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Abstract: The tectonic stress regime of the Caribbean region has been studied by stress tensor inversion analysis 

for the area bounded by Latitudes 17.32o to 23.79o N and Longitudes 81.47o to -60.56o E. A total of two hundred 

and twenty (220) fault plane solutions (FPS), made up of the seismic (earthquake) events that have occurred in 

the region of the study were found on the data catalog of the project website of the global centroid moment tensor, 

were employed in this study. To characterize the stress regimes of the region of study, the classification of the 

region based on the global moment tensor project is as follows: Cuba-zone, Haiti-zone, Dominican-republic, 

Monapassage, Puerto Rico, Virgin-Island and the Leeward Island. The gravity geophysical method revealed the 

presence of multiple or swarms of fractured lines within the same geographical range of study which might have 

developed over the years as a result of the interaction and coupling effect of the plate boundaries that have close 

proximity to the region of study. The seismicity pattern indicates that none of the provinces or countries located 

within the Caribbean region is devoid of large-magnitude earthquake occurrences capable of wreaking severe 

havoc on the immediate environment. Obviously, our stress tensor inversion result indicates two types of stress 

regimes namely compression and the strike-slip with different orientations. Cuba-zone, Haiti-zone, Dominican 

Republic, Monapassage, and Leeward Island are governed mainly by compression stress regimes. In contrast, 

the strike-slip stress regimes mainly govern the Puerto Rico and the Virgin Island. 

Keywords: Caribbean region, Stress tensor inversion, Airborne gravity geophysical investigation. 

1. Introduction 

The region between North and South America is surrounded by the North Atlantic Ocean, most of which 

is composed of fragments of islands that are regarded as the Caribbean region. This region is one of the most 

seismically active zones in the world. Evidence of tectonic activities abound on the oceanic and continental floor 

of this zone, including plate boundaries, submarine volcanic fields, seismicity, and subduction zones. The 

tectonic activities/seismicity within the plate boundaries has a significant contribution to the seismic activities 

of the adjoining areas pertinent to the continental crust (Shimazaki, 1976); (Eluyemi et al., 2019a); (Eluyemi et 

al., 2019b). This has resulted in the accumulation of stress and successive migration/progression of the 

occurrence of earthquakes toward the continental crust from its inherent secondary faulting. The Caribbean plate  
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is roughly estimated to be 3500 km in E-W and 1000 km in N-S direction, it lies between the North American, 

South American, Nazca, and Cocos plates (Molnar and Sykes, 1969). Some interesting features abound around 

the Caribbean region, the plate borders the subduction zone, Lesser Antilles (LA) in the east, and the westward 

subduction of the North Atlantic lithosphere in acute shape underneath the Caribbean plate is prominent (van 

Benthem et al., 2014). Towards the southern boundary, the Caribbean plate is under-thrusted below the South 

American plate; Trenkamp et al., 2002; van Benthem et al., 2013). Towards the west, the Caribbean Plate borders 

the Central American subduction zone, at this zone, the Cocos plate subducts in an NNE-ward direction (DeMets, 

2001). 

Since the plate of the Caribbean is located within and around several plate boundaries, including active 

volcanism, the region is seismically active and constantly under the influence of tectonic stress. Stress 

accumulation within the earth is often released in form of earthquakes, which could be inform of foreshocks, 

main-shocks, aftershock and earthquake swarms (Michael, 1987). These have always been one of the cardinal 

attributes of active tectonic regions of the world including the Caribbean region. 

Stress tensor inversion of fault plane solutions (FPS) of given sets of earthquake events occurring from a 

particular region could reveal information about the stress regimes governing that particular region. It is usually 

done through the determination of the stress field orientation (Martinez-Garzon et al., 2014). Conventional 

methods of stress tensor determination are through the inversion of fault plane solutions. Michael (1987), Kiratzi 

(1999), Abers and Gephart (2001) Yamaji and Sato (2006),  Zalohar and Vrabec (2007), Angelier and Baruah 

(2009), de Vicente et al. (2008), Delvaux and Barth (2010), Tirifu and Shumila (2011), Baruah et al. (2013), 

Martinez-Garzon et al. (2014), Eluyemi et al. (2019b) contributed significantly to writing up of codes and 

developing a more precise and accurate means of evaluating stress tensor inversion. In this study, we have 

examined earthquakes events from the year 1909 up to 2021 of the Caribbean region, with the sole aim of 

resolving the complex and the poorly established geologic/seismologic structures and motion/stress orientation 

within the Caribbean, North America and the South America Plate boundaries. Considering the fact that 

earthquake distribution could be highly heterogeneous, historically, on several occasions, there have been reports 

of devastating earthquake occurrences among the member states of the Caribbean region. In this work, we have 

approached the study in three dimensions; the first one is to analyze the frequent regional distribution of 

earthquake events within the region as a means of determining the relationships between the geologic features 

and hypocentral parameters Figure 1. The second approach is to determine the stress orientation and establish 

the stress regime of the various seismogenic zones within the study region. Finally, we intend to combine the 

earlier approaches to predict the sub-zones where it is likely to produce the next devastating earthquake event.  

 

Figure 1  Tectonic setting and epicentres plot of the Caribbean region. In order to depict the seismicity pattern of the region of study, 

seismic data during the period of 1900-2021 were utilized. The epicentres are shown in red to green circles (the red circles represent 

events with depth range of 0-33 Km, and the green circles represent events with a depth range of 33-70 Km blue circles represent event 

with depth range of 70-150 Km, Cyan circle represents event with depth range of 150-300 Km). Blue-yellow-green-red line indicate the 

plate boundary, the volcanic zones are depicted in yellow triangles. 

Since the Caribbean region is tectonically active, it has experienced a devastating earthquake occurrences 

and Tsunami claiming several lives and damages to properties, notably among them are: the 12 January 2010, a 
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7.0 magnitude earthquake of Haiti, and the November 18,1867, a magnitude 7.5 earthquake occurred in the 

Anegada trough, located between the US Virgin Islands of St. Croix, and St. Thomas, This earthquake consists 

of two shocks which generated two tsunami waves capable of massive destructions.  

In this paper, we aim to interpret the active deformation of Caribbean region bound by the Latitudes 23.7o 

to 17.31o N and Longitudes -81.46o to -60.55o E through estimation of seismotectonic stress regimes based on 

inversion of earthquake focal mechanism solutions, with an implication to better resolution of the present day 

geodynamic. This would be a major indicator to identifying an existing major structural domain or seismogenic 

sources within the study area. Majorly, this study attempts to determine the stress tensor inversion of the 

Caribbean zones exclusively for the followings: The dimension of azimuthal variation of compressional axis 

related to existing geodynamics of the study area; the significance of seismotectonic mechanisms related to the 

interactions of the plate boundaries. These features are connected to stress accumulation and discharge of the 

Caribbean seismicity. Considering the seismic hazard assessment of the region for a probable future large 

earthquakes occurrence, finally we intend to characterize the interplate deformation in the Caribbean region and 

its corresponding kinematic implications on the study region. 

2. Tectonic Settings 

The Caribbean Plate is an independent lithospheric entity of the un-deformed or less deformed Cretaceous 

oceanic plateau of Colombia and Venezuela Basins and the Palaeozoic-Mesozoic Chortis continental block of 

about 700,000 km2, bounded by deformed marginal belts, resulting from the Mesozoic era to modern day 

interactions with the adjacent Nazca, Cocos, and American Plates. The Caribbean plate crustal thickness varies 

from 6-8 km, west of the Beata Ridge and up to 20 km between the Central Venezuelan and the western part of 

the Beata Ridge and 3-5 km in the southeast of the Venezuela Basin (Diebold and Driscoll, 1999). The crustal 

variation in thickness is also found in Yucatán Basin around 8-9 km to Colombian and Grenada Basins. The 

thickness of the marginal belts varies from 10-22 km (Case et al., 1990). The Caribbean lithosphere is deformed 

and tectonically emplaced over the Pacific and Atlantic Oceanic crusts leading to the formation of the western 

and eastern arc systems of the Central American Isthmus and Lesser Antilles. The lithosphere got squeezed 

against the North and South American continental crusts, with effect to the formation of suture zones in the 

Cordilleras of Guatemala, Greater Antilles and Venezuela. Several internal Caribbean marginal areas in 

Colombia, Venezuela, Panama and Hispaniola are shortened forming accretionary prisms with a centripetal 

convergence (Stephan et al., 1986). The existence of Divergent flower structures is found along the northern and 

southern Caribbean margins where diachronous oblique movements have occurred from the Cretaceous until 

present day. The active northern Guatemala and Greater Antilles and southern (northern Venezuela) plate 

margins are majorly formed by deformed terrenes in shear zones bounded by east-west trending sinistral and 

dextral strike-slip faults respectively. The western (Central America Isthmus) and eastern (Lesser Antilles) are 

represented by convergent systems and related magmatic arcs. The Caribbean marginal belts are the product of 

complex interaction between several first-order geotectonic elements, made of different tectonic-magmatic 

features and originated in different paleo-domains, presently lies fragmented and dispersed along the margins. 

The paleo-domains consist of continental margins, rifted continental margins, thin oceanic crust, oceanic plateau, 

intra-oceanic and sub-continental subduction zones and fore-deep basins. The interaction between portions of 

these domains brought about the present-day settlement of the Caribbean plate, recording some important 

compressional episodes, starting from the Cretaceous, followed by tensional and/or strike-slip tectonics. Attempt 

to reconstruct the evolution the plate encounters several problems mainly related to unresolved facts (Giunta and 

Oliveri, 2009). 

3. Data used 

The Caribbean region is one of the most active seismogenic zones in the world. In this study, in order to 
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understand the spatial distribution of the hypocentral parameters of the region, we found over seventy five 

thousand (75,000) data set on the event catalogue project of the International Seismological Centre (ISC) 

covering the time period of 1900 up to 2021 and for the stress tensor inversion study, we obtained the fault plane 

solutions (FSP) pertaining to the region of study on the global centroid moment tensor (GCMT) known as 

Harvard CMT (Dziewonski et al., 1981; Ekström et al., 2012). The seismicity of this region is characterized in 

linear pattern, it is found to be concentrated along the plate boundaries. The global centroid moment tensor 

(GCMT) categorized the fault plane solutions of the study area into Nine zones: Bahama-Island, Caribbean sea, 

Cuba region, Dominican republic, Haiti, Jamaica, Leeward-Island, Monapassage, Naicaragua, North of 

Honduras, North Atlantic region, Puertorico-region and the Virgin-Island. 

4. Methodology 

4.1 Seismicity 

To achieve the aim and objectives of this study, over seventy-five thousand (75,000) earthquake data sets 

were downloaded from the International Seismological Centre (ISC), with varying magnitudes. The data is for 

the period of 1909-2021, comprised of historical and recent seismicity. In line with Eluyemi et al. (2022a), such 

large data could help us to characterize the spatial distribution of the hypocentral parameters of the events 

emanating from the seismogrnic sources of the Caribbean region. These correspond to the geographical 

coordinates of 17.32o to 23.79o N in latitude and -81.47o to -60.56 o E in longitude. Earthquake events magnitude  

wM  ranges from 1 - 7.7. Figure 1 revealed the seismicity pattern of the studied region. Figure 1 depicts the 

spatial distribution of the earthquake events as a function of magnitude and depth.  

4.2 Quality assessment of the employed focal mechanism solutions 

The quality assessments of the employed Fault Plane Solutions (FPS) in the stress tensor inversion analysis 

normally considers the following parameters: the fCLVD , which is defined as the sign ratio of the amplitudes 

of the intermediate and largest principal moments, it is an indicator used to determine the similarity of a particular 

focal mechanism solution (FMS) to a compensated linear vector dipole (CLVD), similar to the emergence of 

earthquake by slip on a planar surface. Sanchez and Nuuez-Cornu (2009) define fCLVD  statistic as : 
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  Whenever a compensated linear vector dipole ( CLVD ) nears ±0.5 the extreme value of 

fCLVD , this implies that the orientation of the T, B and P axes are not conclusive. The next parameter is the 

relative error (Erel) of the utilized FPS and the Erel compares the relative size of moment tensor M and its standard 

error tensor U (Davis and Frohlich, 1995; Frohlich et al., 1997 and Sanchez and Nuuez-Cornu, 2009). The 

mathematical expression for Erel is given as:  (Erel) 
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denotes the tensor scalar product. If A and B are tensors, their respective elements are ija and ijb , then 

: . ij ijA B i ja b . Therefore, (Erel) as the norm of U divided by the norm of M. 1 1relE  . In practice, it is usually 

advisable to seek for values of Erel as low or small as possible. The last parameter is the freen . This is the 

numbers of moment tensor components of an earthquake source that is not equal to zero. All of the three 

aforementioned above parameters were not manually computed but have been well treated in the inversion 

algorithm of Michael (1984, 1987), known as Michael’s method.  

4.3 FMS data preparation and Stress Tensor Inversion (STI) 

A total of two hundred and twenty (220) FPS data pertaining to the site of study, within the geographical 

coordinates of 17.32o to 23.79o N in latitude and -81.47o to -60.56o E was downloaded on global centroid moment 

tensor (GCMT) catalogue Dziewonski et al. (1981) and Ekström et al. (2012) and utilized for the Stress tensor 

inversion analysis, as compiled in Table 1. Figures 2 and 3 represent the beach ball presentation of the fault plane 

solutions associated with the earthquake events in respective tectonic domain of the investigated zone of the 

Caribbean region. The corresponding beach balls were constructed with the aid of Rake software Louvari and 



Earthquake (2023) Volume 1 Issue 1                                                           5 / 15 

 

 

Kiratzi (1997). 

The constructed beach balls were positioned into their respective tectonic domain on the image map of the 

investigated zone. The orientation of the stress tensor were evaluated and determined using the inversion 

algorithm of Michael (1984, 1987) known as Michael’s method, and Zalohar and Vrabec (2007) known as Gauss 

method, in order to constrain the consistency of inferred results, the inversion results of the 220 fault plane 

solutions are tabulated according to their tectonic domain in Table 2. Gauss method is based on the concept of 

best fit of stress tensor, with consideration for angular misfit between resolved shear stress and actual direction 

of movement of fault plane. It takes into account the ratio between the normal and shear stress on fault plane. 

Optimal stress tensors of each homogeneous sub-system of faults are found by maximizing the object function, 

which is defined through a summation of the compatibility function for all the fault plane solutions. Michael’s 

principle takes into consideration the condition that must be satisfied by the input data and during the observed 

time interval, stress is assumed to be uniform in respective domains of investigation. Earthquakes are assumed 

to be shear-dislocated on pre-existing faults and slips occur in the direction of resolved shear stress on fault plane. 

Table 1  Shows the distribution of fault plane solutions (FPS) utilized for the stress tensor inversion study of the Caribbean region. 

Zone 
Number of 

Events 

Depth (Km) Magnitude (Mw) FPS Type 

Min Max Avge Min Max Avge NF SS TF OB 

Cuba- zone 31 10.0 33.2 21.6 4.7 7.7 6.2 - - 24 7 

Haiti-Zone 21 12 34.0 23 4.7 7.1 5.9 - - 17 4 

Dominican-Republic 30 12.1 106.4 59.05 4.7 6.7 5.7 - 7 18 5 

Monapassa-ge 29 12.1 159.6 85.85 4.8 6.1 5.45 - - 25 4 

Puertorico 36 12.0 92.6 52.3 4.5 6.4 5.45 - 33  3 

Virgin-Island 33 12.0 106.7 59.35 4.8 6.1 5.45 - 32 -- 1 

Leeward-Island 40 12.0 168.0 90 4.8 6.0 5.4 - 3 32 5 

The acronyms contained in the table are explained as follows: NF indicates normal fault, SS indicates 

strike-slip fault, TF indicates thrust fault and OB indicates oblique fault mechanism respectively. 

Three principal stresses: maximum stress, intermediate stress and minimum stress, from statistical 

technique of bootstrapping re-sampling are accounted for in Michael’s method. The orientations of the principal 

stresses 
1  and 

3  of the stress tensor inversion results derived from Gauss and Michael’s methods are 

illustrated in Figure 4. The inferred lineament map derived from the airborne gravity geophysical investigation 

of the Caribbean region Figure 5.  

 

Figure  2  Shows the beach ball presentation of the fault plane solutions associated with the earthquake events in respective tectonic 

domain: Zone A (Cuba-zone), Zone B (Haiti-zone), Zone C (Dominican republic) and Zone D (Monapassage-zone). 
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Figure 3 represent the beach ball presentation of the fault plane solutions associated with the earthquake events in respective tectonic 

domain: Zone E (Puertorico-zone), Zone F (Virgin-Island) and Zone F (Leeward Island). 

Table 2  The stress tensor inversion results for the Caribbean region 

Zone 
(

1 ) (
2 ) (

3 ) 
  

Varianc

e 
Std Dev. 

Azim (°) Pln (°) Azim(°) Pln (°) Azim (°) Pln (°) 

Dominican Republic 112.5 1.2 -157.2 7.1 13.3 82.8 0.65 0.17 0.412 

Leeward Island -35.2 25.8 -129.5 8.9 122.8 62.4 0.43 0.17 0.412 

Cuba region 124 15.5 -136.9 29.1 9.5 56.2 0.46 0.17 0.412 

Virgin Island -49.1 27.5 163.7 58.1 48.7 14.7 0.066 0.053 0.230 

Mona-passage -75.8 34.8 28.9 20.2 143.2 48.1 0.35 0.19 0.436 

Puerto Rico -33.7 7.5 167.1 81.9 56.6 2.8 0.67 0.13 0.361 

Haiti -57.7 1.9 -147.7 3.6 60.3 85.8 0.49 0.05 0.224 

 

Figure 4  Stress tension inversion results of the Caribbean region, using Michael and Gauss methods as categorized by the Global 

Centroid Moment tensor project: Cuba-zone, Haiti-zone, Dominican-republic, Monapassage, Puertorico, Virgin Island and Leeward 

Island. The black convergent and divergent arrows indicate compression and extensional stress regimes respectively. 
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4.4 Airborne gravity geophysical data  

The Earth Gravitational Model (EGM 2008) Bouguer anomaly data was downloaded from the Bureau 

Gravimetrique International website in XYZ format. The regional gravity anomaly grid with spatial resolution 

of 2.5 arc-minute by 2.5 arc-minute was computed from the EGM 2008 spherical harmonic coefficients (Palvis 

et al., 2008) and the Bouguer anomaly corrections were done at regional scale using FA2BOUG code (Fullea et 

al., 2008) for a reduction density of 2670 kg/m3. The topographic corrections were made with the ETOPO1 1 

arc-minute by 1 arc-minute digital elevation model. 

The gravity data set in XYZ format was gridded using the minimum curvature gridding method (Briggs, 

1974) at a grid cell spacing of 3000 m to produce the Bouguer anomaly (BA) grid. The first order of the 

polynomial surface fitting method was used to isolate the residual fields of the BA by removing the regional 

field components (Radhakrishna and Krishnamacharyulu, 1990; Ajama et al., 2021). A low pass filter with cut-

off wavenumber of 0.733 (wavelength of~1.364 km) was applied to the BA spectrum to accentuate the deep 

seated features and focus on mapping deep-seated regional-scale lineaments. The horizontal gradient magnitude 

(HGM) grid which provides a good estimation to enhance and delineate the signature of the geologic structures 

and lithologic boundaries (Nabighian, 1972; Blakely and Simpson, 1986; Awoyemi et al., 2017; Arogundade et 

al., 2022) was applied to the filtered residual field of the BA grid to delineate the deep-seated lineaments. Figure 

5 illustrates the inferred tectonic lines of the Caribbean region. 

 

Figure 5  Gravity geophysical investigation of the Caribbean region: Fracture lines (Tectonic) associated with the investigated region: 

(A) Horizontal Gradient Magnitude map with peaks (B) Horizontal Gradient Magnitude map with peaks without the spectral band. (C) 

Inferred tectonic/fractured lines from the Horizontal Gradient Magnitude map.  
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B
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Figure 6  Tectonic-Map depicting the synthesis of main stress regime derived from stress tensor inversion associated with fracture zones. 

The symbols in the legend are explained in details in the text. Pairs of convergent arrows denoted by STIZC stands for compression stress 

regime and divergent arrows denoted by STIZD stands for extensional stress regimes.  

5. Result 

5.1 Stress inversion and earthquake mechanisms: seismotectonic consideration 

To characterize the tectonics of the Caribbean region, we have examined the homogeneity or variations in 

stress regime of the region, using the Methods of Michael (1984, 1987) and Gauss by Zalohar and Vrabec (2007). 

The results of stress tensor inversion for each of the investigated zones are shown in Table 2. The principal 

stresses and obtained orientations from Michael and Gauss methods are illustrated in Figure 4. Cuba-zone 

comprised of stress tensor inversion of 31 focal mechanism solutions which shows that the principal compression 

axis 
1  is along NE-SW direction. Michael’s method revealed azimuthal, plunge and phi measurement of this 

zone, for principal compression axis (
1 ) as follows: 124o, 15.5o and 0.46  . The direction of orientation of 

the dominant compression axis 
1  is illustrated using the Gauss method.  

Haiti-zone is made up of stress tensor inversion of 21 focal mechanisms solutions (FMS). The zone is 

characterized by compression regime, the compression axis (
1 ) using Michael’s method shows the azimuthal, 

plunge and phi as follows: -57.7o, 1.9o and 0.49o, the Gauss method indicated the orientation of the existing 

principal stress regime along NE-SW.   

Dominican republic-zone is made up of stress tensor inversion of 30 focal mechanism solutions, Michael’s 

method shows (
1 ) with an azimuth of 112.5o; Plunge of 1.2o and ɸ = 0.65o; while Gauss method shows the 

orientation of principal compression axis (
1 ) which is towards NE-SW.  

Monapassage-zone comprised of stress tensor inversion of 29 focal mechanism solutions which revealed 

that the zone is governed by NE-SW compression ( 1 ). The dominant principal compression axis ( 1 ) measured 

in this zone using Michael’s method is as follows: azimuthal value = -75.8o, plunge = 34.8o and phi = 0.35o, 

while Gauss method shows the orientation of the principal compression axis in near vertical direction NNW-

SSE.  

Puertorico-zone is characterized with strike-slip regimes, it is made up of stress tensor inversion of 36 focal 

mechanism solutions, Michael’s method estimates ( 1 ) with azimuth of -33.7o; plunge of 7.5o and 0.67  o, 

while 3  shows azimuth of 56.6o; plunge of 2.8o and 0.67  . The orientations of the principal axial directions 

of the 1  and 3  are indicated with the Gauss method. 

Virgin Island-zone comprised of stress tensor inversion of 33 focal mechanism solutions which revealed 
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that the zone is governed by strike slip stress regimes. The compression axis (
1 ) shows the azimuthal, plunge 

and phi values of -49.1o, 27.5o and 0.07o; while the extensional axis 
3  shows the azimuthal, plunge and phi 

values of 48.7o, 14.7o and 0.07o, respectively. The orientation of the prevailing principal compression axis ( 1 ) 

and extensional axis 
3  is indicated by Gauss method.  

Leeward Island-zone comprised of stress tensor inversion of 40 focal mechanism solutions. This zone is 

majorly governed by compression stress regime, Michael’s method revealed the azimuthal, plunge and the phi 

values of this zone as follows: -35.2o, 25.8o and 0.43o, respectively. Gauss method indicated the orientation of 

the compression axis (
1 ) in NEE-SWW direction.  

Out of the seven (7) investigated zones, two of the zones, namely the Puertorico and the Virgin Island are 

governed by strike-slip regimes. The Dominican Republic shows slightly the presence of strike-slip but the 

dominant axis is compression stress regime. 

5.2. Synthesis of stress tensor inversion result and tectonic/lineament map 

To practically explain the kinematic of the investigated region, we have supported the obtained stress tensor 

Inversion results of this study with the tectonic/lineaments map derived from the gravity geophysical 

investigation Figure 5. The obtained stress map from the result of the present study as it is, in Figure 4 was 

synthesized with the tectonic map of the studied region Figure 5. On a broader scale, the region is characterized 

mainly by two tectonic stress regimes (Compression and strike-slip stress regimes). These regimes are found to 

be primarily associated with seismic activities in the Caribbean region. However, the synthesis of the stress 

tensor inversion result and the tectonic/lineaments map derived from the gravity investigation of the study region 

revealed swarms of fractures which could also be responsible for seismic activities in the region. 

Cuba-zone, Dominican republic, Haiti, Monapassage, and the Leeward Island are characterized with 

compression stress regime and their stress orientation are well indicated on the tectonic-map, while Puertorico 

and Virgin Island are majorly characterized with the strike-slip stress regimes and their respective orientation 

are well indicated on the tectonic map. 

The outcome of our stress tensor inversion result and the gravity derived lineament/ tectonic map of the 

Caribbean region have been synthesized together to generate a detailed and current seismotectonic map of the 

investigated region. A detailed explanation of the present day seismotectonic stress regimes of the Caribbean 

region and its kinematic implications is presented in Figure 6. 

6. Discussion 

The Caribbean marginal belts are the product of complex interaction between several first-order geotectonic 

elements, made of different tectono-magmatic features and originated in different paleo-domains, presently lies 

fragmented and dispersed along the margins. This consist of continental margins, rifted continental margins, thin 

oceanic crust, oceanic plateau, intra-oceanic and sub-continental subduction zones and fore deep basins. The 

interaction between portions of these domains brought about the present-day settlement of the Caribbean plate, 

which is dominated by compression episodes from the Cretaceous and the strike-slip tectonics. Hence the region 

remains one of the most active seismogenic zones in the world with the history of devastating seismic hazard 

and array of active volcanos. 

The investigated region is large and has significant implications for seismic hazard assessment of the 

Caribbean region because of the presence of multiple plate boundaries. The employed stress tensor inversion 

methods of Michael and Gauss in this study provide reliable and stable results. The results of the two methods 

are complimentary to each other. The Michael’s method is very versatile and has no limitation in its application 

to focal mechanism solutions (FMS) as such, it has been applied in this study to determine the values of the 

azimuth, plunge and phi of the stress regimes while the Gauss method has been utilized to determine the 

orientation of the stress regimes which gives a better insight to the kinematic and ultimately, the seismic hazard 

assessment of the Caribbean region. 
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7. Conclusion 

We have determined the regional stress regime and its orientation in the Caribbean region as well as its 

kinematic implications. This would serve as a significant input toward further studies of the seismic hazard 

assessment of the region, which might be required for the infrastructural developmental program Eluyemi et al. 

(2020a); Eluyemi et al. (2020b); Eluyemi et al. (2022b). The obtained result from this study gives a better 

understanding to the tectonics stress regime of the Caribbean Island province: Cuba, Haiti, Dominican Republic, 

Monapassage, Puertorico, Virgin Island and Leeward Island. The investigated region lies within the multiple 

lithospheric plate boundaries in between the Zazca Cocos and the American plates, as such, there exists plate 

boundary forces as well as potential energy and the ridge-push forces estimated to around 2-3×1012 N per metre 

of the ridge length (Lister, 1975; Parson and Ritcher, 1980 and Coblentz et al., 1994). Consequently, stress is 

being generated, which is characterized mainly with compression and strike-slip regimes. Both the compression 

and the strike-slip stress regimes have a significant impact on the lithology of the Caribbean plate: The portion 

of the plate characterized with the compression stress regime will experience collision of two plates moving 

towards each other, when this happened, its resultant effect is a major earthquakes and development of a 

subduction zones, hence Haiti and Puertorico are identified for an historically devastating earthquake disaster. 

Similarly, portion of the plate characterized with strike-slip stress regime became zones of weakness and tends 

to fracture as a result of action of forces per unit area (stress = F/A).  

The presence of the multiple plate boundaries and their interactions with the existing tectonic stress regimes 

explains the origin of the swarms and regional fracture lines revealed or inferred from the gravity geophysical 

investigation of the Caribbean plate. Interestingly, of all the investigated sub- zones, only Puertorico and Virgin 

Island are characterized with strike slip, which is as a result of simultaneous effect of the ridge push and a plate 

boundary forces The rest of the sub-zones are majorly compression stress regimes which can also be explained 

in terms of relative motion of two or more tectonic plates towards each other or one another.   

Since the Caribbean tectonic plate is located within and closer to multiple plate boundaries, the plate will 

be seismological active with the ability to wreck seismic havoc on its habitats and destruction of properties and 

loss of lives. Several new tectonic lines are expected to be propagated due to the coupling effect and the 

interaction of the prevailing plate boundaries. The result of this study is one of the vital information needed for 

the seismic hazard assessment of any of the member nations of the Caribbean island for vulnerable constructions 

study.  
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