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Abstract We apply ambient noise tomography to a seismic array from the Trans-Haiti project to obtain a 2-
D shear wave velocity (Vs) across Haiti. We perform multi-component noise cross-correlation, measure
Rayleigh wave phase velocity and its horizontal-to-vertical amplitude ratio (H/V) between periods of 3-18 s,
and jointly invert both measurements into Vs for the crustal structures of Haiti. Both H/V and phase velocity
measurements exhibit consistent patterns related to the geologic units. Sedimentary basins—CSE and Plateau
Central basins—show higher H/V values, while mountain areas—Massif de la Selle, Chaine des Matheux,
Montagnes Noires and Massif de Nord—exhibit lower H/V. Regarding phase velocity, higher velocities are
observed in northern and southern Haiti, likely reflecting the thinner crust compared to the thicker crust showing
lower velocities in the central part. While our Vs model is consistent with previous model that suggested thinner
crustal thickness in the northern and southern Haiti, with thickening in the center, the Moho interface in the
central domain might be shallower than previously thought.

Plain Language Summary Seismic hazards have threatened Hispaniola Island throughout human
history, particularly Haiti which has experienced catastrophic earthquakes in recent years. However, the crustal
structures responsible for the strong seismic shaking during these large earthquakes remain enigmatic.
Therefore, in this study, we utilize ambient noise signals recorded by seismometers to decipher the detailed
crustal structures in terms of seismic velocity. The seismic velocity results show that the crustal thickness in the
central part of the island might be thinner than previously thought. Additionally, we observe low velocities
beneath sedimentary basins, which shows consistent patterns with the geological observations and results from
local earthquake tomography. These findings provide valuable and fundamental information for further
assessment of seismic hazards in the Haiti area.

1. Introduction

Hispaniola Island sits at a complex boundary in an east-west direction between the North American and
Caribbean plates, marking a significant tectonic transition (Figure la). To the east, there is a high oblique
subduction zone in the region of Puerto Rico (e.g., ten Brink & Lin, 2004), while to the west, a dominantly
strike-slip fault system characterizes the south of Cuba (e.g., Calais & de Lepinay, 1991). Located within this
transition zone between subduction and transform systems, Hispaniola Island undergoes oblique collision and
transpression with a subducted North American slab marked by the down-going seismicity in the eastern
region of the island (Figure 1(a)). In contrast, no clear subducted-related seismicity is observed in the central
and western regions of the island (e.g., Corbeau et al., 2017; Mann et al., 1995; Sun et al., 2021). Instead, the
surface geology shows a series of fold-and-thrust deformation belts with alternating mountain ranges, basins
and two major strike-slip fault systems: the Septentrional-Oriente fault (SOF) to the north and the Enriquillo-
Plantain Garden fault (EPGF) to the south (Figure 1b). Several major earthquakes struck this island in history
(Bakun et al., 2012; ten Brink et al., 2011), including the recent significant events in 2010 and 2021 in
southern Haiti. The M7.0 2010 earthquake, with an epicenter less than 25 km from the capital of Haiti (Port-
au-Prince), caused more than 200,000 deaths and left more than one million people homeless. It is now clear
that this earthquake occurred on a previously unknown structure called the Leogane fault (Calais et al., 2010;
Douilly et al., 2013), rather than on the EPGF as initially thought. About a decade later, the M7.2 2021
earthquake, occurred approximately 150 km west of the capital, led to more than 2,200 deaths and is thought
to have ruptured on structures adjacent to the EPGF to the north (Douilly et al., 2023). These earthquakes
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Figure 1. (a) Tectonic setting of plate boundary between the North American plate and Caribbean plate (modified from
Nuiiez et al., 2019). Black arrow indicates the movement of the Caribbean plate with respect to the North American plate.
Black lines with triangles delineate trenches. Black lines describe tectonic features. Red rectangle shows the study area for
this research. SOF: Septentrional-Oriente fault; EPGF: Enriquillo-Plantain Garden fault; PR: Puerto Rico; CU: Cuba; HI:
Hispaniola (comprising Haiti and the Dominican Republic). Blue-purple circles color-coded with depth show the seismicity
with magnitude greater than 4.5 in 20002024, which is from the ISC-GEM earthquake catalog. (b) Tectonic units in
Hispaniola Island. Blue, orange and yellow shades represent the northern, central and southern domains, respectively, which
is referred from Corbeau et al. (2017). Seismic stations are represented by white squares. Red stars mark the 2010 and 2021
earthquakes. CSE basin: Cul-de-Sac-Enriquillo basin.

highlight the need for increased vigilance and improved mitigation efforts for future earthquakes in the
region.

Following the devastating 2010 earthquake in Haiti, a series of geological and geophysical studies were promptly
conducted to investigate the tectonic structures in the region (e.g., Kumar et al., 2023; Possee et al., 2020; Sun
etal., 2021). Douilly et al. (2016) utilized the aftershock of the 2010 event to construct a local seismic tomography
model in the rupture area. Their findings revealed low seismic velocities in the fault zone and sedimentary basins.
Similarly, Possee et al. (2019) used local earthquakes extracted from the 2013-2014 data set to image the crustal
structures across Haiti in a north-south direction. A south-dipping fault along the southern border of the Cul-de-
Sac-Enriquillo (CSE) basin was shown by a low velocity and high Vp/Vs ratio, which was explained to be a
possible extension of the EPFG to the east. Using the same data set, Corbeau et al. (2017) employed receiver
function analysis to determine three distinctive crustal domains across Haiti: thinner crust (~20 km) in the
northern and southern domains (blue and yellow shades in Figure 1b) associated with volcanic arc facies and the
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Caribbean Large Igneous Province (CLIP) respectively, while a thicker collisional wedge for the crust (~40 km)
in the central part of Haiti (orange shade in Figure 1b). Corbeau et al. (2017) argued that this increase in thickness
is due to the CLIP material underthrusting the island arc material in central Haiti. Another explanation that was
proposed for the thicker crust in central Haiti is the collapse of a back-arc basin, belonging to the Yucatan Basin,
filled with an abundance of volcanic rock fragments (Ramos & Mann, 2023). Regional tomographic imaging of
the Caribbean area conducted by Quiros et al. (2018) & Moreno Toiran et al. (2023) highlighted variations in
seismic velocities across different terranes, suggesting variations in crustal thickness across the region. The
crustal thickness was reported as ~5 km thick offshore southern Haiti, 20-30 km in the Beata Ridge (Mauffret &
Leroy, 1999), ~15 km in the center of the Caribbean plate (Leroy et al., 2000), ~20 km for the CLIP (e.g., Calais
et al., 2023), and ~30 km in the central Hispaniola underneath the Dominican Republic (Kumar et al., 2020;
Nuiiez et al., 2019; Sun et al., 2021).

Despite these advancements, the resolution of existing studies remains limited, particularly in the crustal struc-
ture. Receiver function analysis is constrained by its sensitivity to structural discontinuities beneath stations,
while local earthquake tomography is restricted by earthquake observations, in which earthquake detection in this
region has been shown to be a challenging task (e.g., Lee & Douilly, 2023). To address these limitations, ambient
noise tomography has emerged as a valuable tool, offering improved resolution for shallow crustal structures
through joint inversion of Rayleigh wave velocities and its horizontal-to-vertical amplitude ratio (H/V), as
demonstrated by Berg et al. (2018), Liu et al. (2021) & Rabade et al. (2023). The detailed structures hold sig-
nificant implications for simulation-based seismic hazard studies, particularly in densely populated areas.

Therefore, in this study, we investigate the crustal structure across Haiti by applying ambient noise tomography.
We perform multi-component noise cross-correlation and measure Rayleigh wave phase velocity and H/V ratio
mainly from the 2013-2014 data set, consisting of 24 broadband stations deployed across the Haiti area. We then
jointly invert both phase velocity and H/V ratio for a 2-D profile shear wave velocity (Vs) model of Haiti.

2. Data and Methods
2.1. Data and Ambient Noise Cross-Correlation

The data used in this study are mainly from 24 broadband stations as part of the Trans-Haiti project deployed from
April 2013 to June 2014 (Figure 1b). Most stations were deployed along a north-south transect across the
deformation belt of western Hispaniola with an average spacing of approximately 10 km (Corbeau et al., 2017).
For each station and each component, we first remove the mean, trend and instrument response from the daily
time series recordings. We then apply temporal normalization and spectral whitening simultaneously to the three-
component data prior to cross correlation, following the method described by Bensen et al. (2007) and Lin
et al. (2014). We next cross-correlate all available three-component seismograms between all stations, stack the
daily cross-correlation functions (CCFs), and rotate the horizontal components (E-W and N-S components) into
radial and transverse components, following the methods of Lin et al. (2008). Next, we sum the positive and
negative components of each cross-correlation to improve the signal-to-noise ratio (SNR) (e.g., Wang
etal., 2017). Finally, we calculate the H/V amplitude ratios and Rayleigh wave phase velocities from ZZ, ZR, RZ,
and RR components (Z and R represent vertical and radial components, respectively). Figure 2a shows an
example of the ZZ symmetric component cross-correlations with a bandpass filter 3—18 s for the station pairs in
the Haiti area. The ZR, RZ, and RR component cross-correlations can be found in Figure S1 in Supporting In-
formation S1. Clear Rayleigh wave signals are observed in all four components. We did not calculate the H/'V
ratios for stations STRA, CAYH, THOM and MIRB due to incorrect amplitude recordings or malfunction at these
stations' horizontal components (e.g., Figure S2 in Supporting Information S1).

2.2. Rayleigh Wave Ellipticity and Phase Velocity

We apply frequency-time analysis (FTAN; Bensen et al., 2007) to determine Rayleigh wave traveltimes and
amplitudes in the ZZ, ZR, RZ and RR component cross-correlations between the periods of 3—18 s. Assuming a
diffusive noise wavefield, the ZZ, ZR, RZ and RR cross-correlations can be related to the Rayleigh wave Green's
functions where the two letters denote the force and receiver directions at the first and second stations, respec-
tively (Lin et al., 2014). Hence, the combination of ZZ and ZR or RZ and RR cross-correlations allows us to study
the Rayleigh wave elliptical particle motion at the receiver station. Conversely, following the reciprocity prin-
ciple, the combination of ZZ and RZ or ZR and RR cross-correlations can be used to study the particle motion at
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Figure 2. (a) Noise cross-correlations with a bandpass filter 3-18 s from the ZZ (vertical-vertical) component of the station pairs in the Haiti area. (b) Four component
(ZR, ZZ, RR and RZ) noise cross-correlations between stations CANG and PIGN with a bandpass filter around 4 s. (c) Rayleigh wave particle motions for the
waveforms in (b). Top panel: the particle motion at station PIGN. Bottom panel: the particle motion at CANG.

the source station. We use all available virtual sources (Z or R) to determine the H/V ratio at virtual receiver
stations. We set several selection criteria to retain reliable H/V values including removing the measurements with
SNR smaller than 5, interstation distance smaller than 2 wavelengths, and the measurements greater than 2
standard deviations of all data. The representative H/V ratio at a station is calculated by the average of the selected
H/V measurements of the station. Figure 2b shows an example of the ZZ, ZR, RZ and RR component cross-
correlations between stations CANG and PIGN (Figure 1b) with a bandpass filter near 4 s. The observations
of the maximum amplitude on the four components are different. The different H/V ratios between CANG and
PIGN can be seen from the particle motions in Figure 2c, in which PIGN located in the basin has a higher H/'V
ratio whereas CANG in the mountain area has a lower H/V.

Similarly, we set the same criteria for phase traveltime measurements, including removing the measurements with
SNR smaller than 5 and interstation distance smaller than 2 wavelengths. We correct the 90° phase shifts for RZ
and ZR components compared to ZZ and RR and apply 2 & jump correction for all four components prior to
extracting the reliable measurements (e.g., Lin et al., 2008; Wang et al., 2017). Figures 3a—3c show the phase
velocity measurements and ray coverage map for the ZZ components at 4, 8 and 12 s. With these selected
measurements, we invert for a 2-D Rayleigh wave phase velocity map in a 0.1 X 0.1 grid size using the 2-D
tomographic method of Barmin et al. (2001). We remove all measurements with residuals greater than 2 stan-
dard deviations in the initial inversion and derive the final phase velocity maps (Figures 3g—3i) in the subsequent
inversion.

2.3. MCMC Joint Inversion

We jointly invert Rayleigh wave phase velocity and H/V ratio for a 1-D Vs at each station site by using the
Markov Chain Monte Carlo (MCMC) method (e.g., Berg et al., 2020; Liu et al., 2021; Shapiro & Ritzwoller,
2002). The phase velocities at each station are extracted from the results of the 2-D velocity maps, and we assign
an uncertainty of 0.1 km/s for the phase velocity measurements, using estimates from previous studies of a similar
nature (e.g., Paul et al., 2024; Yang et al., 2011). The sensitivity kernels of the Rayleigh wave phase velocities and
H/V ratios at 3-18 s allow the crustal structure to be resolved from the surface to ~40 km depth (Figure S3 in
Supporting Information S1). We use the 1-D Vs model from Possee et al. (2019) as a starting reference model and
determine Vp and density structure from the empirical relations described in Brocher (2005). The initial model is
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Figure 3. (a) Phase velocity measurements and ray coverage map at 4 s. (c)—(d) Same as (a) but for 8 and 12 s. (d) Rayleigh wave H/V measurements across Haiti at 4 s.
(e)—(f) Same as (d) but for 8 and 12 s. (g) Rayleigh wave phase velocities across Haiti at 4 (h)—(i) Same as (g) but for 8 and 12 s.

parameterized with a linearly increasing sedimentary layer (0—4 km depth) and the rest of the crust (4—40 km
depth) described by 5 cubic B-splines. During the inversion, the thickness of the sedimentary layer is flexible, and
we allow to change the boundary depth between sediment and crust. Following the setup by Rabade et al. (2023),
we allow the MCMC inversion to search for Vs that are up to £ 1.5 and £3 km/s for the sedimentary layer and the
rest of the crust, respectively, from the reference model. Besides, two constraints are imposed: (a) we allow a
maximum Vs of 5 km/s in the crust, and (b) consider a positive velocity jump at the base of the sedimentary layer.
For each inversion, we compute 3,000 randomly generated iterations with 6 jumps, and only accept the models
within 1.5 times the minimum misfit. The final Vs velocity model is constructed from the average of all the
accepted models. Figure S4 in Supporting Information S1 shows an example of MCMC joint inversion for a 1-D
Vs at station BMES, which is located in the CSE basin.
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3. Results

Figure 3d illustrates the H/V ratios measured at each station site at 4 s, where H/V is most sensitive to shallow
crustal structures (above ~5 km depth; Figure S3 in Supporting Information S1). The results exhibit significant
variation across Haiti, consistent with the geological units documented in previous studies (e.g., Escuder Viruete
et al., 2006; Mann et al., 1995; Saint Fleur et al., 2019). High H/V ratio areas are correlated with major sedi-
mentary basins such as the CSE basin and Plateau Central basin, as well as coastal regions, in contrast, lower H/'V
ratios are observed in mountain areas like Massif du Nord, Montagnes Noires, Chaine des Matheux, and Massif de
la Selle. We should note that the highest H/V values at 4 s recorded at stations BMES (2.41) and CBOQ (2.35) in
the CSE basin, where the capital of Haiti is located and was heavily hit by the 2010 earthquake. In contrast, the
lowest values are found at stations CANG (0.69) in the Montagnes Noires, and FURC (0.72) and MACY (0.75) in
the Massif de la Selle in southern Haiti. At longer periods (8 and 12 s) (Figures 3e and 3f), H/V ratios show less
variation across the array, with predominantly lower values (below 1.4). Notably, H/V ratios decrease to below
1.2 in the CSE basin for both stations (BMES and CBOQ) at 8 s. Combined with the observations of H/V at 4 s,
these results suggest a velocity contrast between the shallow layer (above 1 km depth) and the underlying
structural layer. Additionally, station LGNH, situated near the Leogane fault responsible for the 2010 event,
exhibits a higher H/V value at 8 s compared to 4 s, possibly indicating that the fault and its associated damage
zone are buried below the uppermost crust, consistent with the seismic activity from Douilly et al. (2013) and the
low-velocity zone shown in Douilly et al. (2016).

In our phase velocity analysis, we observe a general trend of increasing velocities with longer periods
(Figures 3g-3i). At 4 s (Figure 3g), Rayleigh wave phase velocity is most sensitive to depths of approximately 3—
8 km (Figure S3 in Supporting Information S1). We note the correlations between phase velocities and geological
features, including lower velocities in the Plateau Central basin and higher velocities in the Massif de la Selle. As
we extend to longer periods (e.g., 12 s; Figure 3i), which are most sensitive to depths of approximately 10-15 km,
our result reflects the pattern of mid-crust/lower crust characteristics that is consistent with previously defined
three structural features (Corbeau et al., 2017). Specifically, we observe higher velocities in the northern and
southern regions of Haiti, contrasting with lower velocities in the central portion, corresponding to the thicker
crust of the fold-and-thrust belt.

Figure 4 presents the 2-D profile of the Vs model across Haiti, which is interpolated using the minimum curvature
solution from the 1-D Vs result at each station. Contrary to the 2D velocity model from Possee et al. (2019), our 2-
D Vs model reveals distinct crustal structures in northern, central, and southern Haiti, corresponding to the
Greater Antilles Arc (GAA), fold-and-thrust belt, and CLIP, respectively. To guide the discussion, we use Vs
values of 3.3 km/s (orange to yellow in Figure 4) and 3.6 km/s (yellow to green in Figure 4) to roughly delineate
upper, middle, and lower crust. Our Vs model shows upper crust extending to depths of 10-15 km beneath the
CSE, Artibonite, and Plateau Central basins, suggesting the presence of thicker sedimentary structure beneath
these basins. Additionally, in middle crust, we observe a south-dipping fold structure beneath stations PAPH and
FREM (southern CSE boundary) and a north-dipping fold structure beneath stations CAYH and PIGN (northern
Plateau Central boundary). These structures (dashed purple lines in Figure 4) are aligned with the large-scale
deformation patterns identified in the geological observations from Mann et al. (1991). These tilting structures
and verging folds at the boundaries of the CSE and Plateau Central basins suggest that the thick sedimentary
basins were formed by being pushed down along thrusts from both sides due to compressional stress, which led to
large, sediment trap and depocenters (see Figure 6 from Mann et al. (1991)). These observed structures are also
consistent with the oblique low Vp and high Vp/Vs anomalies from Possee et al. (2019). Furthermore, the Moho
interface (the black line and black dashed line in Figure 4), defined as the contour line with a Vs of 4 km/s
(Moreno Toiran et al., 2023), also depicts different crustal structures in northern, central, and southern Haiti. We
observe that the Moho interface is located at an average depth of 22 km for the southern domain, 24-32 km for the
central domain, and possibly ~15 or 20-25 km for northern Haiti. This will be further discussed in Section 4.

To assess the stability of the joint inversion from the measurements, Figure S5 in Supporting Information S1
illustrates the observed Rayleigh wave phase velocity and H/V, which are used as inputs for the shear wave
velocity inversion, along with the corresponding normalized misfits between the observations and the final
resolved models. The results indicate that phase velocities demonstrate greater stability compared to H/V,
providing more reliable constraints on crustal structures deeper than ~5 km. In contrast, H/'V measurements
exhibit relative instability, particularly noticeable at shorter periods in the central and northern island. This could
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Figure 4. 2-D cross-sections of the final inversion shear wave velocity (Vs) model across Haiti. The location of the cross-sections is identified in the bottom right panel.
Top panel: cross-section A-B, from the south of Haiti to the central part. Bottom left panel: cross-section B-C, from the central part of Haiti to the north. Stations are
marked with white squares along the cross-sections. The black line marks the Moho interface defined as 4.0 km/s in the study. The black dashed line is used for locations
where there are multiple depths with 4.0 km/s Vs. Gray bars are the Moho depth defined from receiver function by Corbeau et al. (2017). Gray lines are the Moho depth
from the gravity model by Sun et al. (2021) which used Corbeau et al. (2017) as constraints. Purple dashed lines mark the folding structures mentioned in the main text.

be due to the fact that H/V ratios are mostly sensitive to structures directly beneath the stations. Thus, shallow
small-scale heterogeneity at station sites might cause instability. Additionally, as we mentioned in Section 2.1, we
did not incorporate the H/V measurements from stations STRA, CAYH, THOM, and MIRB into the results due to
incorrect amplitude recordings (one example is shown in Figure S2 in Supporting Information S1). However, we
decided it is still worthwhile to include the H/V measurements where they are available to provide constraints on
the shallow crust.

4. Discussion

The variation in crustal thickness in the central part of Hispaniola Island has been debated based on two main
competing crustal interpretations. Corbeau et al. (2017) conducted a receiver function analysis and proposed,
combined with geological evidence, that the Moho depth abruptly increases from approximately 23 km in the
north and south to about 41 km in the central portion of Haiti. Additionally, Sun et al. (2021) used several north-
south 2-D gravity transects to constrain the crustal structure across the island. In western Hispaniola (Haiti), using
the results from Corbeau et al. (2017) as constraints for crustal structures, their transect 1 suggested that the
central region has a Moho depth of about 40 km, which supported the model of Corbeau et al. (2017). However,
their adjacent transect 2 in the Dominican Republic showed that the Moho depth in the central region is about
6 km shallower which is in agreement with the Moho depth from the seismic reflection and refraction analysis
from Nuiiez et al. (2019) and the receiver function analysis from Kumar et al. (2020). This shallower Moho depth
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(~30 km) in the central part of the island is conserved even further east of the island (transect 3 from Sun
et al. (2021)). Considering how uniform (~30 km) the Moho depth is in the central region underneath the
Dominican Republic (Kumar et al., 2020, 2023; Nufiez et al., 2019; Sun et al., 2021), it is worth investigating
whether the Moho depth in the central region underneath Haiti is in agreement with the one underneath the
Dominican Republic or whether it is much thicker (~40 km). To revisit this debated topic of crustal thickness
variation from north to south across the island, we provide an independent result from ambient noise tomography,
which has been widely used in investigating crustal structure (e.g., Karplus et al., 2013; Movaghari &
Doloei, 2020; Ward, 2015). While the variation in crustal thickness in the central part of the island remains
elusive, it is important to emphasize that all the available models are in agreement that the Hispaniola island has a
thinner crustal thickness of about 22-25 km in the northern and southern parts of the island, with thickening in the
center.

Focusing on Moho depth, we relate our shear wave velocity model to the crustal models proposed by Corbeau
etal. (2017) and Sun et al. (2021) in the northern, southern, and central domains of Haiti, corresponding to GAA,
fold-and-thrust belt, and CLIP respectively (Figure 4). We define the Moho interface as the depth of the 4.0 km/s
velocity contour in our model, which reflects ultramafic materials in deeper crust (e.g., Paul et al., 2024) and is
consistent with the knowledge of the study area (e.g., Moreno Toiran et al., 2023; Nuiiez et al., 2019). The solid
black lines and the dashed black lines in Figure 4 delineate our interpretation of the Moho interface across Haiti in
the N-S direction.

Previous studies have interpreted the southern domain as part of the CLIP, consisting of significant basalt for-
mations formed during the Cretaceous period on the Pacific Farallon plate (Duncan & Hargraves, 1984). Our Vs
model at stations MARG and MACY shows the crustal thickness is ~20 km, which is about 6 km shallower than
the observation from the receiver function (depicted with the gray bar in Figure 4). Further north in the southern
domain, our results at station FURC show agreement with Corbeau et al. (2017), where the Moho depth is
~26 km. On average, our shear wave velocity model shows that the crustal thickness is 22 km for the southern
domain, consistent with both previously proposed models. However, at station PAPH, located at the boundary
between the southern and central domains defined by Corbeau et al. (2017), we do not observe a deep Moho depth
(~42 km) as shown in the receiver function results; instead, it is ~26 km in our results. While we do not observe
the Moho depth reaching 40 km, a thick layer with Vs of 3.5 km/s is present beneath station PAPH, indicating a
possible different tectonic structure beneath PAPH compared to the southern domain.

The central part of Haiti comprises a collisional wedge characterized by fold-and-thrust deformation belts with
alternating mountain ranges and basins, originating from the early Miocene (Pubellier et al., 1991). As the
previous two models suggested, our Vs model shows a deeper Moho depth in the fold-and-thrust belt compared to
the south, implying crustal thickening in the area (e.g., Corbeau et al., 2017; Sun et al., 2021). However, compared
to both Corbeau et al. (2017) and Sun et al. (2021), our Vs model indicates a shallower Moho interface, ranging
from 24 to 32 km in the central domain, which is ~10 km shallower than their model. In the southern fold-and-
thrust belt, the Moho interface defined by Corbeau et al. (2017) is deeper than 40 km, which is beyond our result
resolution. Further north of the fold-and-thrust belt, at stations THOM and GADC, a ~30 km Moho depth from
our model is more consistent with Corbeau et al. (2017) and Sun et al. (2021). In general, our model in the central
portion is in agreement with the crustal thickness in the Dominican Republic, which has an average Moho depth of
30 km. It is worth noting in our study that the boundary between the central and northern domains may be located
around station PIGN or between stations PIGN and STRA since the Moho depth significantly changes at that
location, instead of around CAYH as Corbeau et al. (2017) proposed.

The GAA in the northern domain corresponds to the Cretaceous volcanic arc, primarily composed of arc
magmatic facies (Escuder Viruete et al., 2006; Pindell et al., 2006). Our Vs model shows the Moho interface
beneath station STRA is ~20, 8 km shallower than Corbeau et al. (2017). Further north, stations MEND and GGIL
show consistent Moho observations with Corbeau et al. (2017). We conclude that our Vs model is consistent with
both models, showing a ~20 km Moho depth in the northern domain. However, our Vs model shows a poor
inversion recovery between model and observation data (Figure S5 in Supporting Information S1 left bottom
panel at 12—-16 periods) toward further north. Thus, we propose two possible options for the Moho interfaces
(black dashed line in Figure 4). One is that the Moho interface gradually decreases to ~15 km toward the north,
while the other suggests the Moho interface stays between 20 and 25 km toward the north. Future studies with a
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denser network that could lead to a higher resolution should be considered to clarify the true Moho configuration
at that location.

While we use the same stations during the same time period as Corbeau et al. (2017), our observed Moho at
certain stations, particularly in the central crust of Haiti, differ from theirs. This discrepancy may arise from using
different seismic sources, seismic phases and tomography techniques. Corbeau et al. (2017) relied on teleseismic
sources focused on P-phase conversions, which are sensitive to contrasts directly beneath the stations. In contrast,
we use ambient noise sources from the region, focusing on Rayleigh waves, and define the Moho interface based
on the reference Vs in the region (Moreno Toiran et al., 2023; Nuifez et al., 2019; Possee et al., 2019).
Furthermore, it is important to emphasize that Sun et al. (2021) used the results from Corbeau et al. (2017) to
constrain the crustal depth in their transect 1. Therefore, without this added constraint, it is possible that the crustal
thickness in transect 1 could be more in line with their transects 2 and 3 and thus with our crustal interpretation.

Our 2-D cross-section Vs model provides insights into the crustal structure across western Hispaniola Island,
offering essential parameters for further applications in seismic hazard assessment, such as earthquake location
and ground motion simulation. This is paramount for this area, which has experienced several major earthquakes
in history, including the recent 2010 and 2021 Haiti earthquakes. In the future, we expect to construct a 3-D high-
resolution velocity map in this area, which will require the investment of significant resources.

5. Conclusions

We perform multi-component noise cross-correlation and measure Rayleigh wave phase velocity and its
horizontal-to-vertical amplitude ratio (H/V) across Haiti. The H/V and phase velocity results show consistent
patterns related to the geologic units. At short periods, the sedimentary basins and areas near the coast exhibit
higher H/V values, while the mountain areas show lower H/V. At longer periods, H/V ratios show less variation
across the array, with predominantly lower values. Regarding phase velocity, at longer periods, which reflect the
mid-crust/lower crust characteristics, we observe higher velocities in northern and southern Haiti and lower
velocities in the central portion. We also conduct a joint inversion of H/V and phase velocity to construct a 2-D Vs
model across Haiti and define the Moho interface as the depth of the 4.0 km/s velocity contour in our model.
While our Vs model is consistent with previously proposed models that suggested thinner crustal thickness in
northern and southern Haiti with thickening in the center, the Moho interface in the central domain might be
shallower than previously thought. While this study provides a better understanding of the crustal structure across
Haiti, additional future investigations on a 3-D high-resolution velocity map are needed. This will require more
broadband stations or a dense nodal array to provide better data coverage and quality.

Data Availability Statement

The seismic data from Trans-Haiti project can be accessed through EarthScope Data Center (IRIS DMC) at:
https://www.fdsn.org/networks/detail/ZU_2013/.
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