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Key Points: 

• Sonar data are used to inventory morphotectonic features related to motion along the N. 

American - Caribbean plate boundary 

• This inventory of morphotectonic features will prove useful in producing a geological 

map of Lake Azuei 

• Preliminary analysis reveals the geometry of active faults, en echelon folds, and an area 

with liquefaction features 
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Abstract 

The boundary between the North American and Caribbean plates traverses the Island of 

Hispaniola, which comprises Haiti and the Dominican Republic. The relative motion across that 

plate boundary is “transpressional”, a mix of shear motion and convergent motion. The structure 

and geometry of this broad plate boundary are still poorly constrained. Lake Azuei may overlie 

or be bounded by the Enriquillo-Plantain Garden Fault Zone (EPGFZ). In 2010, the abutting 

Leogane fault located about 60 km to the west of the lake ruptured in a devastating M7.0 

earthquake (death toll: ~ 200,000). The earthquake displaced 1.3 million people and created $7.8 

billion in damages, confirming the high seismic risk within the region. Lake Azuei represents an 

ideal location for investigating complex tectonic deformation across this broad plate boundary, 

prompting a detailed geophysical survey across the lake in January 2017. Roughly 200 km of the 

high-resolution seismic profiles collected in 2017 have been inspected using the interpretive 

software “OpendTect”. This dataset was complemented with the analyses of another ~ 200 km of 

seismic profiles from two other sonar dataset acquired in 2013. The objective is to interpret and 

precisely locate morphological features including faults, folds, and slope breaks and produce an 

interpretative map of these features. This information will contribute to our understanding of 

crustal deformation across the diffused Caribbean-North American plate boundary. In addition, 

determining the geometry of the fault system will provide critical information for government 

agencies in mitigating seismic risks and locating critical infrastructures such as schools and 

hospitals. 

 

 

1. Introduction 

The North American- Caribbean boundary cuts through the island of Hispaniola. Relative 

motion across this diffuse plate boundary is transpressional, a combination of strike-slip and 

convergent forces, which is partitioned between two sets of tectonic features rather than 

occurring on a single fault or within a narrow zone of deformation (e.g., Mann et al., 1995; 

Calais et al., 2010). The strike-slip component of relative motion is accommodated along two 
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EW transform faults separated by ~150 km: The Septentrional fault in the north, and the 

Enriquillo-Plantain Garden fault (EPGF) in the south (Figure 1). Each fault accommodates 

roughly 1 cm/yr of left-lateral or sinistral slip (Symithe & Calais, 2016). The convergent 

component of relative motion is mostly accommodated across a broad “fold-and-thrust belt” that 

trends NW-SE, located between the two transform faults. Plate boundaries are the locus of most 

earthquakes, and are therefore seismically hazardous. This was exemplified by the devastating 

January 12, 2010 Mw7.0 earthquake resulting in an estimated ~200,000 deaths, 1.3 million 

people displaced and $7.8 billion in damages (World Bank, 2010). While this broader context of 

plate motion is well understood, the precise geometry of the structures that accommodate this 

transpressive motion is not. This is critical information for any meaningful assessment of the 

seismic hazard facing the people of Hispaniola. To answer this question, a geophysical survey 

was carried out in Lake Azuei in 2017. Lake Azuei, known locally as “Etang Saumâtre”, is the 

largest lake in Haiti and is located between the two transform fault systems. The EPGF system is 

located near its southern shore, but where exactly remains controversial to this day. Lakes offer a 

unique opportunity to image geological structures: compared to terrestrial environments, 

sedimentation in lakes is more continuous, is not disrupted by human activity, and is not subject 

to intense erosion. Therefore, sediment stratigraphy and morphology are assumed to 

continuously record tectonic deformation in exquisite details. In addition, seismic reflection 

method, which is used to image the sediment stratigraphy beneath linear survey tracks, is easier, 

faster and more economically employed over water than on land. Here, we have inspected ~ 265 

km of high-resolution seismic reflection data (CHIRP) as well as 140 km of echosounder data 

acquired in Lake Azuei to produce an inventory of tectonic features beneath the lake. This 

information is then used to establish a geologic map of the lake bottom.   



Manuscript submitted to GSO Technical Report No. 19-x 

 

4 

4 

 

 

Figure 1: Tectonic context of Hispaniola, including the two major strike-slip faults that compose the 

broad Caribbean and South American plate boundary: The Enriquillo-Plantain Garden Fault and the 

Septentrional Fault. Relative plate motion velocity (mm/yr), based on GPS monitoring, is indicated by the 

arrows; green arrows indicate updated velocities compared to a prior model (in red). Historical 

earthquakes dates are denoted by black numbers, and their estimated rupture are indicated by either a 

colored box (dipping thrust fault) or a colored line (vertical strike-slip fault). From Benford et al., 2012. 
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2. Materials and Methods  

2.1 CHIRP data analysis and interpretation 

A geophysical survey conducted in January 2017 in Lake Azuei, Haiti collected three sediment 

cores, 220 km of multichannel seismic reflection (MCS) data, and ~200 km of high-resolution 

sub-bottom profiling (“CHIRP”) data (Cormier and Sloan, 2017). Data from the 2017 survey 

were complemented with two surveys consisting of ~65 km CHIRP data (Wang et al., 2018) and 

140 km of echosounder data (Moknatian et al., 2017) (Figure 2).  

The echosounder data were graciously provided to us by Prof. M. Piasecki and Dr. Mahrokh 

Moknatian of City College (CUNY), as a single file containing the depth sounding information 

as "latitude, longitude, and depth" triplets. These data were separated into a set of roughly linear 

profiles labeled 1 through 31 (see map in appendix 2) and distance along individual profile were 

computed in order to display each as depth-versus-distance graphs (see appendix 3). 

Morphological features were identified from these graphs, their approximate distance noted, and 

the corresponding latitude, longitude pair were then retrieved from the data files. 

 Visualizing and interpreting the CHIRP data required the use of the software Opendtect 

(https://www.opendtect.org). Opendtect is a free, open source software that allows the interactive 

visualization and interpretation of MCS and CHIRP data, in two and three dimensions. This 

software displays the lake bed and the sedimentary layers beneath, called seismic horizons. 

Morphological features including an ~11-m paleoshoreline, troughs, break in slopes, faults, soft 

sediment deformation, and fold axes were characterized throughout and beneath the lake bed 

with the intent of constraining fault geometry and vertical deformation. These picks are listed in 

https://www.opendtect.org/
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Appendix 4. Lastly, the mapping software GMT (https://www.soest.hawaii.edu/gmt/) was used 

in order to graphically present the data. 

 

 

Figure 2: Shuttle Radar Topographic Mission (SRTM) topography of the Lake Azuei region, as derived 

from the 1 arc-second SRTM data. Artificial sun illumination is from the NE. The survey tracks for the 

2017 survey are shown in red, those for the 2013 echosounder survey are shown in orange (Moknatian et 

al., 2017), and the tracks for the 2013 CHIRP survey are shown in yellow (Wang et al., 2018). The 

bathymetric data, compiled from all three datasets, are contoured at 1 m interval and labeled every 5 m. 

Water depths are relative to the lake level in 2017, which was ~5 m higher than the historically stable lake 

level prior to 2004 (Moknatian et al., 2017). 
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2.2 Morphological features and classification 

Seismic horizons reveal various morphological features that may be indicative of tectonic 

deformation. These features were analyzed and classified as follows: 

Slope break: A position where the slope of the lakebed changes from steeper upslope to less 

steep downslope (Figure 3). Although such slope breaks are also observed at a paleoshoreline 

(Sloan et al., 2017; Lucier et al., 2017), we apply this criterion for what may alternatively 

correspond to an active fault offset below the lakebed, as follows: If the CHIRP profile shows 

some penetration beneath the lakebed, the imaged stratigraphy is expected to show a similar 

change in slope for all the layers - something which would not be expected at a paleoshoreline 

where wave action eroded a scarp in the pre-existing soil/rock. 

 

Figure 3: Slope break located at CHIRP profile 402. The vertical and horizontal edges of the image are 

approximately 15 m and 600 m, respectively. 
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Base of slope: The position where the lake slope flattens to a nearly horizontal lake floor (Figure 

4). We interpret that feature as the transition from lake slope to lake floor, where the lake floor is 

infilled by a succession of horizontally deposited turbidites that pinch out (“onlap”) onto the lake 

slope. Recent uplift of the slope or subsidence of the floor may deform the latest turbidite deposit 

such that it is no longer horizontal. 

 

 

Figure 4: Base of slope located at CHIRP profile 702. The vertical and horizontal edges of the image are 

approximately 8 m and 380 m, respectively. 
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Fault: In some rare cases, the CHIRP profile reveals a clear stratigraphic offset that extends 

across all the layers imaged below the lakebed, which may be attributed to an active fault (Figure 

5). Such interpretations may be confirmed by examining the corresponding MCS profile, if 

available. 

 

 

Figure 5: Fault located at CHIRP profile 402. The vertical and horizontal edges of the image are 

approximately 18 m and 600 m, respectively. 

 

Syncline Axis: The lowest point (trough) where a series of stacked beds are folded into a 

synclinal shape (Figure 6). 
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Figure 6: Syncline axis located at CHIRP profile 305. The vertical and horizontal edges of the image are 

approximately 10 m and 400 m, respectively. 

 

Fold axis: The highest point (crest) where series of stacked beds are folded into an anticlinal 

shape (Figure 7). Note that if folding were an on-going process, deeper beds should be folded 

tighter than shallower beds, with the latest flat-lying turbidite pinching out on the flank of the 

fold. 
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Figure 7: Fold axis located at profile 802001. The vertical and horizontal edges of the image are 

approximately 17 m and 650 m, respectively. 

 

Soft sediment deformation: Areas where the stratigraphy displays pockmarks or a succession of 

folds of various amplitudes and shapes (Figure 8). These features may be smoothed over by 

undeformed sediment. If fluid and/or gas escapes slowly and continuously, localized 

“pockmarks” are expected. Successive folds (Figure 9) could result from slow downslope creep.  

Most likely, pervasive soft-sediment deformation (pockmarks and folds) may result from ground 

liquefaction produced by strong ground motion associated with a sizable earthquake. 
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Figure 8: Soft sediment deformation located at CHIRP profile 301. The vertical and horizontal edges of 

the image are approximately 20 m and 1300 m, respectively. 
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3. Results 

This section reports preliminary results. Although prior analysis of the CHIRP profiles had 

already provided some results (Cormier et al., 2017 & 2018; Sloan et al., 2017; Lucier et al., 

2017; Murray et al., 2018), this report not only expands on these results but data analysis will 

continue through the remainder of the year and updated results will be presented at a meeting in 

Haiti this September 2019 (Cormier et al., 2019) and at the Fall 2019 Meeting of the American 

Geophysical Union in San Francisco in December 2019 (James et al. 2019). 

 

Figure 9: Preliminary picks for some of the morphological features identified from the three sonar 

datasets. Blue dots indicate slope breaks (presumably indicative of subsurface faults), black dots indicate 
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base of slope (where lake slope transition to flatfish basin), and purple dots are where faults are identified 

directly from the CHIRP data. 

 

Figure 10:  Preliminary map of soft-sediment deformation features imaged with the CHIRP data. Yellow 

dots mark the extent of soft sediment deformation features, possibly reflecting liquefaction of the lakebed. 

Orange dots mark the picks for the 11-m deep paleoshoreline (after Lucier, 2017; Sloan et al., 2017). The 

white line is the 11-m depth contour. Note how the area where the paleoshoreline is uplifted above the 11-

m depth also coincides with the presumed area of liquefaction. Both are overlying the broad NW-trending 

monoclinal fold that occurs in the western region of the lake (Hearn et al., 2018; Charles et al., 2019). 



Manuscript submitted to GSO Technical Report No. 19-x 

 

15 

15 

 

Figure 11:  Map of the southern part of the lake, showing our interpretation of a broad deformation zone 

and several folds. The red dots mark the fold axis interpreted from echosounder profiles and CHIRP 

profiles. The white rectangle marks the approximate extent of a broad deformation zone, also detected in 

the deeper penetration MCS profiles (Charles et al., 2019). The double-headed white arrows are the 

interpreted fold axis. Note how these three folds are arranged in a right-stepping en echelon pattern. 

Question marks indicate where interpretation is not well supported. 
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Figure 12: Map showing the picks of the various morphological features as colored dots, along an 

interpretation of possible fault traces. The red dots are picks for "breaks in slope", the orange dots are 

picks for “faults", and yellow dots are "base of slope”. The white lines with triangles are possible thrust 

fronts (connecting breaks in slope and base of slope picks). Note the irregular thrust front; this irregularity 

echoes that of the mountain range on land. The orange lines are other faults, possibly strike-slip. The 

survey tracks for the 3 sets of sonar profiles are shown as fine black lines 
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4. Discussion 

Multichannel seismic reflection (MCS) data acquired concurrently with CHIRP data in 2017 

have revealed  two main tectonic structures (Hearn et al., 2017; Charles et al., 2019), and the 

present analysis allows to better characterize their geometry, as follows:  

1) MCS data image a NW-trending monoclinal fold on west side of lake. This monocline is 

interpreted as the surface expression of a SW-dipping blind thrust fault. The MCS data also 

indicate this monocline is cut across by several near-vertical faults, but their strike is not easily 

determined from the 1.2 km-spacing of the MCS profiles. Our analysis of slope breaks reveals 

that these fault strike generally NW, parallel to the strike of the monocline itself (Figure 12).  

2) MCS profiles reveal a ~3-km wide EW deformation zone along the southern shore of the lake 

(Figure 11). Because the deformation is barely visible beneath the shallow gas front, it is unclear 

whether it represent folding, faulting, or a combination of both. Here, our analysis of CHIRP 

data reveals a set of EW en echelon folds, but because there is no evidence of any subtle fault 

scarps at the lakebed or in the upper few meters of sediments, we suggest that this deformation 

zone indicates folding rather than pure strike-slip.  

Lastly, CHIRP data reveal zones of soft sediment deformation on the back of the monocline in 

the western part of lake. We interpret these as resulting from liquefaction. These features also 

coincide with the area where the 11-m deep paleoshoreline is uplifted by 1 to 2 m. Both features 

are compatible with being the result of one or more large earthquake(s) occurring on the 

presumed SW-dipping blind thrust fault (which would uplift the monocline fold). If this 

interpretation were correct, it would suggest that this structure is seismically very hazardous. 

5. Conclusions  

1) The interpretation and precise co-location of morphological features such as faults, folds, and 

slope breaks detected from about 400 km of sonar profiles collected in lake Azuei are 

documenting the spatial relations of these various features. 
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2) It documents the presence of a deformation zone a few km wide, mostly expressed by small 

folds striking about parallel to the southern shore of the lake. The lack of evidence for any fault 

scarps at the lakebed in that same area supports a model where transpressional deformation is 

accommodated by oblique slip on a south-dipping fault bordering the southern lakeshore. 

3) It also documents that soft-sediment deformation features occur in the western part of the lake 

in association with a previously documented uplifted paleoshoreline, both of which are 

compatible with a large earthquake rupture occurring on a SW-dipping blind thrust fault 

presumably located beneath these features. 
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Appendix 1. Table listing the features picked from the echosounder profiles and displayed as red 

dots in appendix 3. 
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Appendix 2. Two maps displaying the location of the echosounder profiles acquired by Prof. 

Piasecki and his team in 2013 (Moknatian et al., 2017). Profiles are labeled 1 through 31 and are 

displayed in appendix 3. 
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Appendix 3. Thirty-one echosounder profiles (located in Appendix 2), displayed as depth versus 

distance along the profile. Both horizontal and vertical axis are labeled in meters. The red dots 

indicate interpreted picks for “break in slope”, “base of slope”, and “fold axis” (and listed in 

Appendix 1). 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

29 

29 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

30 

30 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

31 

31 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

32 

32 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

33 

33 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

34 

34 



Manuscript submitted to GSO Technical Report No. 19-x 

 

35 

35 



Manuscript submitted to GSO Technical Report No. 19-x 

 

36 

36 



Manuscript submitted to GSO Technical Report No. 19-x 

 

37 

37 



Manuscript submitted to GSO Technical Report No. 19-x 

 

38 

38 



Manuscript submitted to GSO Technical Report No. 19-x 

 

39 

39 



Manuscript submitted to GSO Technical Report No. 19-x 

 

40 

40 



Manuscript submitted to GSO Technical Report No. 19-x 

 

41 

41 



Manuscript submitted to GSO Technical Report No. 19-x 

 

42 

42 



Manuscript submitted to GSO Technical Report No. 19-x 

 

43 

43 



Manuscript submitted to GSO Technical Report No. 19-x 

 

44 

44 



Manuscript submitted to GSO Technical Report No. 19-x 

 

45 

45 



Manuscript submitted to GSO Technical Report No. 19-x 

 

46 

46 



Manuscript submitted to GSO Technical Report No. 19-x 

 

47 

47 



Manuscript submitted to GSO Technical Report No. 19-x 

 

48 

48 



Manuscript submitted to GSO Technical Report No. 19-x 

 

49 

49 



Manuscript submitted to GSO Technical Report No. 19-x 

 

50 

50 



Manuscript submitted to GSO Technical Report No. 19-x 

 

51 

51 



Manuscript submitted to GSO Technical Report No. 19-x 

 

52 

52 



Manuscript submitted to GSO Technical Report No. 19-x 

 

53 

53 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

54 

54 

 

 

 

 

 

 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

55 

55 

 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

56 

56 

 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

57 

57 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

58 

58 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

59 

59 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

60 

60 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

61 

61 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

62 

62 

 

 

 

 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

63 

63 

 

 

 

 

 

 

 

 

 

 

 

 



Manuscript submitted to GSO Technical Report No. 19-x 

 

64 

64 

  



Manuscript submitted to GSO Technical Report No. 19-x 

 

65 

65 

Appendix 4. Table listing the features picked using OpendTect from the CHIRP profiles 

acquired in 2013 (Wang et al., 2018) and 2017 (Cormier and Sloan, 2017). X and Y coordinates 

are in meters, UTM zone 19. 
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