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Abstract

The Southern Peninsula of Haiti is a seismically active east — west trending transpressive mountain
range with elevations over 2 km. Present-day deformation is mainly partitioned along the left-lateral
Enriquillo —Plantain Garden Fault Zone (EPGFZ) and associated oblique reverse faults and/or folds. The
configuration of these faults, their respective timing, and the role of structural heritage on their
development is poorly understood. To address these questions we present the results of extensive
field campaigns, combined with satellite imagery interpretation and published data, which allows us
to constrain the Cenozoic evolution of the Southern Peninsula. Our results show a polyphase tectonic
history consisting of three major tectonic events: 1) Maastrichtian to early Paleocene crustal-scale
folding that developed coevally with predominantly north to northeast dipping thrusts, resulting in
uplift and erosion of the Cretaceous sedimentary cover in large parts of the Southern Peninsula. 2)

Early Miocene uplift and erosion, which was strongest in the southwestern part of the peninsula and



decreased eastwards, did not affect the Massif de la Selle. Uplift is most likely unrelated to strike-slip
activity but resulted from folding in response to NE — SW shortening that possibly reactivated older,
predominantly N- to NE-dipping thrusts. 3) Late Miocene to present-day deformation and uplift.
Spatially distributed strike-slip started during the late Miocene and became progressively focused
along the EPGFZ in the latest Miocene. Oblique and thrust faults locally post-date strike-slip activity
from the Pliocene onward. Increase in compressional deformation from west to east is reflected by a
change in structural style, with predominantly strike-slip faults in the west and transpressional faults
in the east, the latter possibly rooted on the EPGFZ at depth. Paleo-stresses associated with a strike-
slip regime are at a significantly high angle to the trace of the EPGFZ, indicating that the EPGFZ is a

mechanically weak fault.
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1. Introduction

Haiti is located on the western side of the island of Hispaniola and occupies a central position in the
northern Greater Antilles arc in the Caribbean (Fig. 1a). The Southern Peninsula of Haiti experienced
devastating earthquakes in the past (McCann, 2006; Ali et al., 2008; Bakun et al., 2012). These historical
earthquakes occurred proximal to a N80°E trending onshore lineament stretching from Tiburon in the
west up to Pétionville in the east (Fig. 1b). This segmented lineament is easily traced on satellite images
and is known as the Enriquillo — Plantain Garden Fault Zone (EPGFZ; Mann and Burke, 1984), left-lateral
strike-slip system (Fig. 2a; Calmus, 1984; Mann and Burke, 1984; Mann et al., 1995). The seismogenic
nature of the Southern Peninsula was once more demonstrated by the Mw 7.0 2010 Leogane

earthquake that struck 30 km west of the capital of Port-au-Prince (Hayes et al., 2010; Bilham, 2010).



This event likely did not involve surficial slip along the steeply south-dipping EPGFZ segment in this
region (Prentice et al., 2010), but resulted from oblique slip on the NNW-dipping blind Leogéne fault
(Calais et al., 2010; Mercier de Lépinay et al., 2011; Douilly et al., 2013). Aftershocks also indicate
reverse motion along a SSW-dipping fault (Symithe et al., 2013) that coincides with the offshore Trois
Baies fault (Fig. 2a; Bien-Aime Momplaisir,1986). The transpressive nature of this fault system is shown
by GPS velocity models in this region (Fig. 1b; Benford et al., 2012a; Calais et al., 2016). The geometry,
characteristics, timing, and pre-Holocene stress history of the fault systems in southern Haiti remains

poorly understood.
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Fig. 1a: Geodynamic setting of the Caribbean. GPS velocities (black arrows) from DeMets et al. (2010) in a
Caribbean reference frame. Fig. 1b: Geodynamic setting of Haiti. GPS velocity vectors (black arrows) from Calais
et al. (2016). GPS velocity vectors indicate motion of block to the south (west) of fault with respect to block to
the north (west). Faults modified after Leroy (1995). MCSC = Mid-Cayman Spreading Center; OFZ = Oriente Fault
Zone; SDB = Santiago Deformed Belt; SFZ = Septentrional Fault Zone; NHDB = North Hispaniola Deformed Belt;
HFTB = Haitian Fold-and-thrust belt; EPGFZ = Enriquillo-Plantain Garden Fault Zone; WFZ = Walton Fault Zone;
D.R. = Dominican Republic; P.R. = Puerto Rico; V.. = Virgin Islands; PRVI = Puerto Rico — Virgin Islands block.

The number of deformation phases that affected the Southern Peninsula during the Cenozoic era, the
geographic extent of these phases, and the timing and configuration of the associated faults is also still
subject to debate. Previous studies on the geology of the Southern Peninsula note the possibility of a
Maastrichtian to Paleocene deformation phase affecting the region (Mercier de Lépinay et al., 1979;
Calmus, 1983; Van den Berghe, 1983a; Bien-Aime Momplaisir, 1986; Calmus and Vila, 1988), while

others propose tectonic quiescence during this period (Maurrasse, 1982; Desreumaux (1987), in
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Bourgueil et al., 1988; Amilcar, 1997). Similar disagreement exists about whether or not an earliest
Miocene deformation phase did (Calmus, 1983; Van den Berghe, 1983a; Bizon et al., 1985; Bien-Aime
Momplaisir, 1986) or did not (Desreumaux, 1985a, 1987; Bourgueil et al., 1988) affect the southern
Peninsula and if it is related to strike-slip activity along the EPGFZ (Calmus, 1983; Bizon et al., 1985;
Calmus and Vila, 1988). The configuration, timing, and origin of deformation and faulting in the eastern
Southern Peninsula and Cul-de-Sac plain are also subject to debate (Fig. 2a). Some authors argue in
favor of a continuation of the EPGFZ into the Cul-de-Sac Plain and Enriquillo Valley in the Dominican
Republic (Mann et al., 1995; Wang et al., 2018) while others propose that active thrust faults along the
southern border of the Cul-de-Sac truncate the EPGFZ (Bourgueil et al., 1988; Symithe and Calais,

2016), or that normal faulting dominates the southern border (Pubellier et al., 2000).

The aim of this paper is to understand the structural evolution of the Southern Peninsula during the
Cenozoic era and the temporal and spatial evolution of the EPGFZ and associated faults. Of particular
interest are the next questions: 1) how many episodes of deformation has the Southern Peninsula
experienced during the Cenozoic, 2) what was the structural style associated with the successive
deformation phases, and 3) how are paleo-stresses distributed and oriented along the EPGFZ and what

is their timing?

Three study areas are selected, based on results from field campaigns conducted in 2014, 2015, and
2017. These are the western Massif de la Hotte, I'Asile Basin, and Massif de la Selle regions of the
Southern Peninsula (Fig. 2b). Detailed mapping of these three areas is based on the interpretation of
satellite imagery, which is controlled and tested against field data. Stratigraphic columns derived from
literature are updated with field observations and serve as a first-order constraint for our cross
sections. Paleostresses are deduced from the inversion of fault kinematic slip data obtained at
outcrops. The before mentioned data allows us to present a coherent structural model for the
evolution of the Southern Peninsula, which shows a polyphase tectonic history with deformation

phases in the latest Cretaceous - Paleocene, early Miocene, and late Miocene — present-day.
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Fig. 2a: Structural map of the Southern Peninsula. Onshore shaded relief is 30m resolution ASTER DEM, offshore bathymetry is at 25m resolution and was collected during
the Haiti-SIS cruises (Leroy et al., 2015). Offshore faults from Bien-Aime Momplaisir (1986) and Leroy et al. (2015). Onshore structures from Mann et al. (1995), Saint Fleur et
al. (2015), Symithe and Calais (2016). Dashed trace of EPGFZ represents interpretation by Wang et al. (2018). GPS velocity vectors constructed from Calais et al. (2016).
Earthquake focal mechanisms from the International Seismological Centre (2014) (GCMT). Fig. 2b: Compilation and simplification of 1:250.000 geological maps published by

the Bureau des Mines et de I'Energie d'Haiti (BME) after Boisson and Bien-Aime Momplaisir, 1987; Bien-Aime Momplaisir et al., 1988). Black rectangles show extent of small
scale geological maps and corresponding figures. Black lines are cross sections.



2. Geological setting

2.1 Geodynamic setting

Haiti is located in a geodynamically complex area, at the boundary between the North American and
Caribbean plates (Fig. 1a). This boundary zone comprises an amalgamation of microplates and blocks

bounded by fault zones (Fig. 1b; Benford et al., 2012a; Calais et al., 2016).

The northern plate boundary between the Gonave and North American plates is defined by the left-
lateral Oriente Fault Zone (OFZ), which passes through the Santiago Deformed Belt (SDB) south of Cuba
to link up with the Septentrional Fault Zone (SFZ) in Hispaniola (Fig. 1b; Heubeck and Mann, 1991;
Calais and Mercier de Lépinay, 1995). The boundary between the Gonave and Hispaniola blocks
possibly corresponds to the northeastern boundary of the Haitian fold-and-thrust belt (Fig. 1b;
Benford et al., 2012a; Symithe et al., 2015), which is a southwest-verging, forward propagating thrust
system (Pubellier et al., 2000). The southern boundary between the Gonave microplate and the
Caribbean plate coincides with the Walton Fault Zone (WFZ) - Enriquillo-Plantain Garden Fault Zone
(EPGFZ) system (Fig. 1b; Benford et al., 2012a; Symithe et al., 2015). In the west, the WFZ marks the
southern border of the Cayman Trough (Rosencrantz and Mann, 1991; Leroy et al., 2000), which is
connected with the EPGFZ through Jamaica (Benford et al., 2015). East of Jamaica the EPGFZ crosses
the Jamaica Passage (Leroy et al., 2015; Corbeau et al., 2016a) and continues onshore the Southern
Peninsula (Duplan, 1975; Calmus, 1983; Van den Berghe, 1983b; Mann et al., 1995; Prentice et al.,
2010). In the eastern Southern Peninsula (Fig. 2a) the EPGFZ either continues through the Cul-de-Sac
plain (Mann et al., 1995; Wang et al., 2018) or is abutting against E- to ESE-trending thrust faults (Saint

Fleur et al., 2015; Symithe and Calais, 2016).

Present-day deformation along the northern Caribbean plate boundary changes from almost pure
strike-slip along the WFZ and the Jamaica Passage in the west (Benford et al., 2012a; Leroy et al., 2015;
Symithe et al., 2015; Corbeau et al., 2016b), to increasingly more transpressive along the EPGFZ in the

Southern Peninsula in the east (Ali et al., 2008; Calais et al., 2016).



2.2 Stratigraphy of the Southern Peninsula

The distribution of the formations described below is found on 1:250.000 geological maps (Published
by the Bureau des Mines et de I'Energie d'Haiti (BME) after Boisson and Bien-Aime Momplaisir, 1987;
Bien-Aime Momplaisir et al., 1988), which are simplified and presented in Fig. 2b. The purpose of this
section is to describe the general stratigraphy of the Southern Peninsula. A corresponding schematic
stratigraphic column is presented in Fig. 3. A detailed discussion of our stratigraphic observations is

given in section 4.

The oldest rocks exposed on the Southern Peninsula are Cretaceous in age and composed of an
alternation of tholeiitic basalts, limestones and radiolarites (Fig. 3; Dumisseau Formation of Maurrasse
et al., 1979). The lowermost part contains Aptian — Albian rudists indicative of platform facies (Bien-
Aime Momplaisir, 1986; Bourgueil et al., 1988). Laterally and upwards in the stratigraphy pelagic facies
dominate until late Campanian times (Maurrasse et al. (1979), Desreumaux (1987), in Bourgueil et al.,
1988; Mann et al., 1991; Amilcar, 1997). The thickness of this basaltic complex is at least 1500m
(Bourgueil et al., 1988), with a similar thickness estimated offshore using seismic refraction (Mauffret
and Leroy, 1997) and submersible sampling (Mauffret et al., 2001). This succession is part of the
Caribbean Large Igneous Province (CLIP) that extruded in a submarine setting (Sinton et al., 1998; Kerr
et al., 2003). The Cretaceous sedimentary cover corresponds to the calcareous Macaya Formation of
Butterlin (1954), which is also found in the Caribbean offshore (Kroehler et al., 2011). Onshore the
Southern Peninsula it consists of well stratified pelagic limestones with chert nodules and occasional
claystone and radiolarite beds deposited under bathyal conditions (Calmus, 1983). The age of this
formation is well constrained from Campanian to middle Maastrichtian, although the base could be
located in the Coniacian (Ayala, 1959; Maurrasse, 1982; Calmus, 1983; Van den Berghe, 1983;
Desreumaux (1987), in Bourgueil et al., 1988). The facies indicate a general deepening of the

depositional environment throughout the Late Cretaceous.
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Commission on Stratigraphy (ICoS) based on the geologic time scale from Gradstein et al. (2012).



The Cretaceous basalts and limestones are unconformably overlain by a diachronous transgressive
fining-upwards sequence that becomes more calcareous through time (Bourgueil et al., 1988). This
Paleocene sequence commences with shallow water conglomerates and volcaniclastic breccias, clay-
silt- and sandstones overlain by turbiditic silty limestones (Van den Berghe, 1983a; Bourgueil et al.,
1988; Amilcar, 1997), and locally possibly platform limestones (Calmus, 1983). The Paleocene
sequence is occasionally interbedded with transitional to calc-alkaline basalts (Calmus, 1987). The
temporal and lateral equivalents of the Paleocene detrital series on the Southern Peninsula are known
by the following formation names; Marigot in the south-east (Butterlin, 1960), Beloc in the central-
east (Desreumaux, 1987) and Riviere Glace in the west (Calmus, 1983). Locally the transition from
Maastrichtian to Paleocene is conformable or characterized by an upper Maastrichtian ravinement
surface (Desreumaux, 1985b; Bourgueil et al., 1988), or by K-T impact ejecta material (Maurrasse and

Sen, 1991).

The Eocene is characterized by deeper depositional facies on the southernmost part of the peninsula
compared to the northern part (Desreumaux, 1985a). In the north, lower Eocene platform limestones
rich in benthic foraminifera progressively change to middle to upper Eocene outer platform limestones
(Calmus, 1983). In the southernmost part the Eocene stratigraphy is dominated by cherty pelagic slope
limestones (Bourgueil et al., 1988). Calc-alkaline basalts interbedded in lower to middle Eocene

limestones are observed in the western part of the Southern Peninsula (Calmus, 1987).

The Oligocene through late Miocene facies are characterized by deep marine chalks with cherts,
pelagic mudstones, chalky limestones and marls (Maurrasse, 1980; Van den Berghe, 1983;
Desreumaux (1987), in Bourgueil et al. 1988). Local highs represented by platform facies are also
observed (Bien-Aime Momplaisir, 1986). A notable exception to these submarine depositional
environments is found west of Camp Perrin in the west-central part of the Southern Peninsula (Fig.
2b). Fining upwards detrital deposits of Burdigalian to Langhian age commence with basal littoral

conglomerates containing Cretaceous basalts and limestones pebbles, which are overlain by lacustrine



sands and clays interbedded with lignite levels (Calmus, 1983). The age of these deposits is disputed
by Bourgueil et al. (1988) who argued that the sediments could be reworked and therefore much
younger. The detrital series possibly has a lateral equivalent in the L’Asile region (Fig. 2b; Bien-Aime
Momplaisir, 1986), although in this basin the age is less well constrained. The implication of these
littoral and lagoonal facies on the Miocene evolution of the Southern Peninsula are further addressed

in the discussion.

The late Miocene marks a change in depositional environment. Pelagic limestones and marls are
progressively overlain by flysch-type detrital deposits, whose facies display a shallowing upwards trend
from the late Messinian onwards (Maurrasse, 1982; Bourgueil et al., 1988). The detrital feldspar
fraction in Pliocene deposits consists of labradorite that signals erosion and sourcing from CLIP-type
basalts in the area (Bizon et al., 1985; Desreumaux, (1987), in Bourgueil et al., 1988). A similar facies
change occurred during the late Miocene to Pliocene in the Enriquillo Basin in the Dominican Republic
(Mann et al., 1991b; McLaughlin and Sen Gupta, 1991; Diaz de Neira, 2002). Quaternary continental
facies were deposited in basins along-strike and proximal to the trace of the EPGFZ, and in the Les
Cayes, Leogane and Cul-de-Sac basins (Fig. 2b), while reefal platform limestones were confined to the

coastal areas (Mann et al., 1995).

2.3 Tectonic evolution of the Southern Peninsula during the Cenozoic

The existence and effects of a Late Cretaceous to Paleocene tectonic event on Haiti’s Southern
Peninsula is still subject to debate. Authors in favor such a deformation event (Mercier de Lépinay et
al., 1979; Calmus, 1983; Van den Berghe, 1983a; Bien-Aime Mompilaisir, 1986; Calmus and Vila, 1988)
note: (1) the presence of an angular unconformity between the Paleocene and Cretaceous formations,
(2) the existence of deformed Cretaceous limestone fragments in olistoliths encountered in the
Paleocene Riviere Glace formation, (3) outcrop-scale isoclinal folding of the Cretaceous Macaya

limestone with a vergence towards the NE, (4) Cretaceous Macaya limestones thrusted over lower
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Paleocene detrital deposits, both of which are unconformably covered by upper Paleocene limestones,
(5) a difference in fold-wavelength and deformation intensity between the Cretaceous units and post-
Paleocene sediments. Other authors (Maurrasse, 1982; Desreumaux, 1985b; Bourgueil et al., 1988;
Amilcar, 1997) disagree with this interpretation, and argue that: (1) the transition from Cretaceous to
Paleocene is conformable and (2) the observed deformation results only from Neogene tectonics. The
latter would imply that the difference in fold-wavelength between the Cretaceous and Cenozoic units
is caused by: (i) differences in the mechanical response of the two units to folding, (ii) proximity to

Neogene tectonic structures or (iii) a combination of both.

Angular unconformities of early Miocene age are locally observed in the southwestern (Calmus, 1983;
Amilcar, 1997), central (Bien-Aime Momplaisir, 1986) and eastern (Van den Berghe, 1983a) Southern
Peninsula. The importance, geographical extent, and even existence of these unconformities is
disputed by Desreumaux (1985b) and Bourgueil et al. (1988). A widespread homogenization of pelagic
sedimentation marks a phase of tectonic quiescence during the middle to late Miocene (Bourgueil et
al., 1988). The latest phase of uplift of the Southern Peninsula started during the late Miocene with
erosion reaching the Cretaceous basalts from the late Messinian onwards (Bizon et al., 1985; Bourgueil

et al., 1988).

The most dominant structural feature on the Southern Peninsula is the NO8O°E trending Tiburon —
Pétionville lineament (Duplan, 1975), known as the Enriquillo-Plantain Garden Fault Zone (EPGFZ) (Fig.
2a; Mann et al., 1984; Mann et al., 1995). Present-day activity of this left-lateral fault is documented
by: 1) Quaternary sedimentation within subsiding pull-apart basins along its trace, most notably the
Miragoane, Clonard and smaller unnamed basins in the Tiburon Valley (Mann et al., 1983), 2) left-
lateral offset of Quaternary alluvium (Mann et al., 1995) and stream channels (Prentice et al., 2010),
and 3) folded Quaternary sediments north of Camp Perrin that are part of a restraining bend that

causes uplift in the area around Pic Macaya (Mann et al., 1995). The timing of onset of strike-slip
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activity on the Southern Peninsula is still debated (Wessels, 2019), with ages ranging from the Eocene

(Calmus, 1984) to the Pliocene (Bourgueil et al., 1988; Mann et al., 1995; Symithe and Calais, 2016).
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3. Methodology

Biostratigraphic data from literature (Calmus, 1983; Van den Berghe, 1983a; Bien-Aime Momplaisir,
1986; Bourgueil et al., 1988; Amilcar, 1997) was used to create compilation maps that highlight the
Maastrichtian — early Paleocene (Fig. 4a) and early Miocene (Fig. 4b) unconformities. None of the
above literature provides coordinates for sample sites, but rather specifies sample locations relative
to a village, road, river, or cross section. Although care has been taken to re-localize the samples, their
location as presented in Fig. 4a and Fig. 4b should be viewed with caution. Taxa quoted in the
publications was checked against the Mikrotax database and placed in the correct nannofossil (Young
et al., 2018a) and planktonic (Young et al., 2018b) zones. The planktonic taxa were cross-checked,
when possible, against the data provided in BouDagher-Fadel (2015), while the benthic taxa were
checked against the data in BouDagher-Fadel (2008), unless otherwise stated. The extended
compilation of data can be found in Appendix 1 for the Maastrichtian - early Paleocene and Appendix
2 for the early Miocene unconformities. The correlation between the planktonic, benthic, or
nannofossil and the geologic time scale is after Hilgen et al. (2012) for the Neogene, Vandenberghe et

al. (2012) for the Paleogene and Ogg et al. (2012) for the Cretaceous periods.

We re-mapped three parts of the island (Fig. 9, Fig. 11 and Fig. 13) based on field observations
combined with satellite imagery. These maps contain a reference grid with 0.1° spacing. Background
shaded relief is obtained from ASTER DEM. Elevation contour lines with 50m are from the Haitian
Centre National de I'Information Géo-Spatiale (CNIGS). These contours are slightly shifted to match
the DEM and the course of rivers although the fit is not perfect. Offshore bathymetry contours are
from GEBCO, with the first two contour lines at 50m increment and all deeper contours at 250m
increment. The geological maps were created using a workflow (Appendix 3) involving: 1)
implementation of stratigraphic and structural data derived from literature supplemented with our

field observations, 2) georeferenced mapping with MAPublisher® using the DEM and elevation
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contours, 3) exportation and transparent overlay of the mapped units in Google Earth® for quality

control, and 4) re-iteration of the above steps to arrive at the final result.

Stratigraphic columns used to guide the geological mapping and the cross sections can be found in
Appendix 4, whose locations are displayed on the cross sections of Fig. 10, Fig. 12 and Fig. 14. The
formation name, age, lithology, depositional environment, thickness, and associated references can

be found in Appendix 5.

Kinematic fault slip data was analyzed using the multiple inverse software package from Yamaji et al.
(2005). The orientation of shear fractures (sensu Twiss and Moores, 2007; Fossen, 2010) and the sense
and orientation of kinematic indicators such as slickenlines (i.e. striations, ridges, grooves),
slickenfibres (i.e. calcite steps) and slickolites on these fracture planes are used as input parameters
for the program. The numerical inversion method allows separation of different paleostress states
from heterogeneous fault slip data. The fault dataset and obtained reduces stress tensor were back-
tilted to obtain an Andersonian configuration (Anderson, 1905) for the stress states, with one stress
axis perpendicular and two parallel to the earth’s surface. When present, we used the strike of the
bedding to guide the back-tilting. If back-tilting the stress state using the bedding as a guiding plane
did not result in an Andersonian configuration, the original dataset was preserved. Even though faults
and shear fractures can form in non-Andersonian configurations, for instance resulting from
topographic effects, heterogeneities within the rock, great depth of initiation, or zones of weakness
(Simpson, 1997), an Andersonian configuration offers good first-order constraints for analyzing the
data. Any stress inversion results that, in their present setting, deviate strongly from an Andersonian

configuration are discussed separately.

14



4. Results

4.1 Maastrichtian — early Paleocene unconformity

The compilation map of biostratigraphic data for the Maastrichtian — early Paleocene unconformity
based on the work by Mercier de Lépinay et al. (1979), Calmus (1983), Van den Berghe (1983), Bien-
Aime Momplaisir (1986), Bourgueil et al. (1988) and Amilcar (1997) is presented in Fig. 4a, while an
extensive overview can be found in Appendix 1. The Campanian to Maastrichtian (Ayala, 1959;
Maurrasse, 1982; Calmus, 1983; Van den Berghe, 1983a; Desreumaux, 1985b) Macaya Formation is
eroded in the western Massif de la Hotte, the eastern I'Asile region and in large parts of the Massif de
la Selle (Fig. 4a). In these areas, for instance west of Morne la Visite in the Massif de la Selle (Fig. 2b),
the Cretaceous CLIP basalts are unconformably overlain by lower Paleocene conglomerates and
clastics containing erosional products derived from the Cretaceous basalts and Macaya Formation (Fig.
5a; Calmus, 1983; Bourgueil et al., 1988). The sequence generally displays a deepening and fining
upwards trend and becomes more calcareous upwards in the sequence (Calmus, 1983; Van den
Berghe, 1983a; Bien-Aime Momplaisir, 1986; Amilcar, 1997). In the eastern Massif de la Hotte and
western Massif de la Selle (Fig. 4a) the Macaya Formation is not completely eroded and the contact
with the lower Paleocene is marked by a ravinement surface (Desreumaux, 1985b; Bourgueil et al.,
1988) or a minor erosional unconformity (Calmus, 1983; Van den Berghe, 1983a). Even though the
lower Paleocene is directly overlying the Macaya Formation in these areas, the uppermost
Maastrichtian is never observed in-situ and only found as erosional products (Bourgueil et al., 1988).
Because of the lithological homogeneity (Bourgueil et al., 1988) and similarity in facies (Calmus, 1983)
of the Macaya Formation throughout the Southern Peninsula, it is unlikely that the absence of this
formation in certain areas can be ascribed to local non-deposition. It is more likely that the Macaya
Formation was deposited throughout the Southern Peninsula during the Campanian to Maastrichtian

and locally became uplifted and eroded.
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Fig. 4a: Compilation map of the Cretaceous — Paleocene unconformity based on biostratigraphic ages for
Paleocene deposits and underlying formations. Color coding indicates paleo-erosion. Red; strong, paleo-erosion
down into Cretaceous basalts. Yellow; mild, paleo-erosion down into Cretaceous Macaya Formation limestones.
Green; conformable, biostratigraphically complete and concordent transition from Cretaceous to Paleogene. Fig.
4b: Compilation map of the Cretaceous — Paleocene unconformity based on biostratigraphic ages for lower to

middle Miocene deposits and underlying formations. Color coding indicates paleo-erosion. Red; strong, paleo-
erosion down to Cretaceous. Orange; medium, paleo-erosion down to Paleocene or Eocene. Yellow; mild, paleo-

erosion down to Oligocene or intra-Miocene. Green; conformable, biostratigraphically complete and concordent
transition from Paleogene to Neogene. Present-day trace of the EPGFZ on both figures indicated in red. Dashed

line represents interpretation by Wang et al. (2018).

16




4.2 Early Miocene unconformity

The compilation map of biostratigraphic data for the early Miocene unconformity based on the work
by Calmus (1983), Van den Berghe (1983), Bien-Aime Momplaisir (1986), and Amilcar (1997) is
presented in Fig. 4b, while an extensive overview can be found in Appendix 2. Uplift and erosion during
the late Oligocene to early Miocene affected the central part of the Southern Peninsula along an E —
W trending axis (Fig. 4b). This erosion was strongest at Tiburon where it removed some 1000m of
Paleogene cover and cut down into the Cretaceous basalts (Fig. 5b). Intensity of erosion gradually
diminishes eastwards towards Maniche. Erosion around I’Asile was again severe and removed around
500 to 1000m of Paleogene sedimentary cover. In the Massif de la Selle only minor nonconformities
exist, with the Oligocene to Miocene mostly biostratigraphically complete. The northernmost region
of the Massif de la Hotte is unaffected by erosion, with continuous sedimentation spanning the

Oligocene and Miocene.
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Fig. 5a: Unconformable contact between CLIP basalts and calcareous clay-, silt- and sandstones of the lower
Paleocene, overlain by upper Paleocene clastic limestones. Top of ridge consists of lower Eocene cherty
limestones. Fig. 9; northwest of Morne La Visite. Fig. 5b: Unconformable contact between CLIP basalts and
middle Miocene limestones. Haut Fort, south of Tiburon.
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The areas unaffected by this uplift phase experienced continued sedimentation of deep marine chalks
and limestones during early Miocene times (Van den Berghe, 1983a; Bizon et al., 1985; Desreumaux,
1987). The regions affected by the uplift experienced a rapid return to deep marine sedimentation
during the middle Miocene. This is characterized by a homogenization of deep marine facies without
detrital erosional products that are found throughout the Southern Peninsula in Haiti (Calmus, 1983;
Van den Berghe, 1983a; Bizon et al., 1985; Bien-Aime Momplaisir, 1986; Desreumaux, 1987; Bourgueil
et al., 1988; Amilcar, 1997), which are similar to the middle Miocene Sombrerito Formation in the
eastern Enriquillo Valley in the Dominican Republic (McLaughlin and Sen Gupta, 1991; Diaz de Neira,
2002). The fact that these marine deposits are presently emerged requires another, post-middle

Miocene, phase of uplift and erosion.

4.3 Structural style of deformation

4.3.1 Western Massif de la Hotte

The Cretaceous basalts and limestones are strongly fractured and folded. Northwest of Les Anglais (Fig.
2b) a 500 x 200 x 100m block of silicified limestones and radiolarites forms a wedge within the
Cretaceous basalts. Limestone intercalations within these basalts are boudinaged (Fig. 6a). Halfway
Tiburon and Les Anglais (Fig. 2b), blocks of Macaya limestone are embedded as tectonic lenses within
the basalts, with intra-basalt faults thrusting folded silicified limestones and radiolarites over
Cretaceous basalts with top-to-N motion. In the Tiburon Valley (Fig. 2b), Macaya Formation limestones

developed tight disharmonic folds along WNW-trending axes (Fig. 6b).

Eocene platform limestones in this valley are gently folded along W-trending axes (Fig. 6c). The Eocene
limestones north of Rampe des Lions (Fig. 2b) are also characterized by gentle to open folds along
WNW-trending axes. The Miocene to Quaternary sediments between Port-a-Piment and Tiburon (Fig.

2b) are tilted 35° to the west and are transected by N — S trending normal faults (Fig. 6d).
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The Cretaceous formations are more strongly deformed than the Eocene and younger formations,
irrespective of their position relative to the EPGFZ. Similar structural observations were made by

Calmus (1983) and Amilcar (1997) in this region.
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Fig. 6a: Boudinage of intercalated limestones within CLIP basalts. Location on Fig. 9; northwest of Les Anglais.
Fig. 6b: Disharmonically folded Macaya Formation limestones with WNW-trending fold axes. Location on Fig. 9;
Tiburon Valley. Fig. 6¢c: Lower Eocene platform limestone gently folded along ENE-trending fold axis. Location on
Fig. 9; Tiburon Valley. Fig. 6d: North — south trending normal faults in middle Miocene chalks. Location on Fig.
9; NW of Port-a-Piment.

4.3.2 L'Asile region

Southeast of Cavaillon (Fig. 2b) the Macaya Formation limestones are folded along a SE-trending axis
with a vergence towards the SW. At Mornes (Fig. 2b) a 35° NE dipping thrust separates Macaya

limestones from Cretaceous basalts (Fig. 7a). Further southeast along the road tightly folded SW-
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verging Paleocene clastic limestones are SW-verging (Fig. 7b). North of Palliere (Fig. 2b) Paleocene
clastics and limestones are also folded along ESE-trending axes. The dominant direction of vergence

for the Cretaceous and Paleocene formations is towards the south or southwest.

This structural style of deformation differs from the Eocene limestones observed west of Cavaillon,
which are gently folded along SE- to E-trending axes. Around 9 km east of Camp Perrin, south of
Clonard (Fig. 2b), Calmus (1983) observed Eocene to Oligocene mudstones gently folded along N130°E

axes.

Fig. 7a: Thrust contact between Macaya Formation limestones and CLIP basalts. Contact is brecciated and
underlying basalts are hydrothermally altered. Location on Fig. 11; SE of Mornes. Fig. 7b: Tight southwest verging
folds within Paleocene calcarenites. Location on Fig. 11; SE of Mornes.

4.3.3 Massif de la Selle

On the southern flank of the La Selle anticline, northeast of Marigot (Fig. 2b), the lower Paleocene
sequences are mildly folded and overlain by relatively undeformed upper Paleocene to Eocene
formations. Similar observations were made by Van den Berghe (1983), who proposed a minor

unconformity between the lower and upper Paleocene formations.

West of Obleon (Fig. 2b), on the northern flank of the Massif de la Selle, a 30° NNE dipping fault with

unknown sense separates Cretaceous basalts from Eocene platform limestones (Fig. 8a).
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The core of the EPGFZ south of Port-a-Prince (Fig. 2b) consists of a more than 200m wide zone of re-
cemented limestone breccia (Fig. 8b). This is comparable to the 500m wide zone of disrupted
sediments representing the core of the EPGFZ in Lake Miragoane and Lake Azuei (Wang et al., 2018)
and west of Léogane (Hornbach et al., 2010). The tectonically pulverized rock from the fault core is
used as building material and mined in quarries that are located along the EPGFZ. At the quarries of La
Boule and Toto (Fig. 2b), predominantly south-dipping and east — west trending polished fault mirrors
range from a few meters to 100m in size. Some of the fault surfaces are undulating along sub-vertical
and sub-horizontal axes (Fig. 8b). The sense of motion on oblique faults that are in a Riedel
configuration to the E — W trending fault mirrors is mainly sinistral on sub-horizontal kinematic
indicators and reverse on sub-vertical ones. The sub-horizontal trends are overprinted by the sub-

vertical trends.

At Boutillier quarry (Fig. 2b) large fault mirrors with undulating surfaces are dipping steeply to the

north. Kinematic indicators show reverse motion with a north-side-up component.

At Les Cayettes quarry (Fig. 2b) a 45° east-dipping thrust fault separates a lower to middle Miocene
hanging wall from an upper Miocene — lower Pliocene footwall (Fig. 8c). East-west trending sub-
vertical faults with inclined striations are only observed in the hanging wall and not in the footwall.
These striations dip 45° to the east, similar to the orientation and dip of the thrust. This indicates that

the vertical strike-slip faults are older and displaced by the thrust.
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Fig. 8a: Fault with unknown sense of motion separating Eocene platform limestones from CLIP basalts. Location
on Fig. 13; west of Obleon, northern flank of Massif de la Selle. Fig. 8b: Fault core of the EPGFZ. South-dipping,
east — west trending fault mirrors. Location on Fig. 13; La Boule quarry. Fig. 8c: Southwest verging thrust
separating upper Miocene — lower Pliocene marlstones in the footwall from lower to middle Miocene chalky
limestones in the hanging wall. Location on Fig. 13; Les Cayettes quarry.
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4.4 Map-scale deformation structures

441 Western Massif de la Hotte

The largest first-order fold is an E — W trending 10 km half-wavelength anticline that continues from
Les Irois in the west through the Macaya Massif in the east (Fig. 9). This fold is tighter in the east (Fig.
10b) than in the west (Fig. 10a). In the map area where the sedimentary cover is lacking (Fig. 10), it is
difficult to observe any structuration within the Cretaceous basalts on satellite imagery. The second
order folding shown on cross section A (Fig. 10a), with wavelengths of around 5 kilometers, is
interpretative and based on the topography, folding observed on the onshore cross section B (Fig. 10b)

and on offshore seismic profiles (for instance line CT2-28 from Mann et al. (1995)).

The E — W trending topographic lineament that is expressed in the morphology east of Tiburon is
considered to be the trace of the EPGFZ (Fig. 9; Mann et al., 1984). This lineament consists of at least
five segments in the mapped area. Close to Tiburon the valley widens and the morphological
expression of the EPGFZ becomes less pronounced. In map view we cannot identify any clear lateral
offset of lithological units. Based on the difference in elevation of the Macaya limestones on both sides
of the Tiburon Valley (Fig. 10a) a vertical offset is inferred and estimated at around 1000m. Another
east — west trending topographic lineament, although less prominently expressed in the morphology
compared to the EPGFZ, originates at Les lIrois, continues east for around 40 kilometers, and is
displacing the course of the Riviere Bras a Droite and Riviere Bois Mahot (Fig. 9). Further east this trace
undulates and it is unclear if a single fault is still present north of the Pic Macaya. These lineaments are
interpreted as the surface traces of strike-slip faults. Based on field observations, the deformation

accommodated on each of them appears however scarce.
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Between Anse-d’Hainault and Source Chaudes an E — W trending, south-verging thrust is inferred
based on the mapping by Calmus (1983) and Amilcar (1997) and the measured dip of the lower
Paleocene to the south of the fault (Fig. 9). This fault, if mapped correctly, runs through the area of
hot springs at Sources Chaudes, displaces lower Paleocene clastics and Cretaceous basalts (Calmus,
1983), but based on satellite images does not displace the upper Paleocene or younger lithologies. This

indicates that this thrust fault is of pre- late Paleocene age (Fig. 10).

4.4.2 L'Asile region

The EPGFZ in the mapped area (Fig. 11) consists of a continuous northern segment and a shorter
southern segment, both of which are acting as boundaries to the Clonard Basin. The EPGFZ offsets
mapped lithological units north and south of its trace. A change in vertical motion occurs along the
trace of the EPGFZ in this area, with the I’Asile Basin (section C, Fig. 12c) displaying south-side up and
the Clonard Basin (section A, Fig. 12a) displaying north-side up motion. The Clonard Basin is trending
E — W and is bounded by faults to the north and south, which continue as far west as Camp Perrin
(Mann et al., 1983, 1995). Neither on satellite data nor in the field could we identify a fault acting as
the northern boundary to the WNW-trending I’Asile Basin, which appears only bounded to the south

by the EPGFZ (Fig. 11).

Several second-order WNW — ESE trending synclines and anticlines with wavelengths in the order of 5
km were observed on satellite images in the region north of the EPGFZ (Fig. 11 and Fig. 12). The
wavelengths of these structures are comparable to the wavelengths of fault-controlled folds observed
on seismic data offshore between the Southern Peninsula and Gonave Island (Bien-Aime Momplaisir,
1986; Mann et al., 1995). We have no field or satellite image based evidence to support that the

onshore folds are also fault-controlled.
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4.4.3 Massif de la Selle

The two dominant structures on the map are the NO80°E trace of the EPGFZ and the roughly E — W
trending axis of the Massif de la Selle anticline (Fig. 13). This anticline has a wavelength of around 40
km and is mildly asymmetric, with a gentle southern limb and a slightly steeper northern limb. Second-
order folding with a 5 km wavelength is more open compared to the other cross sections (Fig. 13 and
Fig. 14). Within the Cretaceous basalts in the central part of the anticline we were unable to identify

any folding based on satellite images or topography.

West of Obleon, on the northern flank of the anticline, the Paleocene is missing, with a fault marking
the contact between the Eocene and the Cretaceous (Fig. 13 and Fig. 14). The sense of motion on this
fault could not be determined. An upper Maastrichtian to lower Paleocene series is identified in the
Beloc region on the northern flank of the anticline (Fig. 2b; ‘Jacmel Blocks’ of Mercier de Lépinay et
al., 1979). This indicates that the Paleocene is deposited on the northern flank and is the reason for

interpreting itin Fig. 13.

The labelled faults bordering the Cul-de-Sac plain (Fig. 13) are taken from the work of Terrier et al.
(2014) and Saint Fleur et al. (2015), which are verified using satellite imagery. According to these
authors and to Symithe and Calais (2016), the folds in the southern Cul-de-Sac plain are fault-
propagation folds bounded by predominantly south-southwest dipping thrusts. Wang et al. (2018)
identified the John Brown Ave thrust (J.B. Ave Fault; Fig. 13) to be northeast-dipping, which in our

interpretation is a secondary, antithetic fault to the dominantly SSW dipping thrusts in this region.

The previously unnamed fault between Fermate and Kenscoff (Van den Berghe, 1983a) is labelled
Redoute after the corresponding river valley, while the Chauou fault is named after the town on the
crest of the anticline directly south (Fig. 13). We interpret the Redoute and Chauou faults as south-
dipping thrusts, since they juxtapose an anticline of older sequences to the south against younger

sequences to the north (Fig. 13 and Fig. 14). In map view the thrust faults terminate against the EPGFZ.
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This indicates that these thrusts are either; 1) synchronous or post-dating the EPGFZ and are abutting
against it (scenario 1, Fig. 14a), or 2) that they are older and subsequently offset by the EPGFZ (scenario

2, Fig. 14b).
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4.5 Paleo-stresses and relative timing

4.5.1 Western Massif de la Hotte

Within the Macaya Formation limestones south of Tiburon (Fig. 9.1), set 1A shear fractures were
formed by a strike-slip regime with NNW - SSE trending o1 axis. Set 1B resulted from a reverse regime
with north — south trending ol axis. In the present-day orientation set 1A is in an Andersonian
configuration. Back-tilting the bedding to a horizontal position restores the set 1B strike-slip stress
regime to an Andersonian configuration. This suggests that set 1B originated prior to tilting of the

bedding and formed before set 1A shear fractures, and that reverse faulting preceded strike-slip.

Lower Eocene platform limestones in the Tiburon valley, proximal to the trace of the EPGFZ, have
pervasive and regularly spaced orthogonal joints that are reactivated as shear fractures (Fig. 9.2).
Reactivation resulted from a strike-slip regime with NNW — SSE trending o1 axis, which is similar to set
1A, possibly indicating that both were created post- early Eocene. Middle Miocene chalky limestones
southeast of Tiburon at Haut Fort yielded one set of shear fractures that resulted from a reverse regime
with NNE — SSW trending o1 axis (Fig. 9.3). Back-tilting over an E — W trending axis restores the stress
regime to an Andersonian configuration, which indicates that the bedding was mildly tilted to the west
before being affected by the reverse stress regime. Two sets of normal faults are observed. One set is
located in the middle Miocene (Langhian?) chalky limestones northwest of Port-a-Piment (Fig. 9.4),
while another set is situated in the Plio-Quaternary conglomerates south of Tiburon (Fig. 9.5). Both

sets indicate E — W oriented extension.

The above results can be summarized as follows: (1) reverse regime with N — S o1 axis between post-
Maastrichtian and probably pre-Eocene times, followed by (2) strike-slip regime with NNW — SSE o1
axis in post- early Eocene times, (3) reverse regime with NNE — SSW o1 axis during post- early Miocene
times, and (4) post- Langhian through Plio-Quaternary extensional regime with E — W o3 axis. No

relative timing could be established between the last three deformation phases.
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4.5.2 L'Asile region

Conjugate shear fractures with variably plunging striations were found in the steeply dipping
calcareous beds of the lower Paleocene volcaniclastic sequence along the Riviére Dose (Fig. 11.1).
Back-tilting this dataset resulted in an Andersonian extensional stress regime with E — W trending o3

axis.

Paleocene clastic limestones between Mornes and Bontemos (Fig. 11.2) contain shear fractures with
sub-horizontal striations. Stress inversion on these fractures in their present-day orientation results in
an Andersonian strike-slip regime with east — west trending o1 axis. NW — SE trending normal faults
were found in lower Eocene limestones west of Cavaillon (Fig. 11.3). Stress inversion and subsequent

back-tilting of the data results in a NE — SW trending o3 axis.

No cross-cutting relations could be established between the different fault sets, with the relative
timing based on the ages of the lithologies summarized as follows: (i) post- early Paleocene extensional
regime with E—W trending o3 axis, (ii) post- Eocene extensional regime with NE — SW trending 03 axis,
and (iii) post- Paleocene strike-slip regime with E — W trending ol axis. Although there is no relative
timing of deformation, the strike-slip regime (Fig. 11.2) is probably a young deformation event, since

it took place when the bedding was already roughly in its present-day orientation.

4.5.3 Massif de la Selle

Lower Eocene limestones east of Ristache have NE — SW trending left-lateral shear fractures resulting
from a back-tilted strike-slip regime with NNW — SSE trending o1 axis (Fig. 13.1). Lower Paleocene
sediments west of Morne La Visite are fractured by a back-tilted strike-slip regime with NNW — SSE
trending o1 axis (Fig. 13.2). Both these stress regimes are similar, suggesting that they initiated post-

early Eocene.
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On the northern flank, in both the Cretaceous basalts and Eocene limestones directly adjacent to the
faulted contact west of Obleon, left-lateral shear fractures resulted from a strike-slip regime with NNE
—SSW trending o1 axis (Fig. 13.3). At this locality it is unclear if the strike-slip regime pre- or post-dates
the faulted contact. A strike-slip regime with NE — SW trending ol axis fractured Eocene limestones
directly west (Fig. 13.4). It is not possible to back-tilt this dataset to an Andersonian configuration

using only the bedding, possibly indicating a local variation in the stress regime.

In the core of the EPGFZ at La Boule quarry we identified distinct sets of shear fractures, whose
inversion points to two distinct paleo stress states (Fig. 13.5). Because the measurements were taken
within the core of the fault the obtained stresses may reflect the local rather than the far field stress
state. Set 5A and 5B have an E — W and NE — SW trending o1 axis, respectively. Reverse striations that
dominate set 5A overprint strike-slip striations of set 5B, indicating that reverse faulting is younger
than strike-slip at this location. The NE — SW orientation of the o1 axis at Toto Quarry (Fig. 13.6) is
similar to set 5B at La Boule, and both measurement sites are located in the core of the EPGFZ. The
difference is that stress state 6 at Toto is reverse, while 5B at La Boule is strike-slip. At Boutillier quarry
thrusting resulted from a reverse regime with N — S trending o1 axis (Fig. 13.7). At Les Cayettes quarry,
striations on strike-slip faults, which are only observed in the lower to middle Miocene hanging wall
(Fig. 8c), have a similar plunge as the dip of the thrust fault. This suggests that the strike-slip faults are
older than the thrust and were subsequently transported onto the upper Miocene — lower Pliocene
footwall. This indicates that strike-slip activity occurred roughly pre- latest Miocene, with thrusting

roughly post- earliest Pliocene.

The above results can be summarized as follows for the Massif de la Selle. Southern flank: Post- early
Eocene strike-slip regime with NNW — SSE trending o1 axis. Northern flank: Reverse stress regimes with
variably oriented o1 axes are generally post-dating strike-slip stress regimes with NE — SW and NNE —
SSW trending o1 axes. At Boutillier quarry the timing is constrained to (1) Pre- late Miocene strike-slip

and (2) post- earliest Pliocene thrusting.
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4.6 Compilation of kinematic data

Stress inversion of kinematic fault slip data obtained at 22 sites resulted in a total of 26 reduced stress

tensors. The spatial distribution of paleostresses along the EPGFZ are plotted on the map in Fig. 15a.
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Fig. 15a: Plot of trends of sigma 1 (black) and sigma 3 (blue) axes from stress inversion results. Fold axes derived
from outcrops are plotted in green. Fig. 15b: Chart showing angular difference (degrees) between trend of the
sigma 1 or sigma 3 axes and the trace of the EPGFZ. Colors indicate age of lithologies from which the data was
obtained. Square indicates normal stress regime, circle indicates strike-slip stress regime and hashed circle
indicates reverse stress regime. Results on the right-hand side are constructed using the NO95°E average trend
of thrusts in this region. Red circle is data from the core of the EPGFZ. Plotted results are at less than 15km
distance from the EPGFZ trace. Angular difference varies between -20 and +100 degrees (see inset on right).

4.6.1 Along-strike variation of stress tensors

The maximum principal stress axes can be separated into three groups (Fig. 15b). The first group has
an angle with the EPGFZ varying between 70 and 100°. The second group has an angle between -20°
and 20° to the EPGFZ. The third group has an angle of approximately 45° to the EPGFZ. An angle of 45°
or less is obtained from data collected in the brecciated fault core of the EPGFZ. West of Léogane a
reverse regime is only found in Cretaceous and lower Paleocene formations. East of Léogane reverse

regimes are found in lower to middle Miocene limestones.
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The minimum principal stress axes for normal regimes are either at around 45° to strike of the EPGFZ

or grouped between -20° to 10°, hence sub-parallel to the EPGFZ.
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Fig. 16a: Plot showing trend of sigma 1 axes vs distance to the trace of the EPGFZ for measurements within 15
km of this fault. Arrows indicate dominant trends. Measurements obtained from the fault core are within the
red hashed zone. Fig. 16b: Same principle as figure 16a but for fold axes derived from outcrops. Fig. 16c:
Comparison between groups A, B and C from averaged o1 trend and averaged axes of contraction.

4.6.2 Direction of maximum principal stress versus maximum shortening

The trend of the maximum principal stress axes versus the distance to the trace of the EPGFZ is plotted
in Fig. 16a and can be subdivided into three groups. The dominant group A has an averaged NO10°E
trend for the axis of maximum principal stress (Fig. 16c). Two minor groups of data, B and C, have an
averaged trend of NO85°W and NO50°E for the axis of maximum principal stress, respectively (Fig. 16c).
For a distance less than 15 km from the EPGFZ, there is no apparent correlation between distance to

the fault and paleostress orientation (Fig. 16a).

The trends of the fold axes constructed using bedding measurements is shown in Fig. 16b. Care has
been taken in the field to distinguish gravity-related slumps, which are frequently occurring in well-
bedded cherty limestones of Cretaceous and Eocene — early Miocene age, from tectonically-related
folds. The first-order dominant fold axes trend WNW, which can be subdivided into group A (NO75°W)
and group C (NO50°W) based on the arguments presented in section 5.4. A minority of fold axes is
scattered around NOO5°E in group B. The corresponding direction of maximum contraction for these

fold axes is NO15°E (group A), NO85°W (group B) and NO40°E (group C) (Fig. 16c).
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From Fig. 16c it is noticeable that for groups A, B and C, the orientation of the maximum principal
stress axes is sub-parallel to the axes of maximum contraction. Apart from two paleostress data points
from the core of the EPGFZ, both the fold axes and paleostress states for the three groups affect the

same lithologies (Fig. 16a and Fig. 16b).
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5. Discussion

5.1 Maastrichtian — early Paleocene deformation phase; local folding, thrusting, and erosion

The existence, extent, and structural implications of a Late Cretaceous to Paleocene tectonic event on
the Southern Peninsula are subject to debate, with authors arguing in favor (Mercier de Lépinay et al.,
1979; Calmus, 1983; Van den Berghe, 1983a; Bien-Aime Momplaisir, 1986; Calmus and Vila, 1988) or
against (Maurrasse, 1982; Desreumaux, 1985b; Bourgueil et al., 1988; Amilcar, 1997) such a

deformation phase.

The first two arguments of the authors in favor of this deformation phase focus on the stratigraphic
unconformity between the Cretaceous and Paleogene formations and the presence of Cretaceous
erosional products within the lower Paleocene formations. The compilation map of Cretaceous and
Paleocene biostratigraphic data (Fig. 4a) clearly shows the presence of a Maastrichtian to early
Paleocene unconformity. Erosion was strongest in the Anse-d’Hainault area, along an E — W line from
Port-a-Piment to Morne Orangers, and in the central Massif de la Selle region. The area around Platon
Besace is not affected by this deformation, while north of Camp Perrin and south of Baraderes erosion
only removed part of the Cretaceous sedimentary cover. The upper Maastrichtian to Danian clastic
sequence overlying the unconformity often starts with a basal conglomerate containing clasts of
Cretaceous basalts and Macaya Formation limestones (Mercier de Lépinay et al., 1979; Calmus, 1983;

Van den Berghe, 1983a; Bien-Aime Momplaisir, 1986; Calmus and Vila, 1988).

The other arguments focus on a difference in deformation style and intensity between Cretaceous to
lower Paleocene formations on the one hand, and the upper Paleocene and more recent formations
on the other. The tightness of folds may also depend on the mechanical behavior of the lithology to
compression, which is influenced by layer thickness and the type of lithology. There are however no
first-order lithological differences between the Cretaceous Macaya Formation and the middle Eocene

to early Miocene formations. Both consist of dm-bedded chalky limestones with cherts. The early
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Eocene limestones have a similar bed thickness, but consist of platform facies without cherts (Calmus,

1983; Van den Berghe, 1983a; Desreumaux, 1985b; Bourgueil et al., 1988).

The Cretaceous limestones in the Tiburon Valley are tightly folded around WNW-trending axes, while
lower Eocene limestones in this valley are only mildly folded and deformed around ENE-trending axes
(Fig. 6b and Fig. 6c). Any deformation resulting from activity on the EPGFZ, which runs through this
valley as well, can be expected to have a similar effect on both lithologies. The difference in style and
intensity of deformation is thus not related to activity on the EPGFZ. It is probable that this difference
in style results from a deformation event occurring prior to deposition of the lower Eocene limestones,
and post-dating deposition of the Macaya Formation limestones. The most likely candidate is the

Cretaceous to early Paleocene deformation that is also responsible for the associated unconformity.

Calmus (1983) and Calmus and Vila (1988) also described a difference in the style and intensity of
deformation between Cretaceous to lower Paleocene, and upper Paleocene to younger formations.
These authors observed a NE-vergence for structures within the Cretaceous and early Paleocene
formations. Our own field observations contradict this, with most structures displaying a vergence
towards the south or southwest (Fig. 9a and Fig. 9b), with a minority showing top-to-north or

northeast motion (Fig. 8c).

Calmus (1983) and Calmus and Vila (1988) also proposed that the Macaya Formation was transported
as a thin-skinned thrust sheet over the Cretaceous basalts towards the NE, over distances up to 30 km.
We observed that in large parts of the Southern Peninsula the Macaya Formation is not eroded, only
mildly deformed and in a stratigraphic contact with the underlying Cretaceous basalts. We found no
evidence supporting the transport of the Macaya Formation as a thrust sheet over the Cretaceous
basalts and the lower Paleocene units. Deformation and uplift probably resulted from a crustal-scale
buckling-style of folding (Fig. 10 and Fig. 12), which can explain the lateral differences in the amount

of erosion of the Cretaceous formations.
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5.2 Early Miocene deformation phase; local folding, minor thrusting, and erosion

The existence of this deformation phase strongly hinges on the existence of early Miocene erosional
unconformities. Our compilation map of biostratigraphic data (Fig. 4b) shows an E — W trend in the
amount of erosion of Aquitanian and older units, which is decreasing eastwards. Around 1000m of
erosion occurred in the southwestern Massif de la Hotte, while sedimentation was continuous
throughout most of the Massif de la Selle. This compilation also shows a general correlation between
the amount of erosion and the onset of post-erosion sedimentation; the stronger the erosion, the
younger the age of the overlying units. The timing of deformation responsible for this erosion is
probably Aquitanian in age, as indicated by the intra-Aquitanian unconformity at Platon Besace (Fig.
4b). The paleo-topography created by the uplift in the western Southern Peninsula only became

submerged during middle Miocene times.

Calmus (1983) and Bizon et al. (1985) have related this early Miocene phase of uplift to strike-slip
activity along the EPGFZ, because they noted that some of the unconformities occur proximal to the
trace of the EPGFZ. Although the unconformities trend along-strike of the EPGFZ (Fig. 4b), we doubt
that strike-slip activity on the EPGFZ caused early Miocene uplift and erosion. Firstly, erosion gradually
decreases eastwards and the effects of erosion are known to affect the area up to at least 15 km
distance to the trace of the EPGFZ, for instance at Port-a-Piment (Fig. 4b). This contrasts with offshore
observations along the active trace of the EPGFZ between Haiti and Jamaica (Leroy et al., 2015;
Corbeau et al.,, 2016b; a), where transpressional and transtensional structures are irregularly
distributed along, but always within a few kilometers distance to, the trace of the EPGFZ. The observed
pattern for the early Miocene unconformity onshore (Fig. 4b) better matches with large-wavelength
folding as shown on the cross sections (Fig. 10 and Fig. 12). Secondly, the middle to early late Miocene
is characterized by homogeneous marine sedimentation without evidence for tectonic activity. Early
Miocene activity on the EPGFZ should thus have ceased during the middle Miocene, only to become

active again in the late Miocene. There is no evidence to support such behavior for the EPGFZ.
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5.3 Late Miocene — present-day; strike-slip to transpressive deformation and island-wide uplift

The most recent phase of uplift of the Southern Peninsula is recorded by a change in sedimentary
facies from pelagic marls and limestones that dominated the Miocene to detrital sedimentation of
marls, clays and calcareous sandstones from the latest Messinian onwards (Bourgueil et al., 1988).
Labradorite found as the detrital fraction records erosion from the Cretaceous basalts (Desreumaux,
(1987) in, Bourgueil et al., 1988). This indicates that during the latest Messinian, exhumation already
reached the structural levels of the Cretaceous basalts in the core of the Massif de la Selle. Late
Miocene uplift and deformation is also recorded in the eastern Enriquillo Valley in the Dominican

Republic (Mann et al., 1991b; McLaughlin and Sen Gupta, 1991; Diaz de Neira, 2002).

Present-day compression in the Southern Peninsula is shown by GPS velocity modeling (Benford et al.,
2012a; Calais et al., 2016). Using the modelled GPS velocity vectors from Calais et al. (2016) and the
trend of the EPGFZ, we can derive the fault parallel and fault perpendicular GPS velocities (Fig. 2a). In
the western Massif de la Hotte shortening is partitioned via 8.8 mm yr* of EPGFZ-parallel and 4.8 mm
yr! of fault-perpendicular motion. In the I’Asile region shortening is partitioned via 8.7 mm yr EPGFZ-
parallel and 6.0 mm yr? perpendicular motion, while in the eastern Port-au-Prince region shortening
is partitioned via 8.6 mm yr'! EPGFZ-parallel and 7.7 mm yr'! EPGFZ-perpendicular motion (Calais et al.,
2016). This indicates that the EPGFZ parallel velocity is relatively constant over the Southern Peninsula,

but that EPGFZ perpendicular velocities increases from west to east by around 40%.

Present-day shortening between the Massif de la Selle and the Cul-de-Sac plain is partitioned over the
EPGFZ and the thrust faults bordering the Cul-de-Sac plain in the south. The EPGFZ is presently active
(Mann et al., 1983, 1995; Prentice et al., 2010) and rooted in the upper mantle (Benford et al., 2012b).
Activity on the thrust faults is documented by active folding of Quaternary alluvium along the Lamentin
thrust (Saint-Fleur et al., 2015) and reverse faulting in Quaternary alluvium at the Dumay thrust along

the Riviere Grise (Terrier et al., 2014; Saint-Fleur et al., 2015). Based on our geological map (Fig. 13)
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and cross section (Fig. 14) we propose two possible scenarios for interpreting the geometry of these

faults at depth (Fig. 17).

R -
£

. — e

Fig. 17: Block cartoons showing the fault geometries corresponding to the different scenarios for the faults
bordering the southern Cul-de-Sac plain. Fig. 17a and Fig. 17b correspond to scenario 1 as shown in Fig. 14a.
Fig. 17c and Fig. 17d correspond to scenario 2 as shown in Fig. 14b. Fig. 17e is a simplified geological map from
Fig. 13. Black box corresponds to the geographical extent of the block cartoons in Figs. 17a and 17c.

In the first scenario (#1; Fig. 17a and Fig. 17c), the Gressier and Redoute, and Lamentin and Dumay

faults are not linked with each other, and all the faults are rooted on the EPGFZ. The faults to the north
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have a shallow dip, whereas the faults on the southern side require a steeper dip in order to connect
with the EPGFZ. The Dumay, Chauou and Jacquet faults are splay-faults rooted on the EPGFZ at depth.
This scenario (#1) also explains the observation that the thrust faults on the northern side (Fig. 2a and
Fig. 17e) either abut against the EPGFZ or are left-stepping and geographically proximal to the EPGFZ.
We note that this scenario (#1) is essentially the same as described by Saint-Fleur et al. (2015) and
modelled by Symithe and Calais (2016). The main difference is that in our conceptual model the EPGFZ
is bending as it approaches the Cul-de-Sac plain and remains active as an oblique fault at depth.
Another possible scenario is that the thrust faults are older and offset by the EPGFZ (#2; Fig. 17b and
Fig. 17d), which is the scenario favored by Mann et al. (1995) and Wang et al. (2018). This scenario
(#2) is in conflict with our observations showing that vertical striations with a reverse motion on fault
planes are generally younger and cross-cutting horizontal lineations. This scenario (#2) does also not
explain that the thrust faults are only found in the vicinity of the EPGFZ. We strongly favor scenario #1
where the EPGFZ is the dominant fault in the region with the thrust faults rooted on, and thus

associated with the EPGFZ.

5.4 Timing of paleostress states and along-strike variation

The reverse stress regimes found in Cretaceous and early Paleocene formations on the western part
of the Southern Peninsula indicate north-south compression. At Tiburon the reverse regime is older
than the strike-slip regime (conform section 4.5.1 and 5.1). Although the orientation of o1 for the
reverse and strike-slip regimes in this area is similar (Fig. 9.1), it is probable that these reverse regimes
record the Maastrichtian — Paleocene deformation phase, since no reverse regime is observed in
younger lithologies in this region. Thrust faults associated with this deformation phase trend E — W to

NW — SE, indicating a general NNE — SSW directed compression (Fig. 18).

South of Maniche, Eocene to Oligocene limestones are folded along N130°E trending axes and are

unconformably overlain by middle Miocene sediments (Calmus, 1983). These trends indicate a local
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NE — SW oriented shortening prior to middle Miocene times. Fold axes with a similar trend are found
in group C (Fig. 16b). This trend is only observed in lithologies that are Eocene or older, and
predominantly in the western two-thirds of the Southern Peninsula. We therefore relate these folds

to the early Miocene deformation phase (Fig. 18).

Data of group B has NO85°W trending axis for both maximum principal stress and maximum
shortening, which is sub-parallel to the trend of the EPGFZ (Fig. 16). This group is observed within 5
km distance to the EPGFZ and within Paleocene to middle Miocene formations. Although the reason
for this sub-parallel trend is unknown, its proximity to the EPGFZ suggests that it is related to activity

on this fault.
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Fig. 18: Compilation chart for the Southern Peninsula displaying relative sea level, stratigraphy, deformation
event, uplift and subsidence, and the associated stress regime. For discussion see text.
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A dominant group of maximum principal stress axes is at a significantly high angle to the trace of the
EPGFZ (Fig. 15b). The reverse regimes in the west are probably related to the Cretaceous — Paleocene
deformation phase, as discussed in the first paragraph of this section. The reverse regimes observed
in Miocene formations in the Massif de la Selle (Fig. 15a and Fig. 15b) post-date the early Miocene
deformation phase, since this event did not considerably affect this region (Fig. 4b). The remainder of
stresses that have a significantly high angle to the trace of the EPGFZ are related to a strike-slip stress
regime (Fig. 15b). Present-day stresses, as recorded by the N021°E trend of the P-axis of the 2010
Léogane earthquake, are at a 64° angle to the trace of the EPGFZ. This event did not involve slip on the
EPGFZ (Prentice et al., 2010) however, but resulted from oblique slip on the NNW dipping Leogane
fault (Calais et al., 2010; Mercier de Lépinay et al., 2011; Douilly et al., 2013). Similar high angles of
maximum principal stress are observed at the San Andreas Fault (SAF) system in California. There, the
axis of maximum principal stress obtained from focal mechanisms, stress-induced wellbore breakouts
and field measurements is also sub-perpendicular to the trace of the SAF, with fold axes and thrust
faults trending sub-parallel to the trace (Zoback et al., 1987). These results are comparable with the
data from the Cajon Pass (Zoback and Healy, 1992) and SAFOD (Hickman and Zoback, 2004) boreholes
along the SAF, which in addition show considerable variation of the angular difference with depth. The
high angle of o1 to the trend of the SAF is interpreted as the result of stress rotations around a weak
fault zone (Zoback et al., 1987). In similar fashion, the 80° angular difference between maximum
horizontal stress and the trace of the Median Tectonic Line and the Rokko-Awaji segment in Japan is
also interpreted to result from stress rotations proximal to a weak fault zone (Famin et al., 2014). The
sub-perpendicular trend of o1 axes to the trace of the EPGFZ could also indicate that this strike-slip

fault is mechanically weak.

The east — west trending topographic lineament originating at Les Irois in the Massif de la Hotte (Fig.
9) is morphologically less expressed than the EPGFZ, and possibly represents an inactive strike-slip fault
segment. An east — west trending strike-slip fault zone without a morphological expression is observed

on the plateau southwest of Miragoane (Fig. 2b; Bourgueil et al., 1988). Locally short-lived strike-slip
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activity during the late Miocene is documented at Les Cayettes quarry (section 4.5.3). Present-day
strike-slip activity is mainly focused on the active segments of the EPGFZ (Mann et al., 1983, 1995;
Prentice et al., 2010). During the development of a fault system, displacement may progressively
become focused onto newly linked fault segments, with activity terminating on smaller faults (Walsh
et al., 2002). Such a process possibly played a role in the development of the EPGFZ. In this scenario
initially distributed strike-slip activity progressively became focused through time along the
morphologically well express but strongly segmented EPGFZ, with activity terminating on older fault

segments at a distance from the EPGFZ.

From the above discussion it follows that; 1) strike-slip activity became established during the late
Miocene (Fig. 18) and was characterized by spatially distributed deformation, which 2) became
progressively more focused along the EPGFZ from the latest Miocene or Pliocene onwards, possibly
concomitant with EPGFZ-parallel shortening and compression, while 3) N — S directed thrusting, which

locally post-dates strike-slip activity, became active from the Pliocene onwards.

5.5 Structural style of deformation

The Southern Peninsula is a large anticlinorium bounded by offshore oblique thrusts towards the north
and south (Fig. 19). The half-wavelength of this structure increases from 55 km in the west at cross
section A, to around 70 km at cross section C, and 90 km at section D (Fig. 19). In the northwestern
part of the Southern Peninsula the general trend of this anticlinorium is east — west (Fig. 19). Towards
the southeast this trend progressively changes to a NW — SE orientation (Fig. 19). In the Dominican
Republic, the structural trend in the Sierra de Bahoruco, which is the eastward continuation of the
Massif de la Selle, also becomes progressively NW — SE oriented (Van den Berghe, 1983a). This change
in trend from west to east and north to south is likely related to the indentation of the Southern
Peninsula - Beata Ridge basement block into central Hispaniola, which started in Miocene times
(Pubellier et al., 1991; Mauffret and Leroy, 1999). The first-order folds (brown axes, Fig. 19) have
similar trends as the main anticlinorium and wavelengths between 15 and 30 km (Fig. 19). The axes of
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these folds are displaced, but their structural trend not disrupted by, the EPGFZ. Only the trends of the
second-order folds (blue axes, Fig. 19) are controlled by the EPGFZ as well as other, minor faults. This
is evidenced by the sub-parallel trend of the second-order folds in proximity to the segments of the
EPGFZ (Fig. 19). The wavelengths of these folds vary between 3 and 10 km. We interpret these second-
order folds as being controlled by strike-slip and associated thrust faults, whose spacing and dip angles
are responsible for the variations in fold wavelength and orientation. In our interpretation, these faults
mainly penetrate the CLIP basalts and sedimentary intercalations and are rooted in the crust (Fig. 19),
as opposed to shallow decollement structures. The first-order folds appear unrelated to the mapped
faults (Fig. 19). The 15 to 30 km wavelength of these folds is in the same order of magnitude as the 16
to 30 km crustal thickness of the Southern Peninsula (Corbeau et al., 2017). This could indicate that
these folds are not directly controlled by faults, but are the result of large-wavelength buckling of the
crust itself in response to the regional stress regime. An anti-correlation exists between regions of high
elevation and basins on the Southern Peninsula (Fig. 19). In the west the highest elevations are directly
north of the EPGFZ with the basins located to the south, which is inversed in the eastern part (Fig. 19).
The trend of these basins and highs is generally sub-parallel to the EPGFZ, suggesting a structural
control by the EPGFZ. Although the EPGFZ is a relatively young fault, it has a strong control on the

present-day topography of the Southern Peninsula.
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Fig. 19: Top map is a westwards facing perspective view of the Southern Peninsula. Background bathymetry is
30 arc-second interval data from GEBCO, high-resolution overlay bathymetry is at 25m resolution collected
during the Haiti-SIS mission, onshore shaded relief is 30m resolution ASTER DEM. Elevation and bathymetry of
the map are 2x exaggerated. Offshore faults modified from Bien-Aime Momplaisir (1986) and Mauffret and Leroy
(1997) to match the bathymetry. Fold axes interpreted using the above data, the BME geological map (Fig. 2b)
and our small-scale geological maps (Fig. 9, Fig. 11 and Fig. 13). Cross sections are on a 1-to-1 scale, with the
relative spacing reflecting the distance between them: A and B are from the western Massif de la Hotte (A and B
in Fig. 10), Cis from the I’Asile region (Cin Fig. 12), and E is from the Massif de la Selle (Fig. 14). For cross section
D only the topography and the location of the major faults based on bathymetry and DEM is available, not the
geology.
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5.6 Evolutionary cross section and regional implications

The deformation phases described above are summarized in a series of schematic cross sections,

illustrating the retro-deformation of the north-south cross section D of Fig. 12. The inferred amount

of shortening shown in Fig. 20 is constructed using the line-length of the uppermost formation in the

proceeding image. This gives a conservative, minimum estimate of shortening between the Cretaceous

and Present of ~11%, or ~2.3 km on this cross section. The total amount of shortening is probably

larger due to overthrusting or layer-parallel shortening hidden by subsequent erosion.

The top cartoon (Fig. 20a) shows the configuration at the end of the Cretaceous prior to the
first deformation phase. Following emplacement of the Cretaceous flood basalts, pelagic
sediments of the Macaya Formation were deposited. Intercalated sediments within the
Cretaceous basalts and the Macaya Formation limestones indicate a general deepening trend
from the Albian to Maastrichtian (Maurrasse et al., 1979; Bien-Aime Momplaisir, 1986;

Bourgueil et al., 1988; Mann et al., 1991a).

The first deformation phase (Fig. 20b) mainly occurred throughout the Maastrichtian, with
minor deformation continuing into the early Paleocene. During this phase the Southern
Peninsula was locally subjected to folding with S- to SW-vergence. Based on the extent of the
erosional unconformity (Fig. 4a and Fig. 11) the first-order wavelength is estimated at around
20 km. This folding was probably aided by thrusts, similar to the one at Anse-d’Hainault (Fig.
9 and Fig. 10). Deformation in the I’Asile region (Fig. 11) resulted in erosion of the Cretaceous
formations, which was more severe in the eastern part of this area. Maastrichtian erosion is
also documented offshore southern Haiti on the northern Beata Ridge (Mauffret et al., 2001),
while a Late Cretaceous deformation event is also recorded in the Blue Mountains of Jamaica
(Mitchell, 2003, 2006; Abbott et al., 2013; West et al., 2014). Potential causes for this
Maastrichtian to early Paleocene deformation are strongly related to the palinspastic position

of the Southern Peninsula at that time. In the ‘Pacific’ origin models for the evolution of the
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Caribbean by Pindell and Kennan (2009) the Southern Peninsula is located southeast of the
deformation front that is bounding the Yucatan Peninsula to the south in the Maastrichtian.
This deformation belt is characterized by south-verging structures, which matches the overall
trend of south to southwest verging deformation on the Southern Peninsula at that time. In
the ‘autochthonous’ origin models for the evolution of the Caribbean (Meschede and Frisch,
1998; James, 2006a; b) the Southern Peninsula remained in a relatively fixed position with
respect to North and South America. This does not provide a clear candidate to explain the
observed deformation during the Maastrichtian to early Paleocene on the Southern Peninsula.
The exact palinspastic position during this period is however not very well constrained (Pindell
and Kennan, 2009; Boschman et al., 2014). To resolve the cause of deformation a higher

resolution palinspastic reconstruction of the northern Caribbean is needed.

Subsidence and a deepening of facies characterized the late Paleocene to Aquitanian period
(Fig. 20c). The global rise in sea level during this period of around 100m (Haq et al., 1988) is
insufficient to account for the relative sea level rise and thickness of Paleogene sediments,
which is at least 1000m (Bourgueil et al., 1988). Regional controls on the subsidence could
involve: 1) a flexural response to deformation in the north, 2) a response to rifting and
subsequent spreading in the Cayman Trough, or 3) cooling and contraction of the lithosphere
following the Late Cretaceous flood basalt event, as proposed for other LIPs (Greene et al.,

2010).

Renewed folding and uplift during early Miocene times was more pronounced in the central
region of the section (Fig. 20d). Erosion locally removed 500 to 1000m of Paleogene
sediments. Tectonic inversion was possibly aided by reactivation of older faults. The cause for
this deformation event remains enigmatic. The Oligocene to early Miocene corresponds to a
number of major tectonic events in the region: 1) at a large scale, convergence between North

and South America accelerated during the Oligocene resulting in increased compressional
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deformation along the Caribbean Plate boundaries (Somoza, 2007), 2) the Cayman spreading
center grew south between 26 and 20 Ma, which initiated activity on the Walton Fault (Leroy
et al., 2000), 3) Hispaniola started to separate from Cuba at around 20 Ma (Pindell and Barrett,
1990; Calais and Mercier de Lépinay, 1995), contemporaneous with forward propagating
folding and thrusting in central Haiti (Pubellier et al., 2000) and deformation at the Beata Ridge
offshore southern Haiti (Mauffret and Leroy, 1999). The deformation observed onshore the
Southern Peninsula during the late Oligocene — early Miocene is therefore possibly related to

increased compression in the northern Caribbean realm.

Renewed subsidence started in the Burdigalian and lasted until the Messinian (Fig. 20e). The
I’Asile Basin became progressively deeper, with lacustrine and lagoonal sedimentation in the
Burdigalian giving way to marine conditions that dominated from the Langhian onwards. The
arrest of compressive deformation on the Southern Peninsula is possibly related to the
initiation of the Septentrional — Oriente fault system, along which Hispaniola separated from
Cuba from 20 Ma onwards (Pindell and Barrett, 1990; Calais and Mercier de Lépinay, 1995).
The eastward escape of Hispaniola shifted the area of compressional deformation from the

Southern Peninsula to the Haitian Fold-and-Thrust belt in the north.
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Distributed strike-slip activity started during the late Miocene (Fig. 20e), which became
focused along the present-day EPGFZ in the latest Miocene or Pliocene (Fig. 20f). A late
Miocene timing for the onset of strike-slip activity along the EPGFZ is also found in Jamaica,
which is recorded by the inversion of older Paleocene rift-related basins (Abbott et al., 2013;
James-Williamson et al.,, 2014; Cochran et al., 2017). Strike-slip deformation became
progressively more transpressive during the late Miocene, which resulted in uplift and
shortening of the I’Asile Basin. Uplift is documented by a shallowing of facies and by erosion
cutting down to the Cretaceous basalts during the Messinian. CLIP-derived erosion products
are re-deposited in sediments from the Pliocene onwards. For the Southern Peninsula as a
whole, our results indicate an increase in transpressive deformation from west to east, which
also increases with time. Our results fit very well with the results from Corbeau et al. (20163;
b), who show very little to no transpressional deformation in the offshore domain between
Jamaica and Haiti, and the results of Wang et al. (2018), who illustrate the presence of
transpressive structures in the eastern Southern Peninsula and Sierra de Bahoruco in the
Dominican Republic. Present-day deformation, as shown by GPS velocity models, also
indicates an increase in fault-perpendicular compression from west to east over the Southern
Peninsula (Benford et al., 2012a; Calais et al.,, 2016). This increase in transpressive
deformation, both through time and from west to east on the Southern Peninsula is, on a
regional scale, probably related to increased collision between northern Hispaniola and the
Bahamas platform (Mann et al., 2002) and to the indentation of the Beata Ridge (Mauffret and
Leroy, 1999). This resulted in a southwest-ward migration of the deformation front of the
Haitian Fold-and-Thrust belt from the early Miocene onwards (Pubellier et al., 2000). Over
time, this NW-SE trending deformation front affected the east-west trending Southern
Peninsula more strongly in the east compared to the west, which is reflected by the resulting

deformation as described in this paper.

54



6. Conclusions

The Cenozoic tectonic history of the Haitian Southern Peninsula is polyphase and we distinguish three

major tectonic events.

1. Deformation and uplift during the Maastrichtian to early Paleocene. This deformation event
is expressed by crustal-scale folds that developed coeval with predominantly south or
southwest verging thrusts. Associated uplift caused partial erosion of the Upper Cretaceous
sedimentary cover and of the CLIP basalts in large parts of the Southern Peninsula.
Deformation resulted from NNE-directed compression. Following this deformation phase the
Southern Peninsula experienced general subsidence and a transgressive period, associated

with a deepening of depositional facies that continued until the Aquitanian.

2. Deformation and uplift in the early Miocene. This deformation phase mainly affected the
southwestern parts of the Southern Peninsula. It is characterized by an eastwards decrease in
uplift and erosion, and is not expressed in the eastern Southern Peninsula. Uplift resulted from
NE — SW shortening and contemporaneous folding, which was possibly aided by reactivation
of older thrusts in the western part of the peninsula. The depositional environment from the
Burdigalian onwards is characterized by transgressive facies and a return to marine conditions,

which lasted until the Messinian.

3. Strike-slip followed by transpressional activity from late Miocene to recent. Strike-slip
activity along the EPGFZ started in the late Miocene (see section 5.3). Deformation was initially
distributed and became progressively more focused along the EPGFZ from the Messinian or
Pliocene onwards. This process created a new plate boundary which separated the Gonave
microplate from the Caribbean plate. The paleo- o1 principal stress axis was sub-perpendicular
to the EPGFZ during the late Miocene to Present-day, indicating that the fault zone is

mechanically weak. Initial strike-slip motion along the EPGFZ became more transpressive
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through time. This transpressional phase is recorded by 1) uplift of the Southern Peninsula
form the Messinian onwards, 2) an increase in compressional deformation from West to East,
which is manifested by 3) a change in structural style along the EPGFZ, with predominantly
strike-slip faults in the west and oblique-slip faults in the east. The latter is also reflected by
present-day GPS velocity models for the region, which show increased transpression from west
to east. In the Massif de la Selle thrust faults developed from the Pliocene onwards. These
faults are spatially associated with the EPGFZ and are probably rooted on this dominant fault

zone at depth.
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Figure captions

Fig. 1a: Geodynamic setting of the Caribbean. GPS velocities (black arrows) from DeMets et al. (2010) in a Caribbean
reference frame. Fig. 1b: Geodynamic setting of Haiti. GPS velocity vectors (black arrows) from Calais et al. (2016). GPS
velocity vectors indicate motion of block to the south (west) of fault with respect to block to the north (west). Faults modified
after Leroy (1995). MCSC = Mid-Cayman Spreading Center; OFZ = Oriente Fault Zone; SDB = Santiago Deformed Belt; SFZ =
Septentrional Fault Zone; NHDB = North Hispaniola Deformed Belt; HFTB = Haitian Fold-and-thrust belt; EPGFZ = Enriquillo-
Plantain Garden Fault Zone; WFZ = Walton Fault Zone; D.R. = Dominican Republic; P.R. = Puerto Rico; V.l. = Virgin Islands;

PRVI = Puerto RicO — Virgin ISIands DIOCK. ........eiiiiiiiiiiiieciie ettt et et e e s ta e e s s ta e e e eabeeesbaeeeestaeeesabaeessenaennnns 3

Fig. 2a: Structural map of the Southern Peninsula. Onshore shaded relief is 30m resolution ASTER DEM, offshore bathymetry
is at 25m resolution and was collected during the Haiti-SIS cruises (Leroy et al., 2015). Offshore faults from Bien-Aime
Momplaisir (1986) and Leroy et al. (2015). Onshore structures from Mann et al. (1995), Saint Fleur et al. (2015), Symithe and
Calais (2016). Dashed trace of EPGFZ represents interpretation by Wang et al. (2018). GPS velocity vectors constructed from
Calais et al. (2016). Earthquake focal mechanisms from the International Seismological Centre (2014) (GCMT). Fig. 2b:
Compilation and simplification of 1:250.000 geological maps published by the Bureau des Mines et de |'Energie d'Haiti (BME)
after Boisson and Bien-Aime Momplaisir, 1987; Bien-Aime Momplaisir et al., 1988). Black rectangles show extent of small

scale geological maps and corresponding figures. Black lines are cross SeCtions. .........cccceeevieeeiiiiiciciie e 5

Fig. 3: Synthetic stratigraphic column for the Southern Peninsula. Relative sealevel for northeast (blue), central (brown) and
southwest (green). Data from references in text. Chronostratigraphic chart from the International Commission on

Stratigraphy (ICoS) based on the geologic time scale from Gradstein et al. (2012). ....c.covverciierieriienieeree e 8

Fig. 4a: Compilation map of the Cretaceous — Paleocene unconformity based on biostratigraphic ages for Paleocene deposits
and underlying formations. Color coding indicates paleo-erosion. Red; strong, paleo-erosion down into Cretaceous basalts.
Yellow; mild, paleo-erosion down into Cretaceous Macaya Formation limestones. Green; conformable, biostratigraphically
complete and concordent transition from Cretaceous to Paleogene. Fig. 4b: Compilation map of the Cretaceous — Paleocene
unconformity based on biostratigraphic ages for lower to middle Miocene deposits and underlying formations. Color coding
indicates paleo-erosion. Red; strong, paleo-erosion down to Cretaceous. Orange; medium, paleo-erosion down to Paleocene
or Eocene. Yellow; mild, paleo-erosion down to Oligocene or intra-Miocene. Green; conformable, biostratigraphically
complete and concordent transition from Paleogene to Neogene. Present-day trace of the EPGFZ on both figures indicated

in red. Dashed line represents interpretation by Wang et al. (2018).....cccccecieeiiereeiieerie e ste e se e seeesaee e e seeensaesnneenne 16

Fig. 5a: Unconformable contact between CLIP basalts and calcareous clay-, silt- and sandstones of the lower Paleocene,
overlain by upper Paleocene clastic limestones. Top of ridge consists of lower Eocene cherty limestones. Fig. 9; northwest of
Morne La Visite. Fig. 5b: Unconformable contact between CLIP basalts and middle Miocene limestones. Haut Fort, south of
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Fig. 6a: Boudinage of intercalated limestones within CLIP basalts. Location on Fig. 9; northwest of Les Anglais. Fig. 6b:
Disharmonically folded Macaya Formation limestones with WNW-trending fold axes. Location on Fig. 9; Tiburon Valley. Fig.
6¢: Lower Eocene platform limestone gently folded along ENE-trending fold axis. Location on Fig. 9; Tiburon Valley. Fig. 6d:

North — south trending normal faults in middle Miocene chalks. Location on Fig. 9; NW of Port-a-Piment. ........cccccveueennee. 19
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Fig. 7a: Thrust contact between Macaya Formation limestones and CLIP basalts. Contact is brecciated and underlying basalts
are hydrothermally altered. Location on Fig. 11; SE of Mornes. Fig. 7b: Tight southwest verging folds within Paleocene

calcarenites. Location 0N Fig. 11; SE Of IMOINES. ..ccc.uviiiiiiiiiiiieeciite e ctee ettt e et e e et e e e ete e e e bteeessbaeeesabaeeensseeeaasseeesabaeessseeesnsrens 20

Fig. 8a: Fault with unknown sense of motion separating Eocene platform limestones from CLIP basalts. Location on Fig. 13;
west of Obleon, northern flank of Massif de la Selle. Fig. 8b: Fault core of the EPGFZ. South-dipping, east — west trending fault
mirrors. Location on Fig. 13; La Boule quarry. Fig. 8c: Southwest verging thrust separating upper Miocene — lower Pliocene
marlstones in the footwall from lower to middle Miocene chalky limestones in the hanging wall. Location on Fig. 13; Les
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Fig. 9: Geological map of the Tiburon area. For location see Fig. 2b. Black bedding symbols with dip in degrees are measured
in the field. Black fold axes represent folds constructed using outcrop measurements. Bedding symbols in grey are obtained
using satellite imagery. Solid black lines are observed structures, dashed black lines denote structures from literature, while

dashed grey lines are structures based on satellite image iNterpretation. ..........ccveeieiiieciie e e e 24

Fig. 10: One-to-one scale cross sections of the western Massif de la Hotte. Locations of cross sections in Fig. 9. The
topography is derived using ASTER DEM data. Faults shown as solid red lines are observed while dashed red lines are from
satellite interpretation. Grey lines within the formations denote the inferred general trend of the bedding, which
schematically shows tighter folding in the Cretaceous formations compared to the Cenozoic formations. Only the large-scale

structures are shown. Dip of EPGFZ unknown. Abbreviations; App. = Appendix, EPGFZ = Enriquillo — Plantain Garden Fault

Fig. 11: Geological map of the I’Asile area. For location see Fig. 2b. Symbols are the same as described in the caption of Fig.

L RN 27

Fig. 12: One-to-one scale cross sections of the I’Asile Basin area. Locations in Fig. 11. Symbols are the same as described in
the caption of Fig. 10. Dip of EPGFZ unknown. Tighter folding within the Cretaceous formations compared to the Cenozoic

formations schematiCally FEPIrESENTEM. .....cciiiii it s e e st e e e s b e e e s abaeeesbaeessbseessaseaessseesnnsne 28

Fig. 13: Geological map of the Marigot area. For location see Fig. 2b. Symbols are the same as described in the caption of

Fig. 14: One-to-one scale cross section of the Massif de la Selle. Locations in Fig. 13. Symbols are the same as described in
the caption of Fig. 10. Tighter folding within the Cretaceous formations compared to the Cenozoic formations schematically
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Fig. 15a: Plot of trends of sigma 1 (black) and sigma 3 (blue) axes from stress inversion results. Fold axes derived from
outcrops are plotted in green. Fig. 15b: Chart showing angular difference (degrees) between trend of the sigma 1 or sigma 3
axes and the trace of the EPGFZ. Colors indicate age of lithologies from which the data was obtained. Square indicates normal
stress regime, circle indicates strike-slip stress regime and hashed circle indicates reverse stress regime. Results on the right-
hand side are constructed using the NO95°E average trend of thrusts in this region. Red circle is data from the core of the
EPGFZ. Plotted results are at less than 15km distance from the EPGFZ trace. Angular difference varies between -20 and +100
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Fig. 16a: Plot showing trend of sigma 1 axes vs distance to the trace of the EPGFZ for measurements within 15 km of this
fault. Arrows indicate dominant trends. Measurements obtained from the fault core are within the red hashed zone. Fig. 16b:
Same principle as figure 16a but for fold axes derived from outcrops. Fig. 16¢c: Comparison between groups A, B and C from

averaged ol trend and averaged axes Of CONTIACTION. . ....ciiiiiii ittt ee e et e e et e e e abeeesateeeeneaeas 37

Fig. 17: Block cartoons showing the fault geometries corresponding to the different scenarios for the faults bordering the
southern Cul-de-Sac plain. Fig. 17a and Fig. 17b correspond to scenario 1 as shown in Fig. 14a. Fig. 17c and Fig. 17d
correspond to scenario 2 as shown in Fig. 14b. Fig. 17e is a simplified geological map from Fig. 13. Black box corresponds to

the geographical extent of the block cartoons in Figs. 172 and 17C. ...cccveviiecieiieeiieeie et ee et see e e et e e e neesneas 43

Fig. 18: Compilation chart for the Southern Peninsula displaying relative sea level, stratigraphy, deformation event, uplift and

subsidence, and the associated stress regime. FOr diSCUSSION SEE tEXL. 1ouiiiiiiiiiiiiiieiiiee et e e s 45

Fig. 19: Top map is a westwards facing perspective view of the Southern Peninsula. Background bathymetry is 30 arc-second
interval data from GEBCO, high-resolution overlay bathymetry is at 25m resolution collected during the Haiti-SIS mission,
onshore shaded relief is 30m resolution ASTER DEM. Elevation and bathymetry of the map are 2x exaggerated. Offshore faults
modified from Bien-Aime Momplaisir (1986) and Mauffret and Leroy (1997) to match the bathymetry. Fold axes interpreted
using the above data, the BME geological map (Fig. 2b) and our small-scale geological maps (Fig. 9, Fig. 11 and Fig. 13).
Cross sections are on a 1-to-1 scale, with the relative spacing reflecting the distance between them: A and B are from the
western Massif de la Hotte (A and B in Fig. 10), C is from the I'Asile region (C in Fig. 12), and E is from the Massif de la Selle
(Fig. 14). For cross section D only the topography and the location of the major faults based on bathymetry and DEM is
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Fig. 20: Schematic evolutionary cross section through the I’Asile Basin, based on cross section D from Fig. 12d. The location

of this cross section is SHOWN ON Fig. LL.......ciiiiiiiiiiiiiiiiie ittt ee et e e st e e s tb e e s sabe e e e btee e ssbaeeesabeeessseeeeassaeesnnbaeesssseesssseens 53
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