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Abstract Designing a seismic source model based on
the most complete description of potentially active faults
and on the kinematics of their latest movements is an
essential requirement in seismic hazard studies, at re-
gional and local scales. A study to characterize active
faults in the Hispaniola island (today’s Haiti and Do-
minican Republic) has been conducted in the framework
of the probabilistic seismic hazard assessment for Santo
Domingo (capital of the Dominican Republic). In this
work, we present a seismotectonic map of Hispaniola
and its surroundings, based on a compilation and syn-
thesis of geological, geophysical, geodetic and seismo-
logical data. Based on these data, distinct seismic zone
sources are proposed and classified as either intercrustal
domains, major active faults or subduction zones. Each
seismic source is described according to several param-
eters, including its mechanism and current rate of defor-
mation, the associated seismicity and its estimated max-
imal magnitude. These results constitute an essential
database for a homogeneous evaluation of the seismic
hazards of Hispaniola.

Article highlights Between the Caribbean and North American
plates, the island of Hispaniola is in an active seismic zone.
Historical records indicate at least 13 earthquakes of magnitude
over 7.0, of which 8.0 took place in the last 300 years. A map of
active faults and seismotectonic zoning are proposed. Despite the
uncertainties, this result is essential to provide an updated
assessment of seismic hazards on the island.
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1 Introduction

The island of Hispaniola, which includes Haiti and the
Dominican Republic, is located on the northeastern limit
of the North American and Caribbean plates (Fig. 1). It
is a strongly active seismic region of the Greater Antilles
arc on the Caribbean plate. The 2010 Mw 7.0 earth-
quake which devastated the whole Leogane-Port-au-
Prince area (Calais et al. 2010; Rathje et al. 2011;
Symithe et al. 2013; Douilly et al. 2013, 2015), is part
of a long list of destructive earthquakes that have struck
Hispaniola during the last centuries (ten Brink et al.
2011; Flores et al. 2011; Bakun et al. 2012) This earth-
quake was a dramatic wakeup call that brought attention
to a long underestimated hazard to the Hispaniola island.
Since then, the governments of the two countries com-
posing the island have been making efforts to evaluate
the seismic hazard, so that appropriate mitigation plans
can be put in place. The present work has been conduct-
ed in the framework of a project to assess the seismic
hazard and vulnerability of the Gran Santo Domingo
area in the Dominican Republic (Bertil et al. 2015).
Additional seismic micro-zoning studies conducted in
Haiti since 2010 (Bertil et al. 2013) were also consulted.

The current methodology for assessing probabilistic
seismic hazard at any scale begins with the identification
of seismic sources within or near the area under study,
their geometry, and statistical models describing their
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activity. Modelling seismic sources is one of the funda-
mental aspects of reliable seismic hazard assessment.
Even though Hispaniola belongs to a region of impor-
tant seismic activity, modelling seismic sources is a
challenging task that needs to be conducted with care,
given the insufficient level of information available on
seismic sources and observed seismicity, and their high-
ly variable degree of confidence. In this paper, we
propose a source characterization and seismotectonic
zoning for Hispaniola, based on the most up-to-date
knowledge.

2 Geological and seismic context

With the islands of Puerto Rico and Jamaica, Hispaniola
belongs to the Greater Antilles arc, located at the junc-
tion of the North American and Caribbean plates. Cuba,
geographically, also belongs to the Greater Antilles and
originates from the Caribbean lithosphere. It is after the
middle Eocene that the opening of the Cayman trough
left the Yucatan basin and Cuba as part of the North
American plate (Pindell and Kennan 2009; Stanek et al.
2009). Today, the Caribbean plate is bounded to the east
and west by subduction zones (of the Cocos and Amer-
ican plates under the Caribbean plate, respectively), and
to the north by transform transtensional fault of Motagua
fault and Cayman trough or to the south by transform
transpressional Oca-El Pilar fault system (Molnar and
Sykes 1969), Fig. 1.

GPS data and geological reconstruction indicate
that the Caribbean plate is in relative motion of 18 to
20 mm/year, along a mean direction of 70° N, to-
wards the North American plate (Calais et al. 2002;
DeMets and Wiggins-Grandison 2007; Manaker
et al. 2008; DeMets et al. 2010; Hayes et al. 2010;
Symithe et al. 2015). Its northern limit with the North
American plate is globally oriented east-west. At the
level of the island of Hispaniola, the oblique collision
of the two plates induces partitioned deformations,
with the development of tectonic structures with a
main thrust or strike-slip movement (Dolan et al.
1998; Mann et al. 1995, 2002).

Hispaniola is at the juxtaposition of different
structural blocks characterized by distinct
geodynamic evolutions and separated by large-scale
shear zones (Mann et al. 1991, 2002), Fig. 2. Among
the shear zones are to the north, the Septentrional-
Oriente fault zone and to the south, the Enriquillo-
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Plantain-Garden fault zone. The North Hispaniola
fault marks the zone of subduction of the North
American plate under the Caribbean plate. The thrust
faults of the Cordillera Central and the Muertos fault
accommodate a part of the compressive deformation
in the Caribbean lithosphere (Byrne et al. 1985; Biju-
Duval et al. 1982; Dillon et al. 1992; Mann et al.
1984, 1995).

For the development of a seismic source model, a
unified catalogue of earthquakes was established by
collecting and analysing historical data (Scherer and
Baltenweck 1913; Iniguez 1985; Chuy and Alvarez
1988; Grases 1990; SISFRANCE-Antilles 2009; Flo-
res et al. 2011; McCann et al. 2011; Bakun et al.
2012; ten Brink et al. 2011; Dolan and Bowman
2004; etc.) and experimental data (Gutenberg and
Richter 1954; Sykes and Ewing 1965; Russo and
Villasefior 1995; Alvarez et al. 1999; Tanner and
Shepherd 1997; ISC 2014; RSPR-Puerto Rico,
USGC-NEIC catalogues). We reviewed the studies
for data quality, duplication, and foreshocks or
aftershocks, and then homogenized the magnitudes
using the moment magnitude scale (Mw). To best
clarify the focal characteristics of historical
earthquakes, we sought to find the most
contemporary sources describing the seismic events.
Although there are uncertainties regarding the
magnitude and location, the catalogue of seismicity
is considered complete from 1945 onwards for
magnitudes above 5.5 and complete from 1964
onwards for magnitudes above 5.0. The oldest
known earthquake occurred in 1562. More than 25
epicentres of earthquakes of magnitude at least 6.5
Mw are located in Hispaniola or the immediate
surroundings, including the earthquakes of
magnitude above 7.5, of 1562, 1615, 1691, 1751,
1770, 1842 and 1946, Fig. 2 (see catalogue in the
electronic supplemental table).

The seismicity in the areas surrounding Cuba and
Hispaniola clearly indicates the capacity of the border
between the Caribbean and North American plates to
generate strong events. The instrumental seismicity in-
dicates a spatial distribution, Fig. 3, which is (i) super-
ficial and confined along the faults to the west of His-
paniola and (ii) superficial, deep and distributed to the
east of Hispaniola. The deep seismicity marks the sub-
duction plane of the North American plate under the
Caribbean plate, which disappears to the west of longi-
tude 71° W, Fig. 2.
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Fig. 1 Location of Hispaniola on the present-day tectonic map of
the Caribbean region modified from Pindell and Kennan 2009).
BRFZ: Beata ridge fault zone; CC: Central Cordillera; EPGFZ:
Enriquillo-Plantain-Garden fault zone; HT: Hispaniola trench;

All the plate kinematic models generated from
geodetic GPS measurements (including Manaker
et al. 2008; Benford et al. 2012; Calais et al. 2016)
indicate a subduction speed of the North American
plate strongly decreasing along the east to west di-
rection, between 16 mm/year to the north of Puerto
Rico and 3.0 mm/year to the north of Haiti. The
Septentrional fault zone displays a strike-slip move-
ment, with speeds ranging from 9 to 11 mm/year. At
the level of the Cordillera Central (Fig. 2), the speed
of convergence decreases from the southeast to the
northwest, from 4 to 1.1 mm/year. Movement along
the Enriquillo-Plantain-Garden fault zone may be
transpressive; however, it has a larger compressive
component in the east than in the west, 12 mm/year
and 10 mm/year, respectively. The convergence
speed calculated at the Muertos thrust decreases reg-
ularly from west to east, from 7 mm/year in the
western part to less than 1 mm/year to the south of
Puerto Rico. There is an E-W extension between the
Hispaniola and Puerto Rico blocks of 3 to 4 mm/year
(all speeds indicated here are from Calais et al. 2016).
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MT: Muertos thrust; OFZ: oriental fault zone; SBH: sub-basin of
Haiti; SBD: sub-basin of Venezuela; SFZ: Septentrional Fault
Zone; TH: Trans-Haitian thrusts; 1: Hispaniola; 2: Puerto Rico;
3: Jamaica; 4: Cuba

Seismic, geological and geodetic data (references
provided below) thus indicate a present regime of de-
formation that is purely compressive at the level of the
North Hispaniola subduction zone and the Muertos
thrust. The deformation becomes transpressive in the
Cordillera Central and to the west of Hispaniola
(Trans-Haitian fault system), whereas in the upper crust
of the Cordillera Oriental, the deformation might be
transtensive (Fig. 2).

3 Seismotectonic zonation

First, a seismotectonic map was drawn, based on (i)
scientific literature; (ii) geological maps of Domini-
can Republic at scale 1/50,000 issued by the National
Geological Service of Dominican Republic
(SYSMIN project 1999-2010) and of Haiti at scale
1/250,000 (BME 1982-1988); (iii) the focal mecha-
nism database of ISC-GEM and USGS, (iv) the dig-
ital earth models SRTM (Shuttle Radar Topography
Mission—NASA), ASTER Global Digital Elevation
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Fig. 2 Schematic representation of the different crustal micro-
plates located in the converging North American and Caribbean
plates, including the main seismotectonic features. BF, Bahoruco
fault; BRFZ, Beata ridge fault zone; BwF, Bowin fault; EPGFZ,
Enriquillo-Plantain-Garden fault zone; EFZ, Espailola fault zone;

Map (NASA) and GEBCO’s gridded bathymetric
data; and (v) the unified catalogue of earthquakes
undertaken for this study.

Three types of faults are distinguished in Fig. 3:

1. Active fault associated with quaternary tectonic
deformations or seismic records of sufficient pre-
cision to demonstrate a direct relationship with
the fault”.

2. Potentially active fault having (a) similarity with

known active fault (proximity, same strike and
dip, similar geologic evolution) or a structural
relationship with an active seismic fault (as
en-échelon or conjugate position); or (b)
neotectonic indication (as morphostructural
anomaly, geophysical discontinuity in the recent
deposits, offset of the recent deposits assumed
after borehole data, current movements after geo-
detic data etc.); or ¢) seismic indications (several
epicentres near the fault, but without more preci-
sions like focal mechanism or clear alignment
along the trace fault).
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MNF, Montagnes Noires fault; MF, Matheux fault; MR, Mona
rift; MT, Muertos thrust; NHT, North Hispaniola trench; OFZ,
Oriental fault zone; SFZ, Septentrional fault zone; THFS, trans-
Haitian fault system; NC, Northern Cordillera; CO, Cordillera
Oriental; CC, Cordillera Central; WP, Windward Passage

3. Other faults with no evidence to indicate present
activity, according to the current scientific
knowledge.

Among the active faults, are distinguished, Fig. 3: the
subduction zone of the American plate (North Hispan-
iola Trench, NHT), the Muertos thrust (MT), the Sep-
tentrional fault zone (SFZ), the Enriquillo-Plantain-
Garden Fault Zone (EPGFZ), the central thrust of the
Peralta belt front thrust (PBFT), the Matheux fault (MF)
and the reverse fault of Bahoruco (BF). In particular
among the potentially active faults are the NW-SE faults
of the western peninsula of Hispaniola (Yabon Fault
System, YFS and Vacama Fault, VF), and the Espafiola
Fault Zone (EFZ). The reverse NW-SE faults of the bay
of Port-au-Prince or the submeridian Beata Ride Fault
Zone (BRFZ) are also considered potentially active.

Second, we conducted the seismotectonic zoning of
Hispaniola (Fig. 4 and Fig. 5), consisting of the identifi-
cation, delineation and characterization of seismotectonic
units. Each unit is characterized by current homogeneous
tectonic deformation and a maximum reference
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Fig. 3 Seismotectonic map of Hispaniola. BF, Bahoruco fault;
BoF, Bonao fault; BRFZ, Beata ride fault zone; BuF, Bunce fault;
EFZ, Espaiiola fault zone; EPGFZ, Enriquillo-Plantain-Garden
fault zone; MF, Matheux fault; MNF, Montagnes Noires fault;
MT, Muertos thrust; MR, Mona rift NF, Neiba fault; NHT, North

earthquake. From the geological, geophysical and
seismotectonic analysis, the zoning of Hispaniola distin-
guishes 43 sources, divided into three types:

1. Active or potentially active faults (Fig. 4, Table 1):
The main faults delimiting major structural blocks
(Fig. 2). Faults can be divided into several segments,
depending on their geological history, their seismic
activity, their current movement and the geometry of
the fault plan. The relative motion of faults was
deduced from GPS measurements, deformation
models, paleoseismic data or morphological informa-
tion. The maximum possible magnitude of earth-
quake was estimated from the empirical relationships
of Wells and Coppersmith (1994), taking into ac-
count the maximum length and the width of the

Earthquakes (Mw)

40-49 O
50-59 O

1842| Year of earthquake

Earthquakes (focal depth)

6,0-6,9 o unknowed o)
70-7,9 o 1to10km )
o 10to 33 km

34 to 70 km
>=70 km

Hispaniola trench; OFZ, Oriental fault zone; PBFT, Peralta belt
front thrust; PRT, Puerto Rico trench; SFZ, Septentrional fault
zone; SPF, San Pedro fault; VF, Vacama fault; YB, Yuma basin
fault system; YFS, Yabon fault system

considered fault segment. These assessments were
compared to maximum magnitudes calculated for
historical earthquakes.

2. The Muertos thrust (Fig. 4, Table 2) and the sub-
duction zone of the North American plate under the
Caribbean plate (Table 3). The proposed segmenta-
tion depends on both the dip and the depth of the
fault plane, as well as the sliding rate.

3. The seismogenic areas (Fig. 5, Table 4): It concerns
crustal domains generally bounded by major active
shear zones. Some are characterized by a diffuse
deformation, associated with infrequent seismicity
and low magnitude (example, Unit 10, Beata Ridge,
seismic background 5.0). These areas could be
cross-cut by sub-parallel faults with similar
geodynamic characteristics (for example, internal
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thrusts within the Cordillera Central, zone A7, or
reverse faults located behind the Muertos thrust
front, zone Al).

4 The Muertos thrust and the thrusting block
of Muertos

Among the main active or potentially active faults of
Hispaniola, the Muertos fault corresponds to the thrust
of the Hispaniola and Puerto Rico blocks over the
Caribbean plate (Fig. 2). The total length of the system
is close to 700 km, with the main plane composed of
several segments of up to 170 km in length. The depth of
the thrust plane ranges from 40 km to the west, to only
20 km to the east (Granja Brufa et al. 2009, 2010,
2014).

The Muertos thrust (MT) is structured in different
segments, characterized by speed, geometry of the fault
plane (orientation, dip) and specific deformations (Fig.
4, Table 1). The limit between the segments MT-Punta
Salinas (MT-PS) and MT-Centre West (MT-CW) cor-
responds to the inflexion of the thrust plane by the Beata
crest. The MT-Centre East (MT-CE) segment is charac-
terized at the thrust front by the presence of normal
faults (Granja Bruna et al. 2009). These disappear on
both sides of the MT-CE segment. Plate kinematic
models indicate a convergence rate decreasing from
west to east (Benford et al. 2012). These data are con-
sistent with the decrease of the underwater relief directly
above the thrust plane. According to Symithe et al.
(2015) and Calais et al. (2016), the mean rate is estimat-
ed at 6.9 mm/year for the westernmost segment (MT-
PS), 6.2 for the MT-CentreWest segment, 4.6 for the
MT-CentreEast segment, and 0.8 for the easternmost
segment (MT-E). The epicentre of the October 18,
1751, earthquake, magnitude estimated at more than
7.0 (Bakun et al. 2012), is located along the Bahia de
Ocoa coast, near the western boundary of the MT-PS
thrust segment and along the normal fault of the Beata
Ridge fault zone (Fig. 3). This earthquake could have
been caused by the Muertos thrust.

According to seismic profiles and earthquake focal
mechanisms, as well as gravimetric models (Granja
Brufa et al. 2009, 2014), the dip of the thrust plane,
from approximately 12° in the front, increases towards
the north up to 30° at a depth of approximately 22 km.

@ Springer

The break-slope of the thrust plane is observed at a
depth of around 67 km. On this basis, for each thrust
segment, two seismotectonic entities were identified
(Fig. 4, Table 2): near sources (MT1, MT3 and MT5)
and distant sources (MT2, MT4 and MT6).

Secondary out-of-sequence thrusts deeply linked to
the main plane characterize the frontal zone of the thrust
compartment (Fig. 6, Al). The zone behind the front
(Fig. 6, A2) is exposed to extensive deformations. These
can be interpreted as normal faults in the leading anti-
cline of the hanging block. The boundary between zones
Al and A2 is traced on the basis of analysis of bathy-
metric and seismic data reported by Granja Brufa et al.
(2014). The northern boundary of zone A2 corresponds
to a major magnetic anomaly (Maus et al. 2008). This
geophysical anomaly could mark the rooting of the
Hispaniola plate at this location. The earthquake of
24th June 1984 (Mw 6.7) was recorded at a depth of
35 km in the San Pedro basin (Fig. 2). Its focal mecha-
nism is purely reverse over the subequatorial plane
(Byme et al. 1985). This earthquake probably marked
the sudden deepening of the rooting of the Muertos
thrust under the Hispaniola block.

5 The Beata Ridge

The Beata Ridge (Fig. 1) is an underwater morphologic
structure about 450 km in length. It separates the Co-
lombia Basin, to the west, from the Venezuela Basin, to
the east. It is formed of a thick Caribbean oceanic crust,
constituted essentially of intrusive rocks (gabbros and
dolerites) from the Late Cretaceous. Seismic refraction
profiles indicate a thickness of close to 20 km at the
level of the Beata Ridge (Ewing et al. 1960; Edgar et al.
1971; Case et al. 1990), 10 to 15 km to the east in the
Dominican sub-basin, and only 5 to 10 km in the Haitian
sub-basin (Mauffret and Leroy, 1997). The limits of
zone A4 and the Beata Ridge (Fig. 5, Table 4) overlap
with those of a positive magnetic axis (Maus et al.
2008).

The recess of the Beata Ridge under the Hispaniola
block from the Neogene (Mercier de Lépinay et al.
1988; Hernaiz Huerta and Pérez-Estatn 2002) gave rise
to a virgation in the frontal Muertos thrust and the
Peralta belt (Fig. 2). The Bahoruco thrust is interrupted
to the east at the Beata Ridge. At this location, a distinct
topographic line marks the coast of Hispaniola. This
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Fig. 4 Seismogenic structures of Hispaniola: major active or potentially active fault traces (in red), Muertos thrust plan segments (in
orange), division of the North American plate subduction (in yellow) (cf. Tables 1, 2, 3)

relief is guided by the N40° (+ 5) of the Beata Ridge
Fault Zone (BRFZ, Fig. 3).

The intersection zone between the Muertos thrust and
the Beata Ridge (Fig. 5, Table 5, A3) is subject to
compression under maximum horizontal stress in the
NE-SW direction. Deformation is caused by NW-SE
trending reverse faults and NE-SW trending normal to
sinistral strike-slip faults. The former are linked to the
Muertos fault system (MT, Fig. 3), whereas the latter
corresponds to the Beata Ridge Fault Zone (BRFZ, Fig.
3).

6 The North Hispaniola Trench and the subduction
plane of the North American plate

The Puerto Rico Trench (PRT) and Nord—Hispaniola
Trench (NHT or North Hispaniola fault) systems
shown in Fig. 2 mark the boundary between the
subducted North-American Plate on one side, and
the Puerto Rico, Septentrional, and Hispaniola blocks
on the other side. They accommodate the

convergence between the Hispaniola and Caribbean
Plates with the North American Plate, whereas the
Septentrional Fault System and the Enriquillo-
Plantain-Garden Fault System accommodate a signif-
icant part of the lateral motion.

Seismicity recorded at the level of the North Hispan-
iola Fault is particularly intense in the eastern part of the
system, but decreases rapidly towards the west (Fig. 3).
The earthquake of August 4, 1946 Mw = 7.8 (= 0.5),
ISC-GEM 2013) is the strongest recorded earthquake
associated with this fault zone. The earthquake of the
2nd of December 1562 (epicentral intensity Io = [X and
magnitude estimated at 7.7), at the origin of the destruc-
tion of the town of Santiago (Fig. 2), may itself be linked
to the North Hispaniola fault system.

The North Hispaniola fault system is divided into
several segments, depending on the geometry of the
interface of the subduction zone, the seismicity, and
the depth of the slab (Fig. 4, Table 3). The eastern North
Hispaniola segment (NHT-E) is localized between the
Mona Rift and the eastern Hispaniola peninsula. This
segment is characterized by intense seismic activity

@ Springer
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(Fig. 3) and a rapid deepening of the subduction plane
(Fig. 2). The focal depth of earthquakes reaches over
200 km directly under the Espafiola fault zone.

To the west, at the level of the western segment
(NHT-W), seismic activity diminishes rapidly. Earth-
quakes have a focal depth under 50 km. However, the
earthquake of April 20, 1962 (Mw 6.6) is located
along the NHT-W. Based on marine geophysical
data, Dillon et al. (1992) describe folds and spaced
thrusts in sedimentary cover on the North coast of
Hispaniola. More to the west, Calais and Mercier de
Lepinay (1991) and Rodriguez-Zurrunero et al.
(2020) describe other numerous compressive struc-
tures between the Winward Passage and the NE
margin of Cuba. Corbeau et al. (2019) indicate an
almost pure reverse focal mechanism of earthquakes
in the Winward Passage. Based on geophysical, seis-
mic and geodetic data, Rodriguez-Zurrunero et al.
(2020) distinguish two tectonic structures due to the
collision process at the western end of the NHT: a
positive flower structure in the Winward Passage and
an imbricate fold (linked to the NHT-Cuba, Fig. 4)
and thrust system along the NE margin of Cuba.
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According to Benford et al. (2012), the displacement
rate along the North Hispaniola Fault decreases progres-
sively from east to west, from 6.5 to 5.3 mm/year at the
level of NHT-E, to 3.8 mm/year at the level of the NHT-
Cuba segment. Conversely, for Calais et al. (2016), the
motion along the North Hispaniola Fault shows a slight
increase from east (on the order of 2.4 mm/year) to west
(close to 3.6 mm/year). Whatever the authors, their
models show a significant decrease of the subduction
movement from east to west, from the Puerto Rico
Trench to the North Hispaniola Trench. At the west of
the Mona Rift, plate movement is mainly accommodat-
ed by the Septentrional Fault Zone, where the rate is
close to 10 mm/year.

The North Hispaniola block (AS, Fig. 5, Table 4)
comprises the Septentrional Range and the Samana
Peninsula, situated in the Dominican Republic. It is an
ancient accretionary prism deformed by tectonic colli-
sion in the Late Cretaceous and Cenozoic. Its petro-
graphic collection includes high-pressure metamorphic
rocks (blue shale, eclogite) and fragments of the proto-
Caribbean lithosphere (ophiolites). The boundaries of
the A5 zone are as follows: to the north, the subduction
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Table 2 Characteristics of the segments of the Muertos Thrust Plane (cf. Fig. 4)

No. Name Min-max depth (km), dip angle Slip rate (mm/year) Maximum magnitude (Mw)
MTI1 MT-Punta Salinas-shallow D 0-7 km, Dip 2° N 6.9 7.3 (x0.3)
MT2 MT-Punta Salinas-deep D 7-35 km, Dip 42° N 6.9 7.3 (£0.3)
MT3 MT-Centre West-shallow D 0-7 km, Dip 11° N 6.2 7.8 (£0.3)
MT4 MT-Centre West-deep D 7-40 km, Dip 30° N 6.2 7.8 (x0.3)
MT5 MT-Centre East-shallow D 0-6 km, Dip 13° N 4.6 7.8 (£0.3)
MT6 MT-Centre East-deep D 640 km, Dip 34° N 4.6 7.8 (£0.3)

trench of the North American plate (NHT), to the south,
the Septentrional sinistral shear band (SFZ), and to the
East, the Mona Rift. To the west of longitude 72° W,
zone A10 (Fig. 5), compressive tectonics is less, but
still, present). In depth, the A5 zone is limited by the
subduction zone of the North American plate.

The A12 zone (named Subduction front and Baha-
mas platform) is situated in front of the Hispaniola
Trench. It forms the Hispaniola basin and the calcareous
plateau of the Bahamas, showing a flat morphology, but
with a progressive folding and faulting of the sediments
towards the south (Dillon et al. 1992). The strongest
recorded earthquakes are of a magnitude less than 6.0.

7 The Septentrional Fault Zone

The Septentrional fault zone is a shearing zone accom-
modating the sinistral component of the motion of the
Caribbean and North American plates (SFZ, Fig. 2 and
Fig. 3). It is located to the north of Hispaniola and
extends close to 600 km, between the Windward Pas-
sage to the west, and the Mona Graben to the east. Its
direction is E-W at the level of the Windward Passage,
becoming WNW-ESE to the east. To the south of Cuba,
the Oriental Fault Zone (OFZ, Fig. 1 and Fig. 2). is also
an important sinistral shear zone. The latter prolongs the
Septentrional fault zone to the west and constitutes the

boundary between the North American plate and the
Caribbean plate.

The SFZ is composed of two branches. The west
branch crosses the Windward Passage, between Cuba
and Haiti, continues towards Tortuga Island, along the
Haitian coast, and borders the south of the Neogene
basin of Cibao in the Dominican Republic. The east
branch forms the northern boundary of the Cibao basin
and extends towards the east, from the south of the
Septentrional Range to the Mona Rift. Following the
focal mechanism and the focal depth of earthquakes, the
SFZ plane extends by a depth of 20-25 km until its
intersection with the subduction plane of the American
plate (Dolan et al. 1998).

Each of the two branches of the SFZ is composed of
several fault segments (Fig. 4, Table 1). To the west, the
SFZ-Windward segment shows transtensive deforma-
tion (Calais and Mercier de Lepinay 1991). It is likely
associated with the earthquake of September 23, 1887,
To = IX, estimated Mw 7.8 (Ali et al. 2008) or Mw 6.7
(ten Brink et al. 2011), (Fig. 2 and Fig. 3). Further north
along the Haitian coast, the SFZ-CH segment (Centre
Haiti) is very likely at the origin of the 7th of May 1842
earthquake, To = IX to IX—X and estimated Mw 7.6 (ten
Brink et al. 2011). This earthquake was violently felt
between the two cities, Santiago-de-los-Caballeros in
the Dominican Republic and Mole-Saint-Nicolas in the
northwest of Haiti (Flores et al. 2011), i.e. over a

Table 3 Characteristics of the segments of the North American plate subduction plane (cf. Fig. 4)

Name Fault trace Min/max depth (km) Dip angle (°) Estimated maximum magnitude (Mw)
S1 NHT-Cuba 0-50 45 (£10) S 7.5

S2 NHT-W 0-50 30 (£10) S 8.2(x0.3)

S3 NHT-E 0-25 17 (#2) S 8.1 (x£0.3)

S4 NHT-E 25-100 55°(£5) S 7.8

S5 NHT-E 100-200 70° (£10) S
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Table 4 Characteristics of the superficial seismotectonic areas in Hispaniola (cf. Fig. 5)

Number Name Tectonic regime Orientation of the faults Maximum
magnitude (Mw)
Al Western mountain range of Compressive WNW-ESE faults, reverse motion, M 7.0 (x0.3)
Muertos thrust length 50 to 90 km
A2 Behind the Western mountain ~ Extensional at surface, Small normal faults, MS5.0upto7 (=
range of Muertos thrust compressive at depth WNW-ESE trend at the surface 2) km depth,
(10 to 15 km) then M 7.8 (=
0.3)
A3 Muertos Thrust end Northern ~ Compressive NW-SE, reverse; M 7.0 (£0.3)
end of Beata crest (NNE-SSW) NE-SW to NNE-SSW, normal sinistral
A4 Beata crest Transpression NNE-SSW, normal sinistral M5.0
(NNE-SSW)
A5 North Hispaniola Block Transpression (NE-SW) ~ WNW-ESE to NW-SE, reverse sinistral M7 (*0.3)
A6 Bahoruco, Hotte and Selle Compressive NW-SE, reverse M55
massifs
A7 Central mountain-Hispaniola ~ Transpression (NE-SW) ~ WNW-ESE to NW-SE, reverse sinistral; M7.0(*0.3)
Block NNE-SW, dextral
A8 Trans-Haitian thrusts Compressive NW-SE to NNW-SSE, reverse-sinistral M 6.8
A9 The eastern Peninsula Extensional, WNW-ESE to NW-SE, dextral to normal; M 7.0
strike-slip NNE-SSW to NE-SW, sinistral to normal
Al0 Cuba continental platform Transpression E-W M 6.5
All Mona rift Extensional NS to NNE-SSW, normal M75
Al2 Subduction front and Bahamas Compressive WNW-ESE M 6.5
platform
Al3 Winward trench, Ciabo and Strike-slip EW to WNW-ESE M 7.0
Samana basins
Al4 Gonave Block Transpression NE-SW to the West part of the area? M 6.0
Seismotectonic Seismotectonic Seismotectonic
area: A1 area: A2 I area: A9
Sanoa
Punta Palenque E-W trending San Pedro coast
0 sea level ridge anticline escarpment
S N
faulted and San Ped
| Dominican Muertos slumped area \‘ / aearo \,
sub-basin margin concave
slope break
22—
T Muertos uplifting
< 4] Trough buried ﬁ
£ Carib beds (no turbidite wedge) thrust belt
o
©

? ' l ' l ' l

0 40 80 120

160

Fig. 6 Limit of seismotectonic domains defined at the hanging wall block of Muertos thrust (cross section after from Granja Bruiia et al.

2014, modified)
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distance of approximately 300 km. Off the coast of the
city of Cap-Haitien, offset channels are described above
the SFZ-CH segment (Leroy et al. 2015; Corbeau 2015).
They show a cumulated displacement of 16.5 km. If we
assume that the current displacement of 9 to 9.8 mm/
year, calculated from GPS measurements (Benford et al.
2012), remained stable during the Quaternary, a cumu-
lated displacement of 16.5 km indicates that the fault has
been active since approximately 1.8 Myr (Corbeau
2015). To the east, where the SFZ-EH segment (East
Haiti) has low activity, the deformation is then taken
over by the north branch of the Septentrional Fault
Zone. The epicentre of the December 2, 1562, earth-
quake, situated along the SFZ-EH axis, may be related
to this fault. However, no trace of this earthquake was
found during paleoseismic studies along the Septentrio-
nal fault zone (Prentice et al. 2003). According to these
authors, the 1562 earthquake was more likely due to the
movement of the North Hispaniola Trench.

Paleoseismic trenches dug along the central segment
of the Septentrional fault zone (SFZ-C) reveal at least
two paleoseismic surface breaks, dated between 30 and
40 years B.C. and between 1040 and 1230 B.C.
(Prentice et al. 2003). In one trench, the fracture shows
a surface displacement of 5 (£ 0.5) m, which corre-
sponds to a magnitude Mw 7.4 to 7.5 earthquake, using
the empirical relationships of Wells and Coppersmith
(1994). Moreover, the offsets observed in morphologi-
cal objects (terraces, talwegs) suggest a mean slip rate of
6 to 12 mm/year along the SFZ-C. Prentice et al. (2003)
estimated a return period of 800 to 1200 years for
earthquakes of magnitude above 7.0 along this segment
of SFZ. Based on the last paleoseismic event dating
from over 800 years ago, Prentice et al. (2003)
underlined the very high probability of occurrence of a
large-scale earthquake along the east branch of the Sep-
tentrional Fault.

Paleoseismic data and offsets of underwater morpho-
logical features provide speeds consistent with geodetic
measurements (Mann et al. 2002; Manaker et al. 2008;
Benford et al. 2012; Calais et al. 2016). The mean
displacement speed of the SFZ is estimated between 9
and 11 mm/year.

8 The Enriquillo-Plantain-Garden fault zone

The Enriquillo-Plantain-Garden fault zone (EPGFZ;
Fig. 2 and Fig. 3) surrounds the south peninsula of Haiti

@ Springer

(Mann et al. 1995; Corbeau et al. 2016; Wessels et al.
2019). To the west, this fault system reaches the island
of Jamaica (Plantain-Garden valley) and connects to the
Walton fault system. To the east, the Enriquillo-
Plantain-Garden Fault Zone ends at the level of the
Enriquillo depression. The deformation is replaced by
the reverse faults of Neiba (NF) and Bahoruco (BF).
Recent high-resolution bathymetric campaigns and seis-
mic reflection profiles show that this structure is not
inherited from anterior tectonic phases, but from a major
sinistral shear that took place in the Late Miocene
(Leroy et al. 2015; Corbeau et al. 2016).

Geodetic measurements indicate a transpressive de-
formation along the Enriquillo-Plantain-Garden fault
zone, with an increasing compressive component from
the west of the Haitian peninsula to Lake Enriquillo
(Benford et al. 2012; Calais et al. 2016). In the alluvial
plain and marine gulf of Port-au-Prince, the reverse
component is mainly accommodated by NW-SE reverse
faults observed in the field or by seismic data analysis
(Mann et al. 1995; Terrier et al. 2014; Saint Fleur et al.
2015; Wessels et al. 2019).

The January 12, 2010 earthquake reached a magni-
tude of Mw 7.0. Its focal depth was 15 km. The
epicentre was located about 20 km to the east of the
centre of Port-au-Prince (Fig. 2). The earthquake in-
volved two distinct faults with previously reverse
oblique faults instead of the main strike-slip EPGFZ
(Calais et al. 2010; Mercier de Lepinay et al. 2011;
Saint Fleur et al. 2015). The 2010 earthquake was
clearly in the context of oblique convergence described
in the region of Port-au-Prince.

Other major historical earthquakes are known along
this structure (Fig. 2), including the earthquakes of 09/
11/1701—Io VII, estimated Mw 6.6 (Bakun et al.
2012); 21/11/1751—Io VIII, estimated Mw 6.6
(Bakun et al. 2012); 03/06/1770 - Io X (Sisfrance
Antilles, 2009), estimated Mw 7.5, 08/04/1860—1Io
VII, estimated Mw 6.3 (Bakun et al. 2012); and 28/10/
1952, To IX, estimated Mw 6.2 (ISC-GEM 2013). Sev-
eral geomorphic evidence of youthful faulting are de-
scribed along the EPGFZ, with some of the offsets
suggesting co-seismic displacement with an earthquake
of magnitude between Mw 7.0 and 7.6 (Prentice et al.
2010).

According to DeMets and Wiggins-Grandison
(2007), the movement along the Enriquillo-Plantain-
Garden fault zone in Jamaica is about 7 mm/year.
Benford et al. (2012) provided more precision on these
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results, indicating a left lateral motion of 5.5 (+0.5) mm/
year, and 3 (= 0.5) mm/year convergence, along the
Plantain-Garden Fault segment, in the Morant Trough.
To the east, in the Haitian peninsula, the current move-
ment along the Enriquillo-Plantain-Garden fault zone
increases to reach 9 to 10 mm/year (Benford et al.
2012; Calais et al. 2016).

The Enriquillo-Plantain-Garden Fault Zone consists
of three main segments (Fig. 4, Table 1). The eastern
segment (EPGFZ-E) extends from the east of Enriquillo
Lake towards Port-au-Prince, as far as longitude 72° W.
The focal mechanism of the earthquakes calculated in
this region (Rodriguez et al. 2018) is consistent with a
NE-SW direction of maximal horizontal stress. The
EPGFZ-E trace interfered with multiple NW-SE folds
and reverse faults. At the level of Lake Enriquillo, the
trace of the fault zone is uncertain; this interpretation is
based on Holocene morphological structures (tilting of
alluvial terraces, topographic rises, change in stream
axis) and a major magnetic anomaly (Garcia-Senz
2004). According to Symithe and Calais (2016), after
geodetic data, the EPGFZ-E segment would be a north
dipping oblique reverse fault system. Between Port-au-
Prince and the western tip of the Haitian peninsula, the
EPGFZ-C (Central) segment, of mean direction N80°E,
limits the southern extension of northwest trending re-
verse faults. The EPGFZ-C segment is at the origin of
the 2010 earthquake and several other major earth-
quakes (Fig. 2). To the west, offshore, in the Jamaica
passage, the EPGFZ-W (West) segment is a complex
structure. It has split into several parallel faults, and
pressure ridges, restraining bends, and horsetail splays
are present (Corbeau et al. 2016).

9 The Cordillera Central
and the Trois-Riviéres—Péralta thrust

The Cordillera Central (Fig. 2) is a structurally complex
range, extending over 300 km from the northwest part of
Haiti toward the southeast in the centre part of the
Dominican Republic, with a mean width of 50 to 60
km. According to gravimetric data, the crustal thickness
in the eastern part of Hispaniola is + 30-35 km (Granja
Bruna et al. 2010). We assume it has a similar thickness
to the Cordillera Central. From North to South, it dis-
plays peridotites of the Caribbean oceanic plate from the
Late Jurassic, evidence of the first period of the con-
struction of the basaltic Caribbean plateau (basic to ultra

basic Duarte volcanic complex) from the Jurassic to the
Early Cretaceous, then evidence of the Caribbean arc of
the Late Cretaceous (Tireo formation, with mainly an-
desite lava flows, and large tonalite-diorite or granite
intrusions) (Lewis et al. 2002; Escuder Viruete et al.
2007, 2008; Garcia-Lobon and Ayala 2007; Pérez-
Estatn et al. 2007).

On the south face of the Cordillera Central are the
folds and thrusts of the Peralta belt, it concerns terrains
corresponding to flysch of the Late Cretaceous to the
Oligocene, deposited in a back-arc basin. The front of
the Peralta belt is the Peralta belt fault thrust (Fig. 3,
PBFT), originated in the Eocene and which thrusts over
the Plio-Pleistocene formations of the Azua basin
(Gomez 2004). In the Plio-Pleistocene, the Beata Ridge
collided with the thrust belt, leading to the separation
between the Muertos and the Peralta thrust belts. This
also contributed to the rise of the Cordillera Central
(Hernaiz Huerta and Pérez-Estatin 2002).

As a simplification for zoning purposes, the Central
Cordillera seismotectonic zone (A2,) integrates the
Peralta belt and the older Tireo formation (Upper Cre-
taceous volcanic-clastic rocks) located to the north and
thrusting over the formations of the Peralta belt at the
level of the San Juan-Restauracion Fault Zone (Hernaiz
Huerta and Pérez-Estatin 2002).

The earthquake of October 6, 1911, of epicentral
intensity estimated at IX (SisFrance Antilles 2009),
and magnitude close to Mw 6.7 was likely caused by
movement of the PBFT (Fig. 2). According to geodetic
data, Calais et al. (2016) interpreted a compressive
movement in the NE-SW direction, for the central zone
of Hispaniola, with a decreasing rate of motion from the
southeast to the northwest (5.3 mm/year to 1.1 mm/year)
distributed on the active reverse Trans-Haitian Fault
System and the Cordillera Central (Fig. 2).

The seismotectonic zone of the Cordillera Central
(Fig. 5, A7) is bounded to the north by the transcurrent
sinistral Septentrional Fault Zone (SFZ). To the south-
east, the Trans-Haitian thrusts’s seismotectonic domain
(A8) is separated by the PBFT. To the East, the zone is
bounded by the Boano Fault (BoF), characterized by a
strong magnetic anomaly (Monthel 2004a; Garcia-
Lobén and Ayala 2007), and by NNE-trending faults,
visible in the current morphology and extending to the
north of the Beata Ridge (Fig. 3). Based on current
seismic records (Rodriguez et al. 2018), a seismicity of
low magnitude but high frequency marks the north-
south limit. Another hypothesis is that this domain
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extends to the southeast, bounded to the north by the
Espafiola Fault (Fig. 5).

The main potentially active faults structuring this
zone are reverse faults with a minor sinistral throw, a
NW to WNW trending and SW vergence (Fig. 3). These
main faults are cut by NE-SW trending sinistral strike-
slip faults or NNW trending dextral strike-slip faults of
smaller size. The maximum length of the NW-SE to
WNW-ESE thrust fault segments is approximately 50
km. According to the relationships of Wells and Cop-
persmith (1994), the maximum magnitude of the zone is
close to Mw 7.0 (£ 0.3).

10 The NW-SE to WNW-ESE thrust faults
of the Trans-Haitian zone

The collision between the Caribbean plate and the His-
paniola block, which began in the Paleogene, brought
the south Haitian peninsula and the Cordillera Central
closer. Situated between these two structural zones, the
Trans-Haitian thrust belt is interpreted as a basin to the
front of the collision. Today, it is a transpressive defor-
mation zone, characterized by NW-SE to WNW-ESE
trending reverse faults (Mann et al. 1995; Pubellier et al.
2000; BME 1982-1988). The latter are cut by lower
dimension faults, as NNE-SSW trending sinistral
strike-slip faults, or NNW-SSE trending dextral strike-
slip faults. The basement of this area is probably of a
Caribbean nature, covered by Neogene to Quaternary
formations.

The Matheux fault (Fig. 4, Table 1, MF) corresponds
to the northern boundary of the Cul-de-Sac Plain. It is
the main thrust of the central Trans-Haitian mountain
range (Pubellier et al. 1991). Behind the Matheux fault,
the northern limit of the Trans-Haitian thrust zone (Fig.
5, Table 4, A8) corresponds to the Peralta belt front
thrust (PBFT). Northwesterly trending folds and south-
westerly vergent thrust faults have been localized to the
front of the Matheux fault in the Gonaives Gulf, thanks
to seismic profiles (Mann et al. 1995; Corbeau et al.
2016). These deformations could be related to the re-
verse faults described near Port-au-Prince to the north of
the Enriquillo-Plantain-Garden fault zone (Terrier et al.
2014; Saint Fleur et al. 2015; Wessels et al. 2019). The
western boundary of the A8 zone probably corresponds
to the outermost Trans-Haitian thrusts (Corbeau et al.
2016), Fig. 3.
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Pubellier et al. (1991) describe a compressional tec-
tonic regime since 0.4 Ma which modified the Trans-
Haitian fault system into a zone of reverse faults as it is
visible in many points. In particular, these authors indi-
cate Northeast of Port-au-Prince, near Thomazeau city,
that “Eocene limestone has been transported onto Qua-
ternary basalt”. Onshore reef data indicates that tectonic
uplift decreases from the northwest Peninsula of Haiti to
the south-central part of western Haiti. In the central part
of the domain, near the Matheux fault, the rate of uplift
could be 0.19 mm/year (Mann et al. 1995). Moreover,
macroseismic information on the earthquake of 03/9/
1942 (Nouvelliste, 1942; earthquake catalogue in the
electronic supplemental table) indicates that the
epicentre would be located not far from Arcahaie. It
would be the strongest earthquake observed near
Matheux thrust.

The strongest earthquake associated with the A8
zone was that of November 3, 1923, of probable mag-
nitude Mw 6.1. Based on the maximum length of the
thrusts visible on shore, and using the relationships of
Wells and Coppersmith (1994), the maximum magni-
tude of the earthquakes for the A8 zone is estimated at
Mw 6.8 (£ 0.3).

11 The reverse fault of Bahoruco
and the Plio-Quaternary depression
of Enriquillo-Neiba

The south Hispaniola peninsula includes the Massif de
la Hotte and Massif de la Selle mountains in Haiti, as
well as the Sierra de Bahoruco in the Dominican Re-
public. It is 250 km long and 25 to 40 km wide, in an
east-west direction. The late-cretaceous to Miocene car-
bonate recovers the basaltic basement of the Caribbean
plate. This basement is outcropping in the centre of
some massifs. The main deformation in the peninsula
occurred from the early to mid-Pliocene, corresponding
to the uplift of the massifs and the thrust towards the
north of the Sierra de Bahoruco on the Enriquillo basin
(Garcia-Senz 2004). The Enriquillo Basin is a Neogene
to Quaternary basin, over 4,000 m thick. Open to the sea
until the mid-Holocene, the sediments in the basin from
the Rio Yaque and the recent tectonic movements led to
its current closing (Garcia-Senz 2004; Diaz De Neira
etal. 2007). This deformation is still active, as shown by
the tilting of the paleosurfaces from the Quaternary and
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Holocene and the faults can be observed in recent de-
posits (Hernaiz Huerta et al. 2007).

The A6 zone (Fig. 5, Table 4) includes the Massif de
la Hotte, Massif de la Selle, Massif de Bahoruco, and the
sub-basin of Haiti. This is a simplifying hypothesis that
brings together, on the one hand, distinct structural
chains of the southern peninsula (Goreau 1981;
Momplaisir 1986) and, on the other hand, part of the
Caribbean plate with the NE end of the Nicaragua rise
(Mauffret and Leroy 1997). In addition, based on data
from aeromagnetic studies (Garcia-Senz 2004), the
Enriquillo basin is included in zone A6; however, an-
other hypothesis is that the zone is bounded by the
Bahoruco fault. In this case, the basins of Enriquillo
and Azua would be included in zone A8.

The seismic activity recorded in the Bahoruco Range
(Rodriguez et al. 2018) indicates reverse reactivation of
west-northwest trending faults and, toward the east,
dextro-normal movement of north-northeast trending
faults. Moreover according to geodetic data, the region
covering the Bahoruco Range to the Neiba Range shows
a high displacement rate of 7 mm/year (Benford et al.
2012) to close to 12 mm/year (Calais et al. 2016;
Symithe and Calais 2016). This displacement is accom-
modated by the reverse structures running northwest in
the A6 and A8 domains. More locally, with reference to
the topographic height difference along the Bahoruco
fault and the age of the terraces visible on the 1/50,000
geological map (Garcia-Senz 2004; Joubert 2004), the
mean uplift attributed to the Bahoruco Fault (BF; Fig. 2)
could be 0.2 mm/year.

Taking into account the length of the Bahoruco Fault,
according to the relationships determined by Wells and
Coppersmith (1994), the maximum magnitude earth-
quake calculated for the Bahoruco Fault is Mw 7.3 (£
0.3). Conversely, apart from the seismicity evaluated for
the Bahoruco Fault, on the basis of current seismic and
tectonic data, zone A6 is characterized by a seismic
background of maximal magnitude Mw 5.5.

12 The NW-SE faults of the eastern Hispaniola
peninsula

The East-Peninsula zone (A9, Fig. 5, Table 4) comprises
the Cordillera Oriental, the Caribbean coastal plain, the
San Pedro basin, and part of the ancient cretaceous
tecto-volcanic domains of the Cordillera Central. To
the East, the limit of zone A9 corresponds to the Mona

rift (A11) and its southern extension. To the west, the
limit is situated directly above the Bonao Fault (BoF),
extended by submeridian faults (Fig. 3). The northern
boundary is the Septentrional Fault Zone, while the A2
zone is to the south (Fig. 5).

The Bonao fault limits two major structural blocks,
characterized by different Turonian-Campanian volca-
nic stratigraphies, geochemical composition and physi-
cal characteristics of their constituent igneous rocks
(Mann et al. 1991; Escuder Viruete et al. 2008). In the
current tectonic context, Hernaiz (2004) describes the
Bonao Fault as the western boundary of the Bonao
Quaternary Basin, marked by the apex of powerful
current or sub-current alluvial fans, in connection with
a normal or normal dextral movement of the fault.

The Cordillera Oriental (Fig. 2) corresponds to an
anticlinal formed during the Late Cretaceous with a
WNW-ESE axis, close to the south, interrupted by the
Septentrional fault zone in the North. The eastern pen-
insula of Hispaniola acquired its current topography
during the Quaternary (Diaz De Neira et al. 2007). The
faults structuring the range have a WNW-ESE to NW-
SE direction and a vertical plane.

The neotectonic activity in the Cordillera Oriental is
evident in the elevation of the Plio-Quaternary reef
platform (Los Haitises), which currently presents itself
as a structural relief elevated to over 300 to 350 m;
according to these data, the average rate of elevation in
this region would be about 0.193 mm/year. (Diaz de
Neira 2004a; Diaz De Neira et al. 2007). This deforma-
tion is accommodating by the vertical component of the
movement of faults, among them, the main faults are the
Vacama and Yabon faults (YFS and VF; Fig. 3). These
faults produce a clear anomaly on the magnetic map
(Monthel 2004b; Garcia-Lobdén and Ayala 2007).

The Vacama Fault (VF) is the eastern border of the
Eastern Cordillera. It limits the early Pliocene reef plat-
form (Los Haitises formation) from the middle-terminal
Pleistocene limestone terraces (La Isabela formation) by
an escarpment about 20 m high (Monthel 2004b). Ac-
cording to Garcia-Senz and Pérez-Estaun (2012), this
fault was linked to the evolution of the Mona Rift. Based
on the 20 m elevation of the late Pleistocene terrace;
Diaz de Neira et al. (2015) indicates an uplift rate of
0.033-0.068 mm/year.

The Yabon Fault forms a straight escarpment, with
triangular facets, sudden changes in slope, anomalies in
the drainage network (Diaz De Neira et al. 2007). The
installation of the Seibo River and its tributary the
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Magua stream along its trace are one more argument
about its tectonic activity (Diaz de Neira 2004a). Along
the Yabon Fault System (YFS), the calcareous forma-
tion of the Early Pleistocene (dated more or less 780
kyr) could be shifted by more than 100 m (Monthel
2004a). This morphologic shift may indicate a mean
vertical displacement of the Yabon faults between the
Quaternary and Today by close 0.15 mm/year.

Further to the west, the height differences recorded
along the faults decrease significantly. The Espafiola
Fault Zone (EFZ; Fig. 3) is hidden by the thick Plio-
Quaternary cover of the Caribbean coastal plain
(Llanura Costera del Caribe). The EFZ corresponds to
a major crustal structure that consists of two parallel
segments, bounding the tecto-volcanic Bonao domain
characterized by basic to ultrabasic rocks (Pérez-Estatn
et al. 2007; Escuder Viruete et al. 2008). This system is
associated with a very strong magnetic and gravimetric
anomaly (Garcia-Lobon and Ayala 2007). To the north-
east of the EFZ, the cretaceous basement belongs to the
Cordillera Oriental. To the southeast, cretaceous forma-
tions have the same paleo-structural affinity as those of
the Cordillera Central. Vertically above the EFZ, the
American plate subducts significantly under the Hispan-
iola block and Caribbean plate (Fig. 2). The EFZ had a
thrusting action during the compression phase of the
Late Cretaceous to Palaeocene, then a sinistral shearing
motion in the Neogene (Hernaiz 2004). To the east of
Santo Domingo, the terraces of the Late Pleistocene of
the Llanura del Caribe, dated 121 (+9) kyr, are close to
10 m above the normal level, indicating a mean uplift of
0.06 mm/year (Diaz de Neira 2004b).

The San Pedro Fault (SPF) extends the Espaiiola Fault
Zone. It underlines a 200 m high cliff marking the limit
between the insular plateau, to the north, and the Neogene
San Pedro Basin, to the south (Granja Brufia et al. 2014),
Fig. 6. The San Pedro basin is an E-W trending bathymet-
ric depression classically interpreted as a “fore-arc type
basin”. This basin has a smooth seafloor morphology and
an average water depth of 1400 m. The San Pedro Basin
corresponds to the offshore part of the A9 zone.

The transtensive deformation of the A9 zone appears
larger in the east than in the west. The current
transtensive context of the Cordillera Oriental can be
explained by “slab roll back” in the upper lithosphere
following the model of Heuret and Lallemand (2005).
According to this hypothesis, the American lithosphere
showed a gradual retreat of the subducted plate, and at
the same time a gradual dip of this plate, while the upper
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plate remained fixed, inducing a distensive back-arc
deformation in the surface.

The Espafiola fault zone and San Pedro fault are
presumed as two systems potentially active, but with
deformation rates lower than those of the Yabon and
Vacama faults (Fig. 4, Table 1). To the west of zone A9,
as indicated above, the Cordillera Central is currently
experiencing a transpressive deformation (Fig. 2). An
intermediary zone is located between the Cordilleras
Central and Oriental. This may be subdivided (green
dotted line on Fig. 5), or integrated into zone A9, in
order to facilitate future probabilistic seismic hazard
calculations. Apart from the maximal seismicity evalu-
ated for the potentially active faults described above
(VF, YF, EFZ, SPF; (Fig. 4, Table 1), the A3 seismic
zone is associated with a seismic background estimated
at a maximum magnitude Mw 5.5.

13 Conclusions

A seismotectonic map and the characterization of active or
potentially active faults were established based on a large
number of data of varied nature and quality. For example,
the structural analysis was facilitated in the Dominican
Republic by 1/50,000 scale geologic maps published be-
tween 1997 and 2010, whereas in Haiti we only had a
geologic map at the 1/250,000 scale, published in 1989. To
establish a seismic catalogue, few usable data before the
1960s were available. The location, focal depth and mag-
nitude of earthquakes prior to this date are highly uncertain.
Few paleo-seismic data were available to evaluate the
motion rate of active faults. Apart from the septentrional
fault system (SFZ), these rates are estimated from altimetry
measurements (geodetic or topographic). Despite the high
uncertainty of these rates, they allow an initial assessment
of return periods of the strong earthquakes characterizing
the active fault systems.

From the seismotectonic map and knowledge of the
geological and geophysical context, a model of the seismic
sources was proposed, distinguishing among the large
systems of active faults, the near seismic domains (< 35-
km depth) with diffuse seismicity, and the deep seismic
zones with the subduction of the American plate under the
Caribbean plate. Locally, several hypotheses are proposed.
In a later phase, the results were directly integrated into
probabilistic seismic hazard calculations for the metropol-
itan area of Santo Domingo (Bertil et al. 2015), for which
the implemented seismic zonation was an essential input.
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Despite the limitations outlined above, the map and
the characterization of active faults constitute the first
database of synthetic information on the active or po-
tentially active faults of Hispaniola. Apart from the set-
up of a better network of seismic measurements (and
monitoring), improvement in these results would require
more precise and more numerous neotectonics and
paleoseismic analyses.

The characterization of potentially active faults is
especially important in high-stakes regions such as cap-
ital cities (Port-au-Prince and Santo Domingo) and ur-
ban zones exposed to high seismic hazard. Many cities
in Hispaniola are heavily exposed to seismic risk be-
cause of their proximity to seismic sources, high vulner-
ability of existing infrastructure and large concentration
of population as well as poor quality of soils. Improved
knowledge of seismotectonic sources could also lead to
better recommendations for seismic construction in each
of the two countries.

Supplementary Information The online version contains sup-
plementary material available at https://doi.org/10.1007/s10950-
021-09985-0.
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