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SUMMARY

The Northeastern Caribbean region accommodates ~20 mm yr~! of oblique convergence be-
tween the North American and Caribbean plates, which is distributed between the subduction
interface and major strike-slip faults within the overriding plate. As a result, this heavily
populated region has experienced eleven large (M > 7.0) earthquakes over the past 250 yr.
In an effort to improve our understanding of the location and timing of these earthquakes,
with an eye to understand where current seismic hazards may be greatest, we calculate the
evolution of Coulomb stress on the major faults since 1751 due to coseismic, postseismic,
and interseismic deformation. Our results quantify how earthquakes serve to relieve stress
accumulated due to interseismic loading and how fault systems communicate with each other,
serving both to advance or retard subsequent events. We find that the observed progressive
westwards propagation of earthquakes on the Septentrional and Enriquillo strike-slip faults
and along the megathrust was encouraged by coseismic stress changes associated with prior
earthquakes. For the strike-slip faults, the loading of adjacent segments was further amplified
by postseismic relaxation of a viscoelastic mantle in the decades following each event. Fur-
thermore, earthquakes on the Septentrional fault relieve a small level of Coulomb stress on
the parallel Enriquillo fault to the south (and vice versa), perhaps explaining anticorrelated
timing of events on these respective fault systems. The greatest net build-up of Coulomb stress
changes over the past 250 yr occurs along the central and eastern segment of the Septentrional
and the Bowin strike-slip faults (65°—71°W), as no recent earthquake has relieved stress in
these regions. For oblique thrust faults, net stress build-up over the past 250 yr is the largest
on the North American/Caribbean megathrust west of 70.5°W. High Coulomb stress has also
developed east of 65.5°W, where no historic events have been inferred to have relieved stress,
though uncertainties in fault slip rates from our block model associated with a lack of GPS
observations in this region may have led to an over-estimation of stress changes.
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tact between the Caribbean and North American plates and on two
major strike-slip fault systems within the overriding plate (Fig. 2,

The Northeastern (NE) Caribbean marks the active boundary be-
tween the North American and Caribbean plates, with ~20 mm yr™!
of highly oblique relative plate convergence (Fig. 1). The region has
among the highest population densities in the world (21.5 million
on Hispaniola and Puerto Rico) concentrated on a seismogenic plate
boundary. It has experienced at least eleven large (M > 7.0) earth-
quakes over the past 250 yr (Scherer 1912; Kelleher et al. 1973;
McCann 2006), mostly distributed on the oblique subduction con-

*Now at: BP America, 501 Westlake Park Blvd., Houston, TX 77079, USA.
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Table 1). These events show evidence for time—space progression
on the strike-slip Septentrional (1842, 1887) and Enriquillo (1751b,
1770) faults and along the megathrust (1787, 1943, 1946, 1953 and
2003), suggesting a possible triggering relationship amongst earth-
quakes within each fault system. The alternate timing of events on
the Enriquillo (18th century) and Septentrional (19th century) faults
also suggests activity on one may temporarily suppress activity on
the other (Dolan & Wald 1998). Understanding why earthquake
sequences occur and the communication of stress between fault
systems may hold the key to estimate seismic hazards in the NE
Caribbean region.
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Figure 1. NE Caribbean region and surrounding tectonic setting. White arrows show a subset of available GPS measurements. Fault traces are represented by
thin black lines. The colliding Bahama platform is shown in light grey. CP, Cocos Plate; SAP, South American Plate; PRVI, Puerto Rico Virgin Islands. Box

shows the area covered in Figure 2.
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Figure 2. Map showing the focal mechanism and surface projection of estimated rupture planes/geometry for large (M > 7.0) historic and a recent M6.5
earthquake in the region since 1751. NHDF, North Hispaniola Deformation Front; NHF, North Hispaniola Fault; WP, Windward Passage; EFZ, Enriquillo Fault

Zone; SFZ, Septentrional Fault Zone; MP, Mona Passage; PR, Puerto Rico.

Numerous studies have sought to understand the distribution of
large earthquakes in space and time as a function of the evolution
of crustal stresses (e.g. Deng & Sykes 1997; Freed et al. 2007). In
a process referred to as ‘earthquake triggering’, earthquakes have
been theorized to encourage or retard subsequent events in a re-
gion (see reviews by Stein 1999, 2003; King & Cocco 2001; Freed
2005). In some regions, large earthquakes appear to be explained
simply by knowing how stress has changed over the past century
or two due to earthquake slip and interseismic loading (e.g. Stein
etal. 1997). No knowledge of the stress field prior to these relatively
short periods is required. Stress evolution studies are usually cast in
terms of Coulomb stress changes, which considers shear and normal
stress changes to quantify whether faults have been pushed closer
to (positive Coulomb stress change) or further away from (nega-
tive Coulomb stress change) failure by nearby earthquakes (e.g.
Jaeger & Cook 1979; Stein & Lisowski 1983; King ef al. 1994).
Calculations of coseismic Coulomb stress changes have shown
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a correspondence with aftershock distributions (Reasenberg &
Simpson 1992; Hardebeck et al. 1998; Toda et al. 1998; Parsons
et al. 1999; Wyss & Wiemer 2000), earthquake sequences (Stein
et al. 1994; Hodgkinson et al. 1996; Nostro et al. 1997; Nalbant
etal. 1998) and seismic quiescence (Scholz 1998; Harris & Simpson
1996, 1998). In subduction zone settings, Taylor et al. (1998) found
that earthquakes in the upper plate correlate with Coulomb stress
increases induced by large interplate events. Lin & Stein (2004)
found that 75 per cent of aftershocks following the 1960 M9.5 Val-
divia (Chile) earthquake (including two M > 7.0 events) and 82 per
cent of aftershocks following the M 8.1 Antofagasta (Chile) earth-
quake occurred in regions brought closer to failure by the main
shock.

In addition to coseismic Coulomb stress changes, postseismic
relaxation of a viscoelastic lower crust and/or upper mantle, fol-
lowing major earthquakes can transfer significant stress upward to
the seismogenic crust (e.g. Pollitz 1995; Freed & Lin 1998; Chery
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Table 1. Location and source parameters of earthquakes considered in this study. Latitude (Lat.) and longitude (Lon.) refer to the estimated location.

Year (Month/Day) Location Long. Lat. M, Strike Dip Rake Type Length Width Slip
1751a (10/18) S Hispaniola (MT) 70.00™ 18.50™ 8.0m 282 1! 90 TH 150 75 35
1751b (11/21) S Hispaniola (EFZ) 72.00™ 18.50™ 7.5m 87.5 90 0 LL 150 20 3.0
1770 (06/03) SW Hispaniola 73.50™ 18.35™ 7.5™ 87.5 90 0 LL 150 20 3.0
1787 (05/02) Puerto Rico Tr. 66.00™ 19.25™ 8.om 90 25 60 TH 150 75 35
1842 (05/07) N Hispaniola 72.50™ 19.80™ 8.0m 105 90 0 LL 3004 20 5.0
1867 (11/18) Anegada Passage 65.00™ 18.00™ 7.3m 60 67* —106* N 50 20 3.0
1887 (09/23) N Hispaniola 74.00™ 20.00™ 7.75™ 90 90 0 LL 150 20 5.0
1918 (10/11) C Mona Passage 67.6244 18.284d 7.24d 2074 54dd —1274d N 364d 20 3.0
1943 (07/29) N Mona Passage 66.954 18.994 7.88s4 90 19 604 TH 80d 404 2.0
1946 (08/04) NE Hispaniola 68.94P 18.92P 8.1sP 102 22 76P TH 195P 95D 3.75
1953 (05/31) Silver Spur 70.40° 19.68P 7.0sP 100 20 75P TH 40P 20P 0.75
2003 (09/22) Puerto Plata 70.65¢ 19.90¢ 6.5 121€ 15¢ 90¢ TH 25€ 15¢ 0.50

Magnitudes are moment magnitudes unless followed by an ‘S’ which indicates a surface wave magnitude and is assumed to be equal to moment magnitude
(Scordilis 2006; Wells & Coppersmith, 1994). Type refers to the sense of slip: TH, predominantly thrust fault; LL, Left-lateral strike-slip fault; N, Normal

fault. Length, width and coseismic slip are estimated from empirical scaling laws and relationship of Wells & Coppersmith (1994) and Fujii & Matsu’ura

(2000). Strike and dip unless referenced are based on geometry of a block model (Manaker et al. 2008). Rake angles unless referenced are based on geological

evidence. Superscripts refer to the following references: m, McCann (2006); dd, Doser ef al. (2004); d, Dolan & Wald (1998) and/or Dolan & Bowman
(2004); ¢, Calais (unpublished report); 1, Ladd et al. (1977); *, based on CMT event 080193C.

etal. 2001; Marsan & Bean 2003). A number of studies have shown
that such stress transfer may have a broad impact on the evolution
of the regional stress field (e.g. Pollitz et al. 2003, 2005; Smith &
Sandwell 2006; Freed et al. 2007). For example, stress increases at
the eventual hypocentre of the 1999 Hector Mine, California earth-
quake induced by viscoelastic relaxation, following the nearby 1992
Landers quake may have influenced the relatively short time inter-
val between these events (Freed & Lin 2001; Zeng 2001; Pollitz &
Sacks 2002). Pollitz & Sacks (1997) inferred that Coulomb stress
decreases associated with viscoelastic relaxation following the 1944
Tonankai and 1946 Nankaido earthquakes might have triggered the
1995 Kobe earthquake, by slowly unloading the normal stress on
the fault (see also Hyodo & Hirahara 2004). Chery et al. (2001)
attributed the clustering of three M > 8.0 earthquakes in Mongolia
between 1905-1957, which occurred more than 400 km apart, to
viscoelastic relaxation. Casarotti & Piersanti (2003) have suggested
that negative Coulomb stress changes caused by postseismic stress
diffusion associated with large subduction earthquakes in the 1900s
may explain seismic gaps in Southern Peru and Northern Chile.
Previous studies have illuminated some of the stress interaction
that may be occurring on the NE Caribbean plate interface. tenBrink
& Lin (2004) showed how nearly trench parallel slip on the Puerto
Rico subduction interface leads to strain partitioning by the strike-
slip Bunce fault located less than 15 km from the trench, whereas the
more normal subduction beneath Hispaniola leads to partitioning by
the strike-slip Septentrional fault more than 60 km from the trench.
Dolan & Bowman (2004) showed that each earthquake within the
1943-2003 subduction earthquake sequence was encouraged by the
previous event and also increased Coulomb stresses on the eastern
portion of Septentrional fault, which has not recently ruptured.
Here we consider how stress in the NE Caribbean has been mod-
ified by coseismic slip from eleven M > 7.0 events since 1751 (all
known large events in this time period, Table 1) associated postseis-
mic viscoelastic relaxation of the mantle, and interseismic strain
accumulation resulting from the convergent Caribbean/North Amer-
ican plate margin. The objective is to understand how Coulomb
stress in NE Caribbean has evolved over the past 250 yr and how
these stress changes relate to historic seismicity. We are particularly
interested in understanding what factors influence earthquake se-
quences within individual fault systems and how these fault systems
communicate stress with each other. This study will help identify

faults that have experienced the largest build-up of unrelieved stress
over the past several centuries, which may point to regions of great-
est seismic hazard.

2 TECTONIC SETTING

The NE Caribbean region marks the tectonic transition between
frontal subduction of the North American plate beneath the
Caribbean plate in the Lesser Antilles and roughly east—west strike-
slip motion along the Cayman Trough (Fig. 1). GPS studies show
that the interior of the Caribbean plate moves east—northeastwards
(N70°E) at a rate of 18-20 mm yr~! relative to the North American
plate (DeMets et al. 2000), implying oblique convergence between
the islands of Hispaniola and Puerto Rico on the Caribbean plate
and the oceanic lithosphere of the North American plate.

Embedded in the plate boundary zone, the Puerto Rico-Virgin
Islands (PRVI) block shows little to no internal deformation (Mann
et al. 2002; Jansma et al. 2005). It overthrusts the North Ameri-
can oceanic lithosphere along the shallowly dipping Puerto Rico
subduction, continuous to the east with the Lesser Antilles subduc-
tion. The northern Puerto Rico margin is also marked by two active
strike-slip faults (Bunce & Bowin faults; tenBrink & Lin 2004;
Grindlay et al. 2005), with unknown slip rates, that connect further
west with the Septentrional fault (Fig. 2). At its southern boundary,
the PRVI block overthrusts the Caribbean oceanic lithosphere along
the low-angle Muertos thrust, active in its western half but with no
evidence for active underthrusting east of 65°W (Byrne ef al. 1985;
Masson & Scanlon 1991). GPS measurements show 2-3 mm yr™!
of east—west extension between PRVI and Hispaniola (Jansma et al.
2000), accommodated by active extension in the Mona Passage
(vanGestel et al. 1998). The boundary between PRVI and the Lesser
Antilles is marked by the Anegada passage, which combines exten-
sion and strike-slip faulting (Lithgow et al. 1987).

West of the Mona Passage, the 22-27 km thick crust of the
Bahama platform, carried by the North American plate, collides
obliquely with the Caribbean margin along northern Hispaniola
(Dillon et al. 1992; Dolan et al. 1998; Mann et al. 2002). Oblique
convergence between the Caribbean and North American plates
is partitioned between low-angle thrusting on the North Hispan-
iola fault and strike-slip faulting in the overriding plate on the
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left-lateral Septentrional and Enriquillo faults (Calais et al. 2002).
GPS and palaeoseismological data show that the Septentrional fault
is currently slipping at about 7-10 mmyr~' (Prentice et al. 2003;
Manaker et al. 2008) and may be in the later part of its rupture
cycle (Calais et al. 2002). Slip rate on the Enriquillo fault, although
less well constrained, is on the order of ~7 mmyr~' (Manaker
et al., 2008). GPS measurements indicate elastic strain accumu-
lation on the plate interface along Hispaniola (Dixon et al. 1998;
Mann et al. 2002), with interplate coupling decreasing to the east
(Manaker et al., 2008). West of Hispaniola, the North Hispaniola
fault gradually decays out and ends at the longitude of the Wind-
ward Passage, where the Caribbean—North American plate motion
transitions to pure strike-slip.

3 EARTHQUAKE CATALOGUE

Reports of earthquakes in the Greater Antilles date as far back as
the sixteenth century when the region was being colonized by the
Spanish. Salterain (1883) and Taber (1922) were among the first to
systematically catalogue and report significant seismic events in the
NE Caribbean. Later work by Kelleher et al. (1973) continued to
refine the catalogue of historical events in the region. Here, we use
earthquake locations and magnitudes from the Instituto Panameri-
cano de Geografia e Historia (IPGH) catalogue (Tanner & Shepherd
1997) as summarized by McCann (2006), specially for the pre-1900
earthquakes and follow Doser et al. (2005), Dolan & Wald (1998),
Ladd et al. (1977) and the Harvard Centroid Moment Tensor (CMT)
catalogue for the post-1900 earthquakes. Events are sparse before
1750, when settlers started spreading across the islands and devel-
oping a consistent written record of felt events. As early events
(pre-1900) are very poorly located, we use the current knowledge
of the regional geology and active faults, as well as damage reports,
to assign a location to historical events. We use the inferred mag-
nitudes together with the empirical scaling laws and relationships
of Wells & Coppersmith (1994) and Fujii & Matsu’ura (2000) to
estimate rupture areas and amount of slip. Strike, rake and dip are
based on the fault geometry from geological observations and/or
focal mechanism of recent events on that fault. In the absence of
well-constrained coseismic slip distributions, the earthquakes are
modelled as rectangular planar patches with uniform slip and are
assumed to occur within a 30 km thick elastic crust. Deeper events
(such as the 1948 earthquake that occurred below the 1946 rupture
plane, Dolan & Wald 1998) are not considered in our analysis as de-
formation beneath 30 km is assumed to be viscoelastic. The source
parameters associated with all eleven M >7.0 (and one recent
M6.5) earthquakes considered in the present analyses are shown in
Table 1 and Fig. 2.

The first event we consider is the 1751 Southern Hispan-
iola earthquake (1751a in Table 1) that is inferred to have oc-
curred on the shallowly north dipping Muertos Trough subduc-
tion interface (McCann & Sykes 1984; McCann 2006). We use
a strike of 282°, consistent with the strike of the trench and ge-
ometry of the block model (Manaker et al., 2008), an average
dip of 11° (Ladd et al. 1977), and a rake of 90° (close to the
92° rake angle for the 1984 M6.7 earthquake beneath Muertos
Trough; Byrne et al. 1985). Using empirical scaling laws we
estimate a rupture area of 150 x 75 km and average slip of
3.5 m. Following the 1751 October 18 earthquake, a major af-
tershock (1751b in Table 1) is documented in the historic record
(Scherer 1912). We follow the inference that this M7.5 event oc-
curred on the left-lateral eastern Enriquillo fault (McCann 2006;

© 2008 The Authors, GJI, 174, 904-918
Journal compilation © 2008 RAS

Coulomb stress evolution in northeastern Caribbean 907

Dolan & Wald 1998), assuming a rupture depth from 0-20 km, a
rupture length of 150 km, and an average slip of 3 m (based on
empirical scaling laws). The M7.5 earthquake in 1770 is inferred to
have occurred in Southern Hispaniola (Scherer 1912) on the western
Enriquillo fault, extending the 1751b rupture (Dolan & Wald 1998).
We assume that the earthquake was similar in size (and sense of slip)
to the 1751b earthquake. A M8.0 earthquake in 1787 has been pro-
posed on the thrust interface offshore Puerto Rico (McCann 1985,
2006). Based on the geometry of the subduction interface in the
block model and empirical scaling laws, we estimate a rupture area
of 150 x 75 km and a uniform average slip of 3.5 m. We assume a
rake angle of 63° based on average slip vectors of recent M5.0-6.0
earthquakes in the region (Doser et al. 2005).

The next major event in the region is the 1842 M 8.0 earthquake
in northwest Hispaniola. It is one of the largest historic earthquakes
to have occurred on the Island, rupturing a 300 km-long portion
of the western Septentrional fault (Mann e al. 1998). Based on
empirical scaling laws, we model the rupture as 20 km wide with an
average slip of 5 m. A M7.3 normal faulting earthquake (incorrectly
identified as a M7.5 event in the IPGH catalogue and in McCann
2006) in 1867 is known to have occurred in Anegada Passage (Reid
& Taber 1920; McCann 1985, 2006). Based on empirical scaling
laws and on the focal mechanism of a 1993 MS5.2 earthquake in
the region (CMT catalogue), we estimate a rupture area of 50 x
20 km, a strike of 60° (both consistent with the geometry of the block
model), and dip and rake angles of 67°and —106°, respectively. The
1887 M7.8 earthquake is inferred to have occurred on the western
Septentrional fault, thereby extending the 1842 rupture. Based on
scaling laws, we estimate a rupture area of 175 x 20 km and an
average slip of 5 m for this event.

The 1918 normal faulting earthquake in the Mona Passage (Reid
& Taber 1919) ruptured two 18 km long patches accommodating
3 m of average slip (Doser et al. 2005). The 1943-1953 sequence of
earthquakes has been discussed in detail by Dolan & Wald (1998);
however, their moment magnitudes (M) are based on Kelleher
et al. (1973) who used magnitudes as given by Gutenberg & Richter
(1954) and Rothe (1969). For our calculations we use the corrected
magnitudes of Pacheco & Sykes (1992), consistent with the IPGH
catalogue. The 1943 M 7.5 (M 7.8 in Dolan & Wald 1998) earth-
quake ruptured a 80 x 40 km segment below northeastern Mona
Passage with an inferred oblique rake of ~60° (Dolan & Bowman
2004). Based on scaling laws we estimate an average slip of
2.0 m for this event. The magnitude as well as the mechanism
of the 1946 earthquake is debated. According to Dolan & Wald
(1998) the M 8.1 earthquake (M 7.8 in IPGH catalogue) occurred
on the shallow dipping North Hispaniola fault and had an estimated
rupture area of 195 x 95 km, coinciding with the limits of the
Hispaniola—Bahama collision zone. However, according to Russo
& Villasenor (1995), the 1946 main shock was a M 7.8 event that
occurred on a northwest striking, steeply dipping fault plane with
significant left-lateral motion. For the stress evolution calculations,
we model it as a M s7.8 earthquake (consistent with the IPGH cat-
alogue) and choose Dolan & Wald’s (1998) focal mechanism as
it is consistent with aftershock locations, considering the alterna-
tive interpretation as another end-member model. Following the
1946 main shock were two major aftershocks, a Ms7.4 (Ms7.8 in
Dolan & Wald 1998) event on August 8 and a Ms7.0 event on
October 4 (M 6.1 in Russo & Villasenor 1995). The focal mecha-
nism of the August 8 aftershock is not well constrained (Dolan &
Wald 1998), and Dolan & Bowman (2004) suggest that this event
does not significantly add to the stress changes induced by the main
shock (regardless of which nodal plane is chosen). Since the average
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magnitude of the Oct 4 aftershock is less than 7.0 and occurred at
a depth of 35 km (Russo & Villasenor 1995) overlapping with the
downdip limit of the 1946 main shock and extending it (Dolan &
Wald 1998), we follow Dolan & Bowman (2004) and model the
main shock as a single rectangular patch 195 x 95 km wide with a
uniform slip of 3.75 m (consistent with scaling laws and the cumu-
lative moment release).

The M 7.0 earthquake in 1953 beneath northern Hispaniola oc-
curred between depths of 15-25 km, and we estimate a rupture area
of 40 x 20 km with a uniform slip of 0.75 m. For the 2003 M6.5
event, coseismic offsets from GPS data (Calais, unpublished report)
suggest a shallow dipping pure thrust fault with a rupture length of
28 km between 1 and 4 km depth above the plate interface with a
strike of 121°.

4 EVOLUTION OF STRESS

4.1 Method

We focus our study on the calculation of Coulomb stress changes,
based on the concept of a critical Coulomb failure stress, o, in
which

0. =71 — i(on — p), (1)

where t is shear stress parallel to the slip direction of a fault,
o, 1s fault-normal (or clamping) stress, p is pore fluid pressure and
w is the coefficient of friction (Jaeger & Cook 1979; Scholz 2002).
As the absolute stress field is difficult to determine, we calculate
stress changes over a period of time using the relation

Ao, = At — uAo,, (2)

where Ao . represents change in stress and pu’ is the apparent fric-
tion, which takes into account reductions in friction due to pore
pressure changes. A positive Coulomb stress change implies that
a fault is brought closer to failure, whereas a negative Coulomb
stress change implies that a fault is brought farther away from fail-
ure. Here, we calculate the evolution of Coulomb stress in the NE
Caribbean by considering contributions from coseismic, postseis-
mic and interseismic deformation since the 1751 Muertos Trough
earthquake. Stress changes due to each mechanism are solved sep-
arately and added together. Our objective is to determine the role of
each of these mechanisms in the evolution of stress since 1751 and
to determine how stress at subsequent hypocentres was influenced.
To calculate coseismic and postseismic stress changes, we use the
method of Pollitz (1996, 1997) in which the spheroidal and toroidal
modes of a spherically stratified viscoelastic earth (no lateral het-
erogeneity in viscosity or in the thickness of various layers) are
computed and then used to calculate the deformation field. Fig. 3
shows the depth-dependent earth structure used in this study. Earth-
quake sources as described previously are listed in Table 1. Rupture
surfaces that experience coseismic slip during the earthquake are as-
sumed to remain locked at all other times. Coseismic stress changes
within the hot lower crust and upper mantle cannot be sustained and
lead to viscoelastic flow, which acts to transfer stress upwards to the
seismogenic crust. Such stress transfer usually works to reload the
fault, but can either increase or decrease coseismic Coulomb stress
changes in the surrounding region, depending on the geometry and
sense of slip of the earthquake and the candidate receiver fault.
We assume that viscoelastic processes occur below 30 km depth,
the maximum depth of the earthquakes considered in this analysis.
Coseismic stresses above this depth are assumed to be maintained,
which may lead to an underestimation of postseismic stress changes
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Figure 3. Assumed elastic and viscoelastic structure used in the model.

if significant flow above 30 km depth occurs, for example, within
the lower crust between 20 and 30 km depth. We assume a viscosity
of 10" Pas, based on the average inferred effective viscosity of
the mantle in the decades following large subduction earthquakes
(Wang et al. 2001; Hu et al. 2004; Khazaradze et al. 2002; Lorenzo-
Martin et al. 2006).

Interseismic deformation is modelled using backslip (Savage
1983) where the results from a freely sliding interplate bound-
ary are superimposed with a dislocation solution coinciding with
the seismogenic zone slipping in the opposite direction (known as
‘backslip’). To a first order, especially over a period of a few hun-
dred years, the aseismic slip portion of this calculation does not
contribute to the regional stress field. Thus, interseismic stress is
calculated using only the backslip component. The backslip rate
can be thought of as a slip deficit rate, which, when multiplied
by a time interval, represents the amount of slip that will even-
tually have to be accommodated by earthquakes. We use the slip
deficit rates (associated with the North American/Caribbean plate
interface, the Septentrional and Enriquillo strike-slip faults and the
Muertos Trench) computed by the block model of Manaker et al.
(2008) that uses GPS, geological and earthquake slip vector data
to estimate block motions and coupling ratios (0 corresponds to a
fully creeping fault, 1 corresponds to a fully locked fault) along the
major NE Caribbean faults.

Fig. 4 and Table 2 show the slip deficit rates inferred from the
block model as interpolated to the fault geometry we assume in our
study (locking depth, dip angle and slip deficit rates for each segment

7AW 72 70 68 66

Figure 4. Fault geometry used to calculate interseismic stress rates. Slip
deficit rates and locking depths are summarized in Table 2. PBZ, Plate
boundary zone; SFZ, Septentrional fault zone; EFZ, Enriquillo fault zone;
MT, Muertos Trough; AP, Anegada Passage; MP, Mona Passage.
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Table 2. Local slip deficit rates, locking depths and dip angles for seg-
ments used to calculate interseismic stress rates. Segment numbers refer to
those shown in Figure 4. LL: local left-lateral component; TH: local thrust
component.

Fault segment Locking Dip Slip deficit (mmyr~!)
(see Fig. 4) depth (km) angle (deg.)

LL TH
PBZ1 30 20 —4.17 —2.18
PBZ2 30 20 -3.02 —2.39
PBZ3 30 20 —1.88 —2.60
PBZ4 25 20 —-1.79 —3.69
PBZ5 20 20 —2.76 —3.62
PBZ6 20 20 —2.48 —2.90
SFZ1-SFZ5 20 90 —7.00 0.00
EFZ 20 90 —17.00 0.00
MT1 30 15 -1.97 —1.85
MT2 30 15 —4.00 —2.78
MT3 30 15 —5.00 —2.74
MP 20 60 —4.58 10.0
AP 20 60 —0.5 3.00

are summarized in Table 2). Interseismic stressing rates are obtained
by applying the slip deficit rate as slipping fault patches, using the
same method as used for the coseismic calculations. The geometry
of the subduction interface as well as that of the strike-slip faults is
consistent with that used in the block model of Manaker et al. (2008).
The averaged slip deficit rates for the interplate subduction, and the
Muertos Trough thrust interface range from 3.0 to 5.0 mmyr~!.
In contrast both the Enriquillo and Septentrional strike-slip faults
slip at a relatively higher rate of 7.0 mmyr~! that corresponds to
an average slip deficit of 1.75 m over 250 yr. To calculate stress
changes resulting from long term extension in Mona and Anegada
Passage, we model the two areas as 60° dipping normal faults, the
average dip of recent earthquakes in the region. Though these areas
comprise numerous, small, active faults, we assume that extension
is taken up by one major fault as shown in Fig. 4. The block model
estimates 5 mmyr~! of horizontal extension in the Mona Passage
and 1.5 mmyr~! in the Anegada Passage, which on a 60° dipping
normal fault corresponds to slip deficit rates of 10 and 3 mmyr~!,
respectively.

To calculate Coulomb stress magnitudes, we assume a relatively
low apparent friction of 0.2 for strike-slip faults and a relatively high
apparent friction of 0.8 for thrust faults. These friction coefficient
values are consistent with previous studies in which aftershock
patterns following thrust earthquakes appear to be more sensitive to
normal stress changes, suggesting a higher friction coefficient (Stein
& Ekstrom 1992; Shearer 1997; Hardebeck et al. 1998; Parsons
et al. 1999), whereas strike-slip faults are inferred to be associated
more with shear stress changes corresponding to a lower effective
friction value (Zoback et al. 1987; Parsons et al. 1999; Toda &
Stein 2002). For normal faults we assume a friction coefficient of
0.6 as estimated from fault reactivation studies (Collettini & Sibson
2001). Subsequent sections describe the calculated Coulomb stress
changes associated with each mechanism, followed by a discussion
of combined stress changes.

4.2 Coseismic stress changes

Fig. 5 shows the calculated cumulative coseismic Coulomb stress
change after each earthquake, using the component of stress as-
sociated with the fault orientation and slip direction of the next
event. Though perhaps surprising considering the short time span
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between events, Fig. 5a shows that stress changes associated
with the 1751a Muertos Trough event had insignificant influence
(<0.1 MPa increase) on the eastern Enriquillo fault which ruptured
only 34 days later (1751b). Though Scherer (1912) assumed that the
latter event was an aftershock of the earlier event, a reasonable con-
clusion considering the short delay time and relatively short distance
between events, our results suggest that coseismic Coulomb stress
change following the 1751a event, as modelled, does not satisfac-
torily explain the triggering of the Enriquillo earthquake. However,
if the rupture plane of the ill-constrained offshore Muertos Trough
earthquake is slightly shifted towards the west, then the triggering
of the 1751b earthquake seems plausible. Though the location of the
modelled slip may be in error, this may also be evidence of the im-
portance of dynamic stress changes associated with the passage of
transient seismic waves to trigger subsequent events (e.g. Gomberg
1996; Gomberg et al. 2003). In contrast, the 1751b earthquake that
ruptured a large portion of the eastern Enriquillo fault increased
stress (>0.1-1.6 MPa) on the 1770 rupture surface to the west
(Fig. 5b).

The 1751a Muertos Trough rupture modestly increased stress (as
much as 0.65 MPa) on the central Septentrional fault to the north,
which has not ruptured in historic time (Fig. 5b). However, part of
the western Septentrional fault, which ruptured in 1842, does not
appear to have been significantly encouraged by the Enriquillo or
Muertos Trough events (Fig. 5d). This is also the case for the 1787
Puerto Rico trench quake (Fig. 5¢), suggesting that if either event
was influenced by previous earthquakes, those events occurred prior
to 1751. As with the Enriquillo sequence, the 1842 rupture on the
Septentrional fault was followed by a rupture on the neighbour-
ing segment in 1887, which was loaded (>0.1-1.6 MPa across its
length) by the 1842 event (Fig. 5f).

The Puerto Rico trench earthquake in 1787 is the first major
thrust earthquake in a sequence on the North American—Caribbean
subduction interface that progresses to the west. The 1787 earth-
quake increased stress (>0.4—2.4 MPa) on the adjacent segment that
ruptured in 1943 (Fig. Sh). The next event in the sequence, the 1946
NE Hispaniola earthquake occurred on the other side of a 75-km-
wide gap and was encouraged by a relatively low stress change of
~0.1 MPa (Fig. 5i), though the short time interval between events
suggests that this small stress change may have been sufficient to
influence the timing of the 1946 earthquake. The 1946 event greatly
increased stress (>2.4 MPa) on the neighbouring segment that rup-
tured in 1953 (Fig. 5j). This event in turn encouraged (>1.6 MPa)
the recent 2003 Puerto Plata quake (Fig. 5k).

Two historic normal faulting earthquakes have occurred in the
region since 1751. The 1867 Anegada Passage earthquake was very
modestly encouraged by the 1787 Puerto Rico Trench event on its
southwestern edge (as much as 0.1 MPa) but slightly discouraged
(as much as —0.1 MPa) on its northeastern edge (Fig. 5e). The
1918 normal faulting earthquake in central Mona Passage was en-
couraged (as much as 1.2 MPa) by both the 1787 plate interface
quake to the north and the 1751 Muertos Trough event to the south
(Fig. 5g).

Overall, of the 11 earthquakes that occurred after the 1751 Muer-
tos Trough quake, six events occurred in regions that experienced
previous coseismic stress changes of at least 0.1 MPa. The 1751b,
1787, 1842 and 1946 quakes occurred on fault segments where
stress changes from preceding earthquakes were less than 0.1 MPa,
though some these events may have been influenced by earthquakes
that occurred prior to 1751. The 1867 event experienced slight
Coulomb stress increase on its western edge and slight decrease
on its eastern half. Unfortunately, the hypocentre of this event is
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Figure 5. Coulomb stress change due to coseismic slip from all preceding earthquakes (white within black lines) as evaluated on the rupture plane of the
earthquake about to occur (dashed green within black lines), highlighted in each panel. Stresses are shown for a depth of 15 km, the average depth of hypocentres
for historic events (except for the 2003 earthquake, which had a hypocentral depth of ~3 km). A friction coefficient of 0.2 is assumed for strike-slip earthquakes
(panels a, b, d and f), 0.6 for normal faulting earthquakes (panels e and g) and 0.8 for thrust earthquakes (panels c, h, i, j and k). PBZ, Plate boundary zone;
Sept, Septentrional fault; Enrq, Enriquillo fault; MT, Muertos Trough; AP, Anegada passage; MP, Mona passage.

not well constrained to help determine whether this event may have
been triggered by the 1787 quake. Collectively, this suggests that
coseismic stress changes appear to have had at least a moderate in-
fluence on the occurrence of subsequent events and may be a viable
means of understanding current seismic hazard in the NE Caribbean
region (discussed below).

4.3 Postseismic stress changes

Fig. 6 shows the evolution of Coulomb stress due to postseismic re-
laxation associated with each of the earthquakes considered. Each
panel in the figure corresponds to the same panel in Fig. 5 (same
Coulomb stress component) but shows the cumulative stress change
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Figure 6. Same as Fig. 5 but for calculated Coulomb stress changes associated with postseismic relaxation following all earthquakes prior to the year of the

next event highlighted in each panel. Fault labels are same as in Fig. 5.

solely due to postseismic relaxation from previous events. For a
viscosity of 10'° Pas, it takes ~100 yr for 90 per cent of man-
tle coseismic stresses to be relaxed and transferred to the surface.
Fig. 6a shows stress changes associated with 34 days of postseismic
relaxation, following the 1751a Muertos Trough event (time period
between the 1751a and 1751b events). Significant postseismic re-
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laxation has not yet had time to occur, thus the calculated stress
changes are negligible.

Results suggest that postseismic relaxation is an important con-
tributor to the loading of adjacent segments following strike-slip
earthquakes. Figs 6b and f show that postseismic relaxation follow-
ing earthquakes on the Enriquillo and Septentrional faults works
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to reload not only the rupture surfaces but also the adjacent seg-
ments that subsequently ruptured in both cases. Postseismic relax-
ation leads to Coulomb stress increases of as much as 0.8 MPa on
the 1770 Enriquillo rupture plane and by as much as 1.5 MPa on
1887 Septentrional rupture plane. Loading of adjacent strike-slip
segments by postseismic relaxation found in these calculations is
similar to that found following large strike-slip events in southern
California (Freed et al. 2007).

For the case of the sequence of thrust earthquakes along the
North American/Caribbean plate interface, the role of postseismic
relaxation is more complex. The 1943 interplate event was both en-
couraged (as much as 1.6 MPa on its eastern edge) and discouraged
(by as much as —0.1 MPa toward its centre) by the 1787 interplate
event, directly to the east (Fig. 6h). As the hypocentre of this off-
shore event is not well constrained, it is difficult to determine the
role that postseismic relaxation may have had in triggering it. The
1946 North Hispaniola thrust event was located far from the 1943
event and the time period between events too short for postseismic
relaxation to have played a significant role in its triggering (Fig. 61).
The 1953 (Fig. 6j) event also occurred directly adjacent to the pre-
vious rupture (the 1946 event) and again was both encouraged (as
much as 0.1 MPa) and discouraged (—0.1 MPa) by Coulomb stress
changes associated with the postseismic relaxation. Postseismic re-
laxation following the 1953 quake does not show any significant
effect at the site of the shallow thrust 2003 earthquake.

The difference between the influence of postseismic stress
changes on neighbouring segments of strike-slip earthquakes (al-
ways encourages) versus oblique thrust earthquakes (could encour-
age or discourage) is primarily due to the difference in dip angle
between these two fault types. Fault dip along with the rake angle
significantly influences the distribution of regions of positive and
negative coseismic Coulomb stress changes in the mantle beneath.
Coseismic slip associated with vertical (or near-vertical) strike-slip
faults leads to lobes of Coulomb stress increases in the mantle be-
neath adjacent segments. When these regions relax, these stresses
migrate to the seismogenic crust above and load the fault. In con-
trast, shallow dipping thrust faults lead to a more complex pattern of
coseismic stress change with lobes of Coulomb stress both increase
and lobes of stress decrease in the mantle beneath adjacent thrust
segments, with the sign of the change being a function of depth.
Thus, the relaxation of these regions leads to a transfer of stress
to the seismogenic zone above that varies along strike, induce both
loading and unloading along the adjacent segments. Understanding
the influence of postseismic relaxation on the triggering of adjacent
thrust segments thus requires well-constrained hypocentral loca-
tions. Unfortunately, these locations are not well constrained for
most historic earthquakes in the region.

4.4 Interseismic stress changes

Coulomb stress changes due to 250 yr of interseismic stress build-up
associated with each of the major fault systems in NE Caribbean, as
resolved on N95°E striking (average strike angle) strike-slip faults,
are shown in Fig. 7 (one panel for each of the major fault systems).
These panels show how interseismic stresses work to load strike-
slip faults in the region over time. If the sign of stress changes in
the panels is reversed (i.e. red to blue and blue to red), these panels
can be interpreted as showing how the complete rupture of these
faults systems would unload stress in the region every 250 yr. This
is because, to a first order, all interseismic stress accumulation in
the upper crust must eventually be released by earthquakes.

7AW 72 70 68

66
24 16 08 00 08 2.4
)
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Coulomb Stress Change (MPa

Figure 7. Coulomb stress changes resolved on N95°E striking left-lateral
strike-slip faults due to 250 yr of interseismic stress build-up on the (a)
Septentrional and Bowin Faults, (b) Enriquillo Fault, (c) North Ameri-
can/Caribbean plate boundary and (d) the Muertos Trough thrust interface.
Stresses are resolved at a depth of 15 km with a friction of 0.2. Fault labels
are same as in Fig. 5.

Fig. 7a shows that interseismic stressing rates load the locked
700 km long Septentrional fault and surrounding region, as well as
part of the Enriquillo fault to the south. This figure can be inter-
preted as showing that earthquake sequences on the Septentrional
fault tend to relieve stresses on the Enriquillo fault. Similarly, al-
though not obvious, earthquakes on the Enriquillo fault slightly
relieve stresses on the Septentrional fault. Although the magnitude
of stress relief imparted by the Septentrional and Enriquillo faults
through one earthquake cycle is relatively small, over the course
of many earthquake cycles, this could be sufficient to cause earth-
quake activity on these fault systems to become anticorrelated. This
may explain why the latest earthquakes on the Enriquillo occurred
in the 18th century, whereas the latest events on the Septentrional
occurred in the 19th century. Such interaction between two parallel
strike-slip faults has also been observed in numerical experiments
involving synthetic seismicity (Robinson & Benites 1995).
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Fig. 7c shows that interseismic stress accumulation associated
with the northern, oblique subduction plate boundary zone leads to
efficient loading of the Septentrional and Bowin faults (assuming a
friction coefficient of 0.2). This illustrates the mechanical relation-
ship between thrusts and strike-slip faults at an obliquely convergent
plate boundary. Coulomb stresses due to the locking of the north
Hispaniola and Puerto Rico trench thrust fault system serve to load
the Septentrional-Bowin strike-slip faults, especially from beneath
where the shear is maximum. The partitioning of slip therefore ap-
pears to be favoured by the efficient transfer of Coulomb stresses to
the upper plate. However, if we assume a high friction coefficient
(~1.0) then oblique subduction in fact tends to decrease stress on the
Septentrional fault, as normal stress changes dominate over shear
stress changes. Such a result is counter-intuitive, as the Septentri-
onal fault helps to partition some of deformation associated with
oblique subduction. This suggests that major strike-slip faults are
indeed best described by a relatively weak apparent friction. In a
similar fashion, earthquakes on the thrust interface such as the 1946
NE Hispaniola earthquake, which on average tended to unload a low
friction Septentrional, now tend to significantly load the fault if it
is controlled by high friction.

Despite its distance to the south, interseismic stresses associated
with the Muertos Trough have influence far to the north, in part
due to the relative shallow dip (11°-15°) of this interface. Fig. 7d
shows that interseismic loading associated with the Muertos Trough
leads to high Coulomb stresses in Southeastern Hispaniola, encour-
aging left-lateral strike-slip faulting. This is because the long-term
slip rate on Muertos Trough has a significant left-lateral compo-
nent. However, absence of active left-lateral faults in Southeastern
Hispaniola suggests that strain in this region is not partitioned,
and earthquakes on the thrust interface may in fact have a high
left-lateral component. The Muertos Trough also does not ap-
pear to influence stresses on the Enriquillo fault despite its close
proximity.

Coulomb stress changes due to 250 yr of interseismic stress build-
up associated with each of the major fault systems, as resolved on
NO95°E striking, oblique (67.5° rake) thrust faults, are shown in
Fig. 8 (panels correspond to those in Fig. 7). These panels show
how interseismic stresses work to load oblique thrust faults in the
region over time. Fig. 8a shows that interseismic stress accumulation
associated with the locked Septentrional and Bowin faults work to
load the oblique subduction plate interface to the north. This is
equivalent to showing that strike-slip earthquakes on these faults
work to unload the Coulomb stresses that develop on the subduction
interface. Fig. 8b shows stress accumulation/release associated with
the Enriquillo fault to not have much of an influence on thrust faults
in the region. Whereas the existence of the Septentrional and Bowin
faults can partly be understood in terms of strain partitioning of
oblique subduction between the Caribbean and North American
plates, the Enriquillo fault appears to be located too far south to
efficiently interact with the stress transfer associated with the strain
partitioning. The Enriquillo fault most likely serves to accommodate
the remaining of the Caribbean—North American shear motion not
taken up by the Septentrional fault.

Fig. 8c shows that interseismic stresses due to the locking of
the North America/Caribbean plate interface accumulate along that
plate interface. Stresses are highest downdip as the edge of the
locked (or partially locked) seismogenic zone is approached (though
the figure must be interpreted with caution since it only shows stress
at 15 km depth). Similarly, interseismic stresses associated with the
Muertos Trough also lead to loading of the thrust component of
this locked fault (Fig. 8d). Using a lower friction coefficient (~0.0)
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Figure 8. Coulomb stress changes resolved on N95°E striking oblique
(rake of 67.5°) thrust faults due to 250 yr of interseismic stress build-up
on the (a) Septentrional and Bowin Faults, (b) Enriquillo Fault, (c) North
American/Caribbean plate boundary and (d) the Muertos Trough. Stresses
are resolved at a depth of 15 km with a friction of 0.8. Fault labels are same
as in Fig. 5.

has little effect on the magnitude and pattern of Coulomb stress
change on the major thrust faults due to interseismic (or coseismic)
deformation. This is because shear stress changes dominate over
normal stress changes, regardless of the friction level.

4.5 Cumulative stress changes

Fig. 9 displays the cumulative stress changes as resolved on N95°E
striking left-lateral strike-slip faults incurred in the region from
1751 to 2007 from each of the three mechanisms of the earthquake
cycle, both individually and combined. The figure shows how
the key components of the earthquake cycle contribute to driving
the shear component of the stress field. Earthquakes release stress
(blue regions) on strike-slip faults (Fig. 9a), whereas postseismic re-
laxation (Fig. 9b) and interseismic stressing (Fig. 9d) serve to reload
these faults (red regions). This is the easiest to see by focusing on the
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Figure 9. Cumulative Coulomb stress changes resolved on N95°E striking
left-lateral strike-slip faults from 1751 to 2007 due to (a) coseismic, (b)
postseismic, (c) combined coseismic and postseismic, (d) interseismic and
(e) coseismic plus postseismic plus interseismic deformation. (f) Shows
how the net stress change (e) is modified if the 1946 earthquake occurred
on the eastern Septentrional fault (rupture plane outlined in panel) (Russo
& Villasenor 1995), as opposed to occurring on the megathrust. Stresses are
resolved at a depth of 15 km with a friction of 0.2. Fault labels are same as
in Fig. 5.

Enriquillo fault (longitudes 72°~75°W) in these figures, where large
strike-slip earthquakes have occurred. The dominance of Coulomb
stress decreases (blue regions) in Fig. 9¢ shows that coseismic stress
relief is stronger than postseismic reloading. However, with the
addition interseismic loading the cumulative stress relief since 1751
significantly erodes away (note thin blue line directly under most of
the Enriquillo fault in Fig. 9¢). This suggests that the fault is within
decades of recovering to pre-earthquake stress levels. In contrast,
the western Septentrional fault (longitudes 71°—75°W) experiences
a complex net stress change pattern (the fault experiences both
net stress increases and decreases), as shown in Fig. 9e. To first
order, however, the western Septentrional fault currently appears to
be neutrally loaded and may not represent a significant source of
seismic hazard for the next several decades.

The total change in stress over the past 250 yr has lead to a large
build-up of left-lateral shear stress in the location of the central and
eastern Septentrional fault (longitudes 68°-71°, Fig. 9e). Stress has
accumulated here primarily from interseismic stressing and partly
from coseismic slip and postseismic relaxation, following the 1842
earthquake. In addition, this segment has not experienced any sig-
nificant earthquake over the past 770-960 yr (Prentice et al. 2003).
However, Russo & Villasenor (1995) have suggested that the 1946
earthquake in this region (Figs 5i and 61) may have actually rup-
tured the eastern, offshore part of the Septentrional, as opposed
to the megathrust. Although this interpretation is at odds with the
aftershock distribution from the 1946 event (Dolan & Wald 1998),
we consider an alternative model where the earthquake occurred
on the eastern Septentrional fault, offshore of Hispaniola (as there
is no evidence of rupture onshore). This alternate earthquake was
modelled as being 200 km long, with 5 m of uniform left-lateral
slip, consistent with Russo and Villasenor’s estimated magnitude
(M s7.8) and empirical scaling laws. Fig. 9f shows how this alter-
native 1946 rupture model results in significant stress relief on that
portion of the Septentrional fault, but leaves high unrelieved stress
(as much as 15.0 MPa) on the central portion of the fault to the west
(longitudes 69.5°-71°). High stress accumulation (as high as 10.0
MPa) also remains on the Bowin fault (longitudes 65°—67°) due to
a lack of a large historical event.

Fig. 10 shows the cumulative Coulomb stress changes as resolved
on oblique (rake 67.5°) thrust faults roughly parallel to the Puerto
Rico Trench incurred since 1751 from each of the three mechanisms
of the earthquake cycle both individually and combined. Each of
these panels is accompanied by a smaller subpanel showing stress
changes as a function of depth along a cross-section (A—A’) that
cuts through the rupture planes associated with the 1751a and 1946
events. These results show that thrust earthquakes (Fig. 10a) work
to relieve stress whereas interseismic processes (Fig. 10d) reload
the faults. It is interesting to note that interseismic loading of the
thrust components of faults in this region (Fig. 10d) are not as
significant as that of interseismic loading of strike-slip components
(Fig. 9d), owing to the significant obliqueness of subduction along
the northeastern Caribbean boundary.

The role of postseismic relaxation in the evolution of Coulomb
stress on the thrust component of earthquakes (Fig. 10b) is more
complicated than that associated with strike-slip events (Fig. 9b).
Postseismic relaxation of a viscoelastic mantle, following thrust
events works to both unload and reload different regions of the rup-
ture surfaces, whereas relaxation following strike-slip events only
serves to reload these faults. This makes for a complex pattern of
combined stress changes on thrust faults when coseismic and post-
seismic (Fig. 10c) or all three processes (Fig. 10e) are combined.
The result is that individual segments are not easily characterized
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Figure 10. Cumulative Coulomb stress changes resolved on N95°E striking oblique (rake of 67.5°) thrust faults from 1751 to 2007 due to (a) coseismic, (b)
postseismic, (¢) combined coseismic and postseismic, (d) interseismic and (e) coseismic plus postseismic plus interseismic mechanisms. (f) Shows how the
net stress change (e) is modified if the 1946 earthquake occurred on the eastern Septentrional fault (rupture plane outlined in panel, Russo & Villasenor 1995),
as opposed to occurring on the megathrust. Stresses are resolved at a depth of 15 km with a friction of 0.8. Fault labels are same as in Fig. 5.
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as having experienced a net increase or decrease in Coulomb stress
over the past 250 yr. This complexity may contribute to the obser-
vation that many megathrust events (such as 1943, 1953 and 2003
earthquakes) do not completely rupture through the depth of the
seismogenic zone.

A broad view of the net change in Coulomb stress over the
past 250 yr toward thrust earthquakes in the Caribbean (Fig. 10¢e)
suggests that high levels of stress have accumulated on the western
portion of the megathrust, west of the edge of the 1946 event (70°W).
Although no major earthquake has been documented on this section
of the Caribbean—North America plate boundary, there is ample
evidence for active reverse faulting along the northern Hispaniola
margin and for actively growing folds in the narrow sedimentary
wedge at the toe of the margin slope (e.g. Dillon ez al. 1987, 1992;
Calais & de Lépinay 1995).

Calculations also suggest high unrelieved stress in the seismic
gap between the 1943 and 1946 events (67.5°—68.5°W) and on the
shallow portion of the megathrust above the 1943 rupture zone
(67.0°—67.5°W), assuming it only broke the deeper part of the seis-
mogenic zone. Calculated high stress accumulation in these regions
changes significantly if the 1946 event was not on the megathrust
but instead occurred on the Septentrional fault (Fig. 10f). In this
case, high stresses on the vacated 1946 rupture surface becomes a
prime target for an earthquake, although there no longer exists a
seismic gap between the 1946 and 1943 ruptures. The other region
of high accumulated stress for thrust faulting occurs to the east of
the 1787 rupture surface (east of 65.5°W) where no large historic
earthquakes have been documented (McCann 1985). While this
could suggest a region of current seismic potential, the lack of GPS
constraints in the region could have led to an overestimation of cou-
pling ratios in the block model, further leading to an overestimation
of interseismic loading.

5 SUMMARY AND CONCLUSIONS

This study shows how active faults in the northeastern Caribbean
communicate and influence each other through Coulomb stress
changes. All of the fault systems are interseismically loaded by the
regional tectonics associated with the oblique subduction and asso-
ciated strain partitioning between the Caribbean and North Amer-
ican plates. We find that coseismic stress changes often encourage
subsequent events. For instance, the observed westward propaga-
tion of earthquakes on the Septentrional Fault (1842, 1887), the En-
riquillo Fault (1751b, 1770) and along the megathrust (1787, 1943,
1946, 1953, 2003) were all encouraged by coseismic Coulomb stress
changes greater than 0.1 MPa associated with the earlier events in
each sequence. Stress changes associated with postseismic relax-
ation of a viscoelastic mantle serves to reload strike-slip rupture
surfaces above, after an earthquake. However, reloading of megath-
rust rupture surfaces due to postseismic relaxation is more complex,
with stress on some areas of the rupture surface increasing, while
decreasing on others. This difference, associated with differences
in the distribution of coseismic stress changes with depth between
a vertical strike-slip fault and a shallow dipping thrust fault extends
to the loading of neighbouring segments after each type of earth-
quake. After strike-slip earthquakes, postseismic relaxation always
increases Coulomb stress on neighbouring segments, encouraging
earthquake sequences. In contrast, postseismic relaxation appears
to either unload or neutrally load neighbouring thrust segments.
We also find that on the Caribbean plate, earthquakes within one
fault system can encourage or discourage events on the other fault
systems. For example, earthquakes on the Septentrional strike-slip

fault relieve a small level of stress on the subparallel Enriquillo fault
to the south. This stress relief is further magnified by postseismic
relaxation. The relationship also works in the opposite direction,
with earthquakes and postseismic relaxation on the Enriquillo fault
leading to modest unloading of the Septentrional fault. Over many
earthquake cycles, it is not hard to imagine that this stress commu-
nication is responsible for the apparent observed anticorrelation of
events on these respective fault systems, with earthquakes on the
Enriquillo fault having occurred in the 18th and on the Septentri-
onal fault in the 19th century. Strike-slip events on the Septentrional
and Bowin faults also serve to relieve shear on the North Ameri-
can/Caribbean megathrust. This may explain why no earthquakes
in the past 250 yr have been observed on the megathrust west of
70°W. However, it should also be noted that this is the region where
the megathrust terminates, and hence, the earthquake potential here
is uncertain.

This analysis also suffers from a number of limitations, such as
uncertainties in the location and source mechanism of some his-
torical earthquakes, viscoelastic relaxation occurring only in the
mantle and without consideration as to the influence of the subduct-
ing slab, assumption of uniform coseismic slip and uncertainties
in the block model used to calculate interseismic stresses due to
limited GPS constraints. Our results, nevertheless, provide a quan-
titative view of the evolution of stress on the Caribbean plate due
to coseismic, postseismic, and interseismic processes. The location
of unrelieved Coulomb stress on active faults may especially be
indicative of the regions where seismic hazards are currently the
greatest. The greatest net build-up of Coulomb stress changes over
the past 250 yr occurs along the central and eastern segment of the
Septentrional and the Bowin strike-slip faults (65°~71°W), as no re-
cent earthquake has relieved stress in these regions. This would not
be the case if the 1946 earthquake actually occurred on the eastern
Septentrional fault as opposed to the megathrust. In this scenario,
unrelieved stress on the Septentrional fault would be isolated to the
central Septentrional between 69°—71°W. For oblique thrust faults,
net stress build-up over the past 250 yr is largest on the North
American/Caribbean megathrust west of 70.5°W. This high accu-
mulated stress region starts further east at 69.5°W if the 1946 event
occurred on the Septentrional fault. High Coulomb stress has also
developed east of 65.5°W (edge of 1787 quake), where no historic
events have been inferred to have relieved stress. Because of limited
GPS measurements in this region from which to constrain the block
model, interseismic fault slip rates and hence stressing rates may
have been over-estimated. In this case, seismic hazard in this region
would be much reduced.
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