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Abstract15

The oblique convergence between the Caribbean and North American plates is accom-16

modated, in Hispaniola, by left-lateral strike-slip on two major left–lateral fault systems17

and by intra-arc shortening. We apply a Persistent Scatterer Interferometry (PSInSAR)18

approach to Sentinel-1 data using six tracks acquired between 2016 and 2023 to gener-19

ate time series of interseismic velocities over the entire island. We merge the resulting20

ascending and descending tracks with GNSS–derived velocities to determine a spatially-21

continuous 3D velocity field that documents deformation gradients across large fault sys-22

tems. The Enriquillo fault fits a single locked–fault model, while the Septentrional one23

likely involves several sub–faults. Strain in southeastern Haiti and the southwestern Do-24

minican Republic is well modeled by the Jérémie-Malpasse-Bahoruco oblique reverse fault-25

system , which represents a significant, but overlooked, regional hazard source.26

1 Introduction27

Current deformation in the Caribbean region combines the frontal subduction of28

the Atlantic oceanic lithosphere beneath the Lesser Antilles with two zones of transpres-29

sive deformation along the northern and southern boundaries of the Caribbean plate (e.g.,30

Burke, 1988). While the North American and South American plates show little rela-31

tive movement (Patriat et al., 2011), the Caribbean plate moves eastward relative to both32

at a rate of 18–20 mm/yr (DeMets et al., 2000; Symithe et al., 2015). In the northern33

Caribbean (Figure 1), this relative motion combines convergence and strike-slip, accom-34

modated primarily for the former by the Puerto Rico – North Hispaniola subduction,35

and by the Oriente – Septentrional and Enriquillo Plantain-Garden fault systems for the36

latter (Mann et al., 1995, 2002; Calais et al., 1992).37

Slip and strain rates across the Caribbean-North America plate boundary in His-38

paniola have so far been obtained mainly by inverting horizontal velocities derived from39

Global Navigation Satellite System (GNSS) measurements using so–called “block mod-40

els” (Meade & Loveless, 2009; McCaffrey, 2013). Such models assume that geodetic ve-41

locities combine the rotation of rigid elastic blocks and strain buildup on the locked –42

or partially locked – block–bounding faults. This allows them to provide fault slip rates43

– slip deficit rates in fact – which are directly relevant to regional kinematics and haz-44

ard estimation. Such models, however, rely on predefined fault geometries, which are not45

always well-known. They are also limited by the number and density of GNSS measure-46
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ments, which are often non-uniformly spaced and may not properly sample the actual47

velocity gradients. Nevertheless, over the years kinematic block models constrained by48

GNSS measurements have provided slip deficit rates for the Enriquillo and Septentrional49

left–lateral strike–slip faults, as well as for the Muertos and Puerto Rico–North Hispan-50

iola convergence systems (e.g., Manaker et al., 2008; Benford et al., 2012; Symithe et al.,51

2015).52

Slip deficit on these major fault systems is also attested by slip released during large53

earthquakes, as shown by the ∼500 year–long historical record available (Fig. 1; Scherer,54

1912; Bakun et al., 2012; Martin & Hough, 2022; Hough et al., 2023). In the recent times,55

two large events struck the Southern Peninsula of Haiti in 2010 (Mw7.0) and 2021 (Mw7.2),56

potentially releasing some of the slip deficit accumulated on the Enriquillo fault since57

the 18th century. However, source models derived from aftershock distributions and geode-58

tic inversions show that both events ruptured unmapped, blind transpressional faults oblique59

to the main Enriquillo fault (Hayes et al., 2010; Calais et al., 2010; Douilly et al., 2013;60

Symithe et al., 2013; Raimbault et al., 2023; Douilly et al., 2023), indicating a complex-61

ity level in the fault system that is yet to be fully described and understood. In the cen-62

tral part of the island, regional seismicity indicates distributed deformation (Escuder-63

Viruete et al., 2023), but its localization or the amount of strain involved remain to be64

determined. In the northern Dominican Republic, where the Septentrional fault is sup-65

posedly well–mapped (Mann et al., 1998; Prentice et al., 2003), structural and geomor-66

phological studies indicate active, distributed faulting on several fault splays off the main67

fault trace (Escuder-Viruete & Pérez, 2020). The next step in our understanding of ac-68

tive faulting and related hazard in Hispaniola therefore requires a dense and spatially–69

continuous velocity field across the island in order to fully capture strain partitioning70

and possible slip deficit on structures other than the few active fault traces currently known.71

InSAR is now mature enough to build high–resolution, high–density velocity fields72

over large regions (e.g. Ou et al., 2022; Fang et al., 2024) with automatic processing ser-73

vices now available (e.g. Thollard et al., 2021). Several studies on Hispaniola have used74

data from various SAR constellations (ALOS–1 and 2, and Sentinel–1), focusing on in-75

dividual earthquakes or their subsequent postseismic effects (Hayes et al., 2010; Calais76

et al., 2010; Wdowinski & Hong, 2011; Symithe et al., 2013; Saint Fleur et al., 2015; Calais77

et al., 2022; Raimbault et al., 2023, 2025). To date, there is however no regional-scale78

InSAR-derived ground velocity map available, despite the available SAR data archive.79
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In the following, we couple the analysis of SAR data through a Persistent Scatterer In-80

terferometry approach to the available GNSS-derived velocity field to produce a high–81

resolution map of ground motion rate covering the entire island of Hispaniola. We de-82

scribe in detail the processing strategy and discuss the main features of the resulting ve-83

locities, which we validate by focusing the interpretation on the major known active fault84

systems.85

2 PSInSAR Velocities86

2.1 SAR Data Processing87

We consider all available SAR data acquired by the Sentinel–1 constellation from88

2014 to February 2023 over the island of Hispaniola. This results in 3 ascending and 389

descending tracks for a total of 979 Single Look Complex (SLC) images with a swath width90

of approximately 250 km (Figure 1A, Table 1). Over the Southern Peninsula of Haiti,91

we restrict our analysis to the time interval ending with the 14 August 2021 M7.2 Nippes92

earthquake to avoid contamination of the velocity field by possible post-seismic defor-93

mation.94

We process the SAR images with the ISCE2 processing chain to compute the in-95

terferograms (ISCE, JPL/Caltech - Rosen et al., 2012). We first coregister SAR Sin-96

gle Look Complex (SLCs) images to a single geometry using precise orbital information97

provided by the European Space Agency and further enhance the coregistration using98

the spectral diversity approach (Fattahi et al., 2016). We remove the topographic con-99

tribution using the digital elevation model from the Shuttle Radar Topography Mission100

(SRTM; Farr et al., 2007).101

We then use the ISCE2StaMPS routines of the JPL/Caltech ISCE software to for-102

mat the data for the StaMPS processing chain directory based on the output of the ISCE103

stack processors (Hooper, 2004; Hooper et al., 2012). These routines generate interfer-104

ograms in full resolution with reference to a single image, here chosen to be in 2019 in105

the middle of the time series and outside of the rain season (Supplementary Figure S1).106

2.2 InSAR Persistent Scatterer Processing107

Within StaMPS, we perform PS detection using a normalized amplitude disper-108

sion criterion (Ferretti et al., 2001), which identifies pixels with a stable radar backscat-109
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track # direction # of acquisitions # of PS

4 ascending 209 836,171

106 ascending 199 2,645,694

33 ascending 190 581,928

142 descending 186 790,235

69 descending 90 1,876,957

171 descending 105 371,175

Table 1. Sentinel–1 data used in this study with the number of persistent scatters (PS) ex-

tracted per track.

ter and therefore coherent across the interferometric time series. We use an amplitude110

dispersion threshold of 0.45 over which pixels are considered unstable in time for each111

track and split the full resolution interferograms into small overlapping patches in range112

and azimuth. The size of each patch is chosen in order to limit the computational bur-113

den of the processing. Phase noise is estimated under the assumption that deformation114

and atmospheric signals are spatially correlated, while noise is spatially uncorrelated. Phase115

differences between neighboring PS candidates are analyzed within a Delaunay triangu-116

lation network, and long-wavelength components are reduced using spatial filtering. The117

variance of the resulting residual phase is then used as an estimate of pixel-scale phase118

noise. PS candidates are selected by removing pixels exhibiting high and random phase119

behavior.120

PS pixels are then weeded using the default standard deviation threshold, and the121

Delaunay network is pruned to remove unstable or poorly connected scatterers prior to122

phase unwrapping. StaMPS iteratively rejects PS with insufficient neighboring connec-123

tions or poor phase behavior until the residual phase statistics converge. The wrapped124

phase of the selected pixels is then corrected for spatially uncorrelated look angle error125

using the SRTM digital elevation model (Farr et al., 2007). Patches containing selected126

PS pixels are then merged and unwrapped in 3D using SNAPHU (Chen & Zebker, 2002).127

We use default parameters of the StaMPS processing chain, except that we acti-128

vate the weed elevations step to remove possible coherent PS located on water bodies.129

We then correct the time series of each identified PS for spatiotemporal variations of tro-130
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pospheric conditions using the TRAIN toolbox that makes use of the ECMWF-ERA5131

global reanalysis model (Jolivet et al., 2011; Bekaert et al., 2015). We reference the PS132

time series to the first acquisitions to get a cumulative position time series since the first133

date and fit a linear least-squares model to estimate the displacement rate. We derive134

the associated uncertainties from the residual misfit to the linear regression. The result-135

ing LOS velocities obtained for each track are shown in Supplementary Figure S2.136

2.3 InSAR LOS Referencing from GNSS Velocities137

We then splice the LOS velocities obtained for each track into a single, continu-138

ous one. To do so, we reference velocity maps to a similar position by removing the av-139

erage offset from a non-moving area for ascending and descending tracks, then reference140

the eastern and western tracks to the central one (Figure 3A) by estimating and remov-141

ing a linear ramp in azimuth and range and a constant term in each overlapping region.142

For validation and referencing purposes we project the horizontal GNSS velocities avail-143

able to the ascending and descending LOS geometries.144

The GNSS velocities used here are a subset of approximately 700 continuous and145

episodic GPS stations spanning the entire Caribbean plate with some sites on the North146

and South American plates. The data was collected both at permanently–recording sta-147

tions, and at ∼300 sites surveyed episodically over 20 years in Haiti and the Dominican148

Republic (Figure 1B). At campaign sites, measurements are made for a duration of 3–6149

continuous days for each survey. We only use sites where surveys have repeated at least150

three times over a total time interval of at least 5 years. We processed the data follow-151

ing the method outlined in Calais, Gonzalez, et al. (2023) using the GAMIT–GLOBK152

software package (Herring et al., 2018), with velocities referring to the International Ter-153

restrial Reference Frame (ITRF 2014; Altamimi et al., 2016) (Figure 1B). We update154

this regional solution on a regular basis, the one presented here is complete to Decem-155

ber 2024. Uncertainties and biases on vertical velocities can reach 5–10 mm/yr, espe-156

cially at the campaign sites. We therefore discard them in this study.157

Using the GNSS analysis results, we adjust the velocity maps to the GNSS–derived158

velocities projected in the ascending or descending LOS direction by estimating a ramp159

in azimuth and range. The comparison between PSInSAR LOS velocities and LOS–projected160

GNSS velocities, shown on Figure 3, shows a good agreement overall, with a correlation161
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coefficient of 0.8 and 0.7 for the ascending and descending tracks, respectively. Devia-162

tions are limited to 1.3 mm/yr in the ascending geometry and 1.8 mm/yr in the descend-163

ing geometry, with the largest discrepancies observed in the eastern part of the island164

in the descending configuration (Figure 2B).165

The resulting PSInSAR maps for the ascending and descending tracks (Figure 2)166

show an irregular spatial sampling, different between the two maps, as expected given167

the PS approach used here. PSs indeed concentrate within urbanized regions or over rocky168

terranes, but nevertheless cover the island almost completely, with missing parts in the169

southern and southeastern regions of the island due to a lack of SAR acquisitions there.170

Over regions with rugged topography and dense vegetation, such the Central Cordillera171

in the Dominican Republic, the number of high–coherence pixels is lower, but restrict-172

ing the analysis to these few pixels still recovers a high–precision ground displacement173

signal.174

The ascending and descending velocities (Figure 2) both show a roughly north-south175

velocity gradient across the island. The opposite look directions result in a gradient of176

opposite signs for the ascending and descending geometries, indicative of dominantly hor-177

izontal, left-lateral motion, consistent with the known large–scale kinematics. This broad178

island–wide signal includes two area of steeper gradient coinciding with the Enriquillo179

and the Septentrional fault zones to the south and north, respectively, which are discussed180

in detail below.181

2.4 ENU Decomposition of LOS Velocities182

We decompose the ascending and descending InSAR LOS velocities (Vasc, Vdesc)183

into eastward and combined north-up (VE , VUN ) components following the approach de-184

scribed in Ou et al. (2022), among others. The observed LOS velocities write as185

 Vasc

Vdesc

 =

 − cos(ϕasc) sin(θasc)
√
1− sin2(θasc) cos2(ϕasc)

− cos(ϕdesc) sin(θdesc)
√
1− sin2(θdesc) cos2(ϕdesc)


 VE

VUN

 (1)

where ϕ and θ are the track heading and incidence angles, respectively. We use a weighted186

least-squares approach to solve for VE and VUN directly from the LOS observations. This187

approach avoids using interpolated GNSS north velocities (VN ) to determine VE , hence188

preserving the spatial resolution of the InSAR data and minimizing interpolation biases.189
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Here VUN , represents the projection of the northward (VN ) and vertical (VU ) mo-190

tions onto the north–up plane. Decomposing VUN as in Ou et al. (2022) requires an ad-191

ditional constraint on the velocity field, which we obtain from GNSS observations. Given192

the higher sensitivity of InSAR to VU and the superior quality and spatial coverage of193

GNSS measurements for VN , we also interpolate GNSS-derived VN to estimate VU (Sup-194

plementary Figure S4). The northward component of the GNSS velocities is interpolated195

using a kriging approach implemented with the Pykrige Python module (Murphy et al.,196

2021). We fit a three-dimensional polynomial surface to the GNSS VN observations and197

interpolate the short-wavelength residuals using a spherical variogram model assuming198

spatially correlated residuals. We then re-apply the polynomial trend to obtain the fi-199

nal interpolated VN velocities (Supplementary Figure S3). Uncertainties are estimated200

from the kriging variance and propagated as the square root of the predicted variance201

at each interpolation point.202

The resulting VE and VUN velocity decomposition (Figure 4) is consistent with a203

regional deformation primarily dominated by horizontal motion in the east–west direc-204

tion. The VE velocity component (Figure 4 A) shows 2 cm/yr of integrated left-lateral205

shear from north to south across the island, as expected from previous GNSS observa-206

tion and kinematic block models (e.g., Symithe et al., 2015).207

The combined VUN component (Figure 4 B) contains significant short-wavelength208

signal and possibly some subtle internal deformation within Hispaniola. Since the north209

component derived from InSAR data in constrained by the interpolation of the GNSS210

velocities, most of this short-wavelength signal likely results from vertical motion. Keep-211

ing this limitation in mind, the VU component captures localized uplift along the north-212

ernmost segment of Hispaniola, spatially associated with the previously identified sharp213

horizontal velocity gradients, as well as broader uplift in the southernmost part of the214

island, particularly in the Léogâne region affected by the 2010 earthquake and also just215

west of the Muertos Through. At larger scale, VU also reveals a general pattern of sub-216

sidence of approximately 2 mm/yr extending from Port-au-Prince toward Lake Azuei.217

3 Discussion218

In the following, we discuss some key features derived from the velocity maps of219

Figure 4, focusing on the three major fault systems identified so far in Hispaniola: En-220
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riquillo, Septentrional, and Jérémie–Malpasse–Bahoruco. In some instances, we shall project221

the VE , VN , VU velocity decomposition described onto fault–parallel, fault–normal, and222

vertical directions. To do so, we rotate the ENU velocity components into fault-based223

reference frame using:224

V∥ = VE sin(θfault) + VN cos(θfault)

V⊥ = VE cos(θfault)− VN sin(θfault)

Vv = VU

(2)

where vv, V∥, and V⊥ are the vertical, fault–parallel, and fault–normal velocities, respec-225

tively, and θfault is the fault strike angle. We use θfault = 265◦ for the Enriquillo fault226

and θfault = 280◦ for the Septentrional fault.227

3.1 Enriquillo Fault228

Panel A on Figure 5 shows a velocity profile perpendicular to the central segment229

of the Enriquillo fault in the Southern Peninsula of Haiti. The fault–parallel velocity gra-230

dient is symmetrical with respect to the surface trace of the fault, with a far–field left–231

lateral offset of ∼6 mm/yr and a shape typical of a locked fault building-up elastic strain.232

Across-fault profiles further indicate that fault-normal and vertical displacement rates233

are below 1 mm/yr, indicating a dominantly strike-slip Enriquillo fault (Figure S5). We234

therefore use this data to search for the best–fit parameters of a model where the fault235

is represented by a vertical dislocation buried in a homogeneous elastic medium at a depth236

D below which it slips at a rate S (Savage & Burford, 1973). This model predicts that237

the horizontal surface velocity parallel to the fault, v∥(x), writes as238

v∥(x) = −S

π
arctan

(
x− x0

D

)
+Ω (x− x0) + V0. (3)

where x is the distance perpendicular to the fault, x0 the horizontal shift of the fault rel-239

ative to the profile reference, Ω a linear tilt term accounting for long-wavelength veloc-240

ity gradients, and V0 a constant velocity offset.241

We first estimate an optimal solution using a bounded non-linear least-squares in-242

version, then use this solution to initialize a Bayesian sampling of the posterior distri-243

bution with the affine-invariant ensemble Markov chain Monte Carlo sampler implemented244

in emcee (Foreman-Mackey et al., 2013; Goodman & Weare, 2010). We impose uniform245

bounds on all parameters, with v∥ allowed to vary between −25 and 0 mm/yr, D between246

1 and 40 km, V0 between −10 and 10 mm/yr, Ω between −1 and 1 mm.yr−1.km−1 and247
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x0 between −20 and 20 km. The most likely model has a slip deficit rate of 7.7±1.2 mm/yr248

and a locking depth of 8± 2 km for this segment of the Enriquillo fault, with an esti-249

mated location (black circle on Figure 2A) that coincides with the mapped surface fault250

trace (Table 2, see Supplementary Figure S6 for the full posterior probability distribu-251

tion of the estimated parameters).252

Early elastic block-modeling studies based on limited GNSS data inferred pure strike-253

slip rates of 7±2 mm/yr on the Enriquillo fault (Manaker et al., 2008). Subsequent ones,254

using an improved spatial coverage, found that the data required an additional fault-normal255

shortening of up to 5 mm/yr (Calais et al., 2010; Benford et al., 2012; Symithe et al.,256

2015), at odds with the classic view of a quasi-vertical Enriquillo fault (Saint Fleur et257

al., 2020; Leroy et al., 2015). Using an updated GNSS data set, Calais, Symithe, and de258

Lépinay (2023) showed that deformation in the Southern Peninsula of Haiti is actually259

spatially partitioned between pure strike-slip on the Enriquillo fault and shortening on260

the offshore section of the Jérémie-Malpasse–Bahoruco fault system (Figure 1), a series261

of reverse faults that extends along the northern coast of the Southern Peninsula of Haiti262

(Corbeau et al., 2016) and on–land to the east into the Cul-de-Sac basin (Symithe & Calais,263

2016; Saint Fleur et al., 2019).264

Model parameters EPGF SF west SF east JMBF

Strike-slip rate (mm/yr) 7.7±1.3 9.2±3.6 8.8±2.3 5.9±0.5

Dip-slip rate (mm/yr) – – – 8.7±0.8

Locking depth (km) 7.9±1.5 31.9±6.2 12.2±2.8 6.6±1.5

Dip angle (◦) 90 (fixed) 90 (fixed) 90 (fixed) 28±3

Fault lon. (◦) 71.48±0.05

Fault lat. (◦) 18.37±0.04

Table 2. Summary of the posterior parameters estimated from the Bayesian inversion of the

PSInSAR–derived profiles across the Enriquillo, Septentrional, and Jérémie–Malpasse–Bahoruco

faults. Parameters are reported as the median of the posterior distribution and uncertainties are

quantified by the standard deviation of the posterior samples.

Figure 4A shows the velocity gradient across the Enriquillo fault is relatively un-265

changed from at least 72◦W to 74◦W. Although the 2010 and 2021 earthquakes may have266
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released some of the available elastic energy stored in the crust in relation to a locked267

Enriquillo fault, its main trace was not directly involved in either of these events (Hayes268

et al., 2010; Calais et al., 2010; Raimbault et al., 2023). Assuming that the 3 June 1770,269

M∼7.5 earthquake was the last major event that ruptured the Enriquillo fault in south-270

ern Haiti, as proposed by Hough et al. (2023), and neglecting possible creep on some of271

its segments, the current slip deficit rate amounts to about 2 m of cumulated slip since272

then. This would correspond to an event with a magnitude reaching 7 (Wells & Cop-273

persmith, 1994) if released as a single earthquake today, a magnitude similar to the 2010274

and 2021 events of the Southern Peninsula. The Enriquillo fault therefore remains a sig-275

nificant source of future hazard.276

3.2 Septentrional Fault277

Panels B and C on Figure 5 show fault-parallel velocities along two profiles per-278

pendicular to the western and eastern sections of the Septentrional fault. We observe a279

gradient in surface velocity in both cases, though with a smoother shape – or longer spa-280

tial wavelength – than across the Enriquillo fault. The western profile, in particular, does281

not show the arc-tangent shape typically associated with a single vertical locked fault.282

The far–field left–lateral offset across the profiles of Figure 5B and C is on the order of283

8 mm/yr. Using the same inversion procedure as described above for the Enriquillo fault,284

we obtain slip deficit rates of 9 ± 4 mm/yr and 9 ± 2 mm/yr, with locking depths of285

32 ± 6 km and 12 ± 3 km for the western and eastern profiles, respectively (Table 2,286

see Supplementary Figures S7 and S8 for the full posterior probability distribution of287

the estimated parameters). The estimated fault location (black circles on Figure 4A) co-288

incides with the mapped surface trace of the fault for the eastern profile, but locates 5–289

10 km to the south for the western one.290

Offset stream terraces studied at two locations in the central Cibao Valley (Fig-291

ure 1A), inside the bounds of the profile on Figure 5C, provide late Holocene slip rate292

estimates of 6–12 mm/yr at this specific locale along the Septentrional fault (Prentice293

et al., 2003). Elastic block-modeling studies to date, which all assume a single vertical294

Septentrional fault throughout the Cibao Valley, as described in Mann et al. (1998), con-295

sistently find a slip deficit rate ranging from 8 to 12 mm/yr (Manaker et al., 2008; Ben-296

ford et al., 2012; Symithe et al., 2015), hence consistent with the paleoseismic slip re-297
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lease rate. The estimates derived here from PSInSAR velocities are within the range of298

these previous studies.299

While the 12 km locking depth estimated for the eastern profile is consistent with300

many other similar strike-slip faults (e.g., Vernant, 2015), the 32 km found for the west-301

ern one appears unreasonably large considering classic assumptions on the depth of the302

brittle-ductile transition (e.g., Bürgmann & Dresen, 2008). Invoking the trade–off be-303

tween locking depth and slip rate in the inversion is not satisfying in this case, as the304

best–fitting slip rate is comparable to previously published ones. The large value directly305

derives from the quasi-linear change in velocity along the profile of Figure 5B which, in306

the classic elastic strain accumulation model of equation 3 for a single vertical fault, im-307

poses an unrealistically large locking depth.308

This quasi-linear gradient may be explained if the Septentrional fault does not lo-309

calize as a single strand but splits into several splays, with low individual slip rates that310

still total the integrated ∼9 mm/yr far–field value. Some of these splays may be covered311

by the sediments brought by the Rio Yaque del Norte, the second largest river of the is-312

land, which flows north from the Central Cordillera to the central Cibao Valley, then turns313

west to follow the valley parallel to the Septentrional fault. In this hypothesis, the mul-314

tiple sub-parallel splays would result in distributed strain, as observed in other settings315

(e.g., Fialko, 2006; Dalaison et al., 2023). This would be consistent with structural and316

geomorphological studies showing that several fault splays developed since the Middle317

Pleistocene (∼1.5 Ma) in the western part of the Cibao Valley (Escuder-Viruete & Pérez,318

2020). The main fault trace through the lower crust would then not need to coincide with319

any single one of those splays, explaining why our fault location estimate is off the clas-320

sically mapped one.321

The dense PS-InSAR velocities described above are therefore consistent with a purely322

strike-slip, vertical Septentrional fault locked to 10–15 km depth in its eastern section323

through the northern Dominican Republic, and suggest distributed slip into several ac-324

tive strands along the western section. The integrated slip deficit rate is however sim-325

ilar over the entire length of the Septentrional fault system. Given the long time inter-326

val since the last large earthquake in the northern Dominican Republic – 1652 A.D. at327

least – the Septentrional fault system has likely accumulated elastic strain sufficient to328

generate a major earthquake, as many authors have pointed out (e.g., Mann et al., 1998;329
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Prentice et al., 2003; Manaker et al., 2008), though hazard may be more broadly distributed330

than previously though in the western part of the Cibao Valley.331

3.3 Jérémie–Malpasse–Bahoruco Fault332

The geometry and sense of motion of the continuation of the Enriquillo fault east333

of the Southern Peninsula into the Cul-de-Sac and Enriquillo basins is the subject of a334

debate. For some, the fault continues as a vertical strike-slip fault along the southern335

edge of the Cul-de-Sac basin in Haiti and eastward into the Enriquillo basin in the Do-336

minican Republic (e.g. Mann et al., 1995; Wang et al., 2018). In that interpretation, the337

folding that affects Plio-Quaternary sediments in these basins are en échelon drag folds338

associated with strike-slip faulting. For others, the Enriquillo fault throughout the South-339

ern Peninsula abuts against a north-verging reverse fault system that marks the south-340

ern edge of the Cul-de-Sac and Enriquillo basins (e.g. Bourgueil et al., 1988; Saint Fleur341

et al., 2020; Escuder-Viruete et al., 2025). In that interpretation, Plio-Quaternary sed-342

iments of the two basins are folded as a result of active north–verging thrusting of the343

La Selle (Haiti) and Bahoruco (Dominican Republic) ranges along the onshore section344

of the Jérémie–Malpasse fault in Haiti, continuous eastward with the Bahoruco fault in345

the Dominican Republic (Figure 1). Symithe and Calais (2016) showed that this later346

hypothesis was consistent with GNSS measurements in Haiti, though their data set was347

very sparse.348

Figure 6 shows 3–component velocity profiles perpendicular to the Bahoruco/La349

Selle range – Enriquillo/Cul-de-Sac basin system derived from our 3D PSInSAR data.350

The encompassing area overlays that used in Symithe and Calais (2016), though with351

a much denser data set. Importantly, the PSInSAR data provides vertical velocities, in352

addition to the fault–normal and fault–perpendicular velocity components. The profiles353

indicate a combination of (1) uplift of the La Selle/Bahoruco range with respect to the354

Enriquillo/Cul-de-Sac basin at ∼3 mm/yr, (2) shortening at ∼6 mm/yr, and (3) left–355

lateral strike–slip at ∼5 mm/yr. The velocity gradients localize at the contact between356

the La Selle/Bahoruco range and the Enriquillo/Cul-de-Sac basin. The fault–parallel and357

fault–perpendicular ones are remarkably similar in shape and amplitude to the ones pre-358

sented by Symithe and Calais (2016). As an aside, we note here that the PS-InSAR ve-359

locities do not show evidence for strain localization along the northern edge of the Enriquillo/Cul-360
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de-Sac basin, indicating that the front of the Matheux–Neiba range (Figure 6D) is likely361

inactive.362

We model these profiles approximating the fault system as a single dislocation buried363

in an elastic half–space. The dislocation is parameterized by along–strike and down–dip364

slip, a locking depth, a dip angle, as well as a horizontal shift relative to the profile ref-365

erence point. This allows us to estimate the best-fit fault dip and location as free param-366

eters. The fault-parallel velocity, v∥(x), for a vertical dislocation buried at a depth D367

below which it slips at a rate S writes as368

v∥(x) = −Vss

π
arctan

(
x− cx
D

)
+ b∥, (4)

where Vss is the strike-slip rate, cx the across-profile position of the fault, and b∥ a con-369

stant velocity offset Savage and Burford (1973). The fault–normal, v⊥(x), and vertical,370

vz(x), velocities are modeled following Segall (2010) and write as371

v⊥(x) =
Vds

π

[
cos δ arctan γ +

sin δ − γ cos δ

1 + γ2

]
+ b⊥ (5)

vz(x) = −Vds

π

[
sin δ arctan γ +

cos δ + γ sin δ

1 + γ2

]
+ bz, (6)

with372

γ =
x− cx
D

. (7)

Here Vds is the dip-slip rate, δ the fault dip, and b⊥ and bz are constant offsets for the373

fault-normal and vertical velocity components, respectively.374

We estimate the model parameters using the same Bayesian framework and tools375

as described above. We impose uniform bounds on all parameters, with Vss and Vds al-376

lowed to vary between −15 and 15 mm/yr, D between 1 and 15 km, δ between 90◦ and377

180◦, and cx between −35 and 35 km. Gaussian priors are additionally imposed on the378

locking depth and dip, with D = 7 ± 3 km and δ = 150 ± 5◦. The best-fit model pa-379

rameters (Table 2, see Supplementary Figures S9 for the full posterior probability dis-380

tribution of the estimated parameters) are remarkably similar to the ones estimated by381

Symithe and Calais (2016, Table 1), though with a shallower fault dip angle, still con-382

sistent within uncertainty bounds. The surface projection of the buried dislocation (Fig-383

ure 6E) corresponds to the active folds identified in the Cul-de-Sac basin by Saint Fleur384

et al. (2020) and in the Enriquillo basin by Escuder-Viruete et al. (2025). These are likely385

fault-propagation folds that develop on top of décollements rooted in the south-dipping386

reverse fault.387
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Horizontal gradients in PSInSAR velocities are therefore consistent with a com-388

bination of reverse (∼9 mm/yr) and strike-slip (∼6 mm/yr) faulting on a south–dipping389

fault along the southern edge of the Cul-de-Sac/Enriquillo basin. It is of course possi-390

ble than more than one fault is involved in this process as the geodetic data would smooth391

out strain build up on nearby faults. This fault materializes the onshore section of the392

Jérémie–Malpasse fault in Haiti and its eastward continuation into the Dominican Re-393

public as the Bahoruco fault, consistent with the north–dipping structure identified un-394

der the La Selle/Bahoruco range from earthquake hypocenters, focal mechanisms, and395

seismic tomography (Possee et al., 2019; Rodriguez et al., 2018). When projected to the396

surface, the total slip rate on the fault corresponds to 7.7±0.7 mm/yr of horizontal short-397

ening, a value that is similar to independent estimates of microplate motions from regional–398

scale kinematic block models (Calais, Symithe, & de Lépinay, 2023).399

Among the historical events that struck southern Hispaniola, the 18 October 1751400

and 21 November 1751 ones, with intensity magnitudes of 7.5 and 6.6, are of particu-401

lar interest here. Their epicenters have indeed been located by Bakun et al. (2012) on402

the eastern end of the Enriquillo basin for the former, at the western end of the Cul-de-403

Sac basin for the latter (Figure 1A). Given its proposed epicenter, the 21 November 1751404

may have struck the Enriquillo strike-slip fault, or equally likely the Jérémie–Malpasse405

oblique–reverse fault near Port-au-Prince. The 18 October 1751 event, particularly de-406

structive, has been associated to the Muertos thrust offshore (McCann, 2006; Ali et al.,407

2008). However, Bakun et al. (2012), using a detailed reanalysis of historical intensities408

with a grid search technique that accounts for ground motion attenuation, “favor an on-409

shore location near the east end of the Enriquillo fault system”. This location is com-410

patible with a rupture of the Jérémie–Malpasse fault system in that area, though other411

candidates are possible (Escuder-Viruete et al., 2025).412

The slip deficit rates estimated here amount to recurrence rates of ∼285 years and413

∼900 years for Mw7.0 and Mw7.5 earthquakes, respectively (Wells & Coppersmith, 1994).414

Assuming elastic strain build up and release on a single fault, this implies that the Jérémie–415

Malpasse–Bahoruco oblique–reverse fault currently has the potential for a Mw7.0 earth-416

quake. In addition, Symithe and Calais (2016) showed that such a rupture on a north-417

dipping oblique–slip fault would produce significantly more ground shaking than an equiv-418

alent one on a vertical, pure strike–slip one. The hazard level posed by the onshore sec-419

tion of the Jérémie–Malpasse–Bahoruco fault through the Cul-de-Sac/Enriquillo basin420
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should therefore be considered significant. This fault system should be explicitly accounted421

for in the source models that underlie earthquake hazard maps for Haiti and the Domini-422

can Republic (e.g. Frankel et al., 2011; Johnson et al., 2024).423

4 Conclusions424

By combining line-of-sight velocities from a Persistent Scatterer Interferometry (PSIn-425

SAR) analysis of Sentinel-1 data with the most recent GNSS velocities from continuous426

and episodic observations in Hispaniola, we determine a spatially-continuous 3D veloc-427

ity field for the island that documents deformation gradients across large fault systems.428

We focus its interpretation on the major known active fault systems in order to validate429

the resulting velocities against independent information, and provide additional insights430

on the characteristics of these faults and the implication on earthquake hazard.431

We find that the Enriquillo fault through the Southern Peninsula of Haiti fits a sin-432

gle locked–fault model, with pure strike-slip at a rate of 8±1 mm/yr, consistent within433

uncertainties with several regional kinematic block models based on GPS velocities only.434

The velocity gradient across the Septentrional fault in the northern Dominican Repub-435

lic encompasses an area broader than typically assumed, in particular in its western sec-436

tion where the fault trace is not clearly identified in the morphology. This likely indi-437

cates that the fault actually consists of several active splays, as proposed by Escuder-438

Viruete and Pérez (2020). The best–fitting single fault model finds pure strike-slip at439

a rate of 9±3 mm/yr, but the large uncertainties, as well as the large locking depth in-440

ferred for its western section, indicate that more complex models are required. Regional441

earthquake hazard models should consider, in the northern Dominican Republic, a broader442

earthquake source distribution than a single Septentrional fault.443

In southeastern Haiti and the southwestern Dominican Republic, the PSInSAR–444

derived velocities are consistent with oblique reverse slip on a single south–dipping fault445

that allows for the thrusting of the La Selle/Bahoruco ranges over the Cul-de-Sac/Enriquillo446

basin. That fault coincides with the onshore section of the Jérémie–Malpasse–Bahoruco447

fault system proposed in previous studies on the basis of geological, seismological, and448

sparse geodetic data. This fault system, overlooked in hazard studies to date, should ex-449

plicitly be accounted for in future regional earthquake hazard models.450
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More detailed analyses of this PSInSAR–derived velocity field will likely provide451

additional information on strain distribution within the island, aseismic slip on some faults452

or fault segments, slip on potential slow faults yet to be identified, and vertical motions453

related to tectonic and anthropogenic processes. The increasing availability of long In-454

SAR time series and upcoming missions such as NISAR will further enhance our abil-455

ity to address these issues.456

5 Open Research Statement457

Processed PSInSAR data, along with the derived fault data that support the find-458

ings and are necessary to reproduce the results presented in this study, have been de-459

posited in a public repository at Zenodo (Raimbault et al., 2026). We use Copernicus460

data from the Sentinel-1AB satellites, freely provided by the European Space Agency461

(ESA, https://browser.dataspace.copernicus.eu), which can be accessed after user462

registration and a review of the documentation available on the website. Shuttle Radar463

Topography Mission (SRTM) 1 Arc-Second Global data was retrieved from USGS Archive464

(Farr et al., 2007). The ISCE2 open-source software used to process the SAR images is465

freely available to download from https://github.com/isce-framework/isce2/releases/466

tag/v2.6.3 (Rosen et al., 2012). The StaMPS software used to do the PS analysis is467

freely available to download from https://github.com/dbekaert/StaMPS/releases/tag/v4.1-468

beta (Hooper, 2004). The TRAIN package for the tropospheric correction of PS is avail-469

able from: https://github.com/dbekaert/TRAIN/releases/tag/v3.beta (Bekaert et470

al., 2015). We use the Classic Slip Inversion (CSI) package available at https://github471

.com/jolivetr/csi/releases/tag/1.0.0 for the generation of profiles across faults,472

slip inversions, plotting, and handling of the geodetic data. The authors highly recom-473

mend obtaining the latest versions of the codes from the GitHub repository. This en-474

sures access to the most up-to-date version, as any other versions available elsewhere are475

likely to be outdated.476
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Figure 1. Seismotectonic context of Hispaniola and geodetic data sets used in this study.

Black lines are active fault traces (Saint Fleur et al., 2020; Calais, Symithe, & de Lépinay, 2023;

Escuder-Viruete et al., 2023, 2025). A: Red rectangles show the footprint of the Sentinel-1 A/B

frames for tracks 4, 106, and 33 in the ascending geometry (geometry of acquisition is shown by

the red arrows). Blue rectangles show the footprint of the Sentinel-1 A/B frames for tracks 142,

69, and 171 in the descending geometry (geometry of acquisition is shown by the blue arrows).

White stars indicate major historical earthquakes (Scherer, 1912; Bakun et al., 2012; Martin &

Hough, 2022; Hough et al., 2023). Focal mechanisms for the Léogâne (Mw7.0, 12 January 2010)

and Nippes (Mw 7.2, 14 August 2021) earthquakes are from USGS. B: GNSS–derived velocities

(black arrows) shown with respect to the International Terrestrial Reference Frame (ITRF2014;

Altamimi et al., 2016). Error ellipses are 95% confidence. EPGF: Enriquillo Plaintain Garden

Fault; JMF: Jérémie-Malpasse Fault; BF: Baoruco Fault; SF: Septentrional Fault; CSV: Cul-de-

Sac Valley; EnV: Enriquillo Valley; LG: Léogâne; LA: Lake Azuei; EL: Enriquillo Lake.
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Figure 2. InSAR velocity field over Hispaniola in the LOS direction from the persistent scat-

terer analysis in the ascending (Panel A) and descending (Panel A) SAR acquisition geometries

(shown by black arrows), after referencing and merging of the three ascending tracks covering

the island. Orange, positive values indicate ground motion toward the satellite. Colored dots are

GNSS velocities projected onto the ascending LOS for comparison with InSAR velocities. Fault

traces are from Saint Fleur et al. (2020).
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Figure 3. Comparisons between PS-InSAR velocities and GNSS-derived velocities projected

onto the ascending line of sight (LOS) in Panel A and the descending LOS in Panel B. In each

panel, the reported value corresponds to the standard deviation between the two datasets, and

the red dashed line represents the 1:1 identity line.
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Figure 4. PSInSAR velocities after decomposition of the ascending and descending LOS ve-

locities. Black lines show main fault traces. Top: Velocities in the east direction. Red solid lines

indicate the locations of the velocity profiles extracted across the Enriquillo–Plantain Garden

Fault (EPGF) and the Septentrional Fault. Black dots mark the fault location as estimated from

the velocity inversion. Red dashed rectangles outline the swath used to extract the profile data

around each fault. Bottom: Velocities in the vertical–northward direction.
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Figure 5. Fault-parallel velocity profiles across the Enriquillo fault (A), Septentrional fault

west (B), and Septentrional fault east (C). Profile velocities are computed as the median within

0.6 km bins from the PSInSAR eastward velocities. Zero on the x–axis marks the fault loca-

tion as estimated from the 1D fault velocity inversion. Black dots and grey error bars show the

PSInSAR data and their associated 1-σ uncertainties, dark grey line shows the model mean, red

interval shows the model variability from 1,000 realizations drawn from the posterior distribution.

Insets report the inferred slip rate S and locking depth D, with uncertainties derived from the

posterior sampling (Supplementary Figures S6, S7, and S8).
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Figure 6. Velocity profiles across the Bahoruco/La Selle range – Enriquillo/Cul-de-Sac basin

system. The profile is sampled from the fault-parallel velocity field and its associated uncertainty

using gridded data centered at longitude -71.4949deg and latitude 18.3168deg. It is defined with

a length of 120 km, a width of 20 km, and an azimuthal orientation of 15◦. The resulting profile

is then binned along the across-profile distance, with each bin averaged using a mean filter and

a bin spacing of 0.6 km. Black dots and grey error bars show the PSInSAR data and their asso-

ciated uncertainties for the fault-parallel, vertical, and fault-perpendicular velocity components.

Red line shows the posterior model prediction from the Bayesian inversion, while the shaded

envelopes indicate the associated posterior uncertainty. The lower–right panel shows the posterior

estimates for the single-fault model, reported as the posterior mean and associated 1σ uncer-

tainty for the strike-slip rate, dip-slip rate, locking depth, fault-trace position, and fault dip (see

also Supplementary Figure S9).
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This supplementary file includes figures providing details on the persistent scatterers in-10

terferometry data, and figures posterior distributions from the Bayesian fault models.11
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Figure S1. Distribution of perpendicular baselines over time for tracks 4, 142, 106, 69, 33,

and 171, in that order from top to bottom. The plot illustrates the interferometric network con-

figuration for the StaMPS Persistent Scatterer (PS) analysis. Each point represents an individual

SAR acquisition. The blue circle highlights the reference image, dated 2019-01-12, to which all

other secondary acquisitions (black crosses) are co-registered. The red lines represent the interfer-

ograms formed, showing the perpendicular baseline (m) relative to the reference as a function of

the acquisition time.
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Figure S2. Line-of-Sight (LOS) velocity maps for tracks 4–142, 106–69, and 33–171, in that

order from top to bottom. Surface displacement rates, in mm/yr, are derived from StaMPS PS-

InSAR processing for the (left) ascending and (right) descending orbits. The color scale ranges

from -10 to 10 mm/yr, where blue indicates motion away from the sensor and red indicates mo-

tion toward the sensor. Black lines represent major active faults, arrows indicate the satellite

flight and look directions for each geometry.
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Figure S3. North velocity component at the InSAR positions, obtained by kriging the north-

ward component of the GNSS velocities. The color scale ranges from -10 to 10 mm/yr, with blue

indicating motion toward the north and red indicating motion toward the south.

Figure S4. Vertical velocity component at the InSAR positions, obtained by decomposing the

VUN InSAR-derived velocities using the kriged VN velocities (Figure SS3). The color scale ranges

from -10 to 10 mm/yr, where blue indicates motion going downward and red indicates motion

upward.
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Figure S5. Velocity profiles across the Enriquillo fault showing the fault–parallel (top), fault–

normal (middle), and vertical velocities (bottom). Profile velocities are computed as the median

within 0.6 km bins from the PSInSAR eastward velocities. Zero on the x–axis marks the fault

location as estimated from the 1D fault velocity inversion (see main text). Black dots and grey

error bars show the PSInSAR data and their associated 1-σ uncertainties. Note the different

y-axis scaling for each component.
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Figure S6. Posterior probability distributions of the 1D screw dislocation Enriquillo fault

model parameters obtained from Bayesian sampling of the fault-parallel velocity profile. Diagonal

panels show the marginal posterior distributions of each parameter, off-diagonal panels show the

joint posterior distributions and parameter correlations. Blue lines indicate the preferred parame-

ter estimates, contours illustrate the main credibility regions of the posterior distributions.
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Figure S7. Posterior probability distributions of the 1D screw dislocation Septentrional fault

east model parameters obtained from Bayesian sampling of the fault-parallel velocity profile.

Diagonal panels show the marginal posterior distributions of each parameter, off-diagonal pan-

els show the joint posterior distributions and parameter correlations. Blue lines indicate the

preferred parameter estimates, contours illustrate the main credibility regions of the posterior

distributions.
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Figure S8. Posterior probability distributions of the 1D screw dislocation Septentrional fault

west model parameters obtained from Bayesian sampling of the fault-parallel velocity profile.

Diagonal panels show the marginal posterior distributions of each parameter, off-diagonal pan-

els show the joint posterior distributions and parameter correlations. Blue lines indicate the

preferred parameter estimates, contours illustrate the main credibility regions of the posterior

distributions.

–9–



manuscript submitted to Non-peer reviewed preprint submitted to EarthArXiv

Figure S9. Posterior probability distributions of the 1D screw dislocation Jérémie–Malpasse

fault west model parameters obtained from Bayesian sampling of the three-component velocity

profile. Diagonal panels show the marginal posterior distributions of each parameter, off-diagonal

panels show the joint posterior distributions and parameter correlations. Blue lines indicate the

preferred parameter estimates, contours illustrate the main credibility regions of the posterior

distributions. The inverted parameters are the strike-slip rate Vss, dip-slip rate Vds, locking depth

D, fault dip δ, horizontal fault position cx, and constant velocity offsets for the fault-parallel,

fault-normal, and vertical components.
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Figure S10. Relationship between the VUn velocity component and SRTM elevation. The

point density is shown in logarithmic scale, with warmer colors indicating a larger number of

observations. The black dashed line shows the linear fit to the data, while the red curve shows

the binned median velocity as a function of elevation. The shaded red envelope indicates the

interquartile range between the 25th and 75th percentiles within each elevation bin. The Pearson

correlation coefficient is indicated above the panel.
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