting faults (Ranero et al., 2003).

This hypothesis can be strengthened if more P-wave polarities were plotted on the
stereonet. While it is apparent that these earthquakes are not thrust events, considering
dilatational movement plots in the center of the stereonet, it is possible that these events are
intraplate strike-slip events. Additionally, the lack of a larger seismic network can contribute to
greater depth errors for these earthquakes. Regardless, discovering this evidence of normal
faulting at the upper extent of the subducting Cocos plate is important for characterizing the

various types of active seismicity along the seismogenic zone beneath the Nicoya Peninsula.

Figure 37. Bathymetry off the coast of the Nicoya Peninsula, specifically along the outer rise.
Notice the normal faulting that forms from the bending of the Cocos plate beneath the
Caribbean plate along the Middle America Trench (Ranero et al., 2003).
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CONCLUSIONS

The Nicoya Peninsula has provided a unique environment to monitor active seismicity
directly above the seismogenic zone of the subducting plate interface beneath Costa Rica. After
deploying a five station seismic network above the area of rupture 10 months following the M,, =
7.6 Nicoya Earthquake on September 5, 2012, interesting interpretations can be made with 3.5
weeks of seismic data. Firstly, the M,,= 5.7 earthquake on June 23, 2013, an aftershock of the
September 5 event, ruptured an area of the plate interface that had accumulated strain since the
last earthquake in 1950, but did not fully rupture in September. The known difference in
earthquake depths from the north to south along the Nicoya Peninsula is exemplified in the data
collected by the Keck Network, providing support for the EPR/CNS crustal temperature variation
and its effect on the depth of seismicity. Much of the seismicity recorded from June 23 to July 18
was located along the seismogenic zone of the subducting plate interface, with focal mechanism
analysis showing predominantly thrust motion along the plate interface, resulting from
underthrusting of the Cocos Plate beneath the Caribbean Plate. Additionally, there is evidence of
normal faulting motion beneath the plate interface, formed from the reactivation of normal faults
that formed at the outer rise.

Even though this seismic study is smaller than other studies performed on the Nicoya
Peninsula, these conclusions are important for characterizing the seismicity that occurs in an area
of high seismic risk. Following the M,,= 7.6 earthquake in September of 2012, it has been
determined that there exists a significant area along the plate interface that had accumulated
seismic strain since the last M>7 earthquake in 1950, but did not rupture during the September 5™
event. Thus, the entire Nicoya Seismic gap has not been filled, and there still exists a remaining
locked patch offshore of the Nicoya Peninsula that has the potential to generate an earthquake up
to M,= 6.9 (Protti et al., 2014). While these earthquake events cannot be avoided, it is our duty
to understand the seismic cycle in these areas prone to megathrust events, and to educate citizens

about an earthquake’s deadly nature, in hopes ultimately save lives when the moment arrives.
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Appendix

HOUR DATE Time Seconds Latitude Longitude  Depth Picks RMS  Magnitude
2013 623 223 1.8 10.117 -85.867 25.1 3 0.1 0.9CUNA
2013 623 1921 37.1 9.801 -85.336 22.8 5 1.1 2.0CUNA
2013 623 1927  26.5 10.15 -85.559 31.3 3 0 1.1CUNA
2013 623 1935 123 9.948 -85.624 20.9 5 0 1.6CUNA
2013 623 2000 35.8 9.974 -85.66 15.4 33 0.9 4.0CUNA
2013 623 2010 50.6 9.953 -85.629 20.4 4 0 1.4CUNA
2013 623 2020 10.9 9.967 -85.626 20 3 0 0.7CUNA
2013 623 2021  29.2 9.963 -85.669 21.1 3 0.1 1.2CUNA
2013 623 2023 318 9.962 -85.635 20.9 3 0 1.1CUNA
2013 623 2027 36.2 9.954 -85.645 20.8 3 0 0.8CUNA
2013 623 2033  20.9 9.97 -85.625 20.8 3 0 0.9CUNA
2013 623 2033 449 9.934 -85.644 26.3 3 0.5 1.2CUNA
2013 623 2035 11.9 9.933 -85.616 19.8 3 0 1.0CUNA
2013 623 2044  25.2 9.967 -85.632 21 4 0 1.3CUNA
2013 623 2050 56.4 10.034 -85.752 2.8 4 1.1 1.ACUNA
2013 623 2102 345 9.966 -85.652 19.5 3 0 0.9CUNA
2013 623 2105 32.8 9.954 -85.634 19.6 3 0 0.9CUNA
2013 623 2107 29 9.937 -85.626 20.2 3 0 0.7CUNA
2013 623 2117  50.1 9.938 -85.626 19.5 3 0 0.7CUNA
2013 623 2118 26.1 10.058 -85.608 23.6 3 0.1 0.7CUNA
2013 623 2132 415 9.963 -85.644 19.5 3 0 0.6CUNA
2013 623 2141 37.1 9.933 -85.581 23 4 0.3 1.2CUNA
2013 623 2146  23.8 9.955 -85.633 20.3 3 0 0.9CUNA
2013 623 2159 6.5 9.943 -85.632 20 3 0 0.7CUNA
2013 623 2204 54.2 9.946 -85.63 20.5 3 0 0.9CUNA
2013 623 2214 424 9.935 -85.623 19.8 4 0 1.0CUNA
2013 623 2215 594 9.944 -85.633 20 3 0 0.8CUNA
2013 623 2216 45 9.907 -85.632 17.3 3 0 0.8CUNA
2013 623 2217 9.5 9.964 -85.664 21 4 0.1 0.8CUNA
2013 623 2221  25.6 10.074 -85.696 0.1 3 0.1 0.5CUNA
2013 623 2231 234 10.036 -85.671 0.2 3 0.5 0.5CUNA
2013 623 2233  56.1 9.968 -85.642 20 3 0 1.2CUNA
2013 623 2241 271 9.94 -85.657 20.8 3 0.1 1.2CUNA
2013 623 2305 52.1 9.943 -85.624 19.9 3 0 1.0CUNA
2013 623 2306 28.8 9.963 -85.615 20 3 0 0.9CUNA
2013 623 2314 5.6 9.938 -85.62 19.6 3 0 1.1CUNA
2013 623 2315 134 9.972 -85.612 19.2 3 0.1 0.7CUNA
2013 623 2327 113 10.09 -85.736 0 3 0.3 0.3CUNA
2013 623 2348  29.1 9.939 -85.618 15.3 3 0.5 0.7CUNA
2013 624 1 17 9.978 -85.627 19.5 3 0 1.0CUNA
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10.299
9.893
9.958
10.041
9.951
9.858
9.956
9.952
9.873
10.172
9.825
9.944
10.208
10
10.06
10.27
10.723
9.816
9.676

-85.769
-84.176
-84.188
-85.953
-85.119
-85.659
-85.775
-85.166
-85.722
-85.725
-85.515
-85.576
-85.459
-85.709
-85.643
-86.278
-85.641
-85.717
-85.464
-85.551
-85.657
-85.712
-85.599
-85.541
-85.612
-85.246
-85.649
-85.872
-85.675
-85.615
-85.759
-85.777
-85.318
-85.983
-85.644
-85.637
-85.992
-85.459
-85.63

-85.788
-85.799
-85.609
-85.336
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0.1
22.4
23.5
55.3
51
17.8
16.6
21.9
11.2
26.8
21.2
13.7
0.4
25.3
15.2
29.7
19.8
22.7
27.1
16.9
19.8
23.3
16.4
3.2
8.5
26.2
18.9
4.7
16.6
17.7
20
16
5.2
18.4
31.8
21.8
5.2
30.1
14.7
36.3
52.3
15.2
18.7

W W A W W W W WU WwWwwds~Oou wo &b b wo ouhw wou o PDoou w b o b b wwd pbd b ouwm

0.4
0.3
0.3

0.5
0.1

0.2
0.6
0.9
0.3
0.1
0.3
0.1
0.8
0.2

0.1

0.1
0.1

0.5
14
0.3
0.2
0.3
0.1
0.1
0.2

0.1
0.1
0.5
0.5

0.3
0.3
0.7
0.1
0.2

0.5CUNA
2.7CUNA
2.2CUNA
1.5CUNA
1.5CUNA
0.4CUNA
0.6CUNA
1.6CUNA
0.3CUNA
1.0CUNA
0.5CUNA
0.9CUNA
1

0.9CUNA
0.5CUNA
2.7CUNA
0.5CUNA
1.3CUNA
0.7CUNA
0.5CUNA
0.7CUNA
1.3CUNA
1

0.3CUNA
1.2CUNA
1.5CUNA
1.1CUNA
0.8CUNA
0.7CUNA
0.5CUNA
0.7CUNA
0.8CUNA
0.9CUNA
1.3CUNA
1.1CUNA
1.0CUNA
1.6CUNA
0.8CUNA
0.5CUNA
1.4CUNA
2.2CUNA
0.4CUNA
1.3CUNA



2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013

714
714
714
714
714
714
714
714
715
715
715
715
715
715
716
716
716
716
716
716
716
716
716
716
716
717
717
717
717
717
717
717
718
718
718
718
718
718
718
718
718

426
415
1011
1242
1342
1651
1948
2000
310
838
1008
1150
1831
2131
216
217
255
317
421
545
643
903
1024
1848
2038
139
351
513
600
720
738
1412
443
754
726
841
949
1407
1406
1407
1520

24.7
6.1
12.5
53.2
28.9
2.1
22.1
52.9
16
19.9
53.5
17.5
29.5
43.2
1.4
32.7
40.6
14.4
27.6
29

5.8
12.6
19.1
27.6
31.7
49.5
51.7
26.7
44.9
8.2
5.6
1.7
48.3
17
40.2
8.8
26.5
10
7.9
4

9.995
9.983
9.953
10.027
9.96
9.957
9.829
9.968
9.917
9.943
10.026
9.95
10.182
9.889
9.619
9.845
9.805
9.802
9.873
10.119
9.95
9.42
10.667
9.979
9.847
9.953
9.971
9.992
9.958
10.248
10.084
9.954
10.515
9.945
9.977
10.049
9.943
10.066
10.087
10.05
9.944

-85.673
-85.68
-85.66
-85.689
-85.66
-85.552
-85.56
-85.335
-85.602
-85.776
-85.669
-85.509
-85.413
-85.435
-85.881
-85.362
-85.602
-85.568
-85.654
-85.531
-85.646
-85.636
-85.452
-85.684
-85.42
-85.663
-85.654
-85.692
-85.687
-85.796
-85.662
-85.665
-84.678
-85.645
-85.7
-85.639
-85.66
-85.643
-85.659
-85.646
-85.647

15.5
17.4
20
20.7
17.7
20.3
17.4
24.8
32.9
16.5
19
27
61.6
16.9
29.5
19.7
12.9
16.3
17.4
20
17
5.2
89.8
18.7
21.7
18.4
17.5
16.2
20
51
25.4
19.1
20
17.9
18.3
29.3
27.5
25.9
22.3
26.1
18.9

W U1 W B W W W P W W W W WU b W WP WWWWWWPPWWWWPPWLWWWPPOUUOULPDWP>DW

w

0.1

0.1

0.1

0.1

0.3

0.1

0.1
0.1

0.1

0.1
0.1

0

0.5CUNA
1.0CUNA
0.4CUNA
1.1CUNA
0.7CUNA
0.9CUNA
0.8CUNA
1.2CUNA
0.8CUNA
0.8CUNA
0.5CUNA
0.8CUNA
1.8CUNA
0.6CUNA
1.5CUNA
1.0CUNA
0.3CUNA
1.1CUNA
0.6CUNA
1.0CUNA
0.5CUNA
1.3CUNA
2.4CUNA
0.7CUNA
1.2CUNA
0.7CUNA
0.4CUNA
0.4CUNA
0.5CUNA
1.0CUNA
0.8CUNA
0.5CUNA
2.2CUNA
0.5CUNA
0.4CUNA
0.7CUNA
0.7CUNA
0.8CUNA
1.2CUNA
0.8CUNA
0.6CUNA

Table 1: List of all earthquakes with the time of the event’s first arrival, the latitude and
longitude, the depth, the number of polarities picked, the RMS value, and the coda magnitude.
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