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Abstract 
SEIS-UK provided a loan of 23 broadband seismic systems (11 40TD and 12 6TD) for deployment 
in Haiti, from April 2013 until June 2014. The University Paris VI provided an additional 4 Reftek-
40T broadband seismic stations deployed for the same period of time. These systems recorded 
continuously at 100 samples per second, with relatively minor data losses due to equipment 
problems. The dataset collected has been archived via SEIS-UK with IRIS (Incorporated 
Research Institutions for Seismology). Records of teleseisms have been processed and receiver 
functions have been computed to reveal the structure of the crust as part of a PhD study in Paris 
VI University by Jordane Corbeau. Further processing for surface wave tomography using fast 
anisotropy directions obtained from SKS wave arrivals to reveal the signature of lithospheric 
deformation will be performed during a NERC oil and gas cdt funded PhD at the University of 
Southampton. Local earthquakes were also recorded during the TRANS-HAITI project and the 
location of the microseismicity is still in progress. In addition, SEIS-UK provided a loan of 10 
geophones in November 2013 for a short active source experiment.  
 
Background 
Following the destructive 2010 Mw 7.0 Haiti earthquake, an international effort was initiated to 
investigate the corresponding active fault system and to better understand the crustal and upper 
mantle structure beneath Haiti. 
 
The Caribbean plate is currently moving eastward relative to North America and the plate motion 
is accommodated along a complex, 200 km-wide deformed zone, the Northern Caribbean plate 
Boundary. The Northern Caribbean plate Boundary is a seismogenic zone extending over 3000 
km along the northern edge of the Caribbean Sea and a deforming region that includes two large 
strike-slip fault systems, the Septentrional-Oriente fault zone (SOFZ) in the north and the 
Enriquillo-Plantain-Garden fault zone (EPGFZ) in the south (Mann et al., 1995; Fig. 1).  
 
Despite the importance of the 2010 Haiti earthquake, we know relatively little about the structure 
and large-scale geodynamics of this transpressional fault zone. The goals of the TRANS-HAITI 
project are to use both local earthquake and teleseismic techniques to image the variation in fault 
architecture and lithospheric structure across the plate boundary in Haiti. 
 
Survey procedure 
The 23 seismometers loaned from SEIS-UK and the 4 French stations were deployed for a year 
in Haiti from April 2013 until June 2014. 19 stations were deployed along a roughly north-south 
profile in Haiti (in red in Fig. 2), with the objective of investigating the structure of the crust and 
the lithosphere. 7 stations were deployed outside this profile (in blue in Fig. 2) to complement the 
station distribution in order to record the seismicity with magnitude of approximately 3 and above. 
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Figure 1: Tectonic setting of the northern Caribean boundary. SOFZ: Septentrional-Oriente Fault Zone; 
EPGFZ: Enriquillo-Plantain-Garden Fault Zone. The circles with a date indicate historical earthquakes with 
magnitude less than 7 in yellow and greater than 7 in orange. The yellow star indicates the epicentre of the 
12 January 2010 earthquake. The grey arrow labeled 20 mm/yr indicates the convergence between the 
Caribbean and North American plates. The green arrows show geodetically inferred slip rates (in mm/yr) of 
active faults in the region, from the block model of Benford et al. (2012).   
 
 

 
Figure 2: Deployment map of 23 stations from SEIS-UK and 4 stations from Paris VI in Haiti.   
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The seismic stations were placed in Digicel mobile phone antennae compounds for security 
reasons. These compounds had a local guardian and ~3m high walls with razor wire on top. 
Unfortunately, a generator was used to power the antennae, and the data is therefore noisy due 
to the generator noise and also due to the external cultural noise sources. We additionally register 
a low frequency ocean micro-seismic noise on the coastal stations. The high frequency cultural 
and generator noise is removed effectively using a 10Hz low pass filter. 
 
A Spanish group from Universidad Complutense, Madrid, Spain conducted an oceanographic 
survey in November 2013, with the ship R/V Gamboa de Sarmiento. 6 ocean bottom 
seismometers (OBS) were deployed to the south of Haiti and we deployed 10 and 9 geophones 
along the northern and southern coasts respectively in order to record airgun shots at close 
proximity.  
 
 

Station 
Code 

Sensor 
Type 

Sensor 
ID 

Latitude 
(°) 

Longitude 
(°) 

Elevation 
(m) 

Date (Julian Day) Date Time (Julian 
Day) 

Sample rate 
(Hz) 

CAPH 6T T6025 19.74 -72.19 17 2013:214 2013:283 100 
MEND 40T T4A87 19.55 -72.24 332 2013:149 2013:338 100 
GGIL 40T T4A87 19.57 -72.22 491 2013:338 2014:159 100 
STRA 6T T6029 19.44 -72.2 409 2013:150 2014:159 100 
PIGN 40T T4A83 19.34 -72.12 340 2013:150 2014:159 100 
CAYH 6T T6125 19.27 -72.04 436 2013:150 2014:159 100 
GADC 40T T4A94 19.1 -72.01 317 2013:141 2014:157 100 
THOM 6T T6109 19.02 -71.96 285 2013:141 2014:157 100 
CANG 40T T4902 18.94 -72 501 2013:318: 2014:156 100 
DUFF 6T T6205 18.91 -72.07 143 2013:129 2014:156 100 
MIRB 6T T6071 18.83 -72.1 129 2013:128 2014:155 100 
GIMB 40T T4A89 18.75 -72.16 459 2013:128 2014:155 100 
BMCA 40T T4A91 18.66 -72.18 173 2013:127 2014:153 100 
CBOQ 6T T6062 18.57 -72.23 87 2013:127 2014:152 100 
BMES 40T T4A96 18.56 -72.3 96 2013:119 2014:160 100 
FERM 6T T6176 18.47 -72.29 1310 2013:287 2014:086 100 
FURC 40T T4A97 18.42 -72.29 1558 2013:144 2014:152 100 
MACY 40T T4A84 18.3 -72.31 857 2013:134 2014:150 100 
MARG 6T T6014 18.23 -72.32 28 2013:134 2014:150 100 
ARCH 40T T4A82 18.77 -72.51 34 2013:145 2014:153 100 
PETG 40T T4A85 18.43 -72.86 47 2013:137 2013:192 100 
MGOA 6T T6083 18.44 -73.09 32 2013:180 2014:154 100 
JACM 6T T6025 18.23 -72.53 46 2013:285 2014:151 100 
BELC 6T T6176 18.4 -72.63 480 2013:135 2013:193 100 
FERM 6T T6155 18.47 -72.29 1310 2013:124 2013:286 100 
JACM 40T T4902 18.23 -72.53 46 2013:135 2013:251 100 
CANG 40T T4A98 18.94 -72 501 2013:129 2013:268 100 
PETG 40T T4Q14 18.43 -72.86 47 2013:322 2014:214 100 
GRBO 40T T4M79 18.38 -72.59 808 2013:326 2014:214 100 
DROU 40T T4Q13 19.14 -72.58 26 2013:337 2014:202 100 
BOIS 40T T4M85 19.57 -72.49 487 2013:337 2014:174 100 

 
Table 1: TRANS-HAITI seismic network - station details 
 
Due to the very bad weather during the entire Norcaribe cruise and some problems with the 
Dominican Navy that managed the auxiliary boats to deploy the OBS, the Spanish team had to 
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adapt the original cruise plan. They could not deploy the OBS as planned and had to shift the 
location of the shot lines to the East. In the north of Haiti, they shot the North-South reflection 
profiles but could not deploy the OBS (orange line in Fig. 3). In the south of Haiti they deployed 
only 6 OBS (12 were planned) in a North-South profile. Unfortunately, 4 OBS have data, and 2 
OBS did not record any data (see locations in Fig. 3). 
 
We deployed the geophones in order to record the airguns. We first deployed 9 geophones in 
Belle-Anse in the southern coast in a cross-shaped array in front of the shooting line and recorded 
for 17 hours (orange star in Fig. 3). We then moved these geophones to Limonade in the northern 
coast of Haiti (orange star in Fig. 3) and the 10 geophones installed recorded the shots during 9 
hours. 
 

 
 
Figure 3: Map showing the operations carried out during the Spanish Norcaribe cruise. The shot 
lines are in orange. The red crosses in white squares give the OBS deployed. The orange stars 
indicate the deployment of the Geophones. 
 
 

Station 
Code 

Sensor 
ID Sensor 

Latitude 
(°) 

Longitude 
(°) 

Elevation 
(m) 

Date  (Julian 
Day) 

Duration 
(hours) 

Sample 
rate 
(Hz) 

BA01 04003 SAQS 18.23850 72.06067 9 2013:327 17H50 1000 
BA02 030176 SAQS 18.23826 72.06060 12 2013:327 17H36 1000 
BA03 030184 SAQS 18.23848 72.06031 15 2013:327 17H30 1000 
BA04 04004 SAQS 18.23871 72.06071 15 2013:327 17H15 1000 
BA05 030175 SAQS 18.23871 72.06036 15 2013:327 08H17 1000 
BA06 04002 SAQS 18.23862 72.06024 16 2013:327 17H01 1000 
BA07 03077 SAQS 18.23861 72.06099 15 2013:327 17H36 1000 
BA08 40006 SAQS 18.23840 72.06116 14 2013:327 17H30 1000 
BA09 030182 SAQS 18.23828 72.06088 13 2013:327 17H23 1000 
LI01 04002 SAQS 19.65425 72.06921 37 2013:331 09H03 1000 
LI02 030177 SAQS 19.65388 72.06812 36 2013:331 09H25 1000 
LI03 030181 SAQS 19.65446 72.06870 33 2013:331 8H48 1000 
LI04 040004 SAQS 19.65427 72.06844 33 2013:331 8H38 1000 
LI05 030176 SAQS 19.65430 72.06818 35 2013:331 8H45 1000 
LI06 040003 SAQS 19.65479 72.06824 35 2013:331 9H16 1000 
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LI07 030182 SAQS 19.65511 72.06838 37 2013:331 8H38 1000 
LI08 030175 SAQS 19.65516 72.06809 35 2013:331 09H13 1000 
LI09 030184 SAQS 19.65472 72.06777 34 2013:331 8H40 1000 
LI010 04006 SAQS 19.65557 72.06791 34 2013:331 9H27 1000 

 
Table 2: TRANS-HAITI geophone network - station details 
 
 
Data Quality 
 
To assess the noise performance of the stations, we plot the Power Spectral Density Probability 
Density Function (Fig. 4). 
 

   
 

 
Location of the archived data  
The fully compiled MSEED data for the whole deployment period are archived at SEISUK in 
/archive/area4/HAITI13/MSEED/total 
The location of the dataless.seed is: /home/haiti13/dataless/dataless.seed. 
The data is on the IRIS DMC as network ZU 2013-2014 
https://www.fdsn.org/networks/detail/ZU_2013/ 
 
Processing and modelling 
Receiver Functions 
We analysed P-wave receiver functions across Haiti to constrain the crustal thickness and the 
crustal structure. The receiver function method used in our study is the Extended-Time Multitaper 
Frequency-Domain Cross- Correlation Receiver-Function (ETMTRF) approach of Helffrich 

Figure 4. Power spectral density 
plots of the vertical components 
over a seismically quiet period. 
The stations show typical ambient 
noise at the stations across the 
network. The black lines show the 
high and low noise model of 
Peterson (1993). The model 
value is shown as a coloured line.  
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(2006). The travel times of P-to-S conversions at the Moho are studied to provide information on 
the crustal thickness (H) and Vp/Vs ratio (κ). This is achieved with the stacking procedure outlined 
by Zhu and Kanamori (2000).  
 

 
 
Figure 5. Left: Geological map of the study area showing different geological with the seismic stations 
location. Right: Global distribution of the earthquakes after quality control used in our study. From Corbeau 
et al. (2017). 
 
Earthquakes location 
The computation of locations of the local earthquakes has been conducted at the Lesser Antilles 
observatory of Martinique (OVSM) using the seismological software SeisComP3. Trans-Haiti data 
are relatively noisy and the specific north-south profile distribution of the seismic stations result in 
a high dependency of the triggering events on the choice of the STA/LTA parameters. After 
earthquake identification, the earthquake P and S-wave arrivals were manually measured 
following implementation of a band pass filter between 1-10 Hz.  Earthquake locations have been 
computed using the software HYPO71, and by using regional velocity models currently in the 
Lesser Antilles Observatories (Dorel, 1981).  To date, only regional events from Hispaniola Island 
are localized. The duration magnitudes and the local magnitudes are then computed. For M>3.5, 
the duration magnitude has been computed, and for M>3.5, the local magnitude on the vertical 
components (Mlv) has been computed.  
 
Works planned for the future 
Daniel Possee has just commenced a NERC oil and gas CDT PhD at the University of 
Southampton aimed at understanding lithospheric structure and deformation mechanisms 
beneath Haiti. He has just commenced SKS splitting analysis for the first chapter of his thesis. 
Following this, he is likely to conduct further receiver function analysis to constrain structure of 
the crust and mantle lithosphere.  
 
Interpretation to date 
Receiver Functions 
The results of the computed receiver functions are shown in Fig. 6 and show the variability of the 
crustal thickness in Haiti. The crust is thick in central Haiti (45 km) and thins to 20 km towards the 
northern coast. A thin crust also characterizes the southern peninsula of Haiti with values in the 
range 16-30 km. The variations in crustal thickness along with the geological studies allow us to 
identify three distinct crustal domains. The most important finding is the high crustal thickness of 
central Haiti, which implies significant thickening of the crust due to compressional tectonics. In a 
similar fashion to arguments beneath Tibet, the presence of thickened crust beneath Haiti 
suggests that lateral extrusion associated with strike slip tectonics does not accommodate al the 
compression. 
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Figure 6. Variations in elevation, moho depths, and Vp/Vs ratio. The locations of the transects are displayed 
in the left upper map. (Corbeau et al., 2017). 
 
 

 
Figure 7. Plot of the 56 regional earthquakes obtained so far from one year of seismic records. Size 
according to the magnitude, and colour according to the depth (right scale). 
 
Earthquakes location 
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We localize the seismic events recorded during the ~1-year seismometer deployment to obtain a 
seismic catalogue that will enable a tectonic analysis of the Haitian seismicity. We have started 
by processing a catalogue of the largest earthquakes during the year recording, a total of 56 
earthquakes (Fig. 7). Results show that the Enriquillo-Plantain-Garden Fault Zone is not particularly 
active during the year deployment, possibly suggesting stress changes caused by the 2010 
earthquake have been released.   
 
Conclusions  
The SEIS_UK loan has enabled the collection of a year-long seismic dataset in Haiti where only 
3 seismic stations from the Canadian National Seismograph Network were available and working 
irregularly (green dots in Fig. 5). A variety of studies (earthquakes location, receiver function, 
SKS) will provide new insights into the deformation processes on a major and hazardous 
transgressive fault system crossing the island of Haiti.  
 
Our publications and conferences related to the Hispaniola plate boundary 
Corbeau J., Dynamique d’une frontière transformante dans un contexte de collision oblique: étude 
de la limite de la plaque Nord Caraïbe dans la région d’Haïti, PhD thesis, defence on the 
9/12/2015. 
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