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A B S T R A C T

The North American (NOAM) plate converges with the Caribbean (CARIB) plate at a rate of 20.0 ± 0.4 mm/yr.
towards 254 ± 1°. Plate convergence is highly oblique (20–10°), resulting in a complex crustal boundary with along-
strike segmentation, strain partitioning and microplate tectonics. We study the oblique convergence of the NOAM
and CARIB plates between southeastern Cuba to northern Puerto Rico using new swath multibeam bathymetry data
and 2D multi-channel seismic profiles. The combined interpretation of marine geophysical data with the seismicity
and geodetic data from public databases allow us to perform a regional scale analysis of the shallower structure, the
seismotectonics and the slab geometry along the plate boundary. Due to differential rollback between the NOAM
oceanic crust north of Puerto Rico and the relative thicker Bahamas Carbonate Province crust north of Hispaniola a
slab tear is created at 68.5°W. The northern margin of Puerto Rico records the oblique high-dip subduction and
rollback of the NOAM plate below the island arc. Those processes have resulted in a forearc transpressive tectonics
(without strain partitioning), controlled by the Septentrional-Oriente Fault Zone (SOFZ) and the Bunce Fault Zone
(BFZ). Meanwhile, in the northern margin of Hispaniola, the collision of the Bahamas Carbonate Province results in
high plate coupling with strain partitioning: SOFZ and Northern Hispaniola Deformed Belt (NHDB). In the northern
Haitian margin, compression is still relevant since seismicity is mostly associated with the deformation front, whereas
strike slip earthquakes are hardly anecdotal. Although in Hispaniola intermediate-depth seismicity should disappear,
diffuse intermediate-depth hypocenter remains evidencing the presence of remnant NOAM subducted slab below
central and western Hispaniola. Results of this study improve our understanding of the active tectonics in the NE
Caribbean that it is the base for future assessment studies on seismic and tsunamigenic hazard.

1. Introduction

The highly oblique convergence between Caribbean (CARIB) and
North American (NOAM) plates, as well as the along-strike contrasting
structure and thickness of the NOAM incoming lithosphere are thought
to be the main driving mechanisms for a complex geodynamics in the
northeastern Caribbean with the development of block tectonics and
plate boundary segmentation (Fig. 1; e.g., Byrne et al., 1985; Mann
et al., 1995, 2002; Jansma et al., 2000; Calais et al., 2002, 2016). This
segmentation of the plate boundary leads to a great variability in the
tectonic structure along strike, identifying from E to W three well-dif-
ferentiated tectonic regimes: high oblique subduction without the

development of strain partitioning in Puerto Rico (Ten Brink and Lin,
2004; Laurencin et al., 2019); oblique collision/underthrusting with the
development of strain partitioning in Hispaniola (Mann et al., 1995,
2002; Dolan et al., 1998); and left-lateral strike slip in the Windward
Passage and south of Cuba (Calais and de Lepinay, 1991; Calais and De
Lépinay, 1995). The majority of these studies carried out in the NE
Caribbean region were mostly focused on a single tectonic domain.
Regional tectonic studies carried out in the region in the 80s and 90s of
the 20th century were mostly based on GLORIA large-range side-scan
sonar, initial multibeam echo-sounder systems and widely-spaced and
low-resolution seismic reflection profiles (Calais and de Lepinay, 1991;
Dillon et al., 1992, 1996; Dolan et al., 1998). As a result, first order
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tectonic structures were identified but not all well characterized be-
cause of data limitations and coverage. Two questions are still open,
such as how the transition between the different tectonic domains takes
place and what is the relationship of the along-strike tectonic seg-
mentation observed in the plate boundary and the geometry of the
downgoing NOAM slab.

The aim of this study is to investigate and characterize and improve
previous interpretations on the first and second order tectonic struc-
tures along and across the plate boundary, and their relationship to the
slab geometry between western Puerto Rico and eastern Cuba. This
subject is addressed by means of the combined interpretation of mostly
new marine geophysical data and seismicity and geodetic data from
public databases. For this study the compilation of several multibeam
datasets has permitted by first time to build a continuous and high-
resolution digital elevation model along the plate boundary. The in-
tegration of bathymetry data with seismic reflection profiles (mostly
from new acquisition), as well as the analysis of the 3D seismicity
distribution, focal mechanisms and GPS-derived velocities have allowed
us to perform a regional scale analysis of the shallower structure, the
seismotectonics and the NAOM slab geometry along the plate
boundary. Results of this study would improve our understanding of the
tectonics in the NE Caribbean, that it is the base to better asses the
seismic and tsunamigenic hazard.

2. Tectonic setting

The CARIB plate is a small lithospheric plate between the North
American and South American plates that moves eastward (70°) at a

rate of 18–20 ± 3 mm/yr (Fig. 1; DeMets et al., 2000; Mann et al.,
2002; Calais et al., 2016). The motion of the CARIB plate relative to
NOAM plate in the NE Caribbean involves oblique convergence and
frontal subduction of the Atlantic oceanic lithosphere under the Lesser
Antilles, transitioning to oblique subduction without strain partitioning
in Puerto Rico and oblique collision with strain partitioning in Hispa-
niola, and to pure strike-slip motion along the southern margin of Cuba
(e.g. Calais et al., 2016). The direction of convergence between NOAM
and CARIB plates is highly oblique at the plate boundary (≥10°), re-
sulting in the development of a complex tectonic with strain parti-
tioning along the island arc (e.g., Mann et al., 1995, 2002; Calais et al.,
2002; Ten Brink and Lin, 2004; Jansma and Mattioli, 2005; Ten Brink
and López-Venegas, 2012). Seismological studies and geological ob-
servations indicate the existence of microplates and tectonic blocks
(e.g., Gonave microplate, Hispaniola block, Septentrional block and
Puerto Rico-Virgin Islands (PRVI) block; Fig. 1; Byrne et al., 1985; Reid
et al., 1991; Mann et al., 1995; Jansma et al., 2000).

The transition from the Puerto Rico Trench to the Hispaniola Trench
is marked by a significant decrease in water depth of the trenches and
the change in orientation from E-W to ENE-WSW (Fig. 1). This change is
located where the buoyant Bahamas Carbonate Province (BCP)
(22–27 km-thick; Dolan et al., 1998) collides with the Hispaniola island
arc along a 350-km-long segment (Dolan et al., 1998; Mann et al., 2002;
Calais et al., 2002; Pérez-Estaún et al., 2007; Calais et al., 2016). The
collision process began in the Eocene and has conditioned every
structural, seismological, and sedimentological feature in the northern
margin of the CARIB plate (Pindell and Barrett, 1990; Dolan et al.,
1998; Mann et al., 2002). This collision produces a slowdown of the

Fig. 1. Sketched tectonic setting of Caribbean Plate. The tectonic features marked with red lines show the plate boundary. Bold black lines denote major structures.
Blue dashed box shows the study area. H: Haiti; DR: Dominican Republic; PR: Puerto Rico; J: Jamaica. SOFZ: Septentrional Oriente Fault Zone; NHDB: North
Hispaniola Deformed Belt; BFZ: Bunce Fault Zone; EPGFZ: Enriquillo-Plantain-Garden Fault Zone. (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)
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subduction process, because the morphology of the banks increases the
frictional resistance on the subduction interface, resulting in a colli-
sional margin (Dolan et al., 1998; Pérez-Estaún et al., 2007). Geodetic
data show that Hispaniola's motion towards the E with respect to the
CARIB plate, is slowed by the collision of the BCP with the NE of the
island (Jansma et al., 2000; Calais et al., 2002; DeMets et al., 2000).
From N to S there is an increase in the rate of motion and in the east-
ward component (Calais et al., 2016). This variation indicates that in
Hispaniola the accommodation of strain is highly distributed, and the
strain is accommodated by the coexistence of sub-parallel structures to
the collision margin. The Northern Hispaniola Deformed Belt (NHDB)
accommodates the movement normal to the margin and the left-lateral
strike slip faults accommodates the displacement parallel to the margin
(Septentrional - Oriente Fault Zone (SOFZ) and Enriquillo - Plantain
Garden Fault Zone (EPGFZ); Mann et al., 1995; Dolan et al., 1998).
Model slip rates based on GPS-derived velocities in Hispaniola indicates
that these faults are all locked (Jansma et al., 2000; Calais et al., 2002).
The NHDB are currently accommodating elastic strain at a rate of
1–3 mm/yr−1 (Deformation front), 10–12 mm/yr−1 (SOFZ) and
5–7 mm/yr−1, respectively (EPGFZ; Calais et al., 2002; Manaker et al.,
2008; Calais et al., 2010; Benford et al., 2012; Symithe et al., 2015).

In the NE of the Caribbean, major destructive historical earthquakes
(Mw = 7.3 at Mona Passage, Mw = 7.3 in the Virgin Islands; Reid and
Taber, 1920) and with instrumental record (Ms = 7.6 at Mona Passage
in 1943, Ms = 8.1 on the NE coast of Hispaniola in 1946; Dolan and
Wald, 1998) have been reported (Fig. 1). Seismicity is clustered near
the plate boundary without almost CARIB intraplate events (Engdahl
and Villaseñor, 2002). The maximum focal depths exceed 250 km in the
subduction zone of the Lesser Antilles, but deep events also occur
northern Puerto Rico (150 km) and northeastern of Hispaniola. The
majority of the focal depths do not exceed 70 km-deep and most are
associated with the large structures developed along the collision
margin (NHDB, SOFZ and EPGFZ), highlighting the May 7th, 1842
event with Mw = 8.0 (McCann, 2006; Mw = 7.8 by Russo and
Villasenor, 1995: Mw = 7.6 by Ten Brink et al., 2011), the seismic crisis
of 1943–1953 with five events of Mw > 7.0 and the seismic crisis of
2003 with a main shock of Mw = 6.3 and a large aftershock of
Mw = 5.3 (Dolan and Bowman, 2004) (Fig. 1).

3. Data collection and analysis

The study was based on a combined analysis and interpretation of
high-resolution multibeam bathymetry data, 2D multi-channel seismic
reflection data, seismicity and focal mechanisms and GPS data. Data
collected during the NORCARIBE marine geophysical cruise (R/V
Sarmiento de Gamboa, 2013) include continuous and high-resolution
multibeam coverage of the northern margin of the Dominican Republic
area, covering an area of approximately 15,000 km2, between water
depths of −500 and −4300 m (Fig. 2; Rodríguez-Zurrunero et al.,
2019). The processed data was interpolated yielding a regular grid of
30 m-interval. Multibeam bathymetry data of Haiti and eastern Cuba
are from HAITI-SIS 1&2 cruises (2012 and 2013) on board the R/V
L'Atalante (Leroy et al., 2015), providing a 25 m-gridded bathymetric
map. The eastern region was completed with a 50 m-gridded multibeam
data from a compilation of several USGS/NOAA cruises (Andrews et al.,
2013). The multibeam bathymetry coverage has been completed with
the GEBCO Digital Atlas with a 30 arc-second of resolution (Weatherall
et al., 2015), and onshore data is from the SRTM mission with a 30 m of
resolution (Farr and Kobrick, 2000; http://edc.usgs.gov/). All datasets
were merged to build for the first time a continuous and high-resolution
digital elevation model along the plate boundary.

For this study we have mostly used new 2D multi-channel seismic
reflection data recorded during NORCARIBE and HAITI-SIS 1&2 cruises
and old seismic data in western Puerto Rico Trench from IG1503 cruise,
provided by the Academic Seismic Portal managed by University of
Texas-Institute for Geophysics (Christeson et al., 2017). In NE

Hispaniola we used single-channel profiles from the MW8908 cruise
(Dolan et al., 1998), but in this study most of them are just referenced
since they were already interpreted in Rodríguez-Zurrunero et al.
(2019). In this study we show a re-interpreted seismic profile of the
most representative line from the MW8908 cruise (Fig. 3). The multi-
channel seismic profiles of NORCARIBE were acquired with ten GGUN-
II® guns with a total volume of 1750 c.i. submerged at 5 m, firing at
37.5 m shooting interval. The recording system consisted of a 3000 m-
long digital streamer, with 240 channels regularly spaced at 12.5 m.
Processing of NORCARIBE seismic data includes swell noise filtering,
linear noise deconvolution, detailed velocity analysis, Surface-related
multiple elimination (SRME) and Dip-moveout (DMO) demultiple
stack, prestack time migration and stacking. The multi-channel seismic
profiles of HAITI-SIS 1&2 cruises were acquired with a source com-
prising two GI air guns (2.46 L, 150 c.i.) and with a streamer with a
600 m-long streamer with 24 traces operated at an approximate speed
of 9.7 knots (Leroy et al., 2015). Processing of HAITI-SIS 1&2 seismic
data included CDP gathering (6-fold), binning at 25 m, detailed velocity
analysis, stack and post-stack time migration. The multi-channel
seismic data of the IG1503 cruise (1975) were acquired using 3 Bolt
4200 air-gun array with a total volume of 73,74 L and 24 channels
(Ladd et al., 1977). Processing of IG1503 seismic data included de-
multiple, CDP sorting, band-pass filtering (corner frequencies 12 and
45 Hz), and AGC scaling with a 500-ms window (Ladd et al., 1981).

Earthquake epicenters were sourced from the Bulletin of the
International Seismological Centre (ISC Bulletin; http://www.isc.ac.uk/
iscbulletin/), filtered by magnitude > 3.5 and dates between 1900 and
2018. The historical earthquakes in the study area come from the
Reviewed ISC Bulletin, which is manually checked by ISC analysts and
relocated. CMT focal mechanism solutions correspond to the Harvard
Global CMT catalogue (www.globalcmt.org) between 1976 and 2019.
Long term GPS velocity field solutions from UNAVCO (https://www.
unavco.org) given in the North American referenced frame (NAM08).
Solutions are from the most recent “snapshot” velocity solution, gen-
erated approximately monthly (May 2019).

4. Domains characterization

Tectonic setting in northern Caribbean is complex because of the
oblique convergence between NOAM and CARIB plates and the sig-
nificant along-strike changes in crustal thickness of the NOAM in-
coming plate. We have divided the study region into five tectonic do-
mains from E to W (Fig. 3): a) Oblique Subduction Domain (OSD),
northwest Puerto Rico; b) Oblique Collision Domain (OCD), north-east
Hispaniola; c) Oblique Underthrusting Domain (OUD), north-central
Hispaniola; d) Left-Lateral Strike-Slip Domain (SSD) north Haiti and; e)
Northern Cuba Collision Domain (NCD).

The data analysis and interpretation of each domain is primarily
based on new high-resolution bathymetric and multichannel data (i.e.,
shallow crustal structure) and then integrated with the spatial analysis
of seismicity, CMT focal solutions and GPS-derived velocities (i.e.,
seismotectonics and kinematics).

4.1. Oblique Subduction Domain (OSD)

The OSD is located at the eastern part of the study area, between
longitudes 68.5°W–67.2°W (Fig. 3). The singular characteristic of this
tectonic domain related to the other studied domains is that the thicker
(continental or transitional?) crust of the Bahamas Carbonate Province
(BCP) is not involved at the present in the oblique convergence between
the NOAM and CARIB plates (Figs. 3, 4). Mann et al. (2002), and
Mondziel et al. (2010) suggested that the BCP continues SE into the
forearc (e.g. the Mona Block), which they defined it as an asperity that
cannot be subducted (Fig. 3). Thus in the OSD, flat-bottom Nares
Abyssal Plain (NOAM oceanic crust) is being subducted beneath the
island arc very obliquely (250°; McCann et al., 1982; Sykes et al., 1982;
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McCann and Habermann, 1989; DeMets et al., 2000; Calais et al.,
2016). The combination of the high-resolution bathymetry and multi-
channel seismic data together with seismicity and GPS data allow the
detailed analysis of the three main tectonic regions of this domain: the
Outer-trench wall, the Puerto Rico Trench and the northeastern His-
paniola forearc (Fig. 3).

4.1.1. Shallow structure of the OSD
4.1.1.1. Outer-trench wall. Along the entire outer-trench wall of the
western end of Puerto Rico Trench, bathymetry data shows collapsed
blocks of Navidad Bank and a rough seafloor evidencing widespread
areas of mass-wasting processes associated to intense faulting (frequent
structural seafloor escarpments) (Fig. 4 and Zoom 4 in Fig. 5; App. B).
These features were firstly noticed by Ten Brink et al. (2004) from
multibeam seafloor mapping and were interpreted as main sediment
sources for the elongated basin developed along the axial zone of Puerto
Rico Trench. The outer-trench wall deepens towards the south from
5300 m-deep in the outer rise to 8300 m-deep of the axis of the Puerto
Rico Trench (Figs. 4 and 5). Based on submersible dive samples, Le
Pichon et al. (1985) estimated a subsidence rate of 1 cm/yr. in this area
(6000 m of subsidence in 600 k years). Bathymetric escarpments are
mainly NE-SW trending, are 5–12 km-spaced and have vertical steps of
150–300 m that becomes smaller to the east (Fig. 4; App. A). These
structural escarpments are the result of recent south-dipping normal
fault activity that locally allow to outcrop the oceanic basement of the
NOAM plate (Zoom 4 in Fig. 5).

4.1.1.2. Puerto Rico Trench. The axial region of the western Puerto Rico
Trench is sub-parallel to average NOAM-CARIB plate convergence
vector (Fig. 3) and consists of an almost featureless, flat-bottomed
and elongated bathymetric depression of 10–15 km-wide, with depths
averaging 8300 m (Figs. 2 and 4; App. B). To the west this elongated
bathymetric depression becomes progressively narrower and abruptly
disappears where the seafloor-depth sharply decreases connecting with
the eastern end of the Hispaniola Trench (8300 m-deep at Puerto Rico
Trench to 5600 m-deep at eastern Navidad Basin; see the axial
bathymetric profile in Figs. 3 and 4).

Seismic data shows that the sedimentary fill of the Puerto Rico
Trench consists of sub-horizontal levels characterized by continuous,
tightly spaced and high-amplitude reflectors, reaching 0.7 sTWT of
turbidite sedimentary thickness (Zoom 3 in Fig. 5). The turbidite filling
is onlapping to the north over the NOAM faulted and tilted oceanic
blocks. Below the turbidite infill of the Puerto Rico Trench, the south
dipping basement reflectors of the top of the oceanic blocks of NOAM
plate, can be inferred (Fig. 5). Near the compressive deformation front,
the sedimentary filling is being progressively deformed by imbricate
blind thrust faults, forming narrow and smooth E-W trending anticlines
ridges on the seafloor, suggesting active accretion driven by subduction
(Zoom 3 in Fig. 5).

4.1.1.3. Northeastern Hispaniola forearc. The OSD forearc comprises the
transition from Hispaniola forearc to Puerto Rico forearc (Fig. 3) along
the northern slope of the Mona Passage. The offshore OSD forearc
includes the Insular Shelf and the Insular Slope which are separated by
a concave break slope (Figs. 3 and 4). In turn, based on
sedimentological, structural and morphological (slope) criteria, we
have subdivided the Insular Shelf and the Insular Slope. The Insular
Shelf have been divided into a proximal and distal zones also limited by
a break slope (Fig. 4 and Zoom 1 in Fig. 5; App. B). Due to the structural
complexity of the Insular Slope, we subdivided it into three zones for
better analysis: the upper slope, the middle slope and the lower slope
(Fig. 4). The boundary between the upper-middle and middle-lower
slopes are marked by two major structural features: the SOFZ and the
BFZ (Fig. 4). Furthermore, the Insular Slope has two singular
morphostructural features (the Mona Rift and the Mona Block; Fig. 4)
which confer distinctive tectonic characteristics to this part of the

forearc and are different from the forearc north of Puerto Rico. The
distinctive tectonic of this area will be discussed in the discussion
section.

The Hispaniola Insular Shelf covers a large area, reaching 85 km. It
consists of a Late Miocene-Present carbonate platform (de Zoeten and
Mann, 1999, and references therein). The proximal shelf is character-
ized by a fairly flat carbonate shelf, up to 100–120 m water-deep.
Seismic data shows a featureless fill of 0.2 sTWT-thick, composed of
continuous, parallel, closely spaced, high-amplitude reflectors that be-
come transparent with depth (Fig. 5). The distal shelf is characterized
by a uniform tilting (~2–3°) towards the N-NW with water depths up to
800 m. In this zone, the seismic profile shows a sedimentary infill of
0.4–0.6 sTWT-thick and is mainly composed of continuous, more irre-
gular and spaced, high-amplitude reflectors that goes deeper to a
chaotic succession of discontinuous and low-amplitude reflectors
(Zoom 1 in Fig. 5A). The processes of tilting and collapse observed in
the distant shelf seems to be similar to the observed the Oligo-Pliocene
carbonate platform north of Puerto Rico (i.e., east of Mona Rift) since
Middle Pliocene (Moussa et al., 1987; Ten Brink, 2005; Grindlay et al.,
2005a, 2005b). The driven mechanism for such tilting and collapse was
attributed to several processes: collision of the NOAM and CARIB slabs
in depth (e.g., Van Gestel et al. 1998), to the BCP sweeping sideways
under the forearc (Mann et al., 2002; Grindlay et al., 2005a, 2005b;
Mondziel et al., 2010) and only to the collapse or retreat of the un-
dergoing NOAM slab in this area (Ten Brink, 2005).

The Upper Slope of the Forearc extends from the Insular Shelf edge
to the E-W main trace of the SOFZ to the north (slope break, ~3500 m-
deep; Figs. 2, 4). It consists of a series of N-tilted blocks, divided by E-W
trending north-dipping normal faults (Figs. 4, 5). The seismic profile
(Fig. 5) shows a seismic continuity and lateral coherence with the re-
flectors of the distal Shelf, suggesting that the upper slope is the highly
deformed and collapsed part of the shelf.

The Middle Slope consists of a wide area (~50 km) between 3500
and 7000 m water-deep limited to the south by the SOFZ and to the
north by the BFZ (Fig. 5). The SOFZ that can be followed from the west,
along the south coast of the Samana Peninsula, to the east along the
south wall of Mona Block (Fig. 4). The main trace of the SOFZ shapes an
E-W trending structural depression with a mean bathymetric scarp of
400 m (Figs. 2 and 4). South of the Mona Block the SOFZ conforms a
highly incised submarine valley with a vertical bathymetric step of
1000 m (Figs. 2, 4 and 5). Bathymetry data as well as the reflection
seismic profile show the horsetail play of the BFZ in its western ter-
mination, with several SW-NE trending oblique faults, giving an ana-
stomosed morphology and forming an associated 30 km-width NE-SW
trending transpressive belt composed by sequences of S-shaped ridges
parallel to the faults (Figs. 4 and 5). Also elongated basins associated to
branches of the BFZ have been identified (e.g., Maimon Basin in Fig. 4).
Ten Brink and Lin (2004) previously interpreted these structures as
deformation due to the feathered termination of BFZ. The fault bran-
ches generally do not seem to disturb the main SOFZ trace that appears
to be continuing undisturbed farther to the east, until Mona Block. All
these features evidence the left-lateral strike-slip component of the BFZ
and the associated structures (Figs. 4 and 5).

The Lower Slope covers a narrow area (20 km-width) between 7000
and 8300 m water-deep and is bounded to the north by the Puerto Rico
Trench and to the south by the BFZ (Figs. 2 and 4). This area has a
smooth relief and a gentle average slope (~5°; App. A), except in the
BFZ, where it forms a strip of E-W trending anticline ridges in its
northern block. These ridges seem to be the surface expression of an
associated transpressive belt (Figs. 4 and 5), but limited resolution of
the seismic data precludes to observe the internal structure of the
ridges.

We have also analyzed the two singular morphostructural features
(the Mona Rift and the Mona Block).

a) The Mona Block is a 42 km × 60 km high standing carbonate
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structure that rises up to 6.5 km above the surrounding seafloor
(relative to the Mona Rift seafloor), reaching a minimum water
depth of 966 m (Figs. 2 and 4) giving a lenticular map-view shape
(Fig. 4). Inside this feature, two areas can be distinguished: The
Upper Mona Block and the Collapsed Mona Block.
- The Upper Mona Block, a shallower area, located to the south,

which forms a narrow and elongated E-W trending ridge of 13 km-
width that extends off and deepens towards the E, intersecting the
Mona Rift (Fig. 4). The Upper Mona Block was interpreted by
Mondziel et al. (2010) as a region of post- Pliocene uplift because
of the observed back-tilting of seismic reflectors and onlapping of
sedimentary cover. Seismic profiles (e.g., Fig. 12 in Mondziel et al.,
2010) and dredges (Fox and Heezen, 1975; Perfit et al., 1980)
show that this shallow part of the Mona Block consists of a car-
bonate platform that overlays an uplifted Cretaceous Blue Schist
terrain composed of banded black marbles, siltstone and micac-
eous marble. Fox and Heezen (1975) and Perfit et al. (1980) on the
basis of core samples taken in Upper Mona Block and in the Middle
Slope (Fig. 4), suggested that the Mona Block is a piece of a con-
tinuous strip of uplifted blue schist terrains with black marbles
related to the obduction of carbonate materials in the forearc de-
rived from the BCP during the Cretaceous subduction. In contrast,
Mann et al. (2002), and Mondziel et al. (2010) suggested that the
Mona Block is the southeastern end of the BCP trying to subduct.

- The Collapsed Mona Block (Fig. 4), a 30 km-width deeper area,
located to the north, formed by down-dropped carbonate blocks
limited by E-W trending oblique normal faults (Fig. 4; Fig. 12 in
Mondziel et al., 2010). These faults laterally displace the blocks
forming Z-shaped ridges (Inset in App. B). The Collapsed Mona
Block seems to be the result of the rapid subsidence of the Mona
Reentrant and the Trench, where the carbonate layers have been
tilted and slumped down.

b) The Mona Rift is a roughly north-south trending depression of ap-
proximately 40 km-long, an average of 15 km-wide and 2–3.5 km-
deep relative to the surrounding seafloor (Fig. 4). The Mona Rift
separates Hispaniola and Puerto Rico forearcs (Fig. 3) and probably
accommodates minor E-W extension between Hispaniola and Puerto
Rico (Ten Brink et al., 2004). Based on observations made by López-
Venegas et al. (2008) and Ten Brink et al. (2004), the Mona Rift NW
of Puerto Rico consists of three en-echelon depressions (5000, 7800,
and 8150 m of water depth; Mona Rift and Mona Reentrants 1&2;
Fig. 4) that extend almost to the BFZ. Extension rate across the
predominantly north–south rift has been estimated to be up to
5 ± 4 mm/yr (Jansma et al., 2000). Chaytor and ten Brink (2010)
suggest diagonal opening at N55°E which is backed by GPS-derived
velocities. Previous studies show that the Mona Rift is the surface
expression of a half-graben structure (Mondziel et al., 2010) in
which the eastern wall has a steeper slope that the western wall.
However, bathymetry and slope data show that the upper part of the
western wall is steeper than on the east (App. A). The apparent
gently slope seen by Mondziel et al. (2010) in the western wall may
be dominated by a series of landslide debris.

4.1.2. Seismicity and kinematics of OSD
In the study area (western end of Puerto Rico Trench), the dip of the

NOAM subducting slab is greater than towards the east (Ten Brink,
2005), dipping 30° to a depth of 100 km (Fig. 7a). Intermediate-depth

seismicity below the Puerto Rico Trench (Fig. 7a) indicates that high
normal faulting and widespread mass-wasting processes and collapsed
blocks along the entire outer-trench wall were suggested to be a con-
sequence of the high dipping angle of the NOAM subducting slab in this
area (Ten Brink, 2005). The high dipping angle causes a high curvature
in a thin oceanic crust resulting in bend-faulting and associated mass-
wasting processes in the subducting slab closer to the trench (e.g., Jones
et al., 1978). This process is similar to that observed in other high angle
subduction areas (Chile: Contreras-Reyes and Osses, 2010; Mariana
Trench: Emry et al., 2014; Nicaragua: Ivandic et al., 2008; Japan:
Kobayashi et al., 1998). The high dip angle of the relative thin of the
downgoing NOAM oceanic slab (Fig. 7a) results in low plate coupling in
this area. The low plate coupling means that there is no strain parti-
tioning in this area which, together with the high obliquity of the
convergence in this area (Fig. 3) leads to a wide region of transpressive
tectonics.

Interplate hypocenters recorded in the OSD forearc shows the
NOAM slab geometry, with shallow earthquakes with depths < 35 km
near the trench that progressively deepens towards the south, reaching
200 km depth (Figs. 6 and 7a, b) and evidencing the active subduction
of the NOAM oceanic crust beneath the island arc (Masson and Scanlon,
1991; McCaffrey, 2002; Calais et al., 2016; Meighan et al., 2013). Focal
mechanisms from interplate earthquakes show almost pure reverse
component with NW-SE nodal planes (Figs. 6 and 7b). Majority of
shallow earthquakes in the forearc (< 35 km) are overriding events
which are clustered in the SOFZ trace near the Mona Block and less
frequently in the BFZ (Fig. 6). These suggest that the accommodation of
the deformation in the overriding plate occur mainly in the SOFZ and
secondarily in the BFZ by oblique thrust faults associated to the trans-
pressive belt. Also there is a N-S linear cluster of shallow earthquakes in
the Mona Rift with an associated focal mechanism with pure normal
component showing NW-SE extension (Fig. 6). The average velocity
derived from GPS of Mona Passage relative to NOAM (Fig. 3) is
10–13 mm/yr. in direction 64°. This trending is oblique to the plate
boundary and agrees with the occurrence of thrust faults interplate
earthquakes with nodal planes perpendicular to the convergence di-
rection and with little strike-slip component.

In the western end of Puerto Rico Trench (between 67.5°W–69.0°W;
Fig. 6) there is cluster of intermediate-depth earthquakes (> 70 km;
Fig. 7b). Localized mid-depth seismicity as well as the abrupt change in
depth of the trench towards the W could indicate that between the
subduction and collision domains would be an active vertical slab tear.
Intermediate-depth seismicity clusters associated with a slab tear are
found in other locations with similar tectonic processes: in the northeast
Caribbean (Ten Brink, 2005; Meighan et al., 2013), Alboran Sea (Buforn
et al., 2004), the southern end of the Lesser Antilles (Clark et al., 2008),
in the northern Andean Margin (Gutscher et al., 1999) and the northern
end of the Tonga trench (Millen and Hamburger, 1998). Also, the slab
tear marks the change in crustal thickness of the NOAM plate, from the
thin oceanic NOAM crust at Nares Plain to a thicker NOAM crust in the
BCP. Tear faulting at along-strike changes in the subducting slab, from
oceanic crust to thickened transitional/continental crust was observed
in the North Andean Margin where the Carnegie Ridge has been col-
liding with the margin since at least 2 Ma (Gutscher et al., 1999). In
Fig. 7b is shown the interference between the two geometries of the
subducting slab both sides of the tear fault, showing that to the west the
slab shallows, where it dips 10°. The geometry of the interpreted

Fig. 3. A) Enlarged map of the study area showing the tectonic domains described in the text, and the morphostructural provinces. The dashed black lines mark the base of
the southern slope of BCP, the Puerto Rico Trench outer wall and the island shelf edge. Dotted red line shows the bathymetric profile path of panel B. The black arrow
indicates the averaged plate convergence direction of NOAM relative to CARIB. The red arrows indicate GPS derived velocity map expressed in the North American
referenced frame (NAM08) with an ellipse error of 95% of confidence. PRT: Puerto Rico Trench; HT: Hispaniola Trench; ST Bank: Santisima Trinidad Bank; BFZ: Bunce
Fault Zone; SOFZ: Septentrional Oriente Fault Zone; PRVI Block: Puerto Rico-Virgin Islands Block. Inset shows with dashed lined boxes the regions used to describe the
respective tectonic domains in the study area. B) Bathymetric profile along the axial region of the Northern Cuba, Northern Haiti, Hispaniola and Puerto Rico Trenches. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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subducted slabs (dashed black lines) matches with that modeled by
Hayes et al. (2018) (dotted red lines in Fig. 7b). However, earthquake
locations in this area are very poor, especially before the early 2000s
making the Benioff zone geometry unreliable.

A slab edge at similar location was previously suggested by Van
Benthem et al. (2013, 2014) based on regional tomography data and
mechanical modelling. Harris et al. (2018), based on tomographic P-
wave model of the upper mantle, proposed a slab tear in the Mona
Passage down to a depth of ⁓300 km and with 100 km wide. They
related the slab tearing with the presence of microplates at the northern
boundary of the CARIB plate. They suggest that the presence of mi-
croplates facilitate differential trench retreat/rollback, which results in
slab segmentation tear.

4.2. Oblique Collision Domain (OCD)

The OCD is characterized by high-standing carbonate spurs which
are obliquely indenting into the island arc at the seafloor surface
(Fig. 3). That indicates that the thicker crust of the BCP cannot truly
subducts beneath the CARIB plate (Dolan et al., 1998; Rodríguez-
Zurrunero et al., 2019).

4.2.1. Shallow structure of the OCD
4.2.1.1. Eastern Bahamas Carbonate Province. The OCD is occupied by
the eastern end of the BCP, mostly represented by Silver, Santisima
Trinidad and Navidad banks (Fig. 4; App. B and C). The carbonate
banks are obliquely impinged into the island arc, forming an almost
continuous 175 km-wide collision strip (Dolan et al., 1998). Due to the
collision, the southern slope of the banks has suffered great erosion and
dismantling, showing a terraced morphology as the result of a strong S-
dipping normal bend-faulting (Rodríguez-Zurrunero et al., 2019). The
fault trending changes counterclockwise, from E-W trending in the
Silver Spur to an SW-NE trending in its eastern termination and
connecting with the outer-trench wall structures of Puerto Rico
Trench (Fig. 4, App. B). This change in the orientation of the faults
matches with the slab tear and would be related to the varying of the
subduction dip angle and crustal thickness between the NOAM oceanic
and NOAM BCP. The amount of vertical fault throw is variable, from
tens to hundreds of meters, showing greater vertical throw farther from
the plate boundary, locally allowing the outcrop of the carbonate
basement (Figs. 9, 11 and 12 in Rodríguez-Zurrunero et al., 2019). The
parallelism observed between the structures in the BCP and the plate
boundary points out that these faulting is the result of the bending of
the incoming plate (Rodríguez-Zurrunero et al., 2019), as we observed
in the OSD and similar to those well-documented in many subduction
settings (e.g., Jones et al., 1978; Hilde, 1983 and references therein Von
Huene and Culotta, 1989). The bending-associated faulting is
intersected by SSW-NNE trending morphological scarps (Fig. 4).
These scarps laterally bound the banks and define the passages
between them. The bank's bounding scarps and the channels have
had structural control which are interpreted by Mullins et al. (1992) as
ancient structures inherited from an Early Cretaceous rifting stage of
the North Atlantic. This could be a first-order mechanism for the bank
segmentation and basin physiography in the southeast BCP (Freeman-
Lynde and Ryan, 1987). Currently, these inherited structures act as
transverse fault of the incoming plate, which would play a significant
role in accommodating the along-strike change in the plate coupling,
the amount of shortening or the stress fields because of the transition
between subduction in the Puerto Rico Trench to a collision/
underthrusting towards the W (Fig. 4; Dolan et al., 1998; Rodríguez-
Zurrunero et al., 2019).

4.2.1.2. Eastern Hispaniola Trench. In the OCD the Hispaniola Trench is
composed by an alternation of bathymetric highs and lows deepening
from W to E, from 4500 m-deep in the Santisima Trinidad Basin to
8350 m-deep in the Puerto Rico Trench (axial profile in Fig. 3). The
highs correspond to the Bahamas carbonate spurs that are impinged
into the Forearc and the lows are occupied by isolated and E-W trending
elongated basins with a turbiditic fill of 1.5–2.0 sTWT-thick, similar to
those observed in the NOAM north of Puerto Rico (Fig. 4; Figs. 15 and
16 in Rodríguez-Zurrunero et al., 2019). The bathymetric steps (highs)
to the E between trench basins match with the transverse tear faults on
the Navidad and Santisima Trinidad flanks (Fig. 4, App. B), both
adjusting the huge difference in water depth between the Puerto Rico
and the Hispaniola trenches (~4150 m difference, Fig. 2) and crustal
thickness. Under the turbiditic fill of the trench basins, can be inferred a
stepped southward dipping basement from the Bahamas Banks
(Figs. 11, 12 and 16 in Rodríguez-Zurrunero et al., 2019).

4.2.1.3. Northeastern Hispaniola Forearc. According to its
morphostructural features, two areas are distinguished (Fig. 4):

a) The Middle-lower Forearc, located between the elongated basin
(BFZ) and the deformation front (2600–4500 m water-depth), in
which the Northern Hispaniola Deformed Belt (NHDB) is developed.
Here, the NHDB does not have seafloor morphological expression,
and is only inferred in the middle slope by a series of 3–4 NW-SE
trending anticline ridges (Figs. 4 and 9). These ridges are very
limited in width and length, reaching only 1–2 km-width and
8–10 km-length along-strike. Seismic profiles show that the NHDB is
covered by a thick blanket of slope sediments that covers an inactive
N-verging imbricate system (Fig. 9). The lower slope shows a gentle
slope locally affected by widespread slumped area (Fig. 4; App. A).
The imbricate system locally has incorporated carbonate material
from the southern flank of the BCP evidencing the offscraping and
accretion process (accreted carbonate block in Fig. 12 in Rodríguez-
Zurrunero et al., 2019).

b) The Upper Forearc covers 35 km-width is located between an
elongated E-W trending > 1 sTWT-thick slope basin to the north and
the SOFZ onshore which comprises an almost non-existent Insular
Shelf, only represented in Bahia Escocesa (averaging 5 km-width). A
submersible dive 55 km east of Samana Peninsula encountered
white, gray and black marble extremely fractured by two vertical
fracture sets (Heezen et al., 1985; Fig. 3), similar to those found E in
the Mona Block (Fox and Heezen, 1975; Fig. 3). The Camu Fault
Zone (CFZ) was defined as a major left-lateral strike-slip fault that
runs parallel to the SOFZ (Fig. 4; Pindell and Draper, 1991). It is not
known if the CFZ has experienced Quaternary movement (Pindell
and Draper, 1991), but Draper and Nagle (1991) suggested that the
CFZ has accommodated at least 60 km of left-lateral strike-slip
motion since Eocene time. The CFZ merges eastward with the NW
trending oblique reverse faults southwest of the La Cabrera Pro-
montory and may ends at the Nagua Lineament (Fig. 4). North of the
CFZ is the Cabrera Promontory (Fig. 4), 11 levels of marine terraces
which have suffered continuous uplift and southward-tilting since
the Lower Pleistocene (Díaz de Neira et al., 2017). The high uplifting
of the Cabrera Promontory would be directly related with the in-
denting of the Silver Spur (Fig. 4). Between the Septentrional Cor-
dillera and the Samana Peninsula there is a flat marshly lowland. It
is limited to the east with the SW-NE Nagua Lineament, interpreted
by Dolan et al. (1998) as a transtensional transfer fault. Dolan et al.
(1998) speculated that the Nagua Lineament continue to the
northeast and connects with a S-dipping reverse fault with

Fig. 5. A) Post-stack migrated MCS profile. See location in Figs. 2 and 4. V.E. is 4× on the seafloor. B) Line drawing interpretation. Inset 1 shows a zoom of the
Insular Shelf northeast of Hispaniola. Inset 2 shows a zoom of the transpressive belt associated with the SOFZ. Inset 3 shows a zoom of the Puerto Rico Trench. Inset 4
shows a zoom of the faulted blocks of the outer-trench wall.
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significant reverse strike-slip component that bound the elongated
slope basin. They suggested that this offshore structure could be the
source of the August 4th, 1946 tsunami. However, Rodríguez-
Zurrunero et al. (2019) precludes the offshore-onshore continuity of
the Nagua Lineament.

4.2.2. Seismicity and kinematics of the OCD
Seismicity map shows higher occurrence of crustal earthquakes

(< 35 km) mainly concentrated along an NW-SE trending band be-
tween the compressive deformation front and the SOFZ (Fig. 6). There
have been no records of focal mechanisms in OCD since 1976. The only
known focal mechanisms from the 1946 and 1948 seismic crisis (Dolan
and Wald, 1998) which corresponds with shallow (< 15 km) E-W
trending nodal planes sub-parallel to the plate boundary: a low angle
nodal plane dipping to the south and a sub-vertical nodal plane. These
mechanisms would be related to the accommodation of convergence at
the collision-subduction interface (detachment) and/or to active thrust
faults into the NHDB (Dolan et al., 1998). The absence of significant
instrumental earthquakes may be related to a quiet period caused by
stress relaxation after the high magnitude (max magnitude recorded:
M = 8.1 in 1946 earthquake; Dolan et al., 1998) 1943–1953 seismic
crisis. GPS-derived velocities north of SOFZ, in Samana Peninsula and
Septentrional Cordillera, shows 2 to 4 mm/yr. motion towards 45°-60°
relative to the North American plate (Fig. 3). This strike is almost
perpendicular to the plate boundary and agrees with the occurrence of
historic seismic crisis of 1946 with pure thrust fault focal mechanism in
the Septentrional Block and the NHDB. This different GPS vectors
(convergence rate and direction) form observed south of SOFZ was
interpreted as a result of a very high plate coupling due to high thick-
ness and buoyancy of the BCP (Calais and de Lepinay, 1991; Calais
et al., 2002; Jansma et al., 2000; Mann et al., 2002; De Zoeten and
Mann, 1999). However, south of the SOFZ, GPS-derived velocities show
a 7–9 mm/yr. motion towards 070–080° relative to the NOAM plate.
This orientation is similar to GPS vectors in the Mona Passage and
parallel to the NOAM-CARIB plate convergence direction. Many authors
indicated that this area is characterized by the active collision process
of the BCP transitional crust with the Septentrional Block in a strain
partitioning model (Dolan et al., 1998; Calais et al., 2002; Mann et al.,
2002). In this model the Septentrional Block (NHDB, Samana Peninsula
and Septentrional Cordillera) accommodates the vertical component
perpendicular to the plate boundary due to the collision process
whereas the SOFZ accommodates the movement to the E of the His-
paniola Block. This model is consistent with GPS data north the SOFZ
and higher occurrence of crustal earthquakes (Figs. 3 and 7c), and also
large magnitude historical earthquakes with pure thrust fault me-
chanism evidences high plate coupling due to the active indenting of
the Silver Spur and Navidad Bank, and the subsequent uplift of the
Cabrera Promontory and the Septentrional (Díaz de Neira et al., 2017;
Mann et al., 1999).

Gaps in intermediate-depth seismicity are common in locations
where an oceanic plateau or other buoyant structural high collides with
the trench (McCann et al., 1979). However, in the OCD there is a cluster
of mid-deep seismicity (50–175 km) that disappears towards the W
(Fig. 6, 7c, and 8g). The cluster of mid-depth seismicity in this area
would be expression of the vertical slab tear (which comprises a rupture
area) between NOAM oceanic and NOAM BCP (described in the pre-
vious section) or/and that the relative thinner crust of the southeastern
edge of the NOAM BCP is still actively subducting beneath the CARIB
plate but with a relative lower dip (15°; Fig. 7b and c).

4.3. Oblique Underthrusting Domain (OUD)

The OUD is defined as the tectonic domain where there is a well-
developed, thicker and continuous basin along the western Hispaniola
Trench. The development of a relatively wide trench means that the
high-standing spurs of the BCP are farther away from the deformation
front and are dipping beneath the turbiditic fill of the Hispaniola
Trench and the Forearc (Fig. 3). Its eastern boundary is where the Silver
Spur impinges into the IM in the vicinity of La Cabrera Promontory, and
to the west in the azimuth change of the Deformation Front changes to
an E-W trending at 72.3°W (Fig. 10).

4.3.1. Shallow structure of the OUD
4.3.1.1. Central Bahamas Carbonate Province. The OUD is occupied by
the Mouchoir Bank which consists of an irregular morphology formed
by a succession of salients (or spurs) and bankward amphitheater
morphologies (or scallops; Mullins and Hine, 1989; Rodríguez-
Zurrunero et al., 2019) (Figs. 3 and 10, App. C). Although high-
resolution multibeam bathymetry data only covers the southern slope
of Mouchoir Bank, it can be inferred from altimetry-derived satellite
data (GEBCO) that the SW slope facing the Caicos Basin has the same
morphology (Figs. 3 and 10). As in the OCD, structural escarpments
parallel to the convergent margin are south-dipping recent normal
faulting resulting from the bending of the incoming plate (Zoom 1 in
Fig. 12). Erosive escarpments are very sinuous and longer, higher and
more frequent in the middle and upper slope than the lower slope
(Fig. 10, App. A). The seismic profile located to the west allows to
observe that the NE-SW trending elongated spur continue below the
Caicos Basin and probably below the Deformation Front (Fig. 11).

4.3.1.2. Western Hispaniola Trench. In the OUD, the Hispaniola Trench
is represented by the Hispaniola Basin which opens to the west at
longitude 71.8°W to form the Caicos Basin (Fig. 3). The Hispaniola
Basin consists of a NW-SE trending sinuous featureless, elongated, flat-
bottomed depression with average water depth of 4200 m (Figs. 2 and
3; Rodríguez-Zurrunero et al., 2019). The width of the Hispaniola Basin
is variable and is conditioned by the irregular morphology of the
Bahamas Banks. To the E, The Hispaniola Basin is interrupted by the
Silver Spur where the water depth decreases to 2500 m and producing a
bathymetric step of 300 m compared to the trench basins of the OCD
(axial profile in Fig. 3). The sedimentary fill of Hispaniola and Caicos
basins consists of horizontal to sub-horizontal turbiditic infill with at
least 2 sTWT-thickness defined by at least 2 seismic units (Figs. 11 and
12; Rodríguez-Zurrunero et al., 2019). In the southern part of the
basins, turbidite layers are progressively tilted towards the N, folded
and finally incorporated into the NHDB (Fig. 13).

4.3.1.3. Northern Hispaniola Forearc. The OUD is characterized by the
variable development of the NHDB: a well-developed north-verging
imbricate fold and trust system formed by a sequence of fold-
propagation faults (Figs. 9, 12 and Zoom 2 in Fig. 13; Rodríguez-
Zurrunero et al., 2019). But, the along-strike development of the
imbricated system as well as the number of anticline ridges is very
variable along the margin (Fig. 10, App. C). The NHDB is formed by an
along-strike succession of broad salients (up to 25 km-width) where
there is a well-developed deformed belt (e.g. south of Caicos Basin) and
narrow recesses where anticline ridges are difficult to observe (Fig. 10).
The alternation of salients and recesses have been interpreted in many
imbricate thrust belts as consequence of differential sediment accretion
and/or the topography of the incoming plate (e.g., Scholl et al., 1980;

Fig. 7. Seismicity sections (A–C) showing hypocenter distribution with M > 3.5 (NEIC catalogue: http://earthquake.usgs.gov/regional/neic/). The focal me-
chanisms are in vertical projection (CMT catalogue: www.globalcmt.org). Dashed black lines shows the slab top proposed in this study and dotted red line shows the
geometry of the slab proposed by Hayes et al. (2018). Their location is indicated in Fig. 6. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
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Dominguez et al., 2000; Marshak, 2004; Granja Bruña et al., 2009).
Seismic profile of Fig. 13 show the most representative section of the
offshore forearc in the OUD which allowed us, based on structural
criteria, to distinguish three parts (Fig. 13): a) the lower forearc in
which the frontal part of the accretionary prism of the NHDB is
developed. It is composed of low-angle thrust faults and duplex
(Zoom 2 in Fig. 13). Locally, back thrusts are developed shoreward of
frontal ridge forming a triangular zone. b) In the middle forearc is
developed the upper part of the NHDB, in which the imbricated system
is rising vertically and becomes inactive. Thrust faults are covered by
modern slope sediments and can only be inferred by overlying north-
verging anticline ridges. c) The upper forearc where the NHDB
disappears. It shows an irregular flat-topped seafloor intersected by
the SOFZ and forming a transpressive belt (Zoom 1 in Fig. 13).

The upper slope, northeast and east of Tortue Island, shows a well-
developed incised canyon whose headers are laterally displaced
(5–18 km) and occasionally disconnected from the northern margin of
Haiti by the action of the left-lateral strike-slip SOFZ (Fig. 10). This shift
of canyon networks near Tortue Island was previously observed by
Leroy et al. (2015) which calculated an offset of 16.5 km.

In this area, east of Tortue Island, there is a change in the mor-
phology of the seafloor and in the internal structures of the forearc. The
lower slope is steeper (App. A), and has a more diffuse and narrower
imbricated system (Figs. 10 and 11), although it still well-developed,
unlike the SSD as will be seen in the next section. The greatest change is
recorded in the upper slope, which presents a very irregular seafloor,
giving a karst morphology (Figs. 10 and 11; Leroy et al., 2015). The
internal structure shows a sedimentary filling of up to 0.8 sTWTs
slightly deformed forming soft ripples. These rippled reflectors are in-
tersected by small faults. Oliveira de Sa (2019) relates the formation of
this morphology called “honeycomb” with these fractures suggesting
that the current sedimentary infill would be constituted by imperme-
able carbonate materials similar to that found onshore near Monte
Cristi. Differential compaction would explain the rippled geometry of
the sedimentary infill and would cause the upwards migration of fluids
from the lower sequences through the fractures, causing the dissolution
of the seafloor carbonate materials. It also suggests that the fractures
could be the fault planes of a creeping process, which would result in
the rippled morphology. Similar dissolution morphologies along with
internal creeping of the sedimentary infill have been found in Carnegie
Ridge (Michaud et al., 2018). Beneath the current sedimentary infill
there are numerous reverse blind faults which one in the middle slope
could act currently as transcurrent blind faults since the canyon net-
works show slightly laterally displacement (Figs. 10 and 11). The
mapped transcurrent blind fault could be the inactive extension to-
wards the W of the SOFZ Dominican segment and may play an im-
portant role in the strain partitioning in this area, thus accommodating
some of the lateral component of oblique convergence.

4.3.2. Seismicity and kinematics of the OUD
In the OUD, intermediate-depth seismicity almost disappears and

crustal seismicity (< 35 km) is dominant, and is concentrated between
the deformation front and the Cibao Valley (Fig. 6). Earthquake epi-
central distribution shows a shallow subducted slab where it dips
averaging 10°. Together with the total absence of intermediate-depth
seismicity suggesting the disappearance of the subduction of the NOAM
by changing to an oblique collision/underthrusting process of the
NOAM thickened Bahamas with the island arc (Fig. 8d). Focal me-
chanisms in this area corresponds to the 2003 seismic crisis north of
Puerto Plata (Dolan and Bowman, 2004). These focal mechanisms are

from interplate shallow earthquakes (15 km-depth) with pure reverse
component and E-W trending nodal plane dipping to the south and are
directly related to the underthrusting interface or the active mega-
thrusts of the NHDB (Figs. 6 and 8d). GPS-derived velocities relative to
NOAM north of SOFZ, shows 2 to 4 mm/yr. with a strike almost per-
pendicular to the plate boundary. This agrees with the 2003 historic
seismic crisis with pure thrust fault focal mechanisms in Puerto Plata.
These facts show that most of strain is accommodated by reverse
faulting sub-parallel to the deformation front and related to the NHDB
and the Septentrional Block in a strain partitioning model with high
coupling. South of the SOFZ, GPS-derived data shows a motion rate of
7–9 mm/yr. sub-parallel to the trace of the SOFZ (70°-80°; Fig. 3).
However, paleoseismological studies showed that the SOFZ has not
caused any significant earthquakes in the last 900 years (Prentice et al.,
2003). Highly relevant is the lack of shallow earthquakes with asso-
ciated left-lateral CMT solutions in the vicinity of the SOFZ (Fig. 6).
Only two focal mechanisms of transcurrent component are found, but at
greater depths (30–50 km-depth; Fig. 8d and e). The near absence of
focal mechanism of transcurrent component suggests that the accom-
modation of the E-W component of displacement would be aseismicaly.
An alternative explanation was suggested by Ten Brink et al. (2011,
2013a, 2013b). According to these papers the 1562 and 1842 historical
earthquakes ruptured the SOFZ, and the recurrence interval is ~300 yr.,
therefore, strain has not been built up.

However there is a scattered cluster of intermediate-depth earth-
quakes below Central Cordillera which source could not be accurately
determined. Corbeau et al. (2017, 2019) proposed that this diffuse in-
termediate-depth seismicity and also the deep focal mechanisms of
transcurrent component in the SOFZ are related with a slab break-off of
an older NOAM oceanic subducted slab.

4.4. Left-lateral Strike-slip Domain (SSD)

4.4.1. Shallow structure of the SSD
4.4.1.1. Bahamas Carbonate Province and Hispaniola Trench. Multibeam
bathymetry data and seismic profiles south of Great Inagua Bank
indicate that the bank have quite same morphological and structural
characteristics to Mouchoir Bank (Figs. 14 and 15). However, seismic
profile (Fig. 15) do not show any tilted block from the BCP below the
Northern Haitian Basin, but a continuous high-amplitude south dipping
reflector can be followed below the HT and the Forearc. Between the
Caicos Basin and Great Inagua Bank there is a NE-SW trending scarp
(Fig. 14) similar to the inherited transverse faults observed in the OCD,
in the passages between banks.

In the SSD, the extensive Caicos basin is replaced by an E-W
trending narrow trench (Northern Haitian Basin) that gradually shal-
lows towards the W to 3000 m of water depth (Axial profile in Fig. 3).
The seismic profile in this area shows a sediment thickness of the trench
of up to 1.3 sTWT (Zoom 2 in Fig. 15). In addition, MTDs have been
found at the southern boundary of the trench (Zoom 2 in Fig. 15). The
modern sedimentary filling is being eroded by a highly incised axial
submarine channel-levee system which captures the flows from the
Windward Passage and BCP and channels them towards the Caicos
Basin (Figs. 14 and 15). Gloria data from Dillon et al. (1992) shows that
the channel-levee system continues to the E, along the southern edge of
Caicos Basin, to the Hispaniola Basin (Figs. 10 and 14). Seismic profile
show that the horizontal shape of modern reflectors precludes sig-
nificant post-tilting (Zoom 2 in Fig. 15).

4.4.1.2. Forearc of the SSD. In the SSD the seafloor morphology and

Fig. 8. Seismicity sections (D–G) showing hypocenter distribution with M > 3.5 (NEIC catalogue: http://earthquake.usgs.gov/regional/neic/). The focal me-
chanisms are in vertical projection (CMT catalogue: www.globalcmt.org). Dashed black lines shows the slab top proposed in this study and dotted red line shows the
geometry of the slab proposed by Hayes et al. (2018). Their location is indicated in Fig. 6. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
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internal structure of the forearc changes drastically from eastern
studied domains. The upper slope, north and east of Tortue Island,
present a very irregular seafloor, suggesting a karst morphology (Leroy
et al., 2015). Meanwhile, the western edge is occupied by the
Windwards Passage Sill, a narrow east-west trending submarine ridge
(25 km-wide and 125 km-long) between the Punta Caleta off Cuba and
the northwestern peninsula of Haiti that rises up 1000 m above the
Windward Passage Deep and the HT (Figs. 3, 14, 15 and 16; Calais and
De Lépinay, 1995). The Tortue Island represents the emerged eastern
end of the Windwards Sill. The upper part is bounded to the south by
the SOFZ which forms the Tortue Channel, an E-W trending elongated
deep depression with 700 m-deep relative to surrounding seafloor.

Towards the W, the SOFZ forms a positive flower structure at depth
(Zoom 1 in Fig. 15). New seismic profiles allow to differentiate three
seismic sequences (B, A and A') already defined by Calais and De
Lépinay (1995) (Fig. 15). A lower sequence (B) formed by almost
transparent, chaotic and discontinuous reflectors. This sequence is
folded forming wide synclines and anticlines in which these last ones
have been decapitated. An intermediate sequence (A) settled in angular
discordance that fills up the synclines of the lower sequence. It shows
high-amplitude and continuous reflectors that locally present a
divergent configuration. And an upper sequence (A') with high-
amplitude parallel and continuous reflectors that become transparent
in depth. This sequence overlies the lower and intermediate sequences

Fig. 12. A) Pre-stack migrated MCS profile. See location in Figs. 2 and 10. V.E. is 6× on the seafloor. B) Line drawing interpretation. See legend in Fig. 5. Inset 1
shows a zoom of the highly faulted BCP blocks.
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by a marked erosive surface.
The middle and lower forearc show continuous step slope (20°) and

a smooth seafloor (Fig. 14, App. A). Canyon networks in the middle
slope locally show slightly laterally displacement caused by minor
transcurrent blind faults (Figs. 14 and 15) similar that those in the
western end of the OUD. In the SSD there is not a well-developed im-
bricated system (Fig. 14 and Zoom 2 in Fig. 15). Most deformation is
located near the deformation front, forming 1–2 narrow buried frontal
thrust sheets, and near the SOFZ. Between the deformation front and
the SOFZ there is an 80 km-wide area with little recent deformation
(Windward Passage Sill and its prolongation to E), just some MTDs
close to the plate boundary and the older blind reverse faults that at the
present act as transcurrent faults (dashed lines in Fig. 14) which ac-
commodates some of the lateral component of the oblique convergence
(Figs. 14, 15 and 16).

Seismic layers (reflectors B, A' and A; Calais and De Lépinay, 1995),
structures and shallow morphology of the Windward Passage Sill,
Tortue Island and the drowned platform with karstic morphology to the
east, suggest that it has suffered strong uplifting followed by current
subsidence with minor lateral displacement (Leroy et al., 2015). Ac-
cording to paleoreconstructions made by Calais and De Lépinay (1995)
and Calais et al. (2016) the collision of Hispaniola against the BCP in
Late Pliocene (2 Ma) locked the strike-slip motion in the Hispaniola
Trench and causing it to shift to a single fault (SOFZ) along the Tortue
Channel (Leroy et al., 2015). The strike-slip fault along the Hispaniola
Trench was then reactivated as a reverse fault (Dillon et al., 1992),
constituting the current Deformation Front. At the same time, due to
Hispaniola-BCP collision, the Septentrional Cordillera underwent great
uplift. In contrast, the forearc in the SSD is suffering high subsidence. It
is defined by a low-active imbricate system and a little deformed area
conformed by the Windward Passage Sill with transcurrent blind faults
that may accommodate some of the lateral component of oblique
convergence (Figs. 14, 15 and 16).

4.4.2. Seismicity and kinematics of the SSD
The SSD shows much less seismicity and poorly located (Fig. 6). It is

clustered in a very narrow strip that comprises Turtle Island and the
Trans-Haitian Belt and its extension offshore westwards into the Gulf of
Gônave (NHTB; Figs. 6 and 8e). This cluster of earthquakes is very
shallow (< 35 km) and epicenters are focused in the SOFZ and in the
NHTB-Gulf of Gônave (Figs. 6 and 8e). Two focal mechanisms in north
of Tortue Island are interplate earthquakes (nucleated at the detach-
ment; 20–35 km-depth) and show pure to slightly oblique thrust fault
with nodal planes with E-W strike. This indicates that the convergence
component associated with the collision process is still very relevant
(Figs. 6 and 8e). A strike-slip focal mechanism is found in the Tortue
Channel at a depth of 35 km and shows a focal solution of nearly pure
left-lateral strike-slip fault (Figs. 6 and 8e). Also GPS vectors south of
Tortue Island (Fig. 3) reflects still relevant oblique convergence com-
ponent. Predicted slip rates (in mm/yr.) of active faults from the block
show a strain partitioning model with a convergent slip component at
the deformation front with a rate of 3.8 mm/yr. and a transcurrent
component at the SOFZ with a slip rate of 14.4 mm/yr (Fig. 5 in Benford
et al., 2012). All suggest strain partitioning in this area with a highly
localized deformation. The compression component is slightly less im-
portant than in the east but still relevant, forming a low-active com-
pressive system (Fig. 15) and where the transcurrent strain is pre-
dominant, clustering in the SOFZ (Figs. 14, 15 and 16).

Although this area shows a little seismic record, recent studies
carried out by Corbeau et al. (2017, 2019) reveal that this area is
subject to more seismicity than previously believed. Moreover, these
studies show a dozen intermediate-depth earthquakes (> 70 km) under

Haiti, with a 260 km-depth event in the south of the island. Corbeau
et al. (2019) propose that this intermediate seismicity is the result of
deep deformation caused by a remnant lithospheric slab inherited from
the southward subduction of the NOAM. In addition, authors propose
that the scarcity of intermediate seismicity, compared to the east, below
Central Cordillera, may be the effect of the lack of a dense seismic
network or that they show the western boundary.

4.5. Northern Cuba Collision Domain (NCD)

The western part of the study area comprises the Northern Cuba
Collision Domain. It extends from the Windward Passage to the east,
extending to the W along the SOFZ south of Cuba to the Cayman
Trough. The orientation of the Deformation Front to the northeast of
Cuba shifts again into a NE-SW trending (Fig. 14). In the Windward
Passage, the boundary between the NOAM and CARIB shifts to the
south to the SOFZ, placing Cuba into the NOAM plate (Fig. 14).

4.5.1. Shallow structure of the NCD
4.5.1.1. Windward Passage and Southern Cuba. The Windward Passage
is a 90 km-wide strait located between southeastern Cuba and the
northwestern peninsula of Haiti (Fig. 14, App. D). The Windward
Passage consists of the Windward Passage Deep and the Windward
Passage Sill.

The Windward Passage Deep is a rectangular depression of 50 km-
length and 10 km-wide ranging 3500–3750 m-deep (Figs. 2 and 14).
Calais and de Lepinay (1991) confirmed by geological information that
the SOFZ in not connected, through the Windward Passage, with the
deformation front in the SSD, which had previously assumed from
seismological data (Molnar and Sykes, 1969; Kelleher et al., 1973;
Sykes et al., 1982). Also, Calais and de Lepinay (1991) showed that the
Windward Passage Deep could not be interpreted as an active pull-apart
basin, as was previously assumed. They interpreted the tectonic regime
in the Windward Passage area as a pure left-lateral strike slip. Fig. 16
shows a sedimentary fill of 0.7 sTWT-thick composed of high-ampli-
tude, continuous and parallel reflectors. In the south wall of the
Windward Passage Deep, below the erosive surfaces there is a sequence
of older sediments (B sequence) tilted to the south and affected by
north-verging reverse faulting (Fig. 16). At the northern boundary of
the Windward Passage Deep, the sediments are uplifted by folding and
reverse faulting, forming a broad antiform of 5 km-wide with slight
vergence to the south (Zoom 1 in Fig. 16). This anticline is the mor-
phological expression of a positive flower structure associated to the
SOFZ.

Fig. 16 shows the Windward Passage Sill with the same sedimentary
sequences already observed and defined further east in the Fig. 15. At
the northern boundary of the Windward Passage Sill, there is a narrow
N-verging imbricate system (Fig. 16). The sediments of the relatively
shallow (3200 m water depth) Hispaniola Trench are tilted to the north
and incorporated in the active imbricated fold-and-thrust system
(Fig. 16). The Windward Passage Sill also registered current trans-
pressional deformation as indicates the positive flower structure in its
middle part (Zoom 2 in Fig. 16). This structure could be the westward
continuation of the blind transcurrent faults in the middle slope of the
OUD and the SSD.

The southern margin of Cuba is occupied by the Santiago Deformed
Belt (Fig. 14). Calais and de Lepinay (1991) defined the Santiago De-
formed Belt and the SOFZ as an active compressive area extending
along the southern margin of Cuba. They related this E-W trending
deformed belt to a regional transpressional tectonic due to oblique
movement along the SOFZ. Calais and De Lépinay (1995) showed no
significant transpression across the Windward Passage, compressive

Fig. 13. A) Pre-stack migrated MCS profile. See location in Figs. 2 and 10. V.E. is 6× on the seafloor. B) Line drawing interpretation. See legend in Fig. 5. Inset 1
shows a zoom of the structure between a jog of the SOFZ.
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deformation is restricted to the relay zones of the SOFZ. Furthermore,
they indicated that smooth folding observed at Windward Passage can
be explained in the frame of pure strike slip, as shown before by analog
models (Odonne and Vialon, 1983; Sylvester, 1989). However, Leroy
et al. (1996), and later Corbeau et al. (2016) defined a compressive area
from south of Windward Passage to north of Jamaica in agreement with
GPS data, thus extending the transpressive regime southeastwards to
include the Gulf of Gônave.

4.5.1.2. Northeastern Cuba. Due to the low cover of high-resolution
bathymetry data, the northeastern Cuba margin can only be
characterized by the seismic reflection profile. The seismic profile
shows a forearc with a low and continuous slope composed by a deep
platform composed by a 2 sTWT-thick sedimentary fill (Fig. 17).
Towards the north there are three series of anticline ridges forming a
narrow fold-and-thrust imbricate system (Zoom 1 in Fig. 17). The Cuba
Basin has an average water-deep of 3000 m and is composed of high-
thick sedimentary fill of at least 2.2 sTWT-thick in which isolated
carbonate spurs from the BCP are found (Figs. 3 and 14). At the
southern boundary of the Cuba Basin, the sediments are folded and
incorporated into the imbricate system (Zoom 1 in Fig. 17).

4.5.2. Seismicity of the NCD
Shallow seismicity is clustered in Cuba's southern margin, in the

SDB and the SOFZ trace, although there is some dispersed seismicity in
its northern margin (Fig. 6). Focal mechanisms show strike-slip and
oblique thrust faulting which are related with the SOFZ and the SDB
respectively.

The northern Cuba margin shows a diffuse shallow seismicity with a
focal mechanism that shows slightly oblique thrust fault with nodal
plans with an E-W strike, indicating that there is still a convergence
component associated with the collision process (Figs. 6 and 7f).

5. Discussion

Many tectonic studies were made in the northern CARIB plate, but
many of them only were focused in one tectonic domain, and then
suffer from a large scale and integrating approach to understand the
along-strike plate boundary transition. From the analysis of continuous
geophysical information (high-resolution bathymetry, seismic reflec-
tion, and seismological data) we have addressed the study of along-
strike variations on crustal structure of the NOAM-CARIB plate
boundary, and the relation with the geometry and thickness of the
downgoing slab from Puerto Rico to Cuba. Our results allow us to
propose conceptual models to summarize the structure and main tec-
tonic features for each tectonic domain along the NOAM-CARIB plate
boundary, as well as how the transition between such domains is taking
place.

5.1. Oblique Subduction Domain

The high oblique convergence of the thin NOAM oceanic crust in the
OSD leads to the increase of the slab angle, and in turn, to a rollback
process with the formation of two slab tears at 65°W (Meighan et al.,
2013, Ten Brink and López-Venegas, 2012) and 68.5°W (this study).
Meighan et al. (2013) and Ten Brink and López-Venegas (2012) pro-
posed that the slab tear at 65°W might have caused by increasing of
trench curvature due to counterclockwise rotation of the PRVI block
and the subduction of a large seamount. Furthermore, we have ob-
served a cluster of intermediate-depth earthquakes (Fig. 8g) suggesting
the existence of a slab tear at 68.5° W, between the thin oceanic NOAM
subducting slab and the relative thicker and buoyant colliding BCP

transitional crust (Fig. 19). This slab tear is analogous to that observed
in the North Andean Margin, where the relative thicker Carnegie Ridge
has been colliding with the margin since at least 2 Ma (c.f. Gutscher
et al., 1999). Previous studies (Harris et al., 2018) also proposed a slab
tear in the Mona Passage down to a depth of ⁓300 km and 50 km-
width. This slab tear of 50 km-width proposed by Harris et al. (2018)
nearly matches in location and depth with the slab tear proposed in this
study at 68.5°W (Fig. 18). Moreover, GPS data reflects the along-strike
variation in crustal thickness of the subducting slab. They show, from E
to W, the diachronic evolution of the slow-down and stop of subduction
process and the beginning of the collision of the thickened BCP crust
with the island arc (Calais et al., 2016). In Mona Passage and Puerto
Rico, GPS vectors show average convergence rates of 10–13 mm/yr.
relative to NOAM plate reference (Fig. 3) with almost parallel trending
to the direction of plate convergence. It contrasts with GPS measure-
ments to the west, in the Cabrera Promontory and Sosua Peninsula,
showing much lower convergence rate relative to NOAM (2–4 mm/yr.;
Fig. 3) with a trend normal to the plate boundary.

In addition, the oblique convergence in the OSD gives rise to the
formation of strike-slip fault systems sub-parallel to the trench: the
SOFZ and the BFZ. However, unlike eastwards of the Mona Rift, where
the rollback results in an overall subsidence of the whole region, in this
area a broad zone with transpressive tectonics in the forearc is formed,
highly controlled by the SOFZ and the BFZ, which coexist for at least
170 km. The rollback of the downgoing NOAM oceanic slab and the
consequent high dip angle of the slab (Fig. 19) are the responsible of the
transpressive tectonics without strain partitioning in the OSD, char-
acterized by a starved trench (Section A in Fig. 18).

In contrast with the other tectonic domains further to the W, the
BFZ is very close to the trench, highly limiting the width of the accre-
tionary prism. Ten Brink and Lin (2004) proposed that the change in the
distance of the strike-slip fault to the trench between Puerto Rico and
Hispaniola is caused by variations in the Coulomb stresses in the forearc
region by the shift in the slip direction due to the change in the di-
rection of the margin to an E-W trending. Laurencin et al. (2019), based
on data taken in the northern Lesser Antilles, showed that the 850-km-
long Bunce Fault is a structural boundary separating the very narrow,
sediment-starved trench. They proposed, in a long-term margin erosion,
an alternative scenario of a strike-slip system that initiated at greater
distance from the trench, at the rear of an initially larger and pro-
gressively eroded accretionary domain. However, they pointed out that
the Bunce Fault proximity to the trench might be primarily controlled
by the major mechanical weakness at the toe of the prism backstop. The
hypothesis proposed by Laurencin et al. (2019) is only applicable to the
east of the Mona Rift since there is only one transcurrent structure, the
BFZ. However, in the OSD there are two parallel transcurrent fault
systems (SOFZ and BFZ) coexisting along 170 km, which accommodate
oblique convergence in this area forming broad transpressive belts.
Nonetheless, in our region, the BFZ cuts through the accretionary prism
in this part of the PRT, and is not along a backstop. West of Mona Rift,
the BFZ starts feathering out to several strands as is typical at the end of
strike-slip faults, and therefore it definitely cannot be running along a
backstop. Further exhaustive studies would be necessary to quantify
how much strain is accommodated in each structure (SOFZ or BFZ, with
their associated transpressive belt).

5.2. Oblique Collision Domain

In the OCD, active collision of the transitional crust of the BCP with
the island arc occurs (Dolan et al., 1998). Due to the collision with BCP
(high thickness and buoyancy) the OCD forearc shows high plate cou-
pling with strain partitioning (Calais and de Lepinay, 1991; Calais et al.,

Fig. 15. A) Post-stack migrated MCS profile. See location in Figs. 2 and 14. V.E. is 4× on the seafloor. B) Line drawing interpretation. See legend in Fig. 5. Inset 1
shows a zoom of the SOFZ trace in the Tortue Channel. Inset 2 shows a zoom of the transpressive southern wall of the Northern Haitian Basin.
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2002; Jansma et al., 2000; Mann et al., 2002; De Zoeten and Mann,
1999) having: a) a deformation front with E-W strike where little de-
formation is accumulated, with accretion of materials derived from the
BCP (Rodríguez-Zurrunero et al., 2019); b) a wide “welded” accretion
prism that it is mostly buried (inactive). Here, the entrance of thick
crust blocks the subduction, and currently prevents the growth of a the
imbricated system (that is buried); c) the high uplift suffered by the 11
level terraces of Cabrera Promontory due to the indentation of the
Silver Spur.

Compared to northern Puerto Rico and in the context of strain
partitioning, the BFZ disappears, shifting all the transcurrent compo-
nent towards the south, to the SOFZ (Section B in Fig. 18). This shifting
seems to take place through a relay zone in the eastern offshore of
Samana Peninsula. Nevertheless, the relay between SOFZ and BFZ takes
place where the BCP is colliding with the island arc. The collision
process might result in the welding of the accretionary prism, where the
BFZ developed, producing the feather termination and its relay towards
the weakness zone of the SOFZ farther to the south.

Despite there is an active collision in the shallower crust, intense
intermediate-depth seismicity remains (i.e., subduction-related seismi-
city; Fig. 8g). This fact might suggest that the thinner crust of the
southeastern edge of the BCP is still actively subducting beneath the
CARIB plate with a lower dip (Fig. 19). The subduction in this part may
be due to a thinner BCP crust at its eastern end or to larger plate pull
forces exerted by the mantle on this part of the plate or both. A study
from Ten Brink et al. (2013a, 2013b), based on seismicity and tomo-
graphy, proposed a continuous slab of 450 km-long covering the OUD,
the OCD and the OSD which extends from the surface to a depth of
500 km in the northern Caribbean. This area matches with the rupture
area of the 1943–1953 seismic crisis. However, this hypothesis does
neither agree with the slab tear found at 68.5°W nor with the variations
in the earthquake distribution described in this study. Calais et al.
(1992) and more studies on Haiti conducted by Corbeau et al. (2017,
2019) suggested the existence of intermediate-depth seismicity asso-
ciated to a slab break-off of an inherited NOAM subducted slab (see
next subsection). The low seismicity below Hispaniola could be due to
the lack of a dense seismic network in this area. Therefore, with the
results obtained in this study and supported by studies from Ten Brink
et al. (2013a, 2013b) and Corbeau et al. (2017, 2019), we propose an
alternative geometry to undergoing slab (Fig. 19), with and continuous
NOAM subducted slab below Hispaniola that would explain the inter-
mediate seismicity.

An alternative hypothesis was proposed by Van Benthem et al.
(2014), suggesting that the intermediate-depth seismicity in the OCD
and in the OUD, below Central Cordillera, may be the lateral push by
the edge of the NOAM subducted slab onto the CARIB plate. However,
there is not structural and geodetic observations at surface or deep
seismicity and focal mechanism data that could support this hypothesis.
Also, as Calais et al. (2016) pointed out, the existence of a continuous
slab in this region has been challenged, its geometry through time is
poorly constrained, and it is unclear against what the slab edge would
be pushing to.

5.3. Oblique Underthrusting Domain

The oblique underthrusting of thick crust has been widely studied
by numerous authors (Scholl et al., 1980; Mullins et al., 1992; Dolan
et al., 1998; Dominguez et al., 2000; Marshak, 2004; Granja Bruña
et al., 2009, 2014; Rodríguez-Zurrunero et al., 2019). Our data confirm
that the OUD follows a strain partitioning tectonic model consisting of a
NW-SE trending accretionary prism that accommodates the

convergence (vertical) component and the SOFZ and CFZ fault system
that accommodate the strike-slip (horizontal) component (Section C in
Fig. 18). On the western end of the OUD, there is a jog between two
branches of the SOFZ (Haitian and Dominican Republic segments). This
southward shift of the SOFZ in the Haiti area may be due to the along-
strike interaction of the Septentrional Block with Windward Passage
Sill, which prevents the progression towards the W of the Dominican
segment of the SOFZ, or at least being much less active (Section C and D
in Fig. 18).

However, there is a lack of shallow earthquakes with associated left-
lateral CMT solutions in the vicinity of the SOFZ and CFZ (Figs. 6 and
7g). The majority of focal mechanisms are shallow (⁓15 km) and with
a pure reverse component. These focal mechanisms were associated to
the NHDB and the Deformation Front (Dolan and Bowman, 2004). The
lack of seismicity associated with the SOFZ may suggest that the ac-
commodation of the horizontal component of displacement would be
aseismic. An alternative explanation was given by Ten Brink et al.
(2011, 2013a, 2013b), were large earthquakes in 1562 and 1842, as
well as ~900 years ago are related to the SOFZ, with a recurrence in-
terval of ~ 300 years. At present the SOFZ are in the middle of the inter-
seismic cycle and therefore there is little seismic activity.

Diffuse intermediate-depth hypocenters recorded below Central
Cordillera (Fig. 8 d and g) in Hispaniola might be seismically associated
to a slab break-off of an inherited NOAM subducted slab (Calais et al.,
1992; Corbeau et al., 2017). New data from Corbeau et al. (2019) re-
veals that below Haiti there are still intermediate-depth earthquakes,
suggesting that the remnant NOAM subducted slab could continue to-
wards the west, comprising central and western Hispaniola. Also Nuñez
et al. (2019) using 2-D P wave velocity models, show at southern His-
paniola an anomalous zone of lateral velocity variation in the mantle
that might be associated with a possible detached oceanic slab from
NOAM. The buoyant BCP transitional lithosphere that is currently in
the collision process was previously connected to the NOAM subducted
slab (Fig. 19). This leads to tensile stresses between the two lithospheres
driving into the detachment of the NOAM subducted slab from the
currently colliding BCP lithosphere at the surface (e.g., Huw Davies and
von Blanckenburg, 1995; Wortel and Spakman, 1992). An alternative
explanation for the intermediate-depth seismicity may be the lateral
push by the edge of the NOAM subducted slab onto the CARIB plate
proposed by van Benthem et al., 2014 as we indicated before. Never-
theless, there are not structural observations at surface nor deep focal
mechanisms corresponding to the E-W compression.

5.4. Left-lateral Strike-slip Domain

In the SSD there is another change in the margin orientation,
turning into an E-W trending. Here, the orientation of the margin in-
fluences the tectonics in the overriding plate. The shift to an E-W
trending leads into the almost parallelism between the NOAM-CARIB
convergence vector and the margin. This fact, within a strain parti-
tioning model, results in the predominance of the strike-slip component
over the orthogonal convergence component. This leads to the trans-
pressive uplift of Tortue Island, associated with the SOFZ, and the low-
active or inactive imbricated system at the front as a consequence of the
lower weight of the orthogonal component (Section E in Fig. 18). The
currently inactive imbricated system could be inherited from the epoch
when the Hispaniola was in the south of Cuba (Calais and De Lépinay,
1995; Calais et al., 2016). Between the currently inactive imbricate
system and the SOFZ, there is an 80 km-width area almost without
current deformation (Windward Passage Sill and its prolongation to the
E).

Fig. 16. A) Post-stack migrated MCS profile. See location in Figs. 2 and 14. V.E. is 4× on the seafloor. B) Line drawing interpretation. See legend in Fig. 5. Inset 1
shows a zoom of antiform associated with the SOFZ in the boundary between the Windward Passage Deep and the Windward Passage Sill. Inset 2 shows a zoom of the
sequences of the Windward Passage Sill.
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We agree with Calais and De Lépinay (1995) suggestion in which
they do not observe transpression in the SOFZ. Focal mechanisms
(Fig. 8g) show strain partitioning with reverse faulting and are asso-
ciated with the deformed belt, not with SOFZ. There is only one focal
mechanism associated with the SOFZ, showing a nearly pure left-lateral
strike-slip solution. The large uplift that the Tortue Island suffered is
consistent with the paleoconstructions made by Calais and De Lépinay
(1995) and Calais et al. (2016), which show that in Late Pliocene (2 Ma)
the Septentrional Cordillera and the Tortue Island undergo great uplift.

However, to the west, the margin orientation shifts again to a NE-
SW trending and the convergence component becomes more relevant
with the development of compressive structures in the Windward
Passage Sill and the NE margin of Cuba. Also, Corbeau et al. (2019)
show an almost pure reverse focal mechanism located in the Windward
Passage, evidencing the relevant convergence component in this area.
Thus, we can determine that along the entire margin of Hispaniola, the
orientation of the margin also influence the structural framework in the
overriding plate. When the margin has a more oblique orientation re-
lative to the NOAM-CARIB convergence vector (OSD and SSD), the
strike-slip component is more relevant. This causes the imbricated
system associated with the convergence component to be less active. On
the other hand, when the margin has a more orthogonal direction re-
lative to the NOAM-CARIB convergence vector (NW-SE trending), the
convergence component predominates, which leads to a good devel-
opment of the imbricated system.

6. Summary and conclusions

The NE Caribbean shows a clear example of an along-strike seg-
mented plate boundary. Here, from E to W, is taking place the transition
from a frontal subduction in the Lesser Antilles, to an oblique subduc-
tion without strain partitioning north of Puerto Rico, to a collision/
underthrusting along Hispaniola and to strike-slip south of Cuba. The
transition from an oblique subduction without strain partitioning and
low coupling to an oblique collision with strain partitioning and high
coupling is marked by the entering into the trench of the thickened
crust of the BCP. Towards the W, the boundary from oblique collision to
a transcurrent regime is diffuse. Although the Windward Passage and
southern Cuba has been considered as a plate boundary of pure left-
lateral strike-slip, numerous compressive structures are still observed in
this area. Thus, from E to W we conclude that:

a) A vertical slab tear is found at 68.5°W due to along-strike changes in
crustal thickness of the incoming plate. The slab tear separates
subducting oceanic crust north of Puerto Rico with thickened BCP
crust which is obliquely colliding with Hispaniola. This slab tear
marks the boundary between oblique subduction and collision, al-
though seismicity shows that the eastern end of the BCP, between
the Silver Spur and the slab tear, is still actively subducting beneath
CARIB. An alternative model is the existence of an inherited con-
tinuous subducted NOAM slab which below Hispaniola. The changes
in the geometry of the downgoing NOAM slab greatly influence
structural features on the overriding plate. There is a transition from
a transpressive regime without strain partitioning to NW of Puerto
Rico, to a collision regime with strain partitioning N of Hispaniola.

b) Northern Hispaniola margin is characterized by the oblique collision
of the BCP with the island arc. There is high coupling with strain
partitioning. A relative wide accretionary wedge accommodates the
convergence component normal to the margin, and landward, the
conjugate left-lateral strike slip system, composed of the SOFZ and
the CFZ, accommodates the transcurrent component. The SOFZ and
the CFZ show transpression since Late Pliocene (2 Ma) which have
uplifted and shaped the Septentrional Cordillera. In the collision
margin, the intermediate-depth seismicity should disappear.
However, beneath Central Cordillera and Haiti, diffuse inter-
mediate-depth hypocenter still remains. These hypocenters might
indicate the presence of a detached remnant NOAM subducted slab
below central and western Hispaniola.

c) The Haitian N margin is characterized by much less seismicity than
to the E and highly localized in the Tortue Island and the Trans-
Haitian Belt. Seismicity and GPS data show a strain partitioning
model with focal mechanisms of pure reverse nodal planes asso-
ciated with the detachment and strike-slip focal mechanisms asso-
ciated with SOFZ. Bathymetry data and seismic reflection profiles
reveals two distinct areas:
• An eastern area, around Tortue Island, which shows a low-active

imbricated system and show a zone of 80 km-width without recent
deformation. All suggest high localized deformation, in a strain
partitioning model with the prevalence of the SOFZ strike-slip
displacement with respect to the convergence at the Deformation
Front.

• A western area that in which the collision process still remains,
with the development of compressive structures in the Windward
Passage Sill (positive flower structure) and the NE margin of Cuba

Fig. 18. Proposed conceptual models (A-C) for each tectonic domain. SOFZ: Septentrional Oriente Fault Zone; BFZ: Bunce Fault Zone; CFZ: Camu Fault Zone; BCP:
Bahamas Carbonate Province.

Fig. 19. 3-D view of the proposed geometry for the NOAM slab in the northeastern NOAM-CARIB plate boundary. PR: Puerto Rico.
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(imbricate fold-and-thrust system).

The documented along-strike boundary segmentation of the plate
boundary is essential for the assessment of seismic hazard in the region.
This segmentation, and hence variations in the plate coupling (non-
coupled, partially-coupled and highly-coupled) determine the max-
imum earthquake size and structural features of the overriding plate.
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Appendix A

App. A. Gradient map (degrees) of the study area derived from all multibeam bathymetry datasets. See legend for color interpretation.
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App. B. DEM of the OSD and the OCD derived from the multibeam bathymetry data and completed with data from GEBCO and SRTM datasets (Weatherall et al.,
2015; Farr and Kobrick, 2000). Same data extent as Fig. 4.
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App. C. DEM of the OUD derived from the multibeam bathymetry data and completed with data from GEBCO and SRTM datasets (Weatherall et al., 2015; Farr and
Kobrick, 2000). Same data extent as Fig. 10.
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App. D. DEM of the SSD derived from the multibeam bathymetry data and completed with data from GEBCO and SRTM datasets (Weatherall et al., 2015; Farr and
Kobrick, 2000). Same data extent as Fig. 14.
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