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Abstract- The active faults in Haiti were not well known and no detailed mapping of active 10 

fault traces was available before the 2010, M7.0 earthquake. The lack of detailed fault 11 

mapping hindered the interpretation of the event and the seismic hazard assessment. Here, 12 

using high-resolution LIDAR topography, aerial photographs, bathymetric charts, together 13 

with geological data complemented with field observations, we carried out a morphotectonic 14 

analysis at a variety of scales. We analyzed the drainage network at the northern front of the 15 

Massif de la Selle – Sierra de Bahoruco (MSB) by mapping the fans of the main rivers and 16 

their associated drainage basins. We found that the areas of all the fans were compatible with 17 

the sizes of their drainage basins, except the paleofan of Port-au-Prince. We interpret that this 18 

paleofan has been offset by 7.9±0.3 km across the main strike-slip Enriquillo-Plantain Garden 19 

Fault (EPGF) and we estimate a minimum horizontal slip rate of ~3mm/yr over the 20 

Pleistocene. Moreover, in the Cul-de-Sac – Enriquillo plain, within which the capital city of 21 

Port-au-Prince is located, we mapped numerous NW-SE to WNW-ESE-striking Quaternary 22 

folds and thrust faults. Some of the thrust faults are north-dipping and located to the southern 23 

front of the Matheux-Neiba Lower Miocene fold. Other thrusts, such as those near Ganthier, 24 

Jacquet, Nan Cadastre, and Port-au-Prince, are south-dipping and located along the northern 25 
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front of the MSB Lower Miocene fold. Previously, Saint Fleur et al. (2015) showed that the 26 

2010 Haiti earthquake activated both one of the young thrusts (Lamentin) and the EPGF, 27 

consistent with oblique convergence between the Caribbean and the North American plates. 28 

1. Introduction 29 

The northern boundary of the Caribbean plate is curved between the Lesser Antilles 30 

arc and Hispaniola (Fig. 1, inset). This curvature implies that the almost-frontal convergence 31 

between the Caribbean and the North American plates at the Lesser Antilles becomes oblique 32 

near Hispaniola [DeMets et al., 2010; Sykes et al., 1982]. At the longitude of Hispaniola, the 33 

plate motion is partitioned between shortening and strike-slip faulting [Dolan et al., 1998]. 34 

This shortening is accommodated by several folds and thrusts located in the central part of the 35 

island and offshore [Pubellier et al., 1991]. Onshore, the compression has produced mountain 36 

ranges and valleys. The mountains reach 2680 m high (Pic La Selle) in the Massif de la Selle, 37 

in Haiti, and ~3100 m high (Pico Duarte) in the Cordillera Central, in Dominican Republic 38 

(Fig. 1). The folds in the central part of Hispaniola are situated in between two major, left-39 

lateral strike-slip faults, the Septentrional Fault (SF) to the north, and the Enriquillo-Plantain 40 

Garden Fault (EPGF) to the south. 41 

 42 

Based on GPS data, the short-term slip rate along the SF is estimated at 9 ± 2 mm/yr 43 

[Benford et al., 2012; Manaker et al., 2008]. Geomorphic analysis and radiocarbon dating 44 

suggest a similar longer term slip rate between 6 and 12 mm/yr over the last 5 kyr in central 45 

Cibao Valley (Fig. 1) [Prentice et al., 2003]. In the case of the EPGF, the geodetic slip rate 46 

over ~10 years, is in the range of 4 to 12 mm/yr [Benford et al., 2012; Calais et al., 2010; 47 

Dixon et al., 1998; Mann et al., 2002]. This large uncertainty is likely a result of the relatively 48 

sparse GPS network in Haiti, especially for the earlier campaigns [Dixon et al., 1998]. 49 
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Thereafter, the slip rate was estimated at 6 ± 2 mm/yr [Symithe and Calais, 2016]. In addition 50 

to this left-lateral slip, 5.7 ± 1 mm/yr of shortening is estimated, using GPS data, in the 51 

vicinity of the EPGF. This shortening may be accommodated by the fold and thrust belt 52 

bordering the main strike-slip EPGF (Fig. 2) [Benford et al., 2012]. We interpret that the 53 

deformation is mainly compressional at the northern front of the Massif de la Selle and 54 

Bahoruco Mountains. Because ground shaking associated with thrust faults may be twice that 55 

associated with strike-slip faults, these compressional structures imply greater seismic hazard 56 

than previously recognized [Symithe and Calais, 2016]. 57 

 58 

 59 

Figure 1: Tectonic setting and historical seismicity of Hispaniola. The hyper oblique convergence of 20 mm/yr 60 

(white arrow) between North American (NAM) and Caribbean (CAR) plates is partitioned into 1) two main 61 

strike-slip faults : the Septentrional Fault (SF) to the north and the Enriquillo-Plantain Garden Fault (EPGF) to 62 

the south; and 2) numerous thrust faults forming the Trans-Haitian Belt. This map is obtained using 1) 63 

bathymetric and topographic data: SRTM 30+ (pixel : 900 m) illuminated from the northeast; 2) bathymetric 64 

chart (1/25000) from the Service Hydrographique et Océanographique de la Marine (SHOM); 3) seismic profiles 65 



 
 

from Mann et al. (1995); 4) LIDAR data (pixel 1 m), and 5) geological maps of Hispaniola [e.g., Momplaisir 66 

and Boisson, 1988; Toloczyki and Ramirez, 1991]. The stars denote the historical seismicity. The northern and 67 

central seismicity (yellow and purple) is from the NOAA database; and the southern seismicity (orange) is from 68 

Bakun et al. [2012]. The 2010 earthquake is evidenced in red. The white box is the location of Fig. 2. OF : 69 

Oriente Fault ; NHF : Northern Hispaniola Fault ; TI : Tortue Island ; NWP : Northwestern Peninsula ; SMP : 70 

Saint-Marc Peinisula ; GI : Gonâve Island ; PAP : Port-au-Prince; SD : Santo Domingo.   Inset : Tectonic setting 71 

of the Northern Caribbean. Main tectonic structures are from Feuillet (2000). MCSC : Mid-Cayman Spreading 72 

Center. The ~N70°E convergence direction between Caribbean and North American Plates is from Sykes et al. 73 

(1982). The red box locates the main map. 74 

 75 

Along the southern Haitian peninsula, historical earthquakes occurred (Fig. 1) in 1701, 76 

1751 and 1770, causing severe damage in Port-au-Prince [de St. Méry, 1803]. On 8 April 77 

1860, a tsunamigenic earthquake occurred in southern Haiti that produced waves observed at 78 

Anse-à-Veau and Miragoâne [Bakun et al., 2012]. Most earthquakes of the 18th century are 79 

generally attributed to the EPGF [e.g., Ali et al., 2008; Bakun et al., 2012; McCann, 2006]. 80 

The 2010 earthquake occurred in the immediate vicinity of EPGF [e.g., Saint Fleur et al., 81 

2015; Douilly et al., 2013; Symithe et al., 2013], and included both strike-slip and reverse 82 

motion. Most aftershocks were associated with thrust mechanisms [Mercier de Lépinay et al., 83 

2011; Nettles and Hjörleifsdóttir, 2010], which, along with coastal uplift indicate that this 84 

earthquake activated a thrust fault along the southern peninsula, near Port-au-Prince [Hayes et 85 

al., 2010; Calais et al., 2010; Prentice et al., 2010]. Despite its large magnitude, no 86 

significant surface rupture occurred along the EPGF [e.g., Bilham, 2010; Lacassin et al., 87 

2013; Prentice et al., 2010]. For this study, we carried out a morphotectonic analysis in 88 

southern Haiti for a better understanding of this earthquake and conducted detailed fault 89 

mapping in the Cul-de-Sac – Enriquillo trough for future seismic hazard assessment in the 90 

area. We conducted our fault mapping at several scales, using LIDAR topography (pixel 1 m), 91 

aerial photographs (pixel 0.3 m), and bathymetric charts (scale: 1/25000), complemented with 92 
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field observations and local geological data. This is the first large scale seismotectonic map 93 

presented for southern Haiti. Finally, on the basis of our detailed fault mapping, we discuss 94 

the implications for seismic hazard near significant cities such as Port-au-Prince, Pétion-Ville, 95 

and Carrefour. 96 

 97 

 98 

Figure 2: a) Tectonic map of southeastern Hispaniola. This map mainly evidences the Cul-de-Sac – Enriquillo 99 

trough bounded by two giant fold systems: the Matheux-Neiba and the Massif de la Selle-Sierra de Bahoruco 100 

folds. In the Cul-de-Sac – Enriquillo trough itself, numerous young folds are emerging and connected to the 101 

older Matheux-Neiba and to the Massif de la Selle-Sierra de Bahoruco fold systems. The folds and thrusts are 102 

oriented NW-SE to WNW-ESE. This orientation tends to be disturbed eastward. Fold axes are from Mann et al. 103 

(1991, 1995) and this study. White and blue boxes are locations of Fig. 3 and 6, respectively. AA’ locates b); BB’ 104 

locates Fig. 15b. Topographic data: ASTER (pixel 30 m); Bathymetric data: SRTM 30+ (pixel 900 m), isobaths 105 

are 100 m interval. EPGF: Enriquillo-Plantain Garden Fault; TBF: Trois-Baies Fault; LF: Lamentin Fault; GF: 106 

Gressier fault; L: Léogâne; J: Jacmel; PAP: Port-au-Prince; PV: Pétion-Ville; C: Carrefour; PG: Pétit-Goâve. b) 107 

Topographic profile showing the Massif de la Selle Anticline. The two flanks of the anticline have different 108 

morphology. The northern flank is steeper. 109 

 110 



 
 

2. Overall tectonic setting of Southern Haiti 111 

Using magnetic data, Pindell et al. (1988) suggested that the EPGF initiated in the 112 

middle Eocene, propagating eastward from the Mid-Cayman Spreading Center (Fig. 1, inset). 113 

The fault seems to have reached the southern peninsula of Haiti in Pliocene time, disrupting 114 

Late Miocene terranes [Calais and Mercier de Lépinay, 1995; Calmus, 1983; Calmus and 115 

Vila, 1988; Cooper, 1983; Heubeck and Mann, 1991a; b; Mann et al., 1984; Van Den 116 

Berghe, 1983; van den Bold, 1975]. The 1100 km-long EPGF crosses the southern peninsula 117 

of Haiti in a N85°E direction. 118 

 119 

The morphology of Hispaniola consists of several NW-SE to WNW-ESE subparallel 120 

anticlines separated by several kilometer-wide valleys likely related to ramp basins [Mann et 121 

al., 1991]. One of the largest of these valleys is the Cul-de-Sac – Enriquillo plain or trough 122 

(CSE) (Fig. 2a). This basin is bounded to the north by the N100-120°E, ~205 km long, ~25 123 

km wide Matheux – Neiba en échelon thrust system and to the south by the N100-130°E, 124 

~180 km long, ~40-50 km wide Massif de la Selle - Sierra de Bahoruco (MSB) northward 125 

verging Fold and thrust belt [Saint Fleur et al., 2015] of Miocene age. The region is underlain 126 

by Eocene to Miocene limestones that overlie a Campanian-Maastrichtian tholeitic complex 127 

(basalt). The Massif de la Selle anticline is asymmetric with a southern flank that is 12 km 128 

wide and dips southward ~18° from 2000 m of elevation to sea level (Fig. 2b). This structural 129 

surface is well preserved and only incised by small rivers. Consequently, along the southern 130 

coast, the alluvial deposits are small and are only visible at large scale. The northern flank of 131 

the anticline is steeper than the southern flank, with about ~800 m of relief over only 3 km. 132 

 133 

 134 

 135 
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3. Drainage network analysis and offset of the EPGF in Port-au-Prince 136 

In contrast to the southern flank of the Massif de la Selle anticline, the northern flank 137 

is incised by a dense drainage network of significant north-flowing rivers (e.g., Momance 138 

river, Grise river) (Fig. 3a). These rivers flow either to the bay of Port-au-Prince or to Azuéï 139 

lake, and have deposited large alluvial fans along the northern piedmont of the Massif de la 140 

Selle. From east to west, these alluvial fans are mainly the fans of Fond Parisien, Blanche, 141 

Grise, Froide, and Momance rivers, and the Port-au-Prince fan. 142 

 143 

 144 

 145 

 146 

 147 

 148 

 149 

 150 

 151 

 152 

 153 

 154 

 155 

Figure 3: a) The Cul-de-Sac Plio-Quaternary folds and thrusts that disturb the gentle topography of the plain. 156 

Topographic data: ASTER (pixel:  30 m). Contours are 50-m interval. The geological map overlain on the 157 

topographic data has been redrawn from the original map of Momplaisir and Boisson (1988). Note the locations 158 

of Fig. 7-12. PAP: Port-au-Prince; LF: Lamentin Fault. b) Map of the alluvial fans (shaded orange) of the 159 

northern piedmont of the Massif de la Selle, including the paleofan of Port-au-Prince, with respect to their 160 

related catchments or drainage basins (shaded yellow). On the map, the paleofan of Port-au-Prince, compared to 161 



 
 

the other fans, is abnormally too big (~51.3 km
2
) with respect to its catchment (9.2 km

2
). The latter catchment 162 

does not correspond to the one that should have generated the paleofan. This pattern may evidence the offset of 163 

the paleofan by the Enriquillo-Plantain Garden Fault (EPGF). Values are areas in km
2
.  Once the mapping was 164 

done, the area values were obtained using the measurement tools of ArcGIS. PAP: Port-au-Prince. Topographic 165 

data: ASTER (pixel: 30 m); contours: 100-m interval. 166 

 167 

 168 

The Grise river, which is about 60 km long, is the most prominent river that crosses 169 

the Cul-de-Sac plain (Fig. 3). The river’s source is in the Paleogene carbonates of the northern 170 

flank of the Massif de la Selle anticline, and most of the drainage area is within the 171 

Campanian-Maastrichtian basalt unit exposed at the crest of the anticline. The river meanders 172 

over about half of its length, along its upstream and then flows in a roughly straight, ~N150°E 173 

direction for ~12 km through the Cul-de-Sac plain. Finally, it changes course to  N115±20°E 174 

and bounds northern Port-au-Prince before flowing into the bay of Port-au-Prince. This 175 

configuration suggests that the paleofan of Port-au-Prince creates sufficient topography to 176 

force the Grise river to flow around it. 177 

The drainage basin of Grise river has a total area of 271.3 km
2 

and is the largest of the 178 

Massif de la Selle. The southern boundary of the drainage basin is close to the geological 179 

contact between the tholeitic complex of the anticlinal crest and the Eocene limestone of the 180 

southern flank of the anticline (Fig. 3). Immediately above the contact the limestone forms a 181 

cliff that is 630 to 1070 m high (Supplementary Fig. S1) and more than 20 km long.  The Grise 182 

river fan is ~41 km
2 

in area and is located where the river flows out of the Massif de la Selle 183 

into the Cul-de-Sac plain (Fig. 3b). 184 

 185 

3.1. Offset of the Paleofan of Port-au-Prince 186 

The densely populated city of Port-au-Prince (PaP) is located at the western edge of 187 

the Cul-de-Sac plain. It is built on a paleofan, which we refer to as the PaP paleofan, and on 188 
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surrounding alluvial deposits. The EPGF is located immediately south of the PaP paleofan. 189 

We identified an unnamed river that flows N80°E along the EPGF and abruptly changes 190 

direction to N45°E at the apex of the PaP paleofan where it crosses the fault and flows along 191 

the southeastern edge of the fan (Fig. 3 and 11). The source of the unnamed river is in the 192 

Paleogene carbonate rocks of the northern flank of the Massif de la Selle and is fed by a small 193 

catchment of 9.2 km
2
. 194 

 195 

Most of the large fans shown in Figure 3b correspond to large drainage basins, 196 

consistent with numerous studies carried out in different climatic, lithologic and tectonic 197 

contexts [e.g., Bull, 1962; Bull, 1977; Fraser and DeCelles, 1992; Giles, 2010; Guérit, 2014; 198 

Harvey, 1997; Mather et al., 2000; Weissmann and Fogg, 1999; Whipple and Trayler, 1996]. 199 

However, an exception is the large PaP paleofan (51.3 km
2
), which is situated in front of the 200 

small catchment (9.2 km
2
) of the unnamed river. Following Bull [1962; 1977], we plot our 201 

drainage areas as a function of their associated fan areas (Fig. 4). The PaP paleofan is clearly 202 

an outlier, and we therefore exclude it in our initial analysis. The five points (in green) are 203 

well correlated (black heavy line). In this case, the PaP paleofan, shown in red, plots 204 

significantly below the trend. When we include it in the fit (grey dotted line), the five green 205 

points are less well correlated because the fit is influenced by the paleofan. But, the PaP 206 

paleofan still does not lie near the trend. Thus, we conclude that the drainage basin of the 207 

unnamed river that is currently in front of the paleofan is too small be the original source of 208 

this fan. We propose that the Grise river, because of its size and location, is the original source 209 

of the paleofan, and that the PaP paleofan has been left-laterally offset across the EPGF. 210 



 
 

 211 

 212 

 213 

 214 

 215 

 216 

 217 

 218 

 219 

 220 

 221 

Figure 4: Plot showing correlation between fan areas and drainage areas. The green points are for the fans that 222 

relatively follow the correlation. The Port-au-Prince paleofan (red point) does not follow the correlation law 223 

between its present-day area and its drainage area. The black heavy line is the regression line for the five green 224 

points alone. The grey dotted line is the regression line when the paleofan of Port-au-Prince is included in the fit. 225 

In both cases, the paleofan is out of the tendency. L: the fan of Lèwòch river or Fond Parisien river; B: the fan of 226 

Blanche river; G: the fan of Grise river;  PAP: Port-au-Prince paleofan; F: the fan of Froide river; M: the fan of 227 

Momance river. 228 

3.1.2.- Tectonic reconstruction of the paleofan of Port-au-Prince   229 

In order to estimate the amount of offset, we first overlay the detailed geological map 230 

of Port-au-Prince area [Cox et al., 2011] on a shaded ASTER DEM (pixel: 30 m) (Fig. 5a). 231 

We then reconstruct the paleofan by moving it eastward with respect to the EPGF in order to 232 

estimate its original position in front of the present-day Grise river. Between Pétion-Ville and 233 

Dumay (western bank of Grise river), the EPGF trace is pooly expressed geomorphically. A 234 

fault zone is exposed near Dumay in the eastern bank of Grise river where several of the 235 

exposed fault strands have a component of reverse displacement (Fig. 13). We refer to these 236 

reverse faults as the Dumay Fault zone, and suggest that it may be independent of the EPGF. 237 
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If this interpretation is correct, and the EPGF continues eastward with the same azimuth as in 238 

the Léogâne – Pétion-Ville section, we estimate that the paleofan is offset 9 ± 0.5 km 239 

(Supplementary S2). We estimate the uncertainty based on the sweep angle of the river. In the 240 

past, the river could have flowed along the eastern edge of the valley, yielding a maximum 241 

offset of 9.5 km, or along the western rim, yielding a minimum offset of 8.5 km. If, instead of 242 

projecting the EPGF N80°E from Pétion-Ville we project it to the exposure of the Dumay 243 

Fault in the eastern cutbank of the Grise river, we find the same offset of 9 ± 0.5 km 244 

(Supplementary S2). For these two scenarios, we projected the upstream course of the Grise 245 

river to the apex of the reconstructed paleofan perpendicular to the fault trace. An alternative 246 

reconstruction is to use the overall NW-SE orientation of the Grise river to project the river to 247 

the apex of the paleofan. In this case, using the same sweep angle criterion, we obtained a 248 

maximum offset of 8.2 km and a minimum one of 7.6 km by projecting the eastern and the 249 

western edges of the Grise river valley, respectively, to the apex of the paleofan. If instead, we 250 

use the orientation of the present-day active riverbed to project the river to the apex of the 251 

paleofan (Fig. 5b), we find an offset of 7.9 km. Because the 7.9 km reconstruction also brings 252 

the offset Froide river into alignment, we consider 7.9 km to be our best solution (Fig. 5). 253 

 254 



 
 

Figure 5: a) The paleofan of Port-au-Prince between Froide and Grise rivers. The Grise river is, by its position, 255 

the best candidate to have generated the paleofan. Topographic data: ASTER (pixel: 30 m). Contours are 50 m 256 

interval. Geological information is from Cox et al. (2011). b) Tectonic reconstruction of the paleofan of Port-au-257 

Prince. The paleofan has been displaced by 7.9±0.3 km (see text for discussion). This reconstruction also enables 258 

us to reconstruct the course of the Froide river. 259 

 260 

4. Active thrusting in the Cul-de-Sac – Enriquillo plain 261 

 The CSE is a set of basins that encompasses the Cul-de-Sac plain and the Enriquillo 262 

valley. The CSE is separated from the Azua basin by the Sierra de Martín Garcia (Fig. 2a). 263 

The entire CSE extends from the bay of Port-au-Prince to the bay of Neiba. It is 135 km long 264 

and up to 25 km wide and bounded by mountains to the north and south. 265 
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The CSE plain is relatively flat (no higher than a few tens of meters) and is underlain 266 

by Pliocene-Quaternary fluvial and marine sediments [Mann et al., 1991; Taylor et al., 1985]. 267 

Near the southern edge of the CSE is a series of ~N115°E elongate low hills that are underlain 268 

by folded sediments and have been interpreted as being the surface expression of young 269 

anticlines (Fig. 6) (Briggs et al., 2012; This study). The flat topography of the CSE is thus 270 

disturbed by active folding mostly associated with blind thrust faults. 271 

 272 

Figure 6: Morphotectonic map of the Enriquillo Lake area revisited from Mann et al. (1995). The lake is 273 

bounded by Plio-Quaternary folds and coral reefs. White-filled circles are uplifted coral reefs sampled and dated 274 

by Taylor et al. (1985) and Mann et al. (1995). Topographic data: ASTER (pixel: 30 m); geologic contacts are 275 

redrawn from the 1/250000 geological maps of Haiti and Dominican Republic [Toloczyki and Ramirez, 1991]. 276 

EAF: Eastern Azuéï Fold. 277 

 278 

4.1. The area of the Enriquillo Lake 279 

 280 

Enriquillo Lake lies within the Enriquillo Valley in the eastern part of the CSE. The 281 

lake is ~40 km long and ~12 km wide, with its long axis oriented N105°E (Fig. 6). The lake is 282 

below sea level (-42 m), and this part of the CSE experienced a marine transgression about 10 283 



 
 

kyr ago [Taylor et al., 1985]. The E-W-striking, ~12 km long and less than 2 km wide 284 

Cabritos Island lies in the middle of the lake. This elongate island is bordered by fossil coral 285 

reefs that are uplifted, probably due to active folding [Mann et al., 1995]. Mobil multichannel 286 

seismic data acquired to the east of Cabritos Island show that the lacustrine sediments are 287 

folded, indicating that the Cabritos anticline continues below the lake [Mann et al., 1995]. 288 

Fossil Holocene coral reefs were also identified and mapped around the periphery of the lake, 289 

and record Holocene eustatic variations of sea level [Mann et al., 1995; Taylor et al., 1985]. 290 

Fossil reefs are uplifted in two locations (Fig. 6) and indicate uplift at a rate of 0.5 mm/yr over 291 

the last ~5 kyr [Mann et al., 1995]. To the west of  Enriquillo Lake, we observe an arc-shaped 292 

fold (Fig. 6). This fold, which we call the Eastern Azuéï Fold (EAF), appears to control the 293 

morphology of the eastern border of Azuéï Lake, which is oriented ~N135°E, ~25 km long 294 

and up to 10 km wide. The fold is oriented N120 ± 15°E (Fig. 6) and deforms Plio-Quaternary 295 

fluvial, lacustrine, and marine deposits. The fold is ~15 km long, ~7 km wide and up to 185 m 296 

high above sea level between the Azuéï and Enriquillo lakes (Supplementary Fig. S3). 297 

 298 

In this area, additional young folds and thrusts are found along the northern margin of 299 

the Sierra de Bahoruco [Mann et al., 1991; and detailed mapping in this study], and in the 300 

Cul-de-Sac plain along the northern margin of the Massif de la Selle (Fig. 7). 301 

 302 
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 303 

 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 

 317 

 318 

 319 

 320 

 321 

Figure 7: a) and b) Aerial photograph (pixel: 30 cm resized into 15 m) and interpretation of the Ganthier Fold 322 

area showing two distinct parts: a western one (dark yellow) exhibiting a youthful morphology and an eroded 323 

older eastern one (orange). Dating of the ponded sediments is from Briggs et al. (2012). The activity of the fold 324 

appears to have diverted the Blanche river several times. Note also the Balan Fold to the north along the western 325 

border of the Azuéï Lake. c) and d) Field photographs of the eastern wall of the Bois Galette river showing the 326 

folded interbedded lacustrine and fluvial deposits (see (b) for location). In this area, the layers dip ~33° to the 327 

north. 328 

 329 

 330 



 
 

4.2.- Ganthier and Balan Folds and Thrusts 331 

 332 

The ~N115°E Ganthier fold zone is one of the most significant folds in the Cul-de-Sac 333 

plain. It is ~15-km long, 1-2 km wide and ~200 m high. It extends between Carrefour Beaugé 334 

and Fonds-Parisien (Fig. 3 and 7). Figure 7a is a mosaic of aerial photographs (pixel: 30 cm 335 

resized into 15 m) showing the Ganthier fold zone incised by rivers and gullies. The eastern 336 

part of the fold zone exposes Pliocene marine marly sediments and the western part exposes 337 

tilted Quaternary fluvial sediments (Fig. 7b, 7c and 7d). In the eastern part, the Pliocene marl 338 

is exposed and eroded at the top of the fold. The Quaternary sediments are exposed along the 339 

flanks of the fold and are less eroded. The fold zone is crosscut by a series of north-flowing 340 

rivers, including the Bois Galette river (18.528840°/-72.078400°). In the field, we observed 341 

that this river, where it crosses the fold, is incised into unconsolidated, interbedded 342 

conglomerates and fine sediments oriented N138°E and dipping 33°N (Fig. 7c, d). In an 343 

unnamed drainage about 2 km west of Ganthier (and ~1 km west of Bois Galette), charcoal 344 

from a 10 m-thick section of interbedded fluvial and ponded lacustrine sediments yielded a 345 

calibrated radiocarbon age of 4978 ± 158 cal. yr B.P. [Briggs et al., 2012]. 346 

 347 

North of the Ganthier fold zone, we observe that the plain adjacent to the fold is 348 

“wrinkly” over a ~10 km-long, ~2 km-wide band (Fig. 7a, b). This subtle topography is 349 

characterized by numerous dry incisions along the western shore of the Azuéï Lake. The 350 

incisions may be due to intermittent streams and thus have water when it rains. Following the 351 

slopes, some of the channels flow northeastward into the Azuéï Lake, others flow 352 

southwestward into the plain. We remark that each northeast-flowing drainage faces a 353 

southwest-flowing one. These drainages might have used to flow one side (northeastward). 354 

And by tectonic uplift, the upstream might be cut from its downstream and now flow to the 355 
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opposite sense (southwestward). This drainage reversal leaves wind gaps between the two 356 

branches. Thus, the whole topographic “band” undergoes active folding (the Balan Fold). The 357 

described mechanism corresponds to a classical effect of anticlinal folding as studied 358 

elsewhere [e.g., Hubert-Ferrari et al., 2007]. 359 

 360 

 361 

4.3.- Jacquet Fold and Thrust 362 

 363 

On the LIDAR data we see that the topography of the Cul-de-Sac plain is disturbed by 364 

the Jacquet arc-shaped fold (Fig. 8a). The fold is oriented N105±20°E. It is ~7 km long, 0.1-365 

1.5 km wide and up to 260 m high. The width and the altitude of the Jacquet Fold decrease 366 

westward. This fold has a morphology similar to the other young folds in the Cul-de-Sac 367 

alluvial plain, and dipping Upper Miocene limestone beds are exposed in the eastern part of 368 

the fold (Fig. 8b).  In the central part of the fold we mapped ponded sediments and several 369 

active, entrenched channels associated with alluvial terraces, suggesting Late Quaternary 370 

folding. 371 

 372 

 373 

 374 

 375 

 376 

 377 
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 391 

 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

Figure 8: a) LIDAR (pixel: 1 m) topographic map of the Jacquet fold. Black box is the location of b). Inset 400 

shows a topographic profile (AA’) across the fold zone. The value of the fault dip is arbitrary. b) Zoom showing 401 

numerous entrenched streams in the fold. Orange shaded areas are alluvial terraces. Contours are 5 m interval. 402 

Yellow lines are Upper Miocene beds. Inset: the same area on aerial photograph (pixel: 30 cm) offering a better 403 

resolution for the observation of the Upper Miocene outcrops. 404 

 405 

 406 

 407 
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4.4.- Nan Cadastre Fold and Thrust 408 

 409 

We used the high-resolution LiDAR DEM to map another young fold that we refer to 410 

as the Nan Cadastre Fold [Saint Fleur et al., 2015] (Fig. 9 and S4). It is located in the center 411 

of the Cul-de-Sac plain, between Grise river (west) and Blanche river (east) and bounded to 412 

the north by the Nan Cadastre Village (Fig. 9). The area is characterized by low hills ~80 m 413 

high. The Nan Cadastre Fold is among the smallest fold zones in the Cul-de-Sac plain. It is ~4 414 

km long and 0.5-1 km wide. It is also located ~5 km from the Ganthier Fold and may 415 

prolongate it west-northwestward. The fold zone is divided into 2 main branches: a northern 416 

one and a southern one underlain by folds oriented N110-115°E and N130°E, respectively. We 417 

interpret that the folds are related to an emergent thrust ramp rooted on a south-dipping, low-418 

angle, shallow décollement which splays from the master high-angle ramp located under the 419 

higher relief of the Massif de la Selle – Sierra de Bahoruco anticline (Fig. 9, inset) [Saint 420 

Fleur et al., 2015]. 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 

 429 

 430 

 431 

 432 

Figure 9: The area of the Nan Cadastre Fold.  LIDAR (pixel: 1 m) of the area showing that the fold deforms the 433 

northern front of the fan of Grise river. RN8: National Road # 8. Contours are 5 m interval. Inset is a SW-NE 434 



 
 

topographic profile (AA’) showing the morphology of the two branches of the fold and our interpretation of the 435 

geometry of the associated thrusts (see text for details). 436 

 437 

4.5.- Thrusting of the paleofan of Port-au-Prince 438 

 439 

The PaP paleofan spans from Pétion-Ville (south) to the Aéroport Toussaint 440 

Louverture (north), and from Boulevard Jean-Jacques Dessalines (west) to Boulevard 15 441 

octobre (east) (Fig. 10a). Within the fan are two parallel, 5-6 km long, 1-3 km wide, N125°E 442 

elongate hill ranges underlain by Pliocene fanglomerates. The hills are deeply eroded and 443 

incised by numerous streams and rills and reach elevation of ~300 m. The hills are about 50-444 

100 m higher than the adjacent areas of the paleofan, which are Quaternary in age [Cox et al., 445 

2011] (Fig. 10b). 446 

 447 

In the middle of the paleofan, between the two Pliocene hill ranges, Cox et al., (2011) 448 

mapped a Plio-Pleistocene erosion surface that we interpret as an inset alluvial fan (Fig. 10a). 449 

This Plio-Pleistocene alluvial fan continues to the south until the apex of the overall paleofan. 450 

This inset fan is less eroded and less deeply incised than are the Pliocene hill ranges, 451 

supporting the interpretation that it is younger. Furthermore, the fact that the Plio-Pleistocene 452 

fan does not continue until the northern front of the Pliocene deposits may suggest that they 453 

were not emplaced simultaneously. Also, the Plio-Pleistocene fan is developed on the 454 

Pliocene paleofan, thus it is not the result of progradation of the whole paleofan. We divide 455 

the Plio-Pleistocene surface into three sub-fans: a southernmost one (SF1) in the town of 456 

Pétion-Ville, a central one (SF2), and a northern one (SF3) (Fig. 10a and 11). The 457 

southernmost sub-fan, SF1 is about 1-km long and up to ~2 km wide. It abuts against Mio-458 

Pliocene rocks and only extends to the north within a relatively narrow space of ~0.4 km wide 459 
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between the Mio-Pliocene rocks to the west and a vestige of the Pliocene paleofan to the east. 460 

At this place, SF1 is deeply incised, suggesting that the stream was forced to flow through this 461 

narrow gap. At the same time, the middle of the pre-mentioned narrow space corresponds to 462 

the apex of the central sub-fan, SF2. SF2 is ~1.6 km long and up to ~1.3 km wide and is more 463 

incised than SF1. SF2 abuts against the southwestern edge of the eastern Pliocene hill range 464 

and continues to the west along a narrow space of ~0.7 km wide. Similarly to SF2, the middle 465 

of the latter narrow space acts as the apex of SF3. SF3 has about the same degree of incision 466 

as SF2, and is ~2.2 km long and up to ~3 km wide. 467 

 468 



 
 

Figure 10: a) Geologic map of the paleofan of Port-au-Prince. The paleofan is mainly made of an eroded 469 

Pliocene alluvial sediment layer on which are deposed younger alluvial fans (e.g., Plio-Pleistocene). The 470 

geologic contacts are modified from Cox et al. (2011). Topographic contour interval is 10 m. Topographic data: 471 

LIDAR (pixel: 1 m). b) Radial topographic profiles on the paleofan showing that the latter may have been 472 

uplifted by several tens of meters. Vertical exaggeration: 5. The colors of topographic profiles are the same as the 473 

lines locating them in a). 474 

 475 

 476 

 477 

 478 

 479 
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Figure 11: Geomorphic relationship between the unnamed river mapped on Fig. 3 and the EPGF. The river is 480 

controlled by the EPGF and flows eastward along the fault trace and bends northward from the apex of PaP 481 

paleofan (near Pétion-Ville). The geologic information is the same as in Fig. 10. Topographic contour interval is 482 

10 m. Topographic data: LIDAR (pixel: 1 m). 483 

 484 

 485 

 486 

 487 

Figu488 

re 489 

12: 490 

a) 491 

Faul492 

t 493 

map494 

ping 495 

in 496 

Port497 

-au-498 

Prin499 

ce 500 

sho501 



 
 

wing multiple faults across the paleofan of Port-au-Prince. Topographic contours are 10 m interval.  Topographic 502 

data: LIDAR (pixel: 1 m). b) Topographic profiles on the paleofan showing the morphology of the structures. 503 

Vertical exaggeration: 5. Note that the faults crosscut several significant neighborhoods of Port-au-Prince. The 504 

colors of topographic profiles are the same as the lines locating them in a). 505 

 506 

 507 

Pleisto-Holocene alluvial deposits are shown in bright yellow on Fig. 10a including 508 

high-angle fans at mountain fronts [Cox et al., 2011]. The high-angle fans may be explained 509 

by high topographic discrepancy between the mountain fronts and the plain in this area (see 510 

topographic profile of Fig. 2b). This Pleisto-Holocene unit is also widely deposited around the 511 

paleofan, including within the deep incisions. 512 

 513 

The extensive incision of the paleofan, and the hills in particular, may be explained by 514 

a scenario of successive variations of the level of the bay of Port-au-Prince. In this case, after 515 

the deposition of the paleofan, its related river and channel complex (rills) flowed to the bay. 516 

A drop of the level of the bay might force the streams to adjust their incision profiles in order 517 

to reach the low sea level. This scenario is consistent with the overall orientation of the 518 

incisions on the hill ranges. However, the successive low levels of the bay should have 519 

actually been balanced by highstands since its emplacement. In fact, the incisions are so deep 520 

that we propose that they have been exacerbated by tectonic uplift. The Pliocene hill ranges 521 

described above bear some resemblance to the other young folds identified in the Cul-de-Sac 522 

plain, and they may be the result of active folding. Since the borders of the proposed folds are 523 

relatively sharp, they may be controlled by bivergent thrusts (Fig. 12a). This suggests that the 524 

paleofan is faulted and that active faults cut through several significant neighborhoods of 525 

Port-au-Prince  (e.g., Bourdon, Fort National, Péguy Ville) (Fig. 12a and b). As the faulting 526 

affects the Plio-Pleistocene deposit, the deformation is active after the deposition of this unit. 527 
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 532 
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 534 
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 537 

 538 

 539 

 540 

 541 

 542 

 543 

 544 

Figure 13: a) and b) Field photograph and interpretation of the exposure of the Dumay Fault on the eastern wall 545 

of Grise river (see figure 3 for location). The fault vertically offsets the sedimentary layers by several 546 

centimeters. The fault dips at 50 ± 15°S. 547 



 
 

 548 

4.6.- Dumay Fault 549 

 550 

The surface of the Grise river fan is smooth with little incision except where it is 551 

disturbed by the Nan Cadastre Fold (Supplementary S4). Near the eastern edge of the fan, 552 

Holocene sediments seem to be also affected by the Jacquet Fold along which Upper Miocene 553 

chalky limestone crops out. To the south of the fan, the EPGF is not well expressed 554 

geomorphically and we only recognize the Dumay Fault in the area. In the field, the Dumay 555 

Fault is exposed in the eastern cutbank of Grise river (Fig. 13) [Gold et al., 2012; Saint Fleur 556 

et al., 2015; This study] where a 10-m-high exposure of fluvial sedimentary deposits reveals 557 

several reverse faults. The layers are coarse and thick at the lower and upper part, whereas 558 

they are relatively fine and thin in the middle of the wall. The sedimentary layers are offset by 559 

several centimeters by several branches of the fault, which dips 50 ± 15° to the south (Fig. 560 

13). The offset is most visible in the middle of the exposure where the layers are the finest and 561 

thinnest. However, the main fracture associated with the fault is well seen at the base of the 562 

wall. We do not have any evidence that indicates the fault displaces the sediments near the top 563 

of the exposure, and there is no scarp on the surface. However, the surface has been used for 564 

farming, so it is possible that the fault has displaced the surface and the scarp has been 565 

masked by agricultural activities. In addition to the reverse faulting, strike-slip deformation 566 

has been observed ~3.2 km west of Dumay (18.50870° / -72.22909°), along a northwest-567 

flowing tributary of the Grise river. Indeed, a fluvial terrace riser was identified and recorded 568 

lateral offset of ~6.5 m [Prentice et al., 2010; Cowgill et al., 2012]. 569 

 570 

 571 

 572 



27 
 

5.- Discussion 573 

5.1.- Age constraints for the paleofan of Port-au-Prince 574 

Most of the alluvial fans described here are presumed to be of Quaternary age 575 

[Momplaisir, 1986]. The only fan that was the subject of a detailed study was the paleofan of 576 

Port-au-Prince. Using LIDAR topographic data (pixel: 1 m) and field observations, Cox et al. 577 

(2011) presented a detailed geological map of the PaP paleofan. Although they did not carry 578 

out any absolute dating, they used age estimates for correlative regional map units and 579 

landscape analysis from field observations. They also combined their dataset with the 580 

response of different soil and bedrock layers to the seismic waves recorded during the 2010 581 

earthquake [Cox et al., 2011]. They estimated the bulk of the sediments of the paleofan to be 582 

of Pliocene age (Fig. 10a). Van Den Berghe (1983) observed that the paleofan was deposited 583 

on an 80-m-thick marl layer that is rich in planktonic foraminifera such as Globorotalia 584 

margaritae, characteristic of the Early Pliocene period [Bolli and Bermúdez, 1965]. Because 585 

they overlie this marl, one can infer that the older fanglomerates of the paleofan are of Early-586 

Middle Pliocene age at most. 587 

The variation in hurricane strength could be a cause for variable river behaviour with 588 

time. Using especially alkenone and Mg/Ca ratio proxies, it is well documented that the Early 589 

Pliocene was 4°C warmer than today [Brierley and Fedorov, 2010; Fedorov et al., 2013], and 590 

Middle Pliocene was 2-3°C warmer than today [Brierley et al., 2009; Dowsett and Robinson, 591 

2009; Dowsett et al., 1999; Haywood and Valdes, 2004; Thompson and Fleming, 1996]. 592 

Such temperatures might have corresponded to greenhouse conditions [Brierley et al., 2009], 593 

and thus led to more tropical storms or cyclones in the Early-Middle Pliocene than today. 594 

These hurricanes might have been more frequent and stronger in the Caribbean [Fedorov et 595 

al., 2010]. Thus, the climatic conditions in the Early-Middle Pliocene time might have been 596 



 
 

favorable for high rates of erosion and deposition during the formation of the paleofan of 597 

Port-au-Prince, the biggest fan of the Cul-de-Sac plain. The other fans in the plain, as they are 598 

assumed to be younger, their corresponding catchments might have not experienced the same 599 

favorable conditions as the corresponding catchment of the paleofan for sedimentary 600 

deposition. 601 

 602 

5.2.- Offset timing and slip rate 603 

By considering that the paleofan of Port-au-Prince is of Pliocene age, its offset of 7.9 ± 604 

0.3 km is necessarily posterior. We propose three hypotheses (H) for the timing of the offset 605 

of the paleofan (Fig. 14): 606 

H1) the offset might have begun since the Pliocene shortly after deposition of the 607 

Pliocene fanglomarates. This implies that the inset Plio-Pleistocene fan (SF1-SF3, Fig. 10a) 608 

was formed while the strike-slip faulting was active. Then, the overall paleofan was folded 609 

(after the offset) (Fig. 14). 610 

 611 
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 612 

Figure 14: Sketch showing our three different hypotheses (H1-H3) on the timing of the offset of the paleofan of 613 

Port-au-Prince (see text for discussion). Yellow area: Pliocene fanglomerates; pinkish area: Plio-Pleistocene fan. 614 

The dotted blue line indicates that it is possible that the Plio-Pleistocene fan was deposited by another river other 615 

than the Grise river. 616 

 617 

H2) the offset began after the deposition of the Pliocene fanglomerates, and the inset 618 

Plio-Pleistocene surface was formed during the offset. But, the folding was also active during 619 

the offset. 620 



 
 

H3) the Pliocene fanglomerates were deposited, then folded without being left-621 

laterally offset. The inset Plio-Pleistocene fan was deposited afterward, while the folding 622 

continued. Then, the overall paleofan started to be offset. 623 

 624 

(H1) implies that the Pliocene paleofan and the younger inset Plio-Pleistocene fan 625 

would have been folded by the same amount. However, the Pliocene fanglomerates are much 626 

higher and more incised than the inset Plio-Pleistocene fan, suggesting that they are more 627 

deformed. According to (H2), the offset would have initiated at the Pliocene (~5.3-2.6 Myr 628 

BP). In this case, the horizontal slip rate would be 1.4-3.2 mm/yr. According to (H3), the 629 

paleofan was in front of Grise river after the formation of the inset Plio-Pleistocene fan. In 630 

this case the offset of the paleofan of Port-au-Prince would be, at most, of Pleistocene age, 631 

younger than ~2.6 Myr (following the International Stratigraphic Chart [Gradstein et al., 632 

2004; Ogg et al., 2008]). This implies a minimum slip rate of ~3 mm/yr. 633 

Westward, the EPGF offsets by 40 ± 10 km Lower Miocene folds (Massif de la Selle, 634 

Massif de la Hotte) implying that the fault is younger than 15 Myr at this place [Saint Fleur 635 

and Klinger, under review; Saint Fleur, 2014]. This would imply a minimum slip rate of 2-3 636 

mm/yr. 637 

These rates are comparable to those estimated using GPS data: 6 ± 2 mm/yr near Port-638 

au-Prince [e.g., Symithe and Calais, 2016]. Indeed, because the geologic rate is a minimum, 639 

and the offset age of the fan could be as young as 1 Myr and still be Pleistocene, the geologic 640 

and geodetic rates are not much different. Also, given the error on the geodetic rate, it could 641 

be as low as 4 mm/yr, not much different from a minimum geologic rate of 3 mm/yr. 642 
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5.3. Relevance of the observed deformation 643 

The active folds mapped here are characterized by low hills in the Cul-de-Sac – 644 

Enriquillo trough and mainly disturb the topography of alluvial fans associated with north- or 645 

south-flowing rivers. The topography created by the deposition of the fans is characterized by 646 

gentle slopes oriented N-S, while hills that disrupt the fans have abrupt slopes that are 647 

oriented ~N115°E, oblique to the fans. Thus, it is unlikely that the hills were formed by 648 

depositional processes associated with the fans. Moreover, we have shown that the hills are 649 

linear and higher (up to 260 m above sea level) than the fans. The existence of wind gaps, 650 

uplifted alluvial terraces, ponded sediments, tilted Quaternary beds, and the youthful 651 

morphology of the hills are the result of active folding in the Cul-de-Sac plain. These 652 

Quaternary folds are located near the eastern tip of the Enriquillo-Plantain Garden Fault 653 

(EPGF). They strike parallel to the other folds belonging to the Trans-Haitian Belt and belong 654 

to the same system. 655 

To the west of Port-au-Prince, Saint Fleur et al. (2015) have recently shown the 656 

existence of the Lamentin fold and thrust, and the latter are connected to the EPGF. 657 

Momplaisir (1986) also showed the existence of the Trois-Baies Fault that might be connected 658 

to the EPGF. We thus suggest that the folds along the northern margin of the Massif de la 659 

Selle correspond to blind thrusts connected to the EPGF. But, the EPGF is not geomorphically 660 

well expressed in this area where the deformation is distributed between strike-slip and thrust 661 

faults. The ~50° south-dipping Dumay Fault, for example, which does not show significant 662 

vertical offset in the field (Fig. 13) may have a significant component of strike-slip near the 663 

eastern end of the EPGF [Prentice et al., 2010; Cowgill et al., 2012]. We propose that the 664 

transpressive N95-100°E Dumay Fault marks a transition between the Léogâne – Pétion-Ville 665 

shear zone and the Bahoruco Fault (Fig. 15). Indeed, the fault system undergoes another 666 

significant azimuth change along the Bahoruco Fault, which is ~N130°E-striking and 667 



 
 

accommodates reverse motion. The Dumay and Bahoruco faults, along with the young thrusts 668 

in the Cul-de-Sac – Enriquillo plain and the Southern Hispaniola Fault, contribute to maintain 669 

the present-day uplift of the Massif de la Selle – Bahoruco Mountain Range (Fig. 15); this is 670 

consistent with the highest elevations (e.g., Pic La Selle) bordered by these faults. 671 

 672 

5.4. Implications for Seismic Hazard 673 

 674 

The 2010 Haiti earthquake revealed the complexity of fault systems in southern Hispaniola. 675 

Wang et al., (2018) found both evidence for strike-slip and reverse faulting in southern Azuéï 676 

Lake. The strike-slip fault is deeply buried and less active than the thrust cutting the lake bed 677 

[Wang et al., 2018]. This is consistent with the lack of geomorphic expression of the EPGF in 678 

the area and may indicate that Holocene activities are provided by the transpressive Dumay 679 

Fault, the Bahoruco Fault and the young thrusts along the Cul-de-Sac – Enriquillo plain. From 680 

a kinematic point of view, the EPGF system changes from a significant shear zone at Pétion-681 

Ville, at the apex of PaP paleofan, to accommodate transpression and mainly compression to 682 

the east of Port-au-Prince, representing a high seismic hazard. The young folds and thrusts in 683 

the Cul-de-Sac – Enriquillo trough show two families. A north-dipping one connected to the 684 

Matheux-Neiba Fault zone and a south-dipping one aligning to the south and connected to the 685 

Enriquillo-Dumay-Bahoruco fault zone (Fig. 15). We propose that the two families form two 686 

distinct deformation fronts in the Cul-de-Sac – Enriquillo trough, consistent with the suturing 687 

of the northern island-arc structures and the oceanic plateau terrane of the southern peninsula 688 

[Mann et al., 1991]. Thus, the Cul-de-Sac – Enriquillo trough represents a significant seismic 689 

hazard for the two capital cities, Port-au-Prince and Santo Domingo. 690 

 691 

 692 

 693 
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 694 

 695 

 696 

Figure 15: Fault kinematics in southern Hispaniola. Near Port-au-Prince, the deformation is partitioned between 697 

strike-slip and reverse faults. The Dumay Fault is transpressive and the Bahoruco Fault is compressive. The 698 

green arrows represent the boundary conditions, that is, the oblique convergence between North American and 699 

Caribbean plates.  Orange shaded is the paleofan of Port-au-Prince. L: Léogâne; J: Jacmel; PAP: Port-au-Prince;  700 

PV: Pétion-Ville; EPGF: Enriquillo-Plantain Garden Fault; SHF: Southern Hispaniola Fault; MT: Muertos 701 

Trench. b) Overall structural section showing the style of deformation (see Fig. 2 for location). FTB: Fault and 702 

Trust Belt. 703 

 704 

6. Conclusions 705 

 706 

In this study we have, in a first part, acquired morphometric data for six fans and their 707 

associated drainage basins along the northern piedmont of the Massif de la Selle. These data 708 

revealed that the paleofan of Port-au-Prince is not facing its initial source. Our dataset has 709 



 
 

shown that the drainage basins have areas up to ~9 times larger than their related fan areas, 710 

compatible with the empirical law linking drainage basin and fan areas [Bull, 1962; 1977]. 711 

The only exception is Port-au-Prince, which present-day drainage basin is ~5.5 times smaller 712 

than its paleofan. We inferred that the paleofan was displaced by 7.9 km by the Enriquillo 713 

fault from its original drainage basin. This offset implies a minimum slip rate of ~3 mm/yr. 714 

 In a second part, we have shown evidence for active folding characterized by low hills 715 

in the Cul-de-Sac – Enriquillo trough. In particular, many of those folds have been mapped 716 

using high-resolution geospatial data and field observations. The folds mainly disturb the 717 

topography of alluvial fans. Those folds and thrusts are connected to the Enriquillo-Dumay-718 

Bahoruco fault zone. 719 

 In addition to the strike-slip deformation, the young thrusts documented in Port-au-720 

Prince and in the Cul-de-Sac plain are similar to the Lamentin fault. Port-au-Prince is thus 721 

threatened by the 2010-earthquake type, involving both strike-slip and reverse faulting [Saint 722 

Fleur et al., 2015; Rodriguez et al., 2018]. These two structure families result from the 723 

oblique tectonic context of compression between the rigid Bahamas bank on the North 724 

American plate and the Caribbean plate. The deformation related to the oblique compression 725 

is actually partitioned between structures accommodating preferably the compressional 726 

component of the motion, that is, the numerous folds and thrusts that we have identified, and 727 

structures that accommodate the lateral motion, such as the Septentrional Fault and the EPGF. 728 

In particular, the young active thrusts in the Cul-de-Sac plain deserve further tectonic 729 

investigations in terms of fieldwork, balanced cross-section, together with dating in order to 730 

constrain their shortening rate in the direct vicinity of Port-au-Prince. 731 

 732 

 733 

 734 
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