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Abstract 1 

 Haiti, located at the northern Caribbean plate boundary, records a geological history 2 

of terrane accretion from Cretaceous island arc formations to the Eocene to Recent oblique 3 

collision with the Bahamas platform. Little is presently known about the underlying crustal 4 

structure of the island. We analyze P-waveforms arriving at 27 temporary broadband 5 

seismic stations deployed over a distance of 200 km across the major terrane boundaries in 6 

Haiti to determine the crustal structure of western Hispaniola. We compute teleseismic 7 

receiver functions using the Extended-Time Multi-Taper method and determine crustal 8 

thickness and bulk composition (Vp/Vs) using the H-k stacking method. Three distinctive and 9 

fault-bounded crustal domains, defined by their characteristic Moho depth distributions and 10 

bulk crustal Vp/Vs, are imaged across Haiti. We relate these domains to three crustal 11 

terranes that have been accreted along the plate boundary during the northeastwards 12 

displacement of the Caribbean plate and are presently being deformed in a localized fold 13 

and thrust belt. In the northern domain, made up of volcanic arc facies, the crust has a 14 

thickness of ~23 km and Vp/Vs of 1.75 +/- 0.1 typical of average continental crust. The 15 

crust in the southern domain is part of the Caribbean Large Igneous Province (Caribbean 16 

LIP), and is ~22 km thick with Vp/Vs of 1.80 +/- 0.03 consistent with plume-related rocks of 17 

late Cretaceous age. Significantly thicker, the crust in central Haiti has values of Moho 18 

depths averaging ~41 km and with Vp/Vs of 1.80 +/- 0.05. We propose that the central 19 

domain is likely constructed of an island arc upper crust with fragments of dense material 20 

originating from mafic lavas or LIP material. We produce a crustal profile along a N-S 21 

transect across Haiti accounting for the surface geology, shallow structural history, and new 22 

seismological constraints provided by variations of crustal thickness and bulk composition. 23 



 
3 

 24 

 25 

Keywords: Receivers Function, Haiti, crustal structure  26 

 27 

1- Introduction 28 

1.1- Overview 29 

 One of the keys to understanding the transpressive northern Caribbean plate 30 

boundary and its geodynamic evolution is constraining crustal thickness and composition. 31 

Several geological field studies have led to a description of the shallow structure and 32 

stratigraphy of the island of Hispaniola (e.g., Mann et al., 1995; Pubellier et al., 2000). The 33 

Mw 7.0 2010 Haiti earthquake prompted several geological and geophysical studies to 34 

constrain the fault geometry and the crustal structure in the area of the mainshock (e.g., 35 

Douilly et al., 2013). However, our knowledge of the mid- and lower-crustal tectonics 36 

remains very limited in the absence of whole crustal geophysical studies in Haiti. In 37 

Dominican Republic, the eastern part of Hispaniola Island, interpretation of crustal 38 

thickness from gravity data shows thick crust below the southern flank of the Dominican 39 

Central Cordillera (Bowin, 1976). From April 2013 for nearly 14 months, a temporary 40 

seismic network consisting of 27 stations was deployed in Haiti (Trans-Haiti project) to 41 

determine its crustal thickness and bulk composition using teleseismic P-wave data. In 42 

addition, we analyze seismograms from 3 permanent stations of the Canadian National 43 

network (2010-2015) operated by the Bureau des Mines et de l'Energie and UTS. This paper 44 

is the first one about works on temporary deployment of seismometers cross-cutting the 45 

whole of the island. 46 
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 The purpose of the present study is to determine crustal structure across Haiti from 47 

receiver function (RF) analysis below Haiti so as to better constrain plate scale tectonic 48 

evolution of the region responsible for the development of the current fold-thrust belt 49 

(Mann et al., 1995; Pubellier et al., 2000; Hernaiz Huerta et al., 2007). The receiver 50 

function analysis technique is an appropriate approach to image major discontinuities 51 

within the crust and upper mantle from incoming teleseismic P-waveforms (e.g. Ammon, 52 

1991). 53 

 54 

1.2- Geological and tectonic setting of Haiti 55 

 Haiti, the western part of the Hispaniola island, is located on the Northern Caribbean 56 

plate boundary, which separates the Caribbean plate from the North American plate (Fig. 57 

1). Currently, the Caribbean plate moves in a east-northeast direction at about 20 mm/yr 58 

relative to the North American plate (Symithe et al., 2015). As the plate boundary is 59 

oriented E-W and the displacement vector of the Caribbean plate is about N70°, the area 60 

undergoes oblique collision and transpression at a large restraining bend in the strike-61 

slip plate boundary. The deformation of the Northern Caribbean plate boundary in Haiti is 62 

partitioned and two major E-W left-lateral strike-slip faults, the Septentrional-Oriente 63 

Fault Zone (SOFZ) in the North and the Enriquillo-Plantain-Garden Fault Zone (EPGFZ) in 64 

the south with both faults accommodating the strike-slip component of the displacement 65 

(Fig. 1). GPS geodesy shows that compression is mainly accommodated by Miocene to 66 

recent folding and thrusting in the North-Haitian thrust fault and the Massif de la Selle 67 

in southern Haiti (Symithe and Calais, 2016). The Trans-Haitian fold-and-thrust belt in 68 

central Haiti (Fig. 1) was active until the late Neogene (Mann et al., 1995) but does not 69 
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appear to accommodate significant shortening today.  70 

 The geological and geodynamical history of Haiti is complex, however, two distinct 71 

domains have been identified. Haiti is part of the Cretaceous volcanic island arc constituted 72 

at the boundary of the Pacific realm (Pindell et al., 2006) called the Greater Antilles arc. 73 

The Greater Antilles volcanic arc was initiated by an eastward dipping subduction in Central 74 

America (Pindell et al., 2012; Van der Lelij, 2013; Hastie et al., 2013). The Greater Antilles 75 

arc now consists of a part of Cuba, Hispaniola and Puerto Rico islands (Mann et al., 1995). 76 

This island arc constitutes two thirds of Hispaniola Island, and is mainly made up of arc 77 

magmatic facies (Boisson, 1987; Escuder Viruete et al., 2006). The southern part of Haiti 78 

has been interpreted to be part of the Caribbean Large Igneous Province (LIP), formed 79 

during the Cretaceous on the Pacific Farallon plate, over the Galapagos hotspot (Duncan 80 

and Hargraves, 1984). The LIP outcrops as a tholeitic substratum associated with Upper 81 

Cretaceous sediments in the Southern Peninsula of Haiti (Calmus, 1983), and has been 82 

imaged south and west of Haiti with refraction and reflection data (Leroy et al., 2000; 83 

Mauffret et al., 2001; Corbeau et al., 2016a). The volcanic island arc and the LIP 84 

subsequently moved north- and eastwards from their Pacific position between the North 85 

and South American plates, thus partitioning the current Caribbean plate (Pindell, 2012). 86 

The Greater Antilles arc became an inactive intra-oceanic arc at the end of the Upper 87 

Cretaceous when it collided with the Bahamas carbonate platform (Leroy et al., 2000; Cruz-88 

Orosa et al., 2012; Iturralde-Vinent et al., 2006). Between the island arc and the LIP lies 89 

the Quaternary Cul-de-Sac sedimentary basin (Fig. 1), which is bounded to the North by the 90 

thrusts of the Trans-Haitian belt, also called Haiti fold and thrust belt. This belt is formed 91 

of NW-SE thrusts having propagated towards the SW since the Lower Miocene (Pubellier et 92 
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al., 2000). 93 

 94 

1.3- Previous geophysical work 95 

 Previous geophysical studies have placed crude constraints on crustal structure in the 96 

south and in the vicinity of Haiti that help place our results in context and aid 97 

interpretation. 98 

 A compilation of seismic refraction data acquired in the Caribbean plate shows that 99 

the thickness of the crust is not uniform (Diebold et al., 1981; Mauffret and Leroy, 1997; 100 

Mauffret et al., 2001). The Caribbean oceanic crust is 5-km thick in Haitian sub-basin, 101 

Colombia and Venezuela basins (Fig. 1). In the middle of the Caribbean plate, the original 102 

oceanic crust is underplated by ultra-mafic material (Leroy et al., 2000), forming a LIP of 103 

~10 to 15 km in thickness. The Beata Ridge (Fig. 1), 20-30 km thick, is composed of oceanic 104 

crust underplated by an ~15-20 km higher velocity (6 to 8 km/s) ultra-mafic magmatic 105 

material  and covered by a thin volcanic layer of ~2 km (basaltic with a P-wave velocity of 106 

4.5 to 6 km/s). Submersible sampling along the Beata Ridge to the South of Haiti (Mauffret 107 

et al., 2001) confirmed the deep origin of the underplated materials that are ultra-mafic 108 

rocks such as picrites or komatiites (Revillon et al., 2000). 109 

 In addition, Douilly et al. (2013) provide a velocity model for the crust in the 110 

southern part of Haiti, and show that the mean Vp/Vs in this area is 1.80, which is typical 111 

for oceanic crust mafic rocks (Christensen, 1996). Velocity model and receiver functions 112 

studies made by Moreno et al. (2002) and Gonzalez et al. (2012) show that the depth of the 113 

Moho is approximately 20 km in the south of Cuba. In eastern Hispaniola, a seismic 114 

refraction study shows that the Moho is at approximately 24 km depth, and reaches roughly 115 
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30 km deep in the central part of Hispaniola (Nuñez et al., 2015). The S- and Lg-wave study 116 

of McNamara et al. (2012) implies that the Moho in the southwestern part of Hispaniola is 117 

20.6 km depth.  118 

 119 

2- Data and Method 120 

 2.1- Data 121 

 We use data from the 27 broadband stations of the temporary Trans-Haiti network 122 

deployment (April 2013 – June 2014), spanning Haiti from North to South (Fig. 2). This 123 

unique data set used SEIS-UK and iSTeP UPMC instruments that included 15 CMG-40TD and 124 

12 CMG-6TD seismometers (30s natural period, 100 sps sampling rate). Additionally, we use 125 

data from 3 broadband permanent stations of the Canadian National Seismic network 126 

installed in Haiti after the 2010 Mw 7.0 earthquake and co-operated by the Bureau des 127 

Mines et de l'Energie – UTS (Fig. 2). 128 

 To construct receiver functions we use seismograms from teleseismic earthquakes of 129 

magnitudes Mw > 5.0, with epicentral distances between 30° and 90°. The initial data set 130 

includes a total of 580 events recorded by the Trans-Haiti stations between April 2013 and 131 

June 2014, and 2473 events for the Canadian stations between February 2010 and August 132 

2015. The data are generally noisy, due to cultural noise sources, and a second order 133 

Butterworth filter with corner frequencies of 0.03 and 2 Hz is applied to the data prior to 134 

analysis. A visual quality control is subsequently performed on all the data such  that only 135 

seismograms that have clear direct-P arrivals are used to produce receiver functions. This 136 

results in a reduced data set of 149 event records, with a range of between 2 and 13 per 137 

station. A map showing the epicentral distribution of the analyzed earthquakes is given in 138 
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Fig. 3. Note that the majority of the events arrive from the south of the seismic network. 139 

 140 

 2.2- Receiver function technique 141 

 To image the crustal structure beneath Haiti we use the receiver function (RF) 142 

method (e.g. Ammon, 1991), which is a deconvolution technique for isolating the P-to-S 143 

converted phases (Ps) and associated reverberations (PpPs and PsPs + PpSs) of an incoming 144 

P-waveform beneath a seismic station. The incident P-wave on the vertical component is 145 

deconvolved from the radial and tangential components to remove source complexity and 146 

leave a series of pulses that represent the P-to-S phase conversions (the so-called receiver 147 

function). 148 

 Several deconvolution methods have been developed with different noise 149 

stabilization processes: deconvolution in the frequency domain (Langston, 1979; Owens et 150 

al., 1983; Ammon, 1991); deconvolution in the time domain by least squares estimation 151 

(Abers et al., 1995); iterative deconvolution in the time domain (Gurrola et al., 1995; 152 

Ligorria and Ammon, 1999) and multi-taper frequency domain cross-correlation (MTRF) 153 

(Park and Levin, 2000; Helffrich, 2006). The advantage of the last method is that it works 154 

on the correlated signal and mitigates against noise on the RFs. It has been recommended 155 

in the case of oceanic island studies, such as the Cape Verde islands (Helffrich et al., 2010), 156 

the Seychelles islands (Hammond et al., 2013), and the Canary islands (Lodge et al., 2012; 157 

Martinez-Arevalo et al., 2013), and in our case we choose it for its capacity to remove 158 

anthropic noise. 159 

 To estimate the Moho depth below the island of Haiti, we use the Extended-Time 160 

Multitaper Frequency domain Cross-Correlation Receiver-Function (ETMTRF) technique of 161 
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Helffrich (2006), which is based on the MTRF method of Park and Levin (2000). The ETMTRF 162 

method uses a series of short and overlapping multiple tapers which window the time series 163 

across its full length, and sum the individual Fourier transformed signals to produce a RF 164 

estimate. 165 

 166 

 2.3- Moho depth and Vp/Vs estimation  167 

 We use a receiver function stacking technique (H-к stacking) developed by Zhu and 168 

Kanamori (2000) to estimate the Moho depth (H) and the bulk crust ratio V p/V s  (к). This 169 

method uses the following equations (1), (2), (3), and (4) for stacking the RFs, and gives the 170 

results on a 10,000 point grid which shows the plausible range of values for H on increments 171 

of 0.4 km between 10 and 50 km and к on increments of 0.004 between 1.6 and 2.0 172 

(Christensen, 1996): 173 

 
s (H ,к)= ∑

j= 1

N

w1 r j( t1)+ w2 r j (t 2)− w3 r j (t 3)
, (1) 174 

 
t1= H [√1V s

2− p
2− √1V p

2 − p
2]

,   (2) 175 

 
t2= H [√1V s

2− p
2+ √1V p

2 − p
2]

,   (3) 176 

 
t3= 2H√1V s2− p2  ,    (4) 177 

where w1 , w2 , w3  are weights, r j ( ti)  are the amplitudes at the arrival times for each of 178 

the raypaths evaluated, N  is the number of receiver functions, and p  is the ray 179 

parameter determined from the IASPEI travel time tables (Kennet, 1991). The weights were 180 
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chosen as w1  = 0.5, w2  = 0.3 and w3  = 0.2 as suggested by Zhu and Kanamori (2000). The 181 

errors in the results were calculated by taking the maximum axes of the 95% confidence 182 

interval of the grid plotted using the Zhu and Kanamori (2000) stacking method. The H-к 183 

stack was performed assuming a mean crustal P-wave velocity ( V p ) of 6.6 km/s. This mean 184 

crustal P-wave velocity comes from a study of the Pg seismic phase over Hispaniola 185 

(McNamara et al., 2012). Crustal thickness, H, and average Vp/Vs determination is not very 186 

sensitive to variations in the average Vp, as pointed out by Zhu and Kanamori (2000), and 187 

testing Vp within the range 6.4-6.7 km/s on increments of 0.1 km/s provides very similar 188 

results of H and Vp/Vs ratio. 189 

 Our final analysis uses the RFs computed from 149 earthquakes, from which one or 190 

more reverberant Moho phases (PpPs or PpSs + PsPs) were clearly identifiable.  191 

 192 

3- Results 193 

 Of the 30 stations, 27 yielded receiver functions with coherent P-to-S arrivals. Of 194 

these, 19 displayed PpPs and PpSs + PsPs arrivals as well as Ps, enabling H-к analysis (Table 195 

1). Examples of stacked receiver functions and H-к plots for stations PIGN, LGNH, and 196 

MGOA are shown in Figure 4. For the 8 stations at which no clear reverberant phases were 197 

found automatically by the program, RFs were combined to form single station stacks and 198 

enhance the signal of the reverberations. At these stations, a clear Ps arrival is identifiable 199 

and can be picked manually, but the H-к stacking technique cannot be performed. We can 200 

still however estimate the Moho depth using equation (2) and by assuming a Vp/Vs ratio 201 

after several tests. Final Vp/Vs ratios chosen are the values providing arrival times for the 202 

PpPs and PpSS + PsPs reverberations that match the signal stacks, and which are coherent 203 
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with the Vp/Vs of the surrounding stations (Table 2). 204 

 The results show large but systematic variations in Moho depth and V p/V s  ratio 205 

throughout Haiti (Figures 5 and 6). The Moho depths can be split into three main groups 206 

shown in Fig. 5 and based on location and values (in latitudinal order GGIL, MEND, STRA, 207 

PIGN and CAYH in the northern part of Haiti; BOIS, DROU, GADC, THOM, CANG, DUFF, MIRB, 208 

ARCH, GIMB, BMCA, CBOQ, BMES, PAPH and LGNH in the central part, and MGOA, PETG, 209 

GRBO, JAKH, JACM, FERM, FURC, and MARG in the southern part of Haiti). 210 

 211 

 3.1- Moho depths in Haiti 212 

 Results from the H-K stacking method in the northern domain of Haiti are well 213 

resolved, with the stations STRA, PIGN and CAYH particularly well constrained. Results are 214 

also consistent across this domain giving Moho depths of between 20.1 km and 28.2 km 215 

(Table 1, Fig. 5). 216 

 Results in the southern part of Haiti are also well resolved, with the stations MGOA, 217 

JACM and PETG particularly well constrained. Results across the domain give Moho depths 218 

ranging between 16.1 km and 29.8 km, increasing in the center of the area at the stations 219 

GRBO, MARG, FURC (Table 1, Fig. 5). The stations MARG and JAKH have clearly identifiable 220 

Ps arrivals, but due to the lack of observable multiples the H-K stacking technique cannot 221 

be performed. However, we can still estimate the depth of the Moho by using equation (2) 222 

(Table 2, Fig. 5).  223 

 Our results show that the central part of Haiti exhibits greater Moho depths than in 224 

the northern and southern parts, with a Moho discontinuity always deeper than 30 km. The 225 

RFs of the stations located in this part of Haiti are more complicated due to intracrustal 226 
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reverberations, probably due to sediments layers. However, consistent values are found for 227 

the stations THOM, CANG, DUFF, BMCA, CBOQ, DROU, LGNH and BOIS with Moho depths 228 

ranging between 34.6 km and 45.2 km (Table 1, Fig. 5). We estimate the Moho depth for 229 

the stations GADC, MIRB, GIMB, BMES, ARCH, and PAPH by assuming a Vp/Vs ratio from the 230 

closest stations (Table 2, Fig. 5). Transect A in Fig. 7 shows the abrupt change in Moho 231 

depth of ~10 km between the southern part and the central part of Haiti.  232 

 233 

 3.2- Vp/Vs ratio 234 

 The average crustal Vp/Vs ratio is sensitive to the bulk composition of the crust 235 

(Zandt and Ammon, 1995; Chevrot and Van der Hilst, 2000, Stuart et al., 2006). Mineralogy 236 

is an important factor influencing Vp/Vs ratio (Christensen, 1996): For felsic quartz-rich 237 

rocks, such as granite, Vp/Vs ratio is ~1.71; for intermediate rocks, such as diorite, Vp/Vs 238 

ratio is typically ~1.78; and for mafic rocks, such as gabbro Vp/Vs ratio is ~1.87. Higher 239 

values of Vp/Vs ratio are associated with the presence of partial melting or fluids 240 

(Watanabe, 1993; Thompson et al., 2010). 241 

 The Vp/Vs ratio over Haiti ranges from 1.64 to 1.99 (Fig. 6) suggesting a wide range 242 

of mineral composition lateral variation. In particular, the stations MEND, CANG, BMCA and 243 

LGNH show particularly high Vp/Vs ratios of 1.94, 1.99, 1.98 and 1.96 respectively (Fig. 6). 244 

We observe that these stations are located on or near major tectonic features (Fig. 2), and 245 

therefore fluid migration along active faults could feasibly locally increase the Vp/Vs ratio. 246 

In order to interpret regional variations in crustal structure and since the interstation 247 

variability is relatively high, we calculate the mean Vp/Vs ratio for each of the 3 domains 248 

identified in Fig. 5, excluding the four very high values. Regional averages of Vp/Vs seem to 249 
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provide more insights than single-station values, excepting for particularly high values that 250 

could show fluid migration (Rossi et al., 2006). The mean Vp/Vs ratio is 1.75 ± 0.10 in the 251 

northern part of Haiti, 1.80 ± 0.05 in the central part, and 1.80 ± 0.03 in the southern part. 252 

 253 

 3.3- Shallow discontinuity 254 

 In addition to P to S Moho converted phases, one station, CAYH, exhibits another 255 

clear shallow discontinuity. The RF plot for station CAYH versus back-azimuth (top of Fig. 8) 256 

shows a shallow discontinuity in the first 2 s of the signal, prior to the Ps arrival from the 257 

Moho. Clear Moho Ps arrivals are obvious just after 2 s, and are easily identified in the 258 

upper RFs (group a, Fig. 8), coming from the south (back-azimuths between 176° and 178°, 259 

Fig. 8). The H-K stack method for this group gives a Moho depth of 22.1 km, which is 260 

consistent with the closest station PIGN (Fig. 5 and Table 1), and a Vp/Vs ratio of 1.64. We 261 

estimate the depth of the shallow discontinuity easily visible in the RFs of the group b 262 

assuming that the upper crust has an average Vp of 5.8 km/s and an average Vp/Vs ratio of 263 

1.77. These average properties are derived from the P velocity model in Haiti of Douilly et 264 

al. (2013). This discontinuity is thus estimated at ~9.7 km depth.  265 

  266 

4- Discussion 267 

 4.1- Identification of 3 distinct crustal domains  268 

 The depth distribution of the Moho in Haiti shows 3 distinct regions that we relate to 269 

3 distinct geological domains (Fig. 9).  270 

 The Southern Peninsula of Hispaniola (Fig. 9) is known to be a part of the Caribbean 271 

LIP, and to be composed of Cretaceous tholeitic material (Calmus, 1983; Bien-Aimé 272 
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Momplaisir, 1986). In this part of the island, the Moho depths from our study vary from 16.1 273 

km to 29.8 km along a W-E profile (Fig. 7E) and from 20.5 km to 27.5 km along a N-S profile 274 

(Fig. 7A), giving an average crustal thickness of 22 ± 5 km. The variability of the Moho 275 

depths we image in the Southern Peninsula may reflect the large differences in the LIP 276 

thickness identified in previous studies between the oceanic crust and the areas with more 277 

or less of underplated material (Diebold et al., 1981; Mauffret and Leroy, 1997; Leroy et 278 

al., 2000; Mauffret et al., 2001). In our results the mean Vp/Vs ratio is 1.80 ± 0.03, 279 

consistent with previous studies (Douilly et al., 2013) and the geology of the Southern 280 

Peninsula (Calmus, 1983; Bien-Aimé Momplaisir, 1986). The northern limit of the LIP crustal 281 

domain is given by the Moho depth calculated at the station LGNH (34.6 km; Fig. 5) and 282 

could correspond to the trace of the EPGFZ (Fig. 2) in this area (south of LGNH), as 283 

suggested by previous studies (Saint-Fleur et al., 2015). 284 

 The northern part of Hispaniola (Fig 9) is known to be a part of the Great Arc of the 285 

Caribbean (Burke, 1988), an inactive intra-oceanic island arc formed in the Cretaceous at 286 

the boundary of the Pacific domain and the proto-Caribbean oceanic crust (Pindell et al., 287 

2006). The Moho depth values we compute are ranging between 20.1 km and 28.2 km, 288 

providing an average crustal thickness of 23 ± 3 km in agreement with the values found in 289 

southern Cuba (approximately 20 km, Moreno et al., 2002; Gonzalez et al., 2012) and 290 

eastern Hispaniola (about 24 km, Nuñez et al., 2015). Furthermore, our results delineate 291 

the southwestern limit of the island arc domain. The shift of the Moho depths, from 22.1 292 

km (CAYH) to 36.4 km (GADC), occurs across the trace of a major thrust evidenced by 293 

geological studies (Figs 5 and 9). Both this major thrust and the sharp offset of the Moho 294 

depths outline a distinct crustal domain to the west and south of this feature.  295 
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 In addition to the southern and northern domains discussed above, we identify a 296 

central domain distinct from both the LIP in the South and the island arc in the North (Fig. 297 

9), which is characterized by a thicker crust ranging from 32.3 km to 45.4 km, with an 298 

average of 41 ± 4 km. The relatively deep Moho is well constrained by 13 stations. In 299 

addition, the preliminary results of a recent seismic refraction study by Nuñez et al. (2015) 300 

indicate that the thickness of the crust increases from eastern Hispaniola towards the west 301 

reaching a value of ~40 km at the boundary between Haiti and the Dominican Republic near 302 

our profile. The Cul-de-Sac sedimentary basin (Fig. 1) and the Trans-Haitian belt belong to 303 

the same thick domain, where the nature of the crust below these superficial structures has 304 

still to be determined. We further discuss the different hypothesis regarding the nature of 305 

the crust of this domain. 306 

 307 

 4.2 Vp/Vs ratio  308 

We find very high Vp/Vs ratios, between 1.94 and 1.99 at four stations, located near 309 

major faults: LGNH near the strike-slip EPGFZ and MEND, CANG and BMCA near the main 310 

thrust faults (Figs. 2 and 6). High Vp/Vs ratios are often associated with partial melt, 311 

basaltic intrusions or the presence of fluids (Stuart et al, 2006; Hammond et al., 2011). We 312 

favor an explanation whereby the high Vp/Vs ratios associated with major crustal faults are 313 

related to the presence of fluids within the fault zones (Thurber et al., 2003; Zhao et al., 314 

1996). Nevertheless, all the stations located near major faults do not present high Vp/Vs 315 

values (e.g. CAYH, fig. 2). 316 

 The mean Vp/Vs ratio (1.80 ± 0.03) found in the southern domain is in agreement 317 

with its late Cretaceous oceanic plateau origin (Christensen, 1996; Douilly et al., 2013). In 318 
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the northern domain composed of a late Cretaceous-Eocene, intra-oceanic volcanic arc 319 

and forearc-accretionary prism, the Vp/Vs ratio of 1.75 ± 0.10 is close to that expected 320 

for the average continental crust, 1.768 (Christensen, 1996). The central part of Haiti is 321 

characterized by Vp/Vs ratio of 1.80 ± 0.05, indicating that mafic rocks may be part of the 322 

crustal lithology of this domain as in the southern domain. 323 

  324 

 4.3- Implications for the tectonic history of Hispaniola 325 

 We identify three distinct tectonic domains with different crustal thickness and bulk 326 

composition. Based on our computed Moho depths and Vp/Vs ratios, and with additional 327 

constraints from the major thrusts identified at the surface and the geodynamic 328 

reconstructions (Leroy et al., 2000; Pubellier et al., 2000; Calais et al., 2016), we propose a 329 

geological model along a N-S profile across Haiti (Fig. 10). This transect shows the LIP in the 330 

South, the Cretaceous volcanic arc in the North, and a central thicker domain. 331 

 The central domain is characterized by relatively thick crust of ~41 km, between two 332 

domains with significantly thinner crusts of 20-30 km. Surprisingly, the thick crust of the 333 

central domain is not associated with major relief (~1 km). Based on field studies and 334 

geodynamic reconstructions proposed for this area (e.g. Stéphan et al., 1990; Meschede and 335 

Frisch,1998; Mann et al 1991; Calais et al., 2016), the nature of the crust of the central 336 

domain is likely to be island arc and fore-arc type, considered as either back-arc (Mann and 337 

Lawrence, 1991) or a Cretaceous-Eocene remnant arc (Heubeck et al., 1991).	
   Other 338 

stratigraphic and tectonic studies (e.g. Pubellier et al., 2000) suggest that the fold-and-339 

thrust belt of this crustal domain may be rooted on the continuation of the rifted crust of 340 

the eastern Cayman continental passive margin (Fig. 9). However, Vp/Vs ratio of 1.80, 341 
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typical for mafic rocks (average of values for this domain; Tables 1 & 2), may indicate that 342 

the central crustal domain could not be composed only of island arc crust, and may imply 343 

the presence of dense material. This dense material could be either related to Pliocene-344 

Quaternary mafic center of volcanism coming from an ancient continental mantle 345 

lithosphere fragment (Kamenov et al., 2011) or associated to LIP material fragment coming 346 

from the south and both trapped early in central Haiti. Geochemical studies of the LIP 347 

south of Hispaniola from submersible dive samples (Revillon et al., 2000; Mauffret et al., 348 

2001) show indeed that the lower part of the LIP is made of ultra-mafic rocks and 349 

geophysical studies (Mauffret and Leroy, 1997; 1999) evidence a high velocity layer 350 

composed of dense material (velocity 7.5 to 7.9 km/s; density of 3 to 3.1; Herzberg et al., 351 

1983). The mafic Quaternary rocks are also MgO-rich (Kamenov et al 2011) and give high 352 

Vp/Vs ratio.  353 

 On the transect in Fig. 10 we also draw the intracrustal discontinuity determined 354 

from our receiver functions at the station CAYH. The estimated depth of this intracrustal 355 

discontinuity (~10 km) may provide information on the possible depth for the Late-356 

Cretaceous to Pleistocene flysch of the Peralta belt (Witschard and Dolan, 1990; Dolan et 357 

al., 1991), which outcrops at the front of the Cretaceous volcanic arc (Fig. 10).  At the 358 

surface, three major thrusts are geologically mapped (the Montagnes Noires, the Chaîne des 359 

Matheux and the Gonâve Island; Fig. 1 and 2; Mann et al., 1995; Pubellier et al., 2000; 360 

Hernaiz Huerta et al., 2007). In our transect, we propose to extend these thrusts to greater 361 

depth along three large crustal slices (Fig. 10). The three major thrusts of the Trans-Haitian 362 

belt show small cumulative throws at outcrop and little evidence of strong compressional 363 

tectonics (Mann et al 1995; Pubellier et al 2000, Corbeau et al., 2016b). SW-vergent fold 364 
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and thrust belt related to the Hispaniola restraining bend and back arc basin collapse 365 

(Heubeck et al., 1991) could have contributed to the overall thickening. 366 

 367 

5- Conclusions 368 

A receiver function study of 23 stations is used to determine the crustal structure 369 

across Haiti, in order to place better constraints on the history and geometry of late 370 

Cretaceous to recent terrane accretion. In the northern part of Haiti, consisting of the 371 

Cretaceous volcanic island arc and forearc of the Greater Antilles, the Moho discontinuity is 372 

imaged at a depth of ~23 km with Vp/Vs ratio of 1.75. In the southern part of Haiti, made 373 

of the folded and thrusted Cretaceous oceanic Large Igneous Province (LIP), the Moho 374 

depth is imaged at ~22 km, and Vp/Vs ratio is 1.80. In the central part of Haiti, 375 

encompassing the Haitian fold-and-thrust belt, the Moho discontinuity is deeper with a 376 

mean depth of ~41 km. We propose that this unexpected thick central domain with Vp/Vs 377 

ratio of 1.80 corresponds to a distinct crustal domain. This domain is likely to consist of 378 

island-arc type crust related to the Great Arc of the Caribbean, or the proximal part of the 379 

Cayman Trough eastern passive margin, associated with mafic material coming from 380 

fragments of lithospheric mantle from the north or mafic LIP material from the south. 381 

 382 

 383 

 384 
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 674 

Figure 1: Tectonic map of the Northern Caribbean plate boundary. Faults are from previous 675 

studies (Calais and Mercier de Lépinay, 1991; Mann et al., 1995; Leroy et al., 1996; 2015; 676 

Granja Bruna et al., 2014). NHF: North-Hispaniola Fault; SOFZ: Septentrional-Oriente Fault 677 

Zone; EPGFZ: Enriquillo-Plantain-Garden Fault Zone. 678 

 679 
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 680 

Figure 2: Locations of the seismic stations used in this receiver function study in Haiti, 681 

superimposed on the topographic map and with the major tectonic features. Red circles are 682 

the stations of the Trans-Haiti network and blue circles are the 3 permanent stations of the 683 

Canadian National Network. Faults are from Pubellier et al. (2000). SOFZ: Septentrional-684 

Oriente Fault Zone; EPGFZ: Enriquillo-Plantain-Garden Fault Zone. The red line indicates 685 

the localization of the transect proposed Fig. 10. 686 

 687 
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 688 

Figure 3: Global distribution of the earthquakes used when computing Receiver Functions. 689 

They are plotted with an azimuthal equidistant map projection around our network. 690 
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Figure 4: Examples of Moho depth (H) versus Vp/Vs plots (left) from the method of Zhu and 693 

Kanamori (2000) and receiver functions associated (right) for one station of each domain. 694 

On each receiver function the arrival time of the Moho phase Ps (t1) and the reverberations 695 

PpPs (t2) and PsPs+PpSs (t3) are marked based on the results of the H-K stack (Table 1) and 696 

the equations (2) to (4). The receiver functions are plotted as a function of the back-697 

azimuth (number at the right of each trace). See Figs. 2 and 5 for the location of the 698 

stations and the different domains. 699 

 700 

 701 

Figure 5: Variations in Moho depth (Tables 1 and 2) across Haiti determined from receiver 702 

function analysis. The blue lines A, B, C, D, and E show the orientation of transects in 703 

Figure 7. The black dashed lines delimit the boundary between 3 distinct domains of Moho 704 

depth values, numbered 1, 2 and 3 (see text for explanation).  705 
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 706 

Figure 6:  Variations in Vp/Vs ratio (Tables 1 and 2) across Haiti determined from receiver 707 

function analysis. The orange lines A, B, C, D, and E show the orientation of transects in 708 

Figure 7. 709 
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34 

Figure 7: Variations in elevation, Moho depth, and Vp/Vs ratio across Haiti. The elevation 712 

exaggeration is x10. (A) SW-NW across the central and southern part of Haiti, (B) and (C) 713 

SE-NW and SW-NE across the northern part of Haiti, (D) S-N across the West of the central 714 

and southern part, and (E) W-E across the southern part of Haiti. The orientations of the 715 

transects are shown on Figures 5 and 6. 716 

 717 
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Figure 8: Estimation of the depth of an intracrustal layer for the station CAYH. The Moho 721 

depth is estimated at 22.1 km with Ps arrival and PpPs and PsPs+PpSs reverberations, using 722 

the H-K stack method and the RFs coming from the South (back-azimuth of about 170°, 723 

group a). A reverberation is imaged before the Ps arrival on RFs coming from the North-East 724 

(back-azimuth of about 55°, group b), and the corresponding estimated depth with Ps 725 

picked method (Vp=5.8 km/s and K=1.77) is 9.7 km. 726 

 727 

 728 

Figure 9: Location of the proposed different crustal domains we identified in Hispaniola. 729 

(1) the Caribbean Large Igneous Province, (2) the Cretaceous island arc and (3) the fold and 730 

thrust belt. C: Cuba; J: Jamaica; H: Haiti; D.R: Dominican Republic. NHF: North Haitian 731 

Fault; SOFZ: Septentrional-Oriente Fault Zone; THB: Trans-Haitian Belt; EPGFZ: Enriquillo-732 

Plantain-Garden Fault Zone; CT: Cayman Trough; LNR: Lower Nicaraguan Rise. East CMS: 733 

eastern Cayman Trough margin system; LIP: Large Igneous Province. The black line 734 

indicates the localization of the transect shown in Fig. 10. The thicknesses of the LIP at 735 

sea are from Mauffret and Leroy (1997). The boundary between the East CMS and the LIP at 736 

sea is from Corbeau et al. (2016a). 737 

 738 
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 739 

Figure 10: Summary conceptual geological transect across Haiti based on the Moho and 740 

intracrustal discontinuity depths. See Figs 2 and 9 for location of the profile. The 741 

seismologic stations are indicated. EPGFZ: Enriquillo-Plantain-Garden fault zone; SOFZ: 742 

Septentrional-Oriente fault zone. The log south of the transect is a model of the LIP crustal 743 

thickness based on a compilation of seismic refraction results: the layer 2V (original oceanic 744 

crust) is sandwiched between an upper basaltic layer (in black) and the layer 3V (original 745 

crust underplated); R is the top of a high velocity layer (Mauffret and Leroy, 1997). 746 



Table 1: Moho depth (H) and Vp/Vs ratio (κ) estimated by the H-K stacking method 

Stations N H(km) δH(km) K δK 

BMCA (line A) 13 44.3 0.1 1.98 0.01 

BOIS (line D) 2 41.5 0.1 1.75 0.01 

CANG (line A) 4 41.5 0.4 1.99 0.01 

CAYH (line B) 5 22.1 0.4 1.64 0.02 

CBOQ (line A) 7 39.5 0.7 1.82 0.02 

DROU (line D) 7 47.2 0.4 1.85 0.02 

DUFF (line A) 3 45.2 0.4 1.73 0.01 

FERM (line A) 2 20.5 0.4 1.79 0.03 

FURC (line A) 3 26.6 0.3 1.83 0.02 

GGIL (line C) 3 20.1 0.7 1.81 0.04 

GRBO (line E) 3 29.8 0.3 1.83 0.02 

JACM (line D) 3 20.9 0.4 1.80 0.03 

LGNH (line D) 8 34.6 0.4 1.96 0.02 

MEND (line C) 6 22.5 0.4 1.94 0.02 

MGOA (line E) 10 16.1 0.5 1.74 0.04 

PETG (line E) 3 19.7 0.4 1.83 0.03 

PIGN (line B) 4 22.1 0.5 1.86 0.04 

STRA (line B) 4 28.2 0.4 1.67 0.03 

THOM (line A) 5 37.9 0.5 1.87 0.02 
 



Table 2: Moho depth (H) estimated by Ps picked method 1 

Stations N H(km) K 

ARCH (line D) 5 32.3 1.80 

BMES (line A) 5 41.9 1.80 

GADC (line A) 4 36.4 1.85 

GIMB (line A) 9 44.5 1.75 

JAKH (line D) 9 19.0 1.80 

MARG (line A) 3 25.5 1.80 

MIRB (line A)  3 45.4 1.74 

PAPH (line A) 9 42.3 1.85 
 2 


