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S U M M A R Y
We use block modelling of GPS site velocities from Jamaica and nearby islands, including
Hispaniola, to test alternative plate boundary geometries for deformation in Jamaica and
estimate slip rates along the island’s major fault zones. Relative to the Caribbean Plate, GPS
sites in northern Jamaica move 6.0 ± 0.5 mm yr−1 to the WSW, constituting a lower bound
on the motion of the Gônave microplate across its southern boundary in Jamaica. Obliquely
convergent motion of all 30 GPS sites on and near Jamaica relative to the island’s ∼E–W-
trending strike-slip faults may be partitioned into 2.6 ± 0.6 mm yr−1 of ∼N–S shortening across
submarine faults south of Jamaica and 5–6 mm yr−1 of E–W motion. Guided by geological
and seismic information about the strikes and locations of faults in Jamaica, inverse block
modelling of the regional GPS velocities rejects plate boundary configurations that presume
either a narrow plate boundary in Jamaica or deformation concentrated across a restraining
bend defined by the topographically high Blue Mountains of eastern Jamaica. The best-fitting
models instead place most deformation on faults in central Jamaica. The 4–5 mm yr−1 slip rate
we estimate for the Plantain Garden fault and Blue Mountain restraining bend of southeastern
Jamaica implies significant seismic hazard for the nearby capital of Kingston.

Key words: Plate motions; Dynamics and mechanics of faulting; Neotectonics; Fractures and
faults.

1 I N T RO D U C T I O N

The 2010 January 12, M = 7 Haiti earthquake (Calais et al. 2010;
Hayes et al. 2010), which ruptured an on-land segment of the south-
ern boundary of the Gônave microplate (Fig. 1), was a tragic re-
minder that the strike-slip faults that define much of the northern
boundary of the Caribbean Plate constitute major seismic hazards
where those faults come on land (Prentice et al. 2010). The island
of Jamaica (Fig. 1), which lies along the same seismically active
plate boundary, has had 12 earthquakes with Modified Mercalli
intensities (MMI) of VII to X since 1667, including the MMI X
earthquake in 1692 that destroyed much of the city of Port Royal
(near the present capital of Kingston) and the M = 6–6.5 earthquake
in 1907 that damaged or destroyed 85 per cent of the buildings in
Kingston (Taber 1920; Versey et al. 1958; Pereira 1977; Tomblin &
Robson 1977; Clark 1995; Wiggins-Grandison 1996; Natural Dis-
aster Research 1999; Wiggins-Grandison 2001). Despite Jamaica’s
long history of damaging earthquakes, remarkably little is known
about which faults were responsible for previous large earthquakes
and which faults presently constitute the most significant seismic
hazards, including the locations of the 1692 and 1907 ruptures.

In an effort to better understand seismic hazard and deforma-
tion rates in Jamaica, GPS measurements began on the island in
1998. DeMets & Wiggins-Grandison (2007) (hereafter abbreviated
DWG07) report the initial results from these measurements along
with focal mechanisms determined from teleseismic and local seis-
mograms. DWG07 demonstrate that GPS sites move dominantly
to the WSW relative to a stationary Caribbean Plate at rates that
increase from 3 mm yr−1 in southern Jamaica to 7–8 mm yr−1 in
northern Jamaica and further demonstrate that the mean P- and T-
axes for earthquakes on and near the island have nearly horizontal
plunges and trend 45◦ from the island’s E–W-oriented strike-slip
faults (Fig. 2c). From these observations, they conclude that de-
formation in Jamaica is dominated by a combination of left-lateral
shear along E–W striking strike-slip faults and convergence across
the island’s NNW-striking mountain ranges, both consistent with a
general model of the island as a major restraining bend in the left-
slipping Gônave–Caribbean Plate boundary (Mann et al. 1985).

Herein, we build on the DWG07 study by modelling GPS ve-
locities estimated from 13 yr of continuous and campaign GPS
measurements at 30 Jamaican sites and 96 sites in Hispaniola
(Manaker et al. 2008; Calais et al. 2010) and other islands that
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Figure 1. Tectonic setting of Jamaica and vicinity. Jamaica is located in a restraining bend on the left-lateral strike-slip boundary between the Caribbean Plate
and the Gônave microplate. Arrow shows MORVEL estimate of North America Plate motion in mm yr−1 relative to the Caribbean Plate (DeMets et al. 2010).
CSC, Cayman spreading centre. 2 min seafloor bathymetry and land topography are from Sandwell & Smith (1997).

span the Caribbean–Gônave–North America Plate boundary. Us-
ing the locations of major faults and earthquakes in Jamaica and the
northern Caribbean as a guide, we test a series of progressively more
complex models for the geometry of the Gônave–Caribbean Plate
boundary in Jamaica, ranging from simple discrete/narrow bound-
aries to boundaries with an independently moving block in Jamaica.
Based on our preferred plate boundary geometries, we estimate
present-day fault slip rates and the locus of present deformation in
Jamaica. Modelling of the GPS velocity field is accomplished using
the Blocks software of Meade & Loveless (2009), which treats the
crust as an elastic homogeneous half-space consisting of rotating
blocks bound by frictionally locked plate-boundary faults.

2 T E C T O N I C S E T T I N G

2.1 Gônave microplate

Jamaica straddles the boundary between the Gônave microplate and
Caribbean Plate (Fig. 1) and is located at the northern, emergent
end of the Nicaragua Rise (Fig. 1), where the rise collides obliquely
with the southern edge of the Gônave microplate. Westward motion
of 8–13 mm yr−1 of the Gônave microplate relative to the Caribbean
Plate (DWG07), likely driven by the oblique collision of the Bahama
platform with Hispaniola (Mann et al. 1995, 2002), gives rise to left-
lateral slip on the Enriquillo, Plantain Garden and Walton faults
along the southern edge of the Gônave microplate (Fig. 1).

The Gônave microplate boundaries consist of the Cayman spread-
ing centre in the west, the Oriente transform fault in the north,
multiple faults in the south including the Enriquillo fault of His-
paniola, the Plantain Garden fault, faults in Jamaica and the Walton
fault west of Jamaica (Fig. 1; Rosencrantz & Mann 1991; Tyburski
1992). The eastern boundary of the microplate may lie west of His-
paniola, within central Hispaniola or may be diffuse (Manaker et al.
2008; Calais et al. 2010; Benford et al. 2012a).

2.2 Faults in Jamaica

The ∼50 km right step between the Plantain Garden fault (PG)
of eastern Jamaica and Walton fault (WF) west of Jamaica define
the Jamaica restraining bend (Fig. 2a). The right-stepping Jamaica

restraining bend has given rise to widespread faulting and reactiva-
tion of faults in and near Jamaica consisting of east–west striking,
left-lateral strike-slip faults and NNW-striking faults dominated by
reverse dip-slip motion (Figs 1 and 2a; Horsfield 1974; Wadge &
Dixon 1984; Mann et al. 1985; Leroy et al. 1996). The latter faults
are typically steeply east-dipping, in many cases are blind, and are
Palaeogene extensional structures reactivated in contraction (Hors-
field 1974; Draper 2008).

Previous studies (Horsfield 1974; Wadge & Dixon 1984; Mann
et al. 1985; Leroy et al. 1996; DeMets & Wiggins-Grandison 2007)
of the structures and topography of Jamaica define four major,
east–west striking, left-lateral strike-slip fault systems on the island
(Fig. 2a), the Duanvale fault (DF) of northern Jamaica, the South
Coast fault zone (SCFZ) of southern Jamaica, the Plantain Garden
and Aeolus Valley (AV) faults of southeastern Jamaica and the cen-
tral Jamaica fault system, consisting of the Cavaliers fault (CF), Rio
Minho-Crawle River fault (RMCR) and Siloah fault system (SFS).
None of these east–west faults have the typical geomorphic expres-
sion of a large-offset, strike-slip fault (e.g. fault scarps, sag ponds)
and none can be traced continuously across the island. However,
they show up as prominent lineaments in aerial photographs and
in the 90-m Shuttle Radar Topography Mission (SRTM) elevations
(Fig. 2b). Below, we describe each briefly.

The Plantain Garden fault extends ∼150 km from the Morant
Trough (Fig. 1), an active pull-apart basin east of Jamaica (Mann
et al. 1990) that defines the western termination of the Enriquillo
fault of Hispaniola, to the Wagwater deformed belt (WW in Fig. 2b)
at the western edge of the Blue Mountains (Mann et al. 1985).
Estimates of the fault offset east of the island range from 30 to
45 km based on the offset of the eastern Jamaica shelf to ∼60 km
based on the width of the Morant Trough. These are consistent
with 3–7 mm yr−1 of slip on the Plantain Garden fault assuming the
offset has occurred since ∼9 Ma (Natural Disaster Research 1999).
Farther west, where the Plantain Garden fault of eastern Jamaica
separates the Blue Mountains to the north from topographically
lower and younger rocks to the south, rocks of similar ages and
lithologies flanking the fault are offset by only 10–12 km (Mann
et al. 1985).

The difference in the offsets estimated for the eastern and western
halves of the Plantain Garden fault may be because of partitioning of
slip between the western segment of the Plantain Garden fault and a
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Figure 2. (a) Major faults of Jamaica modified from Wiggins-Grandison & Atakan (2005) and Benford et al. (In preparation, 2012b). Long-dashed line shows
assumed offshore continuation of the Aeolus Valley fault. NNW-striking faults are BM, Blue Mountain fault; JC, John Crow fault; PO, Porus fault; ST, Spur
Tree fault; SCr, Santa Cruz fault; WMN and EMN, Western and Eastern Montpelier-Newmarket faults, respectively and WW, Wagwater Belt. Strike-slip faults
are: AV, Aeolus Valley fault; CF, Cavaliers fault; DF, Duanvale fault; PG, Plantain Garden fault; RMCR, Rio Minho-Crawle River fault; SCFZ, South Coast
fault zone; SFS, Siloah fault system; WF, Walton fault; YA, Yallahs fault and approximate location of Fault E of the Walton fault (Tyburksi 1992). The CF,
RMCR and SFS constitute the central Jamaica fault system. Faults are overlain on a population density map as of 2007. Faults are also shown in panels (b)
and (c). (b) Locations of major cities, including the capital city of Kingston, and major geographic features. GPS station locations (red circles) on 90-m Space
Shuttle Topographic Radar Mission topography illuminated from the southwest. (c) Earthquakes from the International Seismological Centre for the period
2000–2010 (June); magnitudes range from 2.0 to 5.9. Earthquake focal mechanisms #1–2 are from Van Dusen & Doser (2000), #3–4 from Wiggins-Grandison
(2001), #5–48 from DeMets & Wiggins-Grandison (2007) and #49–54 (shown in red) from the ISC for the period 2005–2008. Focal mechanism parameters
for events #49–54 are given in Table 1. Focal mechanisms are scaled to magnitude. Black or red dots in the focal mechanisms indicate pressure axes.

previously undescribed, unnamed WSW-striking fault that is visible
in both aerial photographs and 90-m SRTM elevations (Figs 2a
and b; AV). Hereafter, we refer to this fault as the Aeolus Valley
fault for the valley in eastern Jamaica where the fault is located
(Figs 2a and b). The fault, which is mapped but not named on the
1992 Jamaica Mining and Commerce structure maps, intersects the

eastern Plantain Garden fault and may carry motion offshore to the
South Coast fault zone (Fig. 2a; SCFZ).

In northern Jamaica, the Duanvale fault (DF) has a locally promi-
nent topographic signature, where it is lower than the surrounding
areas and creates a lineament at the macroscale (Wadge & Dixon
1984). The small offset estimated across the Duanvale fault, less
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Table 1. Earthquake source parameters.

Codea Date (year.month.day) Hypocentre Md Focal mechanism

Latitude (◦N) Longitude (◦E) Depth (km) Strike Dip Rake

49 2005.09.24 18.12 −76.70 12 3.2 278 77 −59
50 2006.02.13 18.15 −78.13 24 3.8 159 62 67
51 2007.12.15 18.00 −76.94 15 2.8 114 33 −62
52 2008.06.11 18.07 −76.66 3 3.1 234 68 20
53 2008.06.26 17.88 −76.46 17 3.4 296 76 75
54 2008.07.14 18.02 −76.78 11 3.9 249 52 27

Note: Md are earthquake duration magnitudes. Strike is measured clockwise from north. Dip is measured in degrees
clockwise about the strike. Rake is measured as degrees counter-clockwise from strike in the specified nodal plane.
aFocal mechanism codes are tied to Fig. 2(c).

than 10 km and as little as 3 km (Wadge & Dixon 1984), based
on offset of Cretaceous units (Grippi 1978), either argues against
this fault as a primary plate boundary structure or indicates that it
became active too recently to accumulate significant offset. We test
these possibilities below.

The left-lateral Rio Minho-Crawle River fault (RMCR) of central
Jamaica offsets Cretaceous features in the Central Inlier by 8 km,
is reactivated from the Cretaceous (Mitchell 2003) and is the most
seismically active strike-slip fault on the island (Fig. 2; DeMets
& Wiggins-Grandison 2007). Field mapping, structure maps and
topographic maps define the Siloah fault system (SFS) west of the
Cavaliers and Rio Minho-Crawle River faults; these three faults
define a continuous central Jamaica fault system (Benford et al.,
Fault interaction of reactivated faults within a restraining bend,
southern Jamaica, In preparation, 2012b; Fig. 2). The Siloah fault
system is a reactivated fault from the Eocene (Wright 1975). No
reverse faults or mountain ranges are continuous across the central
Jamaica fault system at the 90-m SRTM-scale or based on fieldwork.

The South Coast fault zone (SCFZ) cuts across the alluvium-
covered Vere Plain of south–central Jamaica and closely parallels the
southern coast of southwestern Jamaica, where it creates prominent
cliffs as it crosscuts the NNW-oriented ranges that occur to the
north. The cliffs associated with the South Coast fault zone extend
along the western third of the island. Offset is not constrained for
the South Coast fault zone.

North–northwest-striking faults are interpreted as dip-slip fea-
tures (Fig. 2a; Horsfield 1974). In eastern Jamaica, the Blue Moun-
tain and Yallahs faults accommodate some or all contraction across
the Blue Mountains, which are Jamaica’s highest (>2000 m) and
most seismically active region (Fig. 2). Farther west, uplift of
the Don Figuerero Mountains and Santa Cruz Mountains, which
reach ∼800 m and ∼660 m, respectively, occurs along NNW-
striking reverse faults (Fig. 2). Recent mapping by Benford et al. (In
preparation, 2012b) shows that these NNW-striking ranges are cored
by east-dipping reverse faults that terminate at and are bounded by
the South Coast fault zone in the south and the central Jamaica fault
system in the north.

3 G E O D E T I C DATA

3.1 Jamaica GPS network description

The Jamaica GPS network consists of 30 geodetic benchmarks
(Table 2; Fig. 3), 28 on the main island of Jamaica and one each
on Morant Cay and Pedro Cay. GPS data described and used by
DWG07 include data from 20 sites spanning the period 1998–2005;
the present velocity field includes 18 of the 20 sites used by DWG07
and 12 new sites, notably including two sites on limestone cays,

50 km southeast and 80 km south of the main island (MCAY and
PEDR in Fig. 3a). Data for the present study span a 13-yr-long
period from 1998 to 2011 August (Table 2). The velocities for GPS
stations BAMB and COFE used by DWG07 are omitted from this
study because of concerns about the stability of these two sites.
Continuous or quasi-continuous measurements constrain the veloc-
ities at 6 of the 30 sites (Table 2); the remaining station velocities
are derived from campaign measurements, typically lasting five or
more days per site occupation (Table 2). All data from the Jamaica
GPS sites are available through UNAVCO (University NAVSTAR
Consortium) or the National Geodetic Survey CORS archive.

3.2 GPS data analysis

Except for the data for stations from Hispaniola, whose velocities are
taken from Calais et al. (2010), all the GPS data used for this study
were processed with Release 6.1 of the GIPSY software suite from
the Jet Propulsion Laboratory (JPL). Non-fiducial daily GPS station
coordinates were estimated using a precise point-positioning strat-
egy (Zumberge et al. 1997), including constraints on a priori tropo-
spheric, hydrostatic and wet delays from Vienna Mapping Function
(VMF1) parameters (http://ggosatm.hg.tuwien.ac.at), elevation-
dependent and azimuthally dependent GPS and satellite antenna
phase centre corrections from IGS08 ANTEX files (available via ftp
from sideshow.jpl.nasa.gov) and corrections for ocean tidal loading
from the TPX0.7.2 ocean tide model (http://froste.oso.chalmers.se).
Wide- and narrow-lane phase ambiguities were resolved for
all the data using GIPSY’s single-station ambiguity resolution
feature.

All daily non-fiducial station location estimates were trans-
formed to ITRF2008 (Altamimi et al. 2011) using daily 7-parameter
Helmert transformations from JPL. The resulting station coordinate
time-series have day-to-day scatter of 2.8 and 3.1 mm yr−1 in their
latitudes and longitudes, respectively, relative to simple linear-fit
models. We further estimated and removed common-mode noise for
all the stations using noise common to the coordinate time-series
of 20–70 well-behaved continuous GPS stations within 2000 km
of Jamaica (representing the maximum interstation distance over
which GPS noise remains strongly correlated, i.e. Marquez-Azua &
DeMets 2003). For the 30 stations in Jamaica, the common-mode
noise corrections reduces the magnitudes of the random and longer
period noise in the station coordinate time-series by ∼20 per cent
in both horizontal components relative to the unadjusted coordi-
nate time-series. The corresponding changes in the GPS station
velocities average only 0.05 and 0.15 mm yr−1 in the north and east
velocity components, but range up to 0.7 and 1.1 mm yr−1 in the
north and east velocity components at two campaign sites.
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Table 2. GPS station information.

Coordinates Station days Velocitya
Site name

Latitude (N) Longitude (E) 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 North East

ALEX 18.31 −77.35 – – – 9 – 7 7 – – 8 – 6 6 – 7.1 ± 0.4 4.0 ± 0.4
BOSC 18.40 −76.97 – 1 8 8 7 8 8 – 8 – – – – – 7.3 ± 0.4 4.0 ± 0.4
BRAE 17.95 −76.89 – – – – – – – – 8 – 10 10 – 8 8.7 ± 0.9 7.1 ± 0.6
BTCC 18.40 −77.37 – – – 5 – 8 4 – – 8 – – – 1 7.5 ± 0.4 4.0 ± 0.5
CASL 18.14 −76.36 – – 3 7 8 13 14 – – 8 – 7 – – 7.7 ± 0.3 5.0 ± 0.4
CAVE 18.23 −77.37 – – – 7 – 10 8 5 9 – – – 9 – 6.8 ± 0.4 5.0 ± 0.4
DAVD 18.03 −76.79 – – – – – – – – – 77 30 – – – 7.4 ± 1.0 6.4 ± 1.3
DISC 18.46 −77.40 4 – 5 – 6 5 10 – – 6 – 10 – – 8.1 ± 0.4 4.2 ± 0.4
FONT 18.06 −77.94 – 2 4 4 9 11 7 – – – – – – 7 6.6 ± 0.4 6.6 ± 0.4
HALS 17.93 −77.25 – – – 7 8 8 12 – – 8 – – 8 – 6.3 ± 0.5 7.2 ± 0.4
JAMA 17.94 −76.78 – 87 210 351 295 132 – – 191 124 – – – – 8.7 ± 0.5 4.7 ± 0.9
KEMP 17.86 −77.29 – – – – – – – 8 – 8 – 7 – 7 6.9 ± 0.8 10.0 ± 1.5
KNOX 18.15 −77.45 – – – 7 10 8 10 4 – 5 – 10 – – 7.1 ± 0.5 5.7 ± 0.5
LINS 18.14 −77.03 – – – – – – 150 210 45 73 22 206 97 – 7.6 ± 0.5 4.8 ± 0.5
LION 17.81 −77.24 – – – – – – – 172 154 57 – – 16 – 7.9 ± 0.5 7.2 ± 0.5

MANC 18.05 −76.27 – – – – – – – – 7 – 9 8 – – 7.2 ± 0.8 6.5 ± 1.0
MAND 18.01 −77.50 – 2 3 5 8 12 8 – – 7 – – 9 – 7.0 ± 0.4 7.1 ± 0.4
MCAY 17.42 −75.97 – – – – – – – – – 9 – – 9 – 7.4 ± 1.6 8.2 ± 2.8
MNRO 17.93 −77.69 – – – – – – – – 8 – 8 13 – 9 7.6 ± 0.5 7.7 ± 0.6
MRNT 17.92 −76.18 – – 5 1 8 11 10 – 7 – – 8 10 – 7.4 ± 0.4 7.0 ± 0.4
MVRN 17.98 −77.72 – – 1 – – – – – – – 11 – – 10 6.5 ± 0.6 6.8 ± 1.0
NCAS 18.07 −76.71 – – 5 6 7 8 11 – 5 10 – – 7 – 6.9 ± 0.4 5.1 ± 0.4
NGLF 18.28 −78.32 – 2 3 4 4 12 12 – – 9 – – 8 – 6.3 ± 0.3 4.8 ± 0.3
NUTF 18.31 −76.83 – – 1 – – – – – – – 10 – – 8 6.8 ± 0.5 3.5 ± 1.0
PCJB 18.01 −76.79 – – 8 13 8 8 8 – 8 – – 7 – – 7.6 ± 0.4 6.3 ± 0.4
PEDR 17.02 −77.78 – – – – – – – 7 – 8 – 8 – – 7.0 ± 0.7 10.0 ± 0.9
PIKE 18.23 −77.53 – – 6 11 316 313 142 38 107 – 320 276 365 139 7.5 ± 0.4 4.2 ± 0.4
PLND 17.74 −77.16 – – 8 9 305 216 – 6 147 278 321 225 244 104 7.1 ± 0.4 7.9 ± 0.4
PYRA 18.49 −77.81 – – 1 – – – – – – – 9 – – – 6.2 ± 0.8 3.3 ± 1.0
UWIN 18.00 −76.75 – 2 15 8 8 19 14 – 9 – 10 – 12 8 7.6 ± 0.4 5.6 ± 0.4

aVelocities are in millimetres per year. Standard errors for uncertainties are shown.

Each GPS site velocity was transformed from ITRF2008 to a
Caribbean Plate reference frame (Fig. 3) by subtracting from each
site velocity a velocity that is predicted at the site by the angular
velocity for the Caribbean Plate relative to ITRF2008 (Table 2). We
determined the angular velocity for the Caribbean Plate relative to
ITRF2008 from the motions of 12 GPS sites on the Caribbean Plate,
five located in the eastern Caribbean, one in southern Hispaniola and
six in the western Caribbean and Central America. Both the angular
velocity and its weighted rms misfit, 0.93 mm yr−1 in both the north
and east velocity components, are close to those reported by DeMets
et al. (2007) from an inversion of 15 velocities for Caribbean Plate
sites. The ITRF2008 velocities of all sites used for the analysis were
corrected assuming the motion of ITRF2008 relative to Earth’s
centre of mass is the same as that for ITRF2005, 0.3, 0.0 and
1.2 mm yr−1 in the X , Y and Z directions, respectively (Argus 2007).
Given the small geographic extent of our study area, none of our
results are sensitive to the geocentral translation correction that is
applied to all of the GPS velocities in the analysis.

3.3 GPS velocities relative to the Caribbean Plate

Jamaica: Relative to the Caribbean Plate, all GPS sites in Ja-
maica move generally to the SW at rates that decrease from 7.3 ±
1.0 mm yr−1 at locations in northern Jamaica to 3.9 ± 0.8 mm yr−1

at locations in southern Jamaica (Fig. 3). Highly oblique conver-
gent motion across the east–west-trending Gônave–Caribbean Plate
boundary thus occurs, consistent with the velocities described pre-
viously by DWG07. The average southward component of motion

of 2.6 ± 0.6 mm yr−1 is remarkably consistent everywhere on the
island (Fig. 4b), in contrast to the decrease from 6.5±1.0 mm yr−1

along the island’s north coast to 2.3±0.6 mm yr−1 along its southern
coast in the magnitude of the west-directed component of motion
(Fig. 4a). Consequently, GPS site directions rotate progressively
CCW (counterclockwise or anticlockwise) between the north and
south coasts of the island (Fig. 3).

The velocities of GPS sites of MCAY and PEDR, ∼50 and 80
km, south of the main island (Figs 3 and 4) reinforce the patterns
described above. The southward velocity component at both sites
agrees with the average 2.6 ± 0.6 mm yr−1 southward component
of motion measured at all the Jamaican stations (Fig. 4b), possibly
suggesting that south-directed convergence is accommodated within
the northern Nicaragua Rise south of Jamaica. The west-directed
velocity component at both sites agrees with the velocity gradient
defined by the GPS sites on the main island (Fig. 4a) and differs
insignificantly from zero at site PEDR ∼80 km south of the island.
This suggests that all shear-related deformation occurs on plate
boundary faults north of site PEDR.

The velocity gradients described above are even better displayed
when site velocities are referenced to a station centrally located
on the island (Fig. 3b). Relative to the continuous GPS station
PIKE (Table 2), sites located north of the Plantain Garden fault
and the central Jamaica fault system are either stationary or move
no faster than ∼1–2 mm yr−1 to the SE (Fig. 3b). In contrast, sites
located south of the central Jamaica fault system move to the ESE at
rates that increase from 1 to 6 mm yr−1 southward from the central
Jamaica fault system.
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Figure 3. (a) Jamaica GPS site velocities relative to the Caribbean Plate, with one sigma, 2-D error ellipses. Continuous and campaign site velocities are
shown in red and black, respectively. Star shows origin of N–S velocity transect in Fig. 4. Velocity scale is in lower right corner of the map. (b) Jamaica GPS
site velocities relative to the campaign station PIKE. Velocities shown in black are north of the Plantain Garden fault and central Jamaica fault system, whereas
velocities shown in red are south of these faults. Velocity scale is in upper right corner of the map. Both figures show 90-m Space Shuttle Topographic Radar
Mission topography illuminated from the southwest.

Other locations: Fig. 5(a) shows velocities for the other 96 sta-
tions used in our analysis. The velocities of sites in Hispaniola are
described and modelled by Calais et al. (2010); we reserve an in-
depth analysis and discussion of those velocities for Benford et al.
(In preparation, 2012a). Velocities from Puerto Rico and vicinity are
also described and used by Benford et al. (In preparation, 2012a).
We refer readers to Jansma & Mattioli (2005) for modelling and
interpretation of earlier velocity fields for the Puerto Rico–Virgin
Island region.

4 P L AT E - B O U N DA RY G E O M E T RY A N D
FAU LT S L I P R AT E S F RO M B L O C K
M O D E L L I N G

We next use the GPS velocities described above and shown in
Fig. 5(a) to evaluate a series of models with differing assump-
tions about how faults in Jamaica transfer slip from the Plantain
Garden fault of southeastern Jamaica to the Walton fault offshore
of western Jamaica. Previous authors have variously proposed that
slip is transferred by (1) left-lateral shear across a broad, east–west
striking zone that crosses the island (Burke et al. 1980; Wadge &
Dixon 1984), (2) two right-stepping restraining bends that connect
the Plantain Garden and South Coast fault zone to the Duanvale

fault (Mann et al. 1985) and (3) a series of CCW-rotating blocks
bounded by the island’s major E–W strike-slip faults (Draper 2008).

Following their lead, we first test different possible geometries
and locations for an assumed discrete Gônave–Caribbean Plate
boundary passing through the island (Fig. 6). We then test more
complex models in which deformation on the island is characterized
using one fault-bounded block (Fig. 7). Throughout the analysis, we
use geological and seismic information to constrain the proposed
fault and block geometries and use the model fits for rigorous com-
parisons of the alternative models. Although our GPS velocity field
is too widely spaced to test Draper’s (2008) concept of multiple
rotating blocks on the island, we show below that the velocity field
is well fit by a simpler, one-block model.

4.1 Model methods and assumptions

Our models were produced using Blocks software described by
Meade & Loveless (2009), who apply linear spherical block theory
to decompose interseismic GPS velocities (ṽI) into the rotation of
fault-bounded blocks (ṽB), internal homogenous strain within the
blocks (ṽε) and elastic strain accumulation on the faults (ṽE). This
relationship can be expressed by:

ṽI = ṽB + ṽε + ṽE, (1)
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Figure 4. (a) West velocity component of GPS velocities from Fig. 3 versus
distance along a N–S transect whose origin is shown by the star in the map
beneath. (b) South velocity component of GPS velocities projected along
the same transect. Grey shaded area is the 95 per cent confidence interval in
the weighted mean velocity component. All rates are in a Caribbean Plate
reference frame and are shown with their standard errors. GPS velocities
from stations south of the Plantain Garden fault and central Jamaica fault
system are shown in red. PEDR and MCAY indicate GPS velocities for
stations on cays south of the main island of Jamaica (locations shown in the
map beneath). Fault locations are shown in Fig. 2(a).

(from Meade & Loveless 2009, eq. 1). The rates and directions of
fault slip predicted by a given block model are determined solely
from the relative rotations of the adjacent blocks and fault geometry.
These rotations, however, are estimated from an inversion of the
observed interseismic velocities that simultaneously estimates the
effects of the block rotations, internal homogeneous block strain and
elastic strain from frictional locking of all the faults in the model.
We do not estimate internal homogeneous strain of any of the blocks
in our models, primarily because too few GPS sites are located on
any likely block in Jamaica to estimate both its rotation and internal
strain.

Three assumptions are required about faults for our modelling, as
follows: their locking depths, their dips and the nature of frictional
coupling across the faults. Wiggins-Grandison (2004) finds that re-
located earthquakes in Jamaica occur primarily at depths between 10
and 22 km. Here, we assign a uniform fault-locking depth of 15 km.
We also evaluated model results for locking depths as shallow as
10 km and as deep as 20 km, but determined that the estimated fault
slip rates changed by only 10–15 per cent, within their estimated
uncertainties. Strike-slip faults are assigned vertical dips; reverse
faults are assigned dips of 60◦, based on the known fault geometries
of Jamaica, earthquake focal mechanisms and gravity modelling
(e.g. Horsfield 1974; DeMets & Wiggins-Grandison 2007; Benford
et al., In preparation, 2012b).

For our modelling, we assume complete and uniform interseismic
coupling across all block boundary faults, thereby maximizing the

elastic deformation component in eq. (1). Consequently, the angular
velocities that describe each block’s motion are the only parame-
ters estimated during each velocity field inversion. As described
below, this simple model fits GPS velocities in Jamaica within their
estimated uncertainties.

We impose a full interseismic fault-locking assumption for two
reasons. First, only one GPS transect of Jamaica’s E–W-striking
faults has enough stations (77.4◦–77.3◦W in Fig. 3) to reliably es-
timate the local magnitude of interseismic coupling. Second, an
inverse problem in which block rotations and fault coupling are es-
timated simultaneously may be poorly posed at deformation rates
as slow as those in Jamaica because the sub-mm yr−1 differences
between the velocity field gradients associated with fully or partially
locked faults are smaller than the underlying GPS velocity uncer-
tainties. At these slow rates, estimates of fault coupling and block
rotations will trade-off strongly, guaranteeing that neither will be
well determined. The assumption of full interseismic coupling is a
limiting factor of our analysis and merits further investigation when
more closely spaced, better-determined GPS site velocities become
available.

An inversion of the GPS site velocities described above using
Blocks gives as output an estimate of the angular velocity for each
block in the model and the angular velocity uncertainties. Each
GPS site is affiliated with a block in the model depending on the
geometry of the faults that define the blocks; the estimated angular
velocities therefore depend implicitly on the block geometry. The
angular velocity of a given block also depends, to varying degrees,
on the velocities of GPS sites exterior to its boundaries because of
elastic deformation associated with locked faults along all the block
boundaries.

4.2 Plate geometries and kinematic constraints

The boundaries of the North America Plate, the largest block in the
model, are well known and are not varied in the models tested below.
Similarly, the boundaries of the Caribbean Plate are well defined and
not varied except along its boundary with the Gônave microplate in
Jamaica. We use the MORVEL Caribbean–North America angular
velocity [73.9◦ S, 32.6◦ E, 0.190◦ Myr–1; DeMets et al. 2010] to tie
the North America Plate to the Blocks model.

Although the northern, western and most of the southern bound-
aries of the Gônave microplate are well defined by the Oriente
fault, Cayman spreading centre and Walton, Enriquillo and Plantain
Garden faults (Fig. 1), the location of the eastern boundary of the
Gônave microplate in Hispaniola is poorly defined. Specifically, the
boundary could be located as far east as the Mona Passage between
eastern Hispaniola and Puerto Rico (Fig. 5), as assumed by Manaker
et al. (2008), or might be located in central or western Hispaniola
(Mann et al. 1995, 2002). In a related paper, we use the same GPS
velocities from the northern Caribbean to demonstrate that a His-
paniola block moves independently from the Gônave microplate and
has a shared, likely diffuse boundary in western Hispaniola (Ben-
ford et al., In preparation, 2012a). Hereafter, we use the Hispaniola
block geometry preferred by Benford et al. (Fig. 5).

All our models include a North Hispaniola block bordered by
the Septentrional fault to the south and the northern Hispaniola
fault and Puerto Rico trench to the north (Fig. 5), consistent with
the regional block configuration used by Manaker et al. (2008) and
Calais et al. (2010).
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Figure 5. (a) Regional GPS velocities relative to Caribbean Plate. Velocities from Hispaniola are taken from Calais et al. (2010). Uncertainty ellipses are 2-D,
one-sigma. Velocity scale is in upper right corner of the map. Red lines mark plate boundaries and major faults used for the analysis. Red arrows show North
America Plate motion predicted by MORVEL. All plates and blocks included in the analysis are labelled. (b) Faults for northern Caribbean Plate boundary
used in the analysis. GPS site locations are shown by red circles. Fault name abbreviations are: CSC, Cayman spreading centre; EF, Enriquillo fault; MP, Mona
Passage; MT, Muertos trench; NHF, North Hispaniola fault; OF, Oriente fault; PG, Plantain Garden fault; SF, Septentrional fault and WF, Walton fault. (c)
Simplified fault geometry of Jamaica used in the analysis. OF1, OF2 and OF3 refer to offshore faults 1, 2 and 3, respectively. Other fault name abbreviations
are given in the caption to Fig. 2(a).

4.3 Comparisons of discrete boundary and block
geometries

4.3.1 Methods

The goodness-of-fit for each assumed geometry for the
Gônave–Caribbean Plate boundary in Jamaica is quantified using
reduced chi-squared (χ 2

ν ) from the Blocks inversion (Table 3), where
χ 2

ν is the weighted, summed least-squares misfit χ2 divided by the
degrees of freedom in the model. Values of χ 2

ν that are smaller than
1 indicate that a model geometry fits the GPS velocities within their
estimated uncertainties. Conversely, values of χ2

ν greater than 1 in-
dicate that the misfits exceed the estimated uncertainties. To better
compare models and their fits to the subset of GPS site velocities
of Jamaica, we calculate χ 2

ν for just the 30 sites in the Jsf3amaica
archipelago (Table 3). The degrees of freedom are defined by the
number of GPS velocity components that are inverted (126 veloci-
ties and 252 velocity components) to estimate all of our trial models
reduced by the number of parameters that are adjusted to fit those
velocities.

All the models we tested have either five plates (i.e. Caribbean,
Gônave, Hispaniola, North Hispaniola and Puerto Rico–Virgin Is-
lands) or six plates (including Jamaica) whose angular velocities are

estimated. We use the Stein & Gordon (1984) F-ratio test to evaluate
the improvements in fit of the more complex six-plate models rela-
tive to the five-plate models; the F-ratio test is well suited for this
analysis given its inherent insensitivity to incompletely known data
uncertainties. Best-fitting angular velocities and their uncertainties
are given in Table 4 for plates directly relevant to this analysis
(Jamaica, Gônave, Caribbean and North America). Angular veloc-
ities for other microplates included in this analysis (Hispaniola and
Puerto Rico–Virgin Islands) are documented in Benford et al. (In
preparation, 2012a).

4.3.2 Tests of discrete plate boundary geometries

We first tested geometries for the Gônave microplate boundary
through Jamaica, assuming in each case that the plate boundary is
defined by one or more faults that connect to form a continuous, dis-
crete boundary. Each boundary follows the traces of known faults
and is guided to some degree by earthquake epicentre locations
(Figs 5 and 6). The geometry referred to as the northern discrete
model, in which the Blue Mountains of eastern Jamaica form a
large restraining bend that links the Plantain Garden fault of south-
east Jamaica to the Duanvale fault of northern Jamaica (Fig. 6a)

C© 2012 The Authors, GJI, 190, 59–74

Geophysical Journal International C© 2012 RAS



Jamaica GPS velocities and seismic hazard 67

Figure 6. (a–c) Discrete-boundary models and their residual velocity fields, as described in text. Each assumed discrete-boundary is shown by the thick black
line and is comprised of some subset of the faults shown in Fig. 5(c). Red arrows show the observed GPS site velocities from Fig. 3(a) reduced by the velocity
predicted by its corresponding discrete-boundary model. Residual velocity scale is shown in upper right. Stations PEDR and MCAY from cays south of the
main island (Fig. 3) are shown as insets. (d) Reduced chi-squared (χ2

ν ) for all three discrete-boundary models—lower values of χ2
ν correspond to improved

fits.

fits the data more poorly than any discrete-boundary geometry we
tested (including geometries not shown in Fig. 6). The combined
weighted root-mean-square (WRMS) east and north velocity mis-
fits of 1.4 mm yr−1 for the 30 Jamaica GPS sites (Table 3) for this
geometry exceeds their estimated velocity uncertainties by a factor
of 1.9 (i.e. √

χ 2
ν = √3.5).

The central discrete geometry in which slip on the Plantain Gar-
den fault is transferred to the central Jamaica fault system across
a short segment of the Blue Mountain restraining bend (Fig. 6b)
better fits the GPS velocities than the other discrete boundary
geometries we tested (Fig. 6d), mainly because of improved fits
to GPS velocities in central and northern Jamaica. The WRMS
misfit for this geometry is 1.0 mm yr−1, about 30 per cent larger
than the average velocity uncertainty. The velocities of sites lo-
cated north of the assumed boundary are well fit for this geometry
(Fig. 6b). South of the assumed boundary, 8 of the 10 stations that
are located 20 km or more south of the assumed boundary have
southwest-directed residual motions of 0.5–2.2 mm yr−1, including
the two GPS sites at Pedro and Morant Cays south of the main
island.

Finally, we tested a southern discrete geometry in which slip
on the Plantain Garden fault is transferred by the Aeolus Valley fault
to the South Coast fault zone and is then transferred northward to
the offshore Walton fault across an assumed restraining bend along
the southwest coast of Jamaica (Fig. 6c). Although, the WRMS
misfit for this geometry is only about 15 per cent larger than for
an assumed discrete boundary in central Jamaica (Fig. 6b), site
velocities in the northern half of the island are fit more poorly for
an assumed boundary in southern Jamaica.

We also tested other more complex discrete boundary geometries
assuming different locations for the restraining bend in Jamaica.
None, however, improved the fit relative to the central discrete ge-
ometry in which Gônave–Caribbean Plate motion is assumed to
follow a narrow boundary in central Jamaica (Fig. 6b). The best
discrete boundary geometry thus misfits the GPS velocities at a

level ∼30 per cent larger than the estimated velocity uncertainties,
and moreover leads to a systematic southwest-directed residual ve-
locity field in southern Jamaica and south of the island. We, thus,
reject the hypothesis that the plate boundary is narrow and test more
complex geometries in the following section.

4.3.3 Tests of more complex plate boundary geometries

Each of the more complex plate boundary geometries we tested
includes a single fault-bounded block that is sandwiched between
the Gônave microplate and Caribbean Plate (Fig. 7). We tested eight
geologically plausible block models, each with three additional de-
grees of freedom relative to the discrete boundary models described
above. Six of the eight block models improved the fit relative to the
best discrete boundary model at the 99 per cent or better confidence
level (Table 3).

Two models failed to significantly improve the fit, one that in-
cludes a block defined by the major faults that bound the topo-
graphically high and seismically active Blue Mountains of eastern
Jamaica (Fig. 7b), and the other includes a block bounded by the
Duanvale fault and the central Jamaica fault system (Fig. 7d). The
former model fits the data worse than any other block model (χ2

ν =
2.9), consistent with the poor fit of the analogous discrete-boundary
geometry (Fig. 6a). The motion of the block is constrained solely by
stations along its edges, making this a weak test for a Blue Mountain
block. The latter model, shown in Fig. 7(d), reinforces the poor fit
we found for the northern discrete boundary model (Fig. 6a). These
argue against significant slip along the Duanvale fault of central
Jamaica, where our GPS network crosses the fault as part of a N–S
transect of the island (Figs 2b and 3).

One of the two best-fitting block fault models defines an elongate
southern block bounded by the central Jamaica fault system and
South Coast fault zone (Fig. 7e). This model fits the GPS velocities
better than all three discrete boundary models (Fig. 6b) with a
WRMS misfit (0.9 mm yr−1) that is only 15 per cent larger than
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Figure 7. (a–h) Fits of candidate block models for deformation in Jamaica,
as described in text. Block boundaries are shown by black lines and are
comprised of subsets of the faults shown in Fig. 5(c). Red arrows show the
observed GPS site velocities from Fig. 3(a) reduced by the velocity predicted
by its corresponding block model. Residual velocity scale is shown in upper
right. Stations PEDR and MCAY from cays south of the main island of
Jamaica (Fig. 3) are shown as insets. Inset in (h) shows block geometry of
Nicaragua Rise model. (i) Reduced chi-squared (χ2

ν ) for all eight block
models—lower values of χ2

ν correspond to improved fits.

the estimated velocity uncertainties. Reflecting this good fit, the
southern block model fits the GPS velocities everywhere on the
island. Significant misfits of this model to the GPS velocities at
Morant and Pedro Cays ∼50–80 km south and southeast of the
main island (Fig. 6e) are similar to those for all but one of the block
models and are treated below.

Given the success of the southern block geometry, we examined
whether two plausible variations on the assumed southern block
geometry would further improve the fit (Figs 7f and g). A geometry
in which the eastern restraining bend is assumed to coincide with
the Porus fault of south–central Jamaica, which is mapped but not
named on the 1992 Jamaica Mining and Commerce structure maps,
instead of the Blue Mountain restraining bend in eastern Jamaica
(Fig. 7f) degrades the fit and is thus rejected. A model in which
motion along the central Jamaica fault system is assumed to step
northward to the Walton fault along the Montpelier-Newmarket
fault zone of northwestern Jamaica (Fig. 7g) improves the fit and has
an average velocity misfit equal to the average estimated uncertainty.
This model predicts 4.6 ± 1.0 mm yr−1 of left-lateral motion on
the Montpelier-Newmarket zone of western Jamaica. Given the
absence of major throughgoing strike-slip faults in this area, we are

sceptical of this model. Nonetheless, given the sparse distribution
of GPS stations in northwestern Jamaica, more stations are needed
for a stronger test of this and other geometries in which faults
in northwestern areas of the island transfer slip northward off the
central Jamaica fault system.

Finally, given that 2–3 mm yr−1 of southward motion is measured
everywhere in Jamaica, including its southern cays (Fig. 4b), and
that none of the discrete or block models described above fit the
velocities at the cays (Figs 6 and 7a–g), we constructed a model in
which Pedro and Morant cays are assumed to lie on the same block
as much of southern Jamaica (inset to Fig. 7h). In effect, this model
tests whether deformation can be partitioned into largely E–W shear
on Jamaica and southward convergence south of the main island and
cays.

The model described above (Fig. 7h) fits the velocities better than
any of the previous discrete or block models, with χ2

ν of 0.84 and
combined WRMS of 0.7 mm yr−1 (Fig. 7i). The average velocity
misfit is thus only 90 per cent of the estimated velocity uncertain-
ties, making this model unique amongst the many models we tested.
Although, deformation south of the island is almost surely accom-
modated by multiple faults over a wide area within the Nicaragua
Rise, the good fit of our simplified geometry is encouraging. Given
its superior fit, we adopt this hereafter as our preferred model and
in Table 4 give the angular velocities that fully specify this model.
Further discussion of the block motions and fault slip predicted by
this model is found in the next section.

To determine whether the more complex single-block model is
warranted by the improvement in fit, we compared the fits of the
best discrete boundary model (Fig. 6d) and both the southern block
geometry (Fig. 7e) and Nicaragua Rise block geometry (Fig. 7h).
Using the Stein & Gordon (1984) F-ratio test for an additional
plate and least-squares misfits χ 2 = 375.5 for the best discrete
boundary model and χ 2 = 300.1 for the Nicaragua Rise block
geometry (Fig. 7h), the value for F is 19.6. For comparison, the 99
per cent threshold for a significant improvement in fit for 3 versus
234 degrees of freedom is F = 3.87. The probability that random
errors in the GPS velocities could result in this F-value is only 2
parts in 1011. The additional block is thus warranted at much greater
than the 99 per cent confidence level. Repeating the calculations for
the southern block geometry (Fig. 7e) gives F = 9.7 (χ2 = 333.9 for
this geometry; Table 3). The improvement in fit is also significant at
a high confidence level, with a probability of only 5 parts in 106 that
random errors in the GPS velocities could result in this F-value.

5 D I S C U S S I O N

5.1 GPS velocity field interpretation

Independent of any modelling, the gradient in the Jamaica GPS
velocity field along a N–S transect of the island (Fig. 3b) strongly
indicates that one or more active plate boundary faults are located
on the island. In particular, relative to a fixed GPS site (PIKE)
near the centre of the island, all sites in Jamaica north of the cen-
tral Jamaica fault system move only 1 mm yr−1 or slower, consis-
tent with little or possibly no deformation in much of the northern
half of the island. In particular, four stations that comprise a N–S
transect of the Duanvale fault near 77.4◦W show no evidence for
active slip across that fault. Similarly, GPS site NGLF in western
Jamaica and north of the central Jamaica fault system moves with
the same velocity (within uncertainties) as GPS site CASL on the
east coast of Jamaica (Fig. 3 and Table 2). By implication, little or no
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Table 3. Parameters and results for models tested in Figs 6 and 7.

WRMS WRMS WRMS WRMS Signif-
# of plates χ2 χ2 for 30 (east) in (north) in (east) in (north) in icance for

Model and χ2 all 126 Jamaica mm yr–1 mm yr–1 mm yr–1 mm yr–1 improved
microplatesa sites GPS sites All sites All sites Jamaica Jamaica fit (per cent)b

Discrete Northern 5 584.6 2.47 3.52 1.27 1.07 1.14 0.80 –
Central 5 375.5 1.59 1.64 0.90 0.97 0.60 0.77 –

Southern 5 375.7 1.59 1.98 0.90 0.97 0.75 0.83 –

Plate/microplate Island-wide 6 341.2 1.46 1.53 0.89 0.90 0.70 0.65 >99.9 per cent
Eastern 6 502.5 2.15 2.89 1.15 1.02 0.90 0.81 Fit is worse
Western 6 341.8 1.46 1.54 0.87 0.91 0.67 0.69 >99.9 per cent
Northern 6 359.5 1.54 1.57 0.87 0.95 0.54 0.76 >98 per cent
Southern 6 333.9 1.43 1.36 0.84 0.92 0.56 0.69 >99.9 per cent

Southwestern 6 351.0 1.50 1.67 0.86 0.94 0.64 0.76 >99 per cent
South and west 6 319.3 1.37 1.12 0.85 0.87 0.58 0.57 >99.9 per cent
Nicaragua Rise 6 300.1 1.28 0.84 0.82 0.85 0.50 0.51 >99.9 per cent

aAngular velocities are estimated for the Caribbean Plate, Gônave, Hispaniola, North Hispaniola, Puerto Rico–Virgin Islands and sometimes Jamaica
microplates. The North America Plate angular velocity is included in the model, but is constrained and thus excluded from the plate/microplate count.
bSignificance is calculated using the Stein & Gordon (1984) F-ratio test for an additional plate and three additional degrees of freedom. Plate/microplate
models are compared to the best-fitting discrete model—the central discrete model.

east-to-west contraction appears to occur across the northern half
of the island.

All of the GPS sites on the southern half of the island move
significantly relative to PIKE, with velocities increasing to the south
to rates as fast as 6 mm yr−1 to the east (Figs 3 and 4). To first order,
the velocities are consistent with strike-slip motion on the central
Jamaica fault system, on the South Coast fault zone or on both.

All Jamaica GPS sites move 2.6 ± 0.6 mm yr−1 southward to-
wards the Caribbean Plate interior (Fig. 4b), including the two sites
located 50 and 80 km south of the island. The consistent southward
motion may indicate that ∼N–S contraction may occur in the north-
ern Nicaragua Rise south of Jamaica. Some evidence supports this
explanation—one of the two largest earthquakes in or near Jamaica
in the past 70 yr was the Mo = 6.9 1941 April 7 earthquake ∼80 km
southwest of the island within the Nicaragua Rise (Event #1 in
Fig. 2c; Van Dusen & Doser 2000). The P-axis for this strike-
slip earthquake is oriented NNE–SSW, consistent with approximate
N–S contraction across the Nicaragua Rise. Alternatively, the slow
southward motions of all the network sites could be an artefact of
a ∼2 mm yr−1 systematic bias in the plate velocities predicted by
the Caribbean Plate angular velocity near Jamaica. We consider this
less likely because the Caribbean Plate angular velocity estimate is
relatively robust with respect to the subset of site velocities that are
used to estimate it (DeMets et al. 2007).

5.2 Model implications and limitations

5.2.1 Discrete versus distributed plate boundary in Jamaica

A key goal of our work was to test whether GPS velocities from Ja-
maica are more consistent with a geometry in which a discrete plate
boundary passes through the island or with plate boundary geome-
tries that incorporate an independently moving block between the
Gônave and Caribbean plates. The highly significant improvements
in the fits of both the southern block and Nicaragua Rise block
geometries (Figs 8a and b) relative to the fit for the best-fitting
discrete boundary geometry (Fig. 6b) argue against the simpler dis-
crete boundary assumption. Instead, 7 ± 1 mm yr−1 of WSW–ENE
motion between the Gônave and Caribbean plates (Figs 8a and b) is

accommodated across the boundaries of a block whose northern and
southern boundaries are defined respectively by the central Jamaica
fault system and unknown faults within or near southern Jamaica
(Fig. 8a) or in the northern Nicaragua Rise (Fig. 8b).

Seismic and geological observations reinforce the kinematic ev-
idence against the simpler discrete-boundary model. Seismicity in
Jamaica is widespread (Figs 2c and 8), contrary to the presump-
tion of concentrated deformation inherent in a discrete-boundary
model. Numerous earthquakes in the Blue Mountains of eastern
Jamaica (Figs 2c and 8) and active anticlines (i.e. Long and Dallas
Mountains in northeast Kingston) at the western edge of the Blue
Mountains (Draper 2008) argue strongly for the existence of such a
restraining bend. However, neither of the discrete-boundary models
that include restraining bends solely in eastern Jamaica (Figs 6a and
b) fits the GPS velocities well.

5.2.2 Preferred and alternative block geometries

Two-block geometries, shown in Figs 8a and b, fit the GPS velocities
close to or within their estimated uncertainties. For several reasons,
we prefer the geometry that assumes deformation extends south of
the island on as-yet unidentified faults within the Nicaragua Rise
(Fig. 8b). Foremost, this geometry fits the velocities ∼20 per cent
better than the alternative geometry. Moreover, the Blocks velocity
inversion that employs this geometry cleanly partitions deforma-
tion in the study area into left-lateral strike-slip motion along the
WNW-trending central Jamaica fault system and N–S convergence
across submarine structures south of Jamaica, in accord with the ge-
ological and seismic evidence for shear-dominated deformation on
the island. Finally, the elastic component (red arrows in Fig. 8c) of
the GPS velocities predicted by Blocks for the preferred geometry
parallels Jamaica’s strike-slip faults everywhere on the island, in ac-
cord with elastic deformation observed in many strike-slip settings
worldwide (e.g. Genrich et al. 2000; Pearson et al. 2000; Spinler
et al. 2010).

Using the alternative geometry (Fig. 8a), the Blocks model pre-
dicts 4–5 mm yr−1 of N–S convergence across the South Coast fault
zone of southern Jamaica, inconsistent with the geology and topog-
raphy of this apparent strike-slip fault zone.
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For the preferred geometry, the Caribbean–Gônave Plate angular
velocity (Table 4) predicts 6–7 mm yr−1 of left-lateral slip between
the two plates east and west of Jamaica (Fig. 8b). This motion is par-
titioned into ∼4–5 mm yr−1 of left-lateral, fault-parallel slip along
the Plantain Garden fault and central Jamaica fault system (Fig. 8b)
and 2.4 ± 1 mm yr−1 of N–S convergence across the hypothetical
block boundary south of Jamaica (Fig. 8b).

One weakness of the preferred model is the absence of com-
pelling seismic or marine geophysical evidence for active deforma-
tion within the Nicaragua Rise south of Jamaica. We are unsurprised
that deformation in this area has gone unrecognized given the slow
predicted deformation rate, the absence of high-resolution marine
surveys in this area and the possibility that multiple faults within a
diffuse deformation zone accommodate the convergence. A second
shortcoming of the new model is that the current resolution of the
GPS and seismic data put most of the seismic hazard on the Plantain
Garden fault, active faults in the Blue Mountain restraining bend
and the central Jamaica fault system. We assess the possible seismic
hazard for the Kingston area in Section 5.2.4 based on this model.
We consider it unlikely that all motion occurs on this series of faults
based on recent work by Benford et al. (In preparation, 2012b);
however, stronger tests for active deformation on faults other than
those listed above will require more widely distributed GPS sites
and better determined site velocities.

5.2.3 Implications for specific fault zones

We next describe briefly the implications of the preferred (Fig. 8b)
and other models (Figs 6 and 7) for several prominent fault zones
in Jamaica, namely, the Blue Mountains restraining bend of eastern
Jamaica, the central Jamaica fault system, the South Coast fault
zone and its postulated eastern continuation the Aeolus Valley fault
and the faults in northern and eastern Jamaica, where little defor-
mation appears to occur. Because the formal velocity uncertainties
estimated by the Blocks software are based on the assumption that
the fault-locking depths and block geometries are perfectly known,
neither of which is true for our analysis, the formal uncertainties
are surely too small. Numerical experiments suggest that the true
uncertainties may be a factor of 2–3 times larger than the formal
uncertainties. Uncertainties stated below represent our best estimate
for a given rate.

Blue Mountains and a restraining bend in eastern Jamaica: Al-
though, we approximate the Blue Mountain restraining bend of
eastern Jamaica as a single fault at the western edge of the
Blue Mountains, the widespread seismicity associated with this
restraining bend (shown in Figs 8a and b) instead suggests that
2.6–4.0 mm yr−1 of predicted contraction (Figs 8a and b) is ac-
commodated by multiple structures, possibly including the Blue
Mountain fault, the Yallahs faults (Mann & Burke 1990) and ac-
tively growing anticlines in the capital Kingston (Draper 2008).
Although, the topographically prominent John Crow Mountains
of far eastern Jamaica (JC in Figs 2a and 5c) may accommodate
some restraining bend deformation, none of the discrete-boundary
or block geometries that include the John Crow Mountains as a
block boundary adequately fit the GPS velocity field (e.g. Figs 7a,
b and d). Discrete boundary and block geometries that extend the
Blue Mountain restraining bend farther north along the Wagwater
Belt (fault WW in Figs 2a and 5c and geometries shown in Figs 6a
and 7b) also fit the velocities poorly, consistent with the northward
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Figure 8. Slip rates predicted by the southern block model (Panel a) and the Nicaragua Rise block model (Panel b). All slip rates are in mm yr−1 and are
specified as boundary-parallel and boundary-normal components for each fault segment. Red circles show ISC seismicity from Fig. 2. Slip rate estimates
along the Blue Mountains fault are 2.0 mm yr−1 of left-lateral motion and 2.6 mm yr−1 of convergence for Panel (a) and 2.5 mm yr−1 of left-lateral motion
and 4.0 mm yr−1 of convergence The dashed line in Panel (a) marks both the Duanvale fault and a zone where motion may be transferred to it from the central
Jamaica fault system. (c) Elastic component of the modelled GPS velocities (blue arrows) for the southern block model shown in Panel (a) and the Nicaragua
Rise model shown in Panel (b) (red arrows). Red-blue dashed line shows the northern block boundary assumed for both geometries. Velocity scale is in the
lower left corner.

decrease in both the seismicity and topography associated with the
Blue Mountain restraining bend (Fig. 8b).

Central Jamaica fault system and South Coast fault zone: Esti-
mates of present slip rates along the central Jamaica fault system
range from 2.4 to 4.2 mm yr−1 of left-lateral strike-slip in central
Jamaica (Figs 8a and b), depending on which block geometry
is employed. Slip of 4.2 ± 1 mm yr−1 is predicted in central
Jamaica by our preferred model (Fig. 8b), whereas the South
Coast fault zone is assumed to accommodate negligible or no
slip. In contrast, the southern block model (Fig. 8a) partitions
Gônave–Caribbean Plate slip nearly evenly between the South Coast
fault zone (2.2–2.8 mm yr−1), and the central Jamaica fault system

(2.4–3.0 mm yr−1), with negligible deformation assumed within the
Nicaragua Rise south of Jamaica. Reasonable bounds for slip rates
along both fault systems are 2–4 mm yr−1, depending on the as-
sumed block geometry (Figs 8a and b).

Aeolus Valley fault: The southern block geometry requires that
some motion on the Plantain Garden fault be transferred south-
westward to the South Coast fault zone (Fig. 8a) by one or more
faults onshore and south of Jamaica. The Aeolus Valley fault, which
intersects the eastern Plantain Garden fault (Fig. 2a), may be the
best candidate for transferring this slip. The southern block model
predicts that Caribbean–Gônave Plate motion is partitioned nearly
evenly between the Aeolus Valley fault and western Plantain Garden
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fault, such that each fault accommodates ∼3–5 mm yr−1 of oblique
slip motion (Fig. 8b).

Duanvale fault and northern Jamaica: Although previous authors
have hypothesized that the Duanvale fault plays an important role
in Jamaica’s tectonics (Mann et al. 1985; Mann et al. 2007; Draper
2008), none of the geometries that include the Duanvale fault give
an acceptable fit to the GPS velocity field (Figs 6a, 7a and b).
Combined with an absence of seismicity along much of the fault,
we infer that at least the eastern segment of the Duanvale fault is
inactive or slips too slowly to detect with GPS. Significant slip,
however, may still occur along the Duanvale fault in northwestern
Jamaica, where only one GPS station is located (site PYRA in
Fig. 3). In this region, several small earthquakes along the Duanvale
fault just east of Montego Bay (Fig. 8b) indicate that the fault is
still active. A Mw = 4.5 left-lateral oblique slip earthquake that
occurred in 2005 in central Jamaica north of the central Jamaica
fault system (Fig. 2c, event #48) may indicate that some slip on
the central Jamaica fault system is transferred north to the western
portion of the Duanvale fault. Additional GPS sites in northwest
Jamaica are needed to determine whether the fault is active in this
region.

Walton fault: SeaMARC II side-scan mapping off the coast of west-
ern Jamaica identifies multiple active strands of the Walton fault,
one at the same latitude (Fault E) as the central Jamaica fault sys-
tem (Tyburski 1992). Modelling of our GPS velocities suggests
that significantly more slip occurs along the central Jamaica fault
system, east of Fault E, rather than along the Duanvale fault of
northern Jamaica. Some slip along the central Jamaica fault system
may thus continue westward to Fault E instead of stepping north to
the Duanvale fault. If correct, this implies a smaller right-stepping
restraining bend than postulated by previous authors, who instead
envision much of the island as a restraining bend (Burke et al. 1980;
Wadge & Dixon 1984; Mann et al. 1985; Draper 2008).

5.2.4 Implications for seismic hazard

Elastic strain accumulation appears to be highest in eastern Jamaica,
where deformation is localized along the Plantain Garden and Ae-
olus Valley faults. Consistent with the conclusions of DWG07, our
results imply high seismic risk for the capital city Kingston and its
surrounding suburbs, which are the most densely populated areas on
the island (Fig. 2a). Using plausible assumptions for the maximum
rupture length of a future earthquake in eastern Jamaica (∼150 km),
our modelling results indicate that enough elastic strain has accu-
mulated since the destructive 1907 earthquake in eastern Jamaica
to generate a Mw

∼= 7–7.5 earthquake.

5.2.5 Model limitations and uncertainties

The slow deformation rates on the island (<7 mm yr−1) and het-
erogeneous distribution of the GPS sites limit our ability to resolve
deformation in more detail, even given the small uncertainties in
our site velocities. For example, although east–west contraction
likely occurs across the Santa Cruz and Don Figuerero Mountains
in the interior of the southern block, we are unable to resolve any
E–W contraction within this block given the slow deformation rates.
Most of what we know about where fault slip extends offshore in
western Jamaica is based on the velocities of just three GPS sites
(PYRA, NGLF and FONT in Fig. 3a). Although these sites sug-
gest that most and possibly all motion exits the island south of site

NGLF, presumably on the central Jamaica fault system, better site
coverage is needed to determine whether some fault slip may be
transferred northward from the central Jamaica fault system to the
Duanvale fault near the densely populated tourist area of Montego
Bay (Figs 2a and 8a).

Because of the limited number of GPS sites, we largely limited
our exploration of alternative block models to those with a single
block. Given that the best-fitting block geometry (Fig. 8b) reduces
the data variance by 98.3 per cent and has a WRMS misfit of only
0.7 mm yr−1, our approach seems warranted. As a test, we subdi-
vided the Jamaica block in our preferred geometry (Fig. 8b) into
two blocks, one consisting of the elongate block in southern Jamaica
(Fig. 8a) and the other extending southward from the South Coast
fault zone into the Nicaragua Rise. Inverting the GPS velocities
with this more complex geometry failed to improve the fit signif-
icantly and moreover predicted insignificant slip along the South
Coast fault. A more complex block model awaits better-determined
velocities at the present sites and new measurements in other areas
of the island.

6 C O N C LU S I O N

Relative to the Caribbean Plate, all GPS sites in Jamaica move
generally to the SW at rates that decrease from 7.3 ± 1.0 mm yr−1

at locations in northern Jamaica to 3.9 ± 0.8 mm yr−1 at loca-
tions in southern Jamaica. GPS sites located north of the central
Jamaica fault system have differential movements that are typically
1 mm yr−1 or less, consistent with little or possibly no deformation
in much of the northern half of the island. In contrast, a well-defined
GPS velocity gradient in central and southern Jamaica indicates that
elastic deformation is concentrated across one or more faults in these
areas of the island or south of the island.

Modelling of GPS velocities from Jamaica and adjacent islands
for a series of candidate geometries for the Gônave–Caribbean
Plate boundary yields two best-fitting geometries, one that as-
signs most of southern Jamaica to an independently moving block
and another that partitions strike-slip motion along the Plantain
Garden fault and central Jamaica fault system and southward con-
vergence in the Nicaragua Rise. Both models improve the fit to the
velocity field at better than the 99 per cent confidence level relative
to a best-fitting discrete-boundary geometry and one fits the veloc-
ities within the estimated uncertainties. Both models partition 7 ±
1 mm yr−1 of Gônave–Caribbean Plate boundary motion between
the central Jamaica fault system and faults farther south. Both more-
over predict 3–4 ± 1 mm yr−1 of convergence across the seismically
active Blue Mountain restraining bend of eastern Jamaica, adjacent
to the densely populated capital city of Kingston.

None of the models that postulate significant slip along the promi-
nent Duanvale fault of northern Jamaica adequately fit the GPS ve-
locity field. In particular, slip faster than 1 mm yr−1 seems unlikely
along the eastern half of the Duanvale fault. Almost no GPS veloc-
ities constrain our results along the western half of the Duanvale
fault, where the fault passes near the densely populated tourist area
of Montego Bay. Seismic hazard in northwestern Jamaica is thus
still more poorly defined than elsewhere on the island.
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