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1.  Introduction
The transform boundary between the Caribbean and the North American plates extends from Guatemala (W), 
to Puerto Rico Island (E) where it connects to the Caribbean subduction zone (Figure 1). In its central part, 
this plate boundary consists of two transform fault zones, the Septentrional Oriente Fault Zone (SOFZ, to the 
N) and Enriquillo-Plantain Garden Fault Zone (EPGFZ, to the S). The faults frame the Gonave block. Along 
this EW-trending plate boundary, the North American plate moves westward at a rate of 18–20 ± 3 mm yr −1 
relative to the Caribbean plate producing highly oblique convergence (20°–10° of obliquity) (Calais et al., 2016; 
DeMets et  al., 2000; Mann et  al., 2002) (Figure 1). The SOFZ separates the Cuban archipelago to the north 
from the Hispaniola archipelago to the south (Figure 1). These islands belonged to the Cretaceous Caribbean 
arc before being separated during the Tertiary by the southward jump of the plate boundary from the northern 
Cuban margin to its present location in the southern Cuban margin (Cruz-Orosa et al., 2012; Leroy et al., 2000; 
Rojas-Agramonte et al., 2006). This change of plate boundary location resulted from the oblique collision of the 
Cretaceous Caribbean arc with the southern margin of the North American plate, which includes the 2- to 5-km 
thick buoyant Bahamas platform (Calais et al., 2002, 2016; Dolan and Mann, 1998; Mann et al., 2002, 2004; 
Rodriguez-Zurrunero et al., 2020; Uchupi et al., 1971; Van Benthem et al., 2014) (Figure 1b). Since the Miocene, 
the oblique collision is accommodated north of the SOFZ and the Hispaniola archipelago, by the underthrusting 
of the Bahamas platform along the offshore North Hispaniola Fault Zone (Oliveira de Sá et al., 2021; Pubellier 
et  al.,  2000; Rodríguez-Zurrunero et  al.,  2020). East of the Bahamas platform, the North Hispaniola Fault 
Zone continues along the Puerto Rico trench that accommodates the North American subducting slab (DeMets 
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revisiting the impressive sequences of coastal terraces of this region, we decipher the Quaternary deformation 
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the Bahamas platform toward the Caribbean plate. Along the southern coast of Punta de Maisí, the sequence 
displays 29 coastal terraces up to 520 m in elevation and a upper Pleistocene uplift rate of 0.23 ± 0.07 mm 
yr −1. We interpret this deformation as resulting from an offshore north-dipping reverse fault near the coast. This 
uplift rate corresponds to 3% to 1.6% of the short-term horizontal slip rate of Septentrional Oriente Fault Zone 
(10 ± 0.1 mm yr −1). Along the northern coast of Punta de Maisí, the sequence displays height coastal terraces 
up to 220 m in elevation and the uplift rates amount to 0.1 ± 0.05 mm yr −1 and likely result from the reverse 
faulting and folding associated with the offshore North Hispaniola Fault Zone. Uplift rates quickly decrease to 
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Key Points:
•	 �In SE of Cuba, the maximum uplift 

rate is 0.23 mm/yr and there is a 
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•	 �The upper and middle coastal terraces 
of the sequences are tilted to the north 
and show northward folding

•	 �The uplift gradient expresses the 
docking of the Bahamas Platform 
against Cuba to the W, while the 
platform underthrusts Cuba to the E
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et al., 2000; Rodriguez-Zurrunero et al., 2020; Ten Brink, 2005). The western termination of the North Hispan-
iola Fault Zone has not been precisely mapped, but evidence of offshore deformation associated with its activity 
as far west as the town of Moa (Cuba), suggests that the fault is present at least in the northern part of eastern 
Cuba (Dentzer et al., 2021; Rodríguez-Zurrunero et al., 2020). South of the SOFZ, the oblique collision lead 
to the uplift of the Haitian and Dominican coasts recorded by sequences of coral and marine terraces (Dodge 
et al., 1983; Dumas et al., 2006; Escuder-Viruete et al., 2020; Hearty et al., 2007; Mann et al., 1995). North of 
the transform plate boundary, uplifted sequences of coastal (i.e., marine and coral reef) terraces all along the 
Cuban coast suggest that the Bahamas oblique collision is accommodated over a much larger spatial area than 
the Hispaniola archipelago (Peñalver et  al.,  2021) (Figure 1). Although studied for more than a century, few 
marine terraces of Cuban sites have been dated (see synthesis in Peñalver et al., 2021). To our knowledge, only 
De Waele  et al. (2018), Muhs et al. (2017), Schielein et al.  (2020), and Toscano et al. (1999) published Last 
Interglacial ages derived from ESR and U-Th dating in the Matanzas in northern Cuba zone and Guantánamo in 
southern Cuba zone.

Here, we investigate the Cuban coastal terrace sequences located in the southeastern tip of Cuba, which are after 
the ones formed in Haiti among the most elevated (∼500 m) in the Caribbean realm. This zone lies at the transition 
between the transform plate boundary to the South and the poorly constrained western tip of the North Hispaniola 
Fault Zone to the North. The analysis of these coastal terraces allows for documenting the temporal and spatial 
distribution of Late Cenozoic deformation during the oblique collision of the Bahamas platform. We mapped the 
distribution of the sequences of coastal terraces over a 120-km long coastal stretch, on high-resolution Pleiades 
Digital Elevation Model (DEM) combined with differential GPS data. We completed the analysis by determining 
the regional altitudinal variations of the upper coastal terraces with projected topographic swath profiles. We U/
Th dated the lowermost marine terraces and evaluated uplift rates. Finally, we discuss the results in the framework 
of the Bahamas platform oblique collision, the westward propagation of the North Hispaniola Fault Zone and the 
role of the SOFZ in the accommodation of the oblique convergence south of Cuba.

2.  Settings
2.1.  Geological Setting

The Cuba Island archipelago is located on the North American plate at its boundary with the Caribbean plate (Corbeau 
et al., 2017; Núñez et al., 2019) (Figure 1). The main island of Cuba archipelago is 1,200 km -long and up to 210 km 
-wide. It consists of a NW-SE-trending fold-and-thrust belt disrupted by ENE-WSW faults and Tertiary basins. The 
belt includes Early Cretaceous to Campanian arc rocks, ocean crust, sub-oceanic mantle, metamorphosed conti-
nental crust and syn-and post-orogenic deposits. This orogenic belt resulted from the Late Cretaceous to Paleogene 
accretion/collision of the Greater Antilles Island arc with the Bahamas and Yucatan platforms of the North Ameri-
can continental margin (Burke, 1988; Cruz-Orosa et al., 2012; Iturralde-Vinent, 1994; Pindell & Dewey, 1982; Saura 
et al., 2008). During Paleocene (56 Ma), the buoyant Bahamas Platform entered the Greater Caribbean subduction 
zone at its eastern tip and collided diachronically with the volcanic arc from west to east. Following this collision, the 
North American plate motion direction changed from southwestwards to westwards (Boschman et al., 2014). During 
this time, left-lateral strike-slip faults in Cuba (i.e., Pinar, Trocha, and Cauto-Nipe-Guacanayabo faults) progres-
sively relocated the plate boundary from the north to the south of Cuba (Figure 1b), fragmenting the fold-and-thrust 
belt and bounding Neogene post-orogenic basins (Cruz-Orosa et al., 2012; Gordon et al., 1997; Iturralde-Vinent & 
MacPhee, 1999; Leroy et al., 2000; Rojas-Agramonte et al., 2006; Rosencrantz, 1990). The northern boundary of the 
Caribbean plate shifted to its current position along the Cayman trough and the SOFZ during the Oligocene (Calais 
& De Lépinay, 1995; Leroy et al., 2000; Mann, 1997) and connect the Septentrional fault as SOFZ in the Pliocene 
(Oliveira de Sá et al., 2021). Along the northern Cuban margin, the oblique collision led to the suture of the subduc-
tion zone (Gordon et al., 1997; Pindell et al., 2005). This structure is currently reactivated southeastward of Cuba as 
the western extension of the North Hispaniola Fault Zone (Oliveira de Sá et al., 2021). Since the Late Cenozoic, the 
collision progressively uplifts the Cuba and Hispaniola islands (Calais et al., 1992; Escuder-Viruete and Pérez, 2020; 
Mann et al., 1991; Pubellier et al., 2000; Symithe et al., 2015; Wessels, 2019). The uplift was recorded by the forma-
tion and preservation of sequences of coastal terraces alongshore Cuba and Hispaniola (e.g., de Neira et al., 2015; 
Escuder-Viruete et al., 2020; Mann et al., 1995; Peñalver et al., 2021) (Figure 1).

The Punta de Maisí, at the southern tip of Cuba (Figure 2), belongs to the Septentrional block bounded by the 
North Hispaniola Fault Zone (north) and by the SOFZ (south) (Figure 1b). The Septentrional block defines a 
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forearc sliver with a narrow accretionary prism in the offshore sector of northern Hispaniola and Puerto Rico 
(Dillon et al., 1993; Dolan & Mann, 1998; Escuder-Viruete et al., 2020; Rodriguez-Zurrunero et al., 2019). To 
the east of the Punta de Maisí, geophysical data shows a longitudinal basin (Windward Passage Basin) and a high 
topographic plateau (Windward Passage Sill), with Tertiary to Quaternary deformed sediments (Oliveira de Sá 
et al., 2021) (Figure 1). Several tectonic events were recorded in the Windward Passage Sill and Basin related to the 
ongoing oblique collision between the Caribbean plate and the Bahamas platform (Escuder-Viruete et al., 2020; 
Oliveira de Sá et al., 2021). Transpressional Pliocene deformation produced a pop-up structure on both sides of 

Figure 1.  Geodynamics of the Cuban and Hispaniola archipelagos. (a) Geodynamic framework. (b) Tectonic pattern, sequences of coastal terraces and location of 
major earthquakes. Bahamas platform with crust nature contoured in white dashed line (Ladd & Sheridan, 1987; Román et al., 2021; Uchupi et al., 1971). PF: Pinar 
fault, TF: la Trocha Fault, CNF: Caute Nipe Fault, NHFZ: North Hispaniola Fault Zone, SOFZ: Septentrional Oriente Fault Zone; EPGFZ: Enriquillo-Plantain-Garden 
Fault Zone; S. block: Septentrional block; SDB: Santiago Deformed Belt, PR trench: Puerto Rico trench.
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the Windward Passage Sill and a flower structure in the Windward Passage Basin (Calais et al., 1992, 2016; Leroy 
et al., 2015; Oliveira de Sá et al., 2021).

2.2.  Coastal Terraces of the Southeastern Tip of Cuba

The coastal terraces of the southeastern tip of Cuba are formed by different reefal limestone units constructed 
and eroded during successive Quaternary sea-level oscillations as observed at different sites on the world's coasts 
(e.g., Chauveau et  al.,  2021; Hearty et  al.,  2007; Major et  al.,  2013; Peñalver et  al.,  2021). Their abundance 
and their preservation attracted attention since the end of the nineteenth century (Agassiz, 1894; Busto, 1975; 
Crosby, 1883; del Corral, 1944; Diaz et al., 1991, 2011; Furrazola-Bermūdez, 1964; Hill, 1895; Horsfield, 1975; 
Iturralde-Vinent, 2003; Núñez Jiménez, 1973; Peñalver et al., 2003, 2021; Vaughan & Spencer, 1902). The most 
ubiquitous is the low-elevation terrace (formed by the Jaimanitas formation) of Last Interglacial age (Cabrera & 
Peñalver, 2001; Iturralde-Vinent, 2009; Peñalver et al., 2003, 2021; Portell et al., 2008, 2009; Rojas-Agramonte 
et al., 2005; Toscano et al., 1999). The highest coastal terraces in Punta de Maisi were formed by marine erosion 
on a Mio-Pliocene carbonate substratum (Busto, 1975). Paleomagnetic dating on these upper terraces reveals ages 
up to 4 Ma (Peñalver et al., 2003). In Baracoa (Figure 2), to the northwest of the studied zone, three levels are well 
marked (2 m, 27 m, 75 m in altitude), followed by a fourth, higher level at 150–180 m that is less well preserved 
(del Corral, 1944). A fifth level flattens the highest relief in the region, the Yunque massif at 557 m (Peñalver 
et al., 2021). To the East, at Punta de Maisí, del Corral (1944) presented height marine terraces on the Maisí 
coastline at heights of 2–15, 50–100, 130–180, 200–260, 300–380, 410–450, and 520 m. Núñez Jiménez (1973) 
published a map showing 15 coastal terraces up to 500 m in the Maisí region. Busto (1975) maps up to 19 terraces 
in the same area. Peñalver et al. (2021) determined from 7 to 25 levels varying toward the south. According to the 
northward inclination of the upper marine terraces and the greatest number of terraces in the southern part of the 
studied zone, Horsfield (1975) suggested the highest uplift rate in Cuba south of Punta de Maisí.

Figure 2.  Sequences of coastal terraces of SE Cuba. The sequences are mapped in blue and their inner edges in white lines. Red stars are sample locations with sample 
names. Black lines are topographic profile locations and dashed black lines are normal faults. Blue lines and dashed blue line are the rivers and the main drainage 
divide, respectively.
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3.  Materials and Methods
3.1.  Mapping of Uplifted Coastal Terraces

The staircase morphology of a sequence of coral reef and marine terraces marks the interplay between primary 
coastal morphology (which can be composite, with several superimposed reefal limestone units), marine erosion 
which flattens and widens the inner part by cliff retreat during emergence and reduces the distal part by cliff 
retreat during and just after emersion (e.g., Chauveau et al., 2021; Husson et al., 2018; Pastier et al., 2019; Pedoja 
et al., 2018). The inner edge and associated shoreline angle of marine terraces correspond to the base of these 
ancient sea cliffs and can be recognized by an abrupt change in slope (Lajoie, 1986; Pedoja et al., 2011, 2014). 
Sometimes a tidal notch may form that could be used by a karst formed in the mixing zone between fresh and 
brackish water (Mylroie & Carew, 1990; D’Angeli et al., 2015).

We mapped the shoreline angle of coastal terraces using dGPS topographic profiles and 5 and 2 m high-resolution 
DEM of produced from ALOS (NTTDATA, RESTEC Included © JAXA) and Pleiades CNES stereoscopic satel-
lite images, respectively. With the help of the different data sets (hillshades, slope maps, satellite ortho-images, 
and field data), we contoured the inner edges of each preserved surfaces corresponding to the fossil cliffs from 
0 to 520 m above the current sea level with the ESRI's ArcGIS 10 software. The lateral correlation of coastal 
terraces across valleys, is based on the continuity of elevations, planform width, and equivalent position in the 
terrace sequence. We attribute a number to each terrace between T0 and T29 (T0 being the active terrace and 
T29 the uppermost one). We acquired topographic profiles at the five sites, using a real kinematic differential 
global positioning system (RTK dGPS) (Figure 2). Our profiles were carried out perpendicular to the main inner 
edges of the successive coastal terraces starting from the mean sea level. The roughness of the successive coastal 
terraces and continental slope deposits at the base of the paleo-cliffs of the inner edge are the main source of 
error in elevation, far beyond instrumental errors. Consequently, we assigned an elevation uncertainty of 1 m to 
all field measurements.

We also selected 6 major most continuous terraces named TA to TF from sea level upwards. We used hundreds 
of parallel topographic swaths from DEM of narrow width staked together perpendicular to their strike (Armijo 
et al., 2015; de Gelder et al., 2022). The elevation of their inner edges was mapped onto these stacked swath 
profiles, in order to measure their cumulated deformation. Distortion of the terraces would depend on the viewing 
angle with respect to the dip of the terraces; minimizing the distortion of the terrace sequence indicates the tilting 
direction. Folded terraces display their maximal flexure when profiles are perpendicular to the fold axis.

3.2.  Sampling Strategy and U/Th Dating

We focused on five sites around the southeastern peninsula of Cuba (Figure 2). We extracted samples of corals 
for U/Th dating, by drilling coral colonies in growth positions from the surface of the coral reef terrace to date the 
constructional phases, as well as on reworked corals in the sinter cover at the fossil notch to date the morpholog-
ical structure, likely close to the date of a sea level stand. Low terraces were preferentially sampled to minimize 
the risk to sample recrystallized coral (from aragonite to calcite) that would prevent reliable dating. We took 89 
samples out of which we selected 13 that were not recrystallized.

The samples were mechanically cleaned with a micro-drill and then crushed, rinsed in MilliQ water and leached 
in 0.1  N bi-distilled HCL for 15–20  min in an ultrasonic bath. The cleaned samples were then crushed into 
powder and analyzed using a XRD Brucker D8 at the LCG (Laboratoire d’étude des “Cycles Géochimiques 
et Ressources”, IFREMER) in Brest (France) to quantify the relative quantities of calcite and aragonite. We 
proceeded with U-Th dating on aragonitic samples (aragonite > 90%).Subsequently, the powders were dissolved 
in 7N HNO3 and a mixed  229Th- 233U- 236U spike was added to the solution and allowed to equilibrate. A detailed 
description of the calibration of the spike is given by Gibert et al. (2016). After drying down the solutions, the 
residues were treated with a mixture of concentrated HNO3, HCl, and H2O2 to remove the remaining organic 
components. Then, the solutions were dried again and dissolved in 6N HCl. The fractions of U and Th were 
then separated from the CaCO3 matrix as described by Yang et  al.  (2015). For mass spectrometric analysis, 
the U and Th fractions were dissolved in 2  mL of 0.8  N HNO3. The U and Th isotopic compositions were 
analyzed on a Multi-Collector Inductively Coupled Plasma source Mass Spectrometer (MC-ICPMS) Thermo 
ScientificTM NeptunePlus fitted with a jet pump interface and a dissolving introduction system (aridus II). For 
mass fractionation correction, we used an exponential law (normalized to natural  238U/ 235U isotopic ratio) and 
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standard/sample bracketing. More details on the analytical procedure (chemistry and MC-ICPMS analysis) can 
be found in Pons-Branchu et al.  (2014). After corrections for peak tailing, hydrate interference and chemical 
blanks,  230Th/ 234U ages were calculated from measured atomic ratios through iterative age estimation using 
the  230Th,  234U and  238U decay constants of Jaffey et al. (1971) and Cheng et al. (2013). Since coral reef terraces 
are subjected to diagenetic processes, the validation of  230Th/ 234U ages has been done by comparison of the initial 
ratio between  238U and  234U (expressed as 𝛿 234U of the coral with the modern seawater (msw) uranium isotopic 
composition, that is, δ 234U(𝑚𝑠𝑤) = 146.8 ± 0.1 ‰; Andersen et al., 2010).

3.3.  Coastal Terrace and Uplift Rate

Sequences of marine and coral reef terraces conveniently permit estimating the upper and middle Pleistocene 
vertical motion. Uplift rates are calculated from the shoreline angle elevation, its age and its eustatic paleo-sea 
level elevation (e.g., Murray-Wallace and Woodroffe, 2014; Pedoja et al., 2014; Rovere et al., 2016). The shore-
line angle is at the intersection between a terrace flat and its corresponding paleo-sea cliff landwards. Although 
the relationship is not always straightforward (Pastier et  al.,  2019), the shoreline angle is assumed to give a 
statically valid morphological approximation of a period of maximum relative sea-level stands (Lajoie, 1986). 
In practice, the age of reworked corals sampled in the sinter cover of the fossil notch or/and from the ages of 
corals in growth position on the part of the coastal terrace help to determine highstands responsible for the final 
formation of the coastal terrace morphology. These correlations could avoid age discrepancies between the age of 
coral growth and the age of abandonment of the terrace surface. The morphological growth is affected by multi-
ple processes, marine erosion in particular, which can abrade the uppermost corals and modify the elevation of a 
morphological surface after the deposition of one or several coral units (e.g., Chauveau et al., 2021). Mean uplift 
rates are given by dividing the difference between the present elevation of the shoreline angle and the eustatic sea 
level at its formation time by its age. There is a relative consensus on the succession of the most recent highstands. 
The most common highstand worldwide in the geomorphological record is the MIS (Marine Isotope Stage) 5 
(Creveling et al., 2017; de Gelder et al., 2022; Murray-Wallace & Woodroffe, 2014; Pedoja et al., 2011, 2014; 
Rovere et al., 2016; Stirling et al., 1998), which includes three relative highstands, MIS 5a (85 ± 5 ka), MIS 5c 
(100 ± 5 ka), and MIS 5e (122 ± 6 ka). The latest compilations of geomorphic indicators for the variability of sea 
levels curves of Murray-Wallace and Woodroffe (2014) and Rovere et al. (2016) assign an elevation of 6 ± 4 m 
with respect to present-day sea level to the MIS5e highstand. Creveling et al. (2017) propose an MIS 5c eustatic 
highstand of −9.4 ± 5.3 m in agreement with and the most recently evaluated RSL data from Indonesia (de 
Gelder et al., 2022; Weiss et al., 2022).

4.  Results
4.1.  Imías

Along the southern coast of Cuba, to the west of the village of Imías, we surveyed a sequence of eight coastal 
terraces up to a maximum elevation of 160 m (Figures 2 and 3). The DGPS profile evidences the shoreline angles 
of the three lowest terraces (T1, T2, and T3) at respective elevations of 9 ± 1, 14 ± 1, and 25 ± 1 m. The shoreline 
angles of the upper terraces (T4, T5, T6, and T7) stand at elevations of 39 ± 1, 52 ± 2, 102 ± 1, and 152 ± 1 m, 
respectively. The lowermost coastal terrace T1 is made of a lower, 4–5 m thick reefal unit including corals in 
growth position overlaid in unconformity by a 2 m thick layer of conglomerate made of coral deposits. We dated 
two corals in growth position from the bioconstructed unit of T1 using U-Th dating (Figure 3 and Table 1). 
Samples CUB18.4 and CUB18.6 yielded ages of 136 ± 0.7 and 128 ± 0.7 ka, respectively (Figure 3 and Table 1).

4.2.  Río Seco

At Río seco, 28 km east of Imías, through dGPS measurements, we estimated the elevation of the shoreline angle 
of the lower coastal terrace at 15 ± 1 m (Figures 2 and 4). However, in its distal part, locally close to the modern 
sea cliff, the profile shows a topographic offset at 6 ± 1 m elevation bounding two different units, revealing the 
existence of a composite terrace (Figure 4). The dated corals on both side of this boundary yielded very different 
U-Th ages. The upper one, sample CUB18.15 taken in the upper unit, provided an age of 142 ± 0.7 ka whereas 
sample CUB18.13, sampled in the lower unit, yielded an age above the limit of the method (Table 1). The lower-
most terrace T1 is therefore made of a least two distinct reefal limestone units, correlated to two different MIS 
stages. The upper unit, is only a few meters thick in the modern sea cliff.
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Figure 3.  The coastal sequence at Imías. (a) General view (dGPS profile), (b) Interpreted field pictures and sampling details.
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4.3.  Southern Punta de Maisí

On the southern flank of Punta de Maisí between Playa Blanca and Punta Caleta (Figure 2), we identified 29 
coral reef and marine terraces culminating at ∼520 m in elevation (Figure 5). The coastal terraces T1 to T13 are 
narrower than the coastal terraces T14 to T29 (Figure 6). Some coastal terraces are occasionally discontinuous 
along some coastal stretches (e.g., T1, T8, T9, T10, T11 and T12), implying the presence of a high topographic 
escarpment between two of them when some intermediate terraces are absent (Figure 5). Some coastal terraces 
are separated from each other by a topographic step (paleo-cliff) oblique to the modern coastline (T1 from T2, 
or T7 from T9) (Figure 5).

The reworked coral sample (CUB18.37) encrusted in the notch associated with the lowest terrace (T1), 
yielded an U-Th age of 108 ± 0.5 ka (Figure 6, Table 1). CUB18.39 and CUB18.41, were both sampled 
in coral colonies from the central part of T1, and gave ages of 131 ± 0.6 ka and 118 ± 0.9 ka (Table 1). 
The three samples taken in the distal edge of T1 provided ages above 300 ka (CUB18.29, CUB18.33, and 
CUB18.35) (Figure 6, Table 1). In the distal part of the coastal terrace, two units are separated by an uncon-
formity (Figure 6). The lower unit is associated with the three corals dated older than 300 ka. This superpo-
sition of discordant units reveals a compound terrace associated with two units, comparable to the structure 
of the lower terrace at the Rio Seco site, with a thin coral limestone formed during MIS 5 capping an older 
lower unit.

4.4.  Northern Punta de Maisí

East of the Yumurí canyon on the northern flank of Punta de Maisí (Figure 2), the coastal sequence includes 
nine terraces. The sequence is composed of a low-standing coral reef terrace (T1) separated from the other 

Samples

Sample information Sample composition

Coral species Morphological location
Y (Latitude) 

(DD)
X (Longitude) 

(DD)
Inner edge 

elevation (m)
Calcite 

(%)
Aragonite 

(%)

CUB18.4 Stephanocoenia 
intersepta

T1 Imias distal edge 20.05167 −74.72883 9 ± 1 <1 >99

CUB18.6 Dichocoenia stokesii T1 Imias distal edge 20.05167 −74.72883 9 ± 1 <1 >99

CUB18.13 Dichocoenia stokesii T1 Rio Seco distal edge 20.07643 −74.40282 15 ± 1 1 99

CUB18.15 Stephanocoenia 
intersepta

T1 Rio Seco distal edge 20.07643 −74.40282 15 ± 1 3 94

CUB18.29 Stephanocoenia 
intersepta

T1 South Maisi distal 
edge

20.07647 −74.30707 13 ± 1 <1 >99

CUB18.33 Dichocoenia stokesii T1 South Maisi distal 
edge

20.07647 −74.30707 13 ± 1 3 97

CUB18.35 Dichocoenia stokesii T1 South Maisi distal 
edge

20.07647 −74.30707 13 ± 1 2 98

CUB18.37 Pseudodiploria 
strigosa

T1 South Maisi inner 
edge

20.07015 −74.29948 13 ± 1 3 97

CUB18.39 Dichocoenia stokesii T1 South Maisi central 
part

20.07453 −74.30392 13 ± 1 5 95

CUB18.41 Dichocoenia stokesii T1 South Maisi central 
part

20.07453 −74.30392 13 ± 1 2 98

CUB18.70 Colpophyllia natans T2 North Maisi inner 
edge

20.30517 −74.29502 17 ± 1 3 96

CUB18.72 Dichocoenia stokesii T1 North Maisi distal 
edge

20.30728 −74.29243 17 ± 1 5 95

CUB18.78 Dichocoenia stokesii T1 Cayo Guing inner 
edge

20.43488 −74.56482 12 ± 1 9 90

Table 1 
Samples of Marine Terrace Corals for U/Th Datation
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terraces by a 25-m high paleo-sea cliff (Figure 7). A notch is carved at the foot of the T1 cliff at an elevation 
of ∼17 m. The notch is karstified and associated with coastal sediments. This sinter cover shelters remobilized 
corals, one of which has been sampled and dated to 119 ± 0.6 ka (CUB18.70, Table 1). On the distal part of 
T1, close to the modern coastline, a coral in a growth position has been dated at 128 ± 0.7 ka (CUB 18.72, 
Figure 7 and Table 1). The CUB 18.70 age and the CUB 18.72 are correlated with MIS 5e sea level highstand 
but CUB18.72 is older than CUB 18.70. The CUB18.72 in T1 is associated with a constructional phase (coral 
in growth position) whereas CUB18.70 gives an age of the final coastal terrace geomorphology to T1 (notch 
formation).

4.5.  Cayo Güin

To the northwest of Punta de Maisí, the Cayo Güin site (Figure 2) is associated with a sequence including three 
successive coastal terraces (Figure 8). The lower marine terrace is limited uphill by a well-marked cliff. The 
shoreline angle of T1 is raised at 12 ± 1 m in elevation. The fossil sea cliff is notched and accompanied by a  sinter 
cover with reworked corals. One of these corals has been dated at 125 ± 0.7 ka (CUB18.78) that we relate to MIS 
5e (Table 1).

5.  Discussion
5.1.  Estimates of Shoreline Angle Age for Each Lower Terraces

Except for the southern Punta de Maisí site, all the lower terraces dated by U-Th method yield close to MIS 5e 
either from corals of the upper reef unit, or from reworked corals embedded in notches. We therefore correlate 

 230Th/U chemistry

 238U [μg/g]  232Th [ng/g] ( 234U/ 238U) ( 230Th/ 238U) Age uncorrected [ka] Age corrected [ka]
Proposed 

MIS ( 234U/ 238U) initial

2.51 ± 0.01 0.093 ± 0.001 1.10819 ± 0.00045 0.80199 ± 0.00201 135.825 ± 0.677 135.824 ± 0.657 5e 1.15882 ± 0.00070

2.05 ± 0.01 0.229 ± 0.001 1.10920 ± 0.00041 0.77890 ± 0.00224 128.270 ± 0.680 128.267 ± 0.675 5e 1.15692 ± 0.00060

1.89 ± 0.01 0.196 ± 0.001 1.01748 ± 0.00039 1.04675 ± 0.00378 Out of range Out of range / /

2.18 ± 0.01 0.125 ± 0.001 1.12179 ± 0.00049 0.83268 ± 0.00193 142.215 ± 0.668 142.214 ± 0.688 5e 1.18205 ± 0.00080

2.16 ± 0.01 0.668 ± 0.004 1.05929 ± 0.00042 1.09896 ± 0.00243 Out of range Out of range / /

2.45 ± 0.01 0.780 ± 0.004 1.02228 ± 0.00033 1.05299 ± 0.00233 Out of range Out of range / /

2.91 ± 0.02 0.707 ± 0.004 1.01296 ± 0.00027 1.03560 ± 0.00207 Out of range Out of range / /

2.85 ± 0.01 3.044 ± 0.016 1.10330 ± 0.00031 0.70203 ± 0.00184 108.018 ± 0.480 107.991 ± 0.464 5c 1.14017 ± 0.00040

1.88 ± 0.01 0.550 ± 0.003 1.10415 ± 0.00089 0.73925 ± 0.00307 117.828 ± 0.889 117.821 ± 0.892 5e 1.14530 ± 0.00120

2.16 ± 0.01 0.706 ± 0.004 1.10089 ± 0.00050 0.78073 ± 0.00203 130.936 ± 0.664 130.928 ± 0.628 5e 1.14606 ± 0.00070

2.02 ± 0.01 1.044 ± 0.006 1.09429 ± 0.00041 0.73571 ± 0.00199 118.962 ± 0.584 118.949 ± 0.601 5e 1.13197 ± 0.00060

2.01 ± 0.01 0.225 ± 0.001 1.10177 ± 0.00043 0.77256 ± 0.00223 128.157 ± 0.681 128.154 ± 0.702 5e 1.14620 ± 0.00060

2.62 ± 0.01 0.093 ± 0.001 1.10839 ± 0.00040 0.76874 ± 0.00235 125.397 ± 0.706 125.396 ± 0.727 5e 1.15449 ± 0.00060
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these lower terraces with the Last Interglacial (∼120–130 ka) as previously done without absolute U-Th dating in 
this zone (see synthesis in Peñalver et al. (2021)). For the southern Punta de Maisí site, the corals dated from the 
upper reef unit yielded ages of MIS 5e (CUB 18.39–41), whereas the notch-encrusting coral has an age that can 
be better correlated to MIS 5c (∼100 ka) (CUB 18.37). This lower age corresponds to the timing of notch carving, 
at a younger age than the lowermost terraces found at other sites that are associated with MIS 5e. This hypothesis 
is consistent with the presence of a morphological escarpment between the Southern Punta de Maisi lower terrace 
and the lowest terrace 200 m eastwards, which is higher and continuous along Punta de Maisí, U-Th dated to MIS 
5e in Northern Punta de Maisí site (Figures 5 and 7). The lower terrace associated with MIS 5c in the southern 

Figure 4.  The coastal sequence at Rio Seco. (a) General view (dGPS profile), (b) Interpreted field pictures and sampling 
details.
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Punta de Maisí site below terrace T2 whose 33 m high shoreline angle is close to the shoreline angle of the lower 
terrace further east (Figure 5). We thus hypothesize that this terrace T2 was formed contemporaneously to the 
lower terrace further east dated to MIS 5e. The lower terrace of the southern Punta de Maisí site shows similar 
features to Sumba Island (Cape Laundi) or Haitian coral reef terraces where the ages of several corals sampled on 
the lower terrace have been associated with both MIS 5c and MIS 5e (Chauveau et al., 2021; Hearty, 2007). This 

Figure 5.  Colored hillshade of high-resolution ALOS Digital Elevation Model (DEM) on the southern Punta de Maisí site 
(top), interpreted colored hillshade with the location of shoreline angle of coastal terraces in colored lines (middle) and 3D 
oblique view of a greyscale hillshade of the ALOS DEM, dGPS profile and sampling locations.
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Figure 6.  Coastal sequence at the southern Punta de Maisí site. (a) site DGPS profiles, (b) Interpreted field pictures and sampling details.
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Figure 7.  Coastal sequence at Northern Punta de Maisí site. (a) General view (dGPS profile), (b) Interpreted field pictures and sampling details. Arrows indicate the 
distal edge of each marine terrace.
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exemplifies the fact that the joint effects of marine erosion and reoccupation of older coral terraces at variable 
uplift rates occasionally challenge the simple assumption of a bijective relationship between sea level stands and 
coastal terraces, as already pointed by Pedoja et al. (2018) and Pastier et al. (2021).

5.2.  Upper Pleistocene Uplift Rates

We derive eustasy-corrected uplift rates from the inner edge elevations of dated marine terraces, once correlated 
to the nearest interglacial maximum (e.g., de Gelder et al., 2020; Pedoja et al., 2018). In the southern Punta de 
Maisí site, the uplift rate peaks at 0.23 ± 0.07 mm yr −1 or at 0.23 ± 0.06 mm yr −1 fromT1 MIS 5c age or T2 MIS 
5e age, respectively (table 2). The consistency of uplift rates obtained from T1 or T2 corroborates the assumptions 
of the correlation between MIS5c/5e and lower marine terraces (T1 = M1S 5c and T2 = MIS 5e) in the southern 
Punta de Maisí site. This uplift rate corresponds to 3% to 1.6% of the short-term horizontal slip rate of the SOFZ 
(10 ± 0.1 mm yr −1) (Calais et al., 2016). At Imías, the calculated eustasy-corrected uplift rate is 0.03 ± 0.04 mm 
yr −1 (Table 2). At Río seco, the uplift rate value increases to 0.08 ± 0.04 mm yr −1. To the North, uplift rates 
increase eastward from 0.05 ± 0.04 mm yr −1 at Cayo Güin site, to 0.1 ± 0.05 mm yr −1 at the northern Punta de 
Maisí site. The values obtained for all the five sites of this study agree with the results of Peñalver et al. (2021) 
that proposed mean eustastic-corrected uplift rates ranging from 0.08 ± 0.04 mm yr −1 to 0.28 ± 0.05 mm yr −1 
according to the lower terrace elevation described on the Maisí area.

Figure 8.  Coastal sequence at Cayo Gūin site. (a) General view (dGPS profile), (b) Interpreted field pictures and sampling 
details.

Marine terrace MIS age (ka) Inner edge elevation (m) Eustatic correction (m) uplift rate (mm yr −1)

T1 Imias 122 ± 6 9 ± 1 6 ± 4 (Murray-Wallace & Woodroffe, 2014) 0.03 ± 0.04

T1 Rio Seco 122 ± 6 15 ± 1 6 ± 4 (Murray-Wallace & Woodroffe, 2014) 0.08 ± 0.04

T1 Southern Maisi 100 ± 5 13 ± 1 −9.4 ± 5.3 (Creveling et al., 2017) 0.23 ± 0.07

T2 Southern Maisi 122 ± 6 33 ± 1 6 ± 4 (Murray-Wallace & Woodroffe, 2014) 0.23 ± 0.06

T2 Northern Maisi 122 ± 6 17 ± 1 6 ± 4 (Murray-Wallace & Woodroffe, 2014) 0.1 ± 0.05

T1 Cayo Guing 122 ± 6 12 ± 1 6 ± 4 (Murray-Wallace & Woodroffe, 2014) 0.05 ± 0.04

Table 2 
Uplift Rates Calculated as a Function of Age and Elevation of the Inner Edge of Each Lower Marine Terrace
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5.3.  Timing of Emersion of the Terrace Sequences

We used the upper Pleistocene uplift rates of the southern (0.23 ± 0.07 mm yr −1) and northern (to 0.1 ± 0.05 mm 
yr −1) Punta de Maisí sites and assumed a constant uplift rate over time on each site to determine the ages of the 
upper parts of coastal terrace sequences. The highest coastal terraces are at 520 m (T29) and 220 m (T8) above 
the current sea level on the southern and northern coasts of Punta de Maisí, respectively (Figures 6 and 7). Using 
the  uplift rate with its uncertainties of the southern Punta de Maisí site and the altitude of T29 of this site, the 
calculated terrace age ranges between 3.25 and 1.7 Ma. Using the uplift rate of the northern Punta de Maisí site 
and the altitude of T8 of this site, this marine terrace age ranges between 4.4 and 1.5 Ma (Figure 9 and Table 3). 
The results suggest that southeastern Cuba began to emerge in the late Pliocene-early Quaternary, which is 
consistent with previous estimates of del Corral (1944) and more recent paleomagnetic data (at most 4 Ma, Peñal-
ver et al., 2003). The highest reference terrace (TF) is at an elevation of 455 and 200 m south and north of Punta 
de Maisí, respectively (Figure 10). Based on the upper Pleistocene uplift rates, this terrace has an extrapolated 

age ranging between 2.8 and 1.5 Ma (southern Punta de Maisí) and 4–1.4 Ma 
(northern Punta de Maisí) (Figure 9 and Table 3). Likewise, we estimate the 
age of the TE marine terrace to be between 1.9 and 1 Ma (southern Punta de 
Maisí) or 2.9 and 1 Ma (northern Punta de Maisí). Marine terrace TD has an 
age of 1.6–0.9 Ma (southern Punta de Maisí) or 2.5–0.8 Ma (northern Punta 
de Maisí) and TC has an age of 0.75–0.4 Ma (southern Punta de Maisí) or 
0.9–0.3 Ma (northern Punta de Maisí) (Figure 9). The TB terrace is absent 
at the northern Punta de Maisí site, and its age (0.5–0.3 Ma) can only be 
calculated from the uplift rate (0.23  ±  0.07  mm yr −1) and the altitude of 
the shoreline angle (80 m) deduced from the southern Punta de Maisí site. 
Whichever the uplift rate of the two Punta de Maisí sites used, the age ranges 
for the same terraces are similar (Figure 9). This result suggests consistent 
uplift rates for both sites and little temporal change in relative uplift rates at 
the two sites during the Quaternary.

5.4.  Deformation of the Coastal Terraces Sequences

Stacked swath profiles of the topography and the six continuous marine 
terraces highlight distinct spatial variations of their altitudes (Figure  10). 
No profile shows a simple tilt of these terraces. An apparent northward 
long-wavelength tilt of the terraces is visible with folds and vertical offsets 
in the central part of the NS-trending Central Maisí profile (Figure  10d). 

Figure 9.  Age range (black column) calculated from the upper Pleistocene uplift rates as derived from ages and inner edge 
elevations of the reference marine terraces of the southern and northern Punta de Maisí sites.

Marine terrace
Uplift rate 
(mm yr −1)

Inner edge 
elevation (m)

Age 
(Ma)

Upper terrace South Maisi (T29) 0.23 ± 0.07 520 3.25–1.7

TF South Maisi 0.23 ± 0.07 455 2.8–1.5

TE South Maisi 0.23 ± 0.07 300 1.9–1

TD South Maisi 0.23 ± 0.07 260 1.6–0.9

TC South Maisi 0.23 ± 0.07 120 0.75–0.4

TB South Maisi 0.23 ± 0.07 80 0.5–0.3

Upper terrace North Maisi (T8) 0.1 ± 0.05 220 4.4–1.5

TF North Maisi 0.1 ± 0.05 200 4–1.4

TE North Maisi 0.1 ± 0.05 145 2.9–1

TD North Maisi 0.1 ± 0.05 125 2.5–0.8

TC North Maisi 0.1 ± 0.05 45 0.9–0.3

Table 3 
Age Estimates of the Main Upper Marine Terraces
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Figure 10.  Deformations of long-lasting coastal terrace sequences. (a) Map of the stacked swath profiles of marine terraces 
in the Punta de Maisí, (b) 3D image of the deformation of the inner edges of continuous marine terraces shown with black 
lines on 2D image of the Digital Elevation Model. (c) Stacked swath profile of Northern Maisi. (d) Stacked swath profile 
of Central Maisi. (e) W-E-trending Stacked swath profile of Southern Maisi. (f) SW-NE-trending Stacked swath profile of 
Southern Maisi.
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The folds are generally more developed and the tilt generally steeper for the older and higher terraces. The 
long-wavelength tilt angle decreases progressively with the terrace level in the sequence. This evolution is 
consistent with a progressive deformation of the terraces from the emergence of the sequence until present-day. 
This tilt is also consistent with the spatial configuration of the drainage network that displays an asymmetrical 
layout with longer rivers in the North than in the South (Figure 2). This tilt indicates a southward increasing uplift 
gradient active since the beginning of the emersion of the terraces. This activity may be related to the vertical 
component of the transform system or by deformation related to secondary reverse or transpressive faults close to 
southern coast of the Punta de Maisí (Figure 10b).

The NS-trending Central Maisí profile also highlights several folds of the high terraces from TF to TD decreas-
ing with younger terrace ages (Figure 10d) and becoming inexistent for the youngest terraces. Folding therefore 
predates TC, which has an extrapolated age ranging of 0.9 to 0.3 Ma. The asymmetry of the folds suggests an 
apparent north-verging fold system, similar to that of the North Hispaniola reverse fault (Escuder-Viruete and 
Pérez, 2020; Oliveira de Sá et al., 2021). Vertical offsets are well observed on TF, TE, TD, and TC and character-
ize normal fault movements with footwalls to the South. The DEM shows that these ENE-trending normal faults 
do not affect the two lower reference terraces TB and TA, that we assume younger than 0.5–0.3 ka (Figure 10). 
The south-verging normal fault activity is older than Upper Pleistocene, and could be gravitational according to 
their curved shapes and the presence of similar structures in the eastern offshore zone (Oliveira de Sá et al., 2021) 
(Figure 10a).

On the western part of the EW profile of northern Maisí (Figure 10c), the terraces from TF to TC are simply tilted 
in an apparent eastward direction with similar slope regardless of the age of the terrace. This result indicates a 
late tilt of these terraces, after the formation of the TC marine terrace but before the formation of the untilted TA 
marine terrace, that is, between 0.9 and 0.3 and 0.12 Ma. This tilting could be produced by a W-verging normal 
fault located west of the terraces and running through Mata Bay (Figures 10a and 11). The EW profile of the 
southern Punta de Maisí zone (Southern Maisí a, Figure 10e) shows that TF, TE, and TD terraces are at high 
elevations (between 220 and 520 m) and are folded by a short-wavelength anticline. The fold axis is located east 
of Punta Caleta (Figure 10e). By projecting the elevation of the terrace inner edges along various strikes, we 
determine that the NE-SW strike projection (Southern Maisí b) shows the maximal flexure east of Punta Caleta 
with the shortest wavelength and without artifact (Figure 10f). This strike could be perpendicular to a potential 
NW-SE-trending anticlinal axis (Figure 10b). The NE-SW profile also allows a better appreciation of the asym-
metric shape of the fold consistent with SW shearing in agreement with a sinistral transpressive regime and a 
NE-SW-trending maximum horizontal compressive stress close to the EW-trending transform plate boundary 
(Moreno et al., 2002).

5.5.  Onshore/Offshore Deformation Pattern

Punta de Maisí is the western extension of the Windward Passage Sill of the Septentrional block (Oliveira de Sá 
et al., 2021; Rodríguez-Zurrunero et al., 2020) (Figures 1 and 11). According to our interpretation, its emersion 
began between the upper Pliocene and the lower Pleistocene (4.4–1.5 Ma) in agreement with the last transpres-
sional deformation event produced by the oblique collision of the Bahamas platform that uplifted the Windward 
Passage Sill (Escuder-Viruete et al., 2020; Oliveira de Sá et al., 2021). These deformations occurred just after 
the activation of the eastern part of the OSFZ north of the Hispaniola block during the Pliocene (Calais & De 
Lépinay, 1995; Calais et al., 2016; Escuder-Viruete et al., 2020; Le Roy et al., 2015). The analysis of the topo-
graphic profiles of the continuous Pleistocene coastal terraces and uplift rates obtained in the five study sites argue 
that faults and folds have deformed the coastal sequences during the Pleistocene. The north verging fold in the 
central part of Punta de Maisí agrees with the offshore folding north and East of the Punta de Maisí (Oliveira de Sá 
et al., 2021). Underthrusting of the Bahamas Platform north of the Punta de Maisí below the northwestern prolon-
gation of the Northern Hispaniola Fault Zone could produce this deformation in the upper plate (Oliveira de Sá 
et al., 2021). The NW-trending anticline on the southern coast of the Punta de Maisí is better explained by the 
transpressional tectonic regime close to the transform boundary (Oliveira de Sá et al., 2021), which is widespread 
in the Hispaniola block south of the SOFZ (e.g., in the Jamaica Passage, Corbeau et al., 2016). The results also 
indicate that uplift rates are increasing toward the SE. This southeastern gradient uplift agrees with more active 
deformation toward the plate boundary as shown by the shallow seismicity clustered in the southern margin of 
Cuba (Oliveira de Sá et al., 2021; Rodríguez-Zurrunero et al., 2020). This tectonic pattern points to the prevailing 
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impact of shortening toward the Septentrional Oriente faut zone. We suggest that the high coupling between the 
Septentrional block and the Bahamas Platform along the Northern Hispaniola Fault during oblique collision 
transfers the main part of the shortening southward.

However, the Late Pleistocene uplift rate of the northern Punta de Maisí site (as high as 0.1 ± 0.05 mm yr −1). 
Together with the north-verging folds affecting the older coastal terraces, could be associated with the west-
ern prolongation of the inverse North Hispaniola Fault Zone and/or secondary faults and folds observed in the 
surrounding submarine domain (Oliveira de Sá et al., 2021; Rodríguez-Zurrunero et al., 2020) (Figure 11). This 
western fault segment reactivates the structures of the Cretaceous Caribbean arc/North American suture zone, 
and likely continues propagating to the Northwest. To the NW of the study zone, an historical earthquake of 5.4 
of magnitude in 1988 was correlated with this segment (Figure 1) and a seismic profile has shown sediments 
incorporated into an associated narrow fold-and-thrust imbricate system (Figure 17 in Rodríguez-Zurrunero 
et al., 2020 and Figure 10 in our study).

The westernmost sites of this study (i.e., Imías and Cayo Gūin sites) show moderate uplift rates compared to 
the values of the eastern sites. The westward decreasing uplift rate observed in the northern coast is consist-
ent with the NW-dipping normal faults near Baracoa and 15  km southwards (Figure  11), which discontinu-
ously reduce uplift rates westward and explains the deformation pattern of the oldest terraces in the northern 
Punta de Maisí (see Section  4.3). We propose that this westward uplift rate decrease is related to the west-
ward decrease of activity along the Northern Hispaniola Fault Zone. The underthrusting of the Bahamas Plat-
form is more or less blocked westward below the fault zone and oblique collision is thus mostly accommodated 
elsewhere  (Rodríguez-Zurrunero et al., 2020). Calais and de Lepinay (1991), Calais et al. (1998), and Enman 
et al. (1997), defined the Santiago Deformed Belt southwest of the study zone and south of the SOFZ (Figure 1). 
They interpreted this structure as an active compressive area extending along the southern margin of Cuba. They 
related this E-W trending belt to transpressional deformation due to oblique motion along the SOFZ. This belt 
accommodates a part of the Bahamas Platform shortening in this area. The westward locking of the Bahamas 
Platform underthrust beneath the North Hispaniola Fault Zone may be related to the northwestward transition 
from thick oceanic to the continental crust of the Bahamas (Ladd & Sheridan, 1987; Uchupi et al., 1971) which 
can no longer underthrust under Cuba (Figure 1). The oblique collision is thus accommodated further south at 
the current plate boundary that currently separates the ancient Cretaceous-Paleogene Cuban arc to the north from 
the Gonave block to the south (Oliveira de Sá et al., 2021). The zone under the Santiago Deformed Belt, could 
correspond to the transition between the continental and the oceanic crust of the Eocene passive margin associ-
ated with the Mid-Cayman Through ridge (Leroy et al., 1996; Figure 1). This transitional crust could allow the 
Gonave block to underthrust more easily the ancient Cretaceous-Paleogene Arc of Cuba at the North Caribbean 
Plate boundary (SOFZ and Santiago Deformed Belt) as suggested by seismicity around this tectonic boundary 
(Moreno et al., 2002; Figure 8 in Rodríguez-Zurrunero et al., 2020).

Last, the Beata Ridge south of Hispaniola Island could also partly explain the EW-trending variation of the uplift 
of the southeastern tip of Cuba (Figure 1). The Beata Ridge was interpreted as an indenter formed of a 15-km 
thick Caribbean oceanic crust that has increased the shortening between the Hispaniola block and the Bahamas 
Platform since the early Miocene or Early Pliocene (Ewing et al., 1960; Huerta & Pérez-Estaun, 2002; Mauffret &  
Leroy, 1997, 1999; Pubellier et al., 2000; Terence Edgar et al., 1971; Vila et al., 1990) (Figure 1). The terraces 
of the Punta de Maisí would therefore record in part the EW-trending deformation gradient produced by this 
indentor.

6.  Conclusion
During the end of the Pliocene, the geodynamics of the North American and Caribbean plates boundary changed 
with the onset of the Bahamas-Hispaniola collision and the activation of the strike-slip Septentrional fault of the 
SOFZ (Calais et al., 2016; Oliveira de Sà et al., 2021). To the North of the OSFZ, the North Hispaniola Fault Zone 
accommodates the south-verging underthrusting of the Bahamas Platform. The Quaternary deformation across the 
southeastern tip of Cuba (Punta de Maisí) determined from the marine and coral reef terraces analyses mirrors this 
large-scale geodynamics evolution. The Punta de Maisí belongs to the Septentrional block between the SOFZ and 
the North Hispaniola Fault Zone. The estimated age of the sequences of coastal terraces indicates that Punta de 
Maisí continuously uplifts at least since the late Pliocene emersion. These coastal terrace sequences are the highest 
and most developed in Cuba. North-verging shearing of the Septentrional block produced by the south-verging 
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Figure 11.  Marine terrace boundaries (White) and onshore uplift rates at sampled sites (squares) (our study); offshore structural map and seismic profiles from Leroy 
et al. (2015), Rodríguez-Zurrunero et al. (2020), and Oliveira de Sá et al. (2021).
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underthrusting of the Bahamas affects the upper marine terraces. Uplift reaches its maximal rates near the SOFZ 
(Late Pleistocene uplift rate of 0.23 ± 0.07 mm yr −1) and decreases westward. We interpret this lateral variation 
with a locking of the Bahamas underthrusting under the North Hispaniola Fault Zone due to a westward increasing 
coupling across the fault interface and a transfer of shortening south of the SOFZ on the Santiago Deformed Belt.

Data Availability Statement
The topographic data (longitude, latitude coverage of −74,40°; 20,30° and −74,09°; 20,06°) used in this study 
is available at: http://www.latitude-geosystems.com [Dataset]. Pleiades CNES stereoscopic satellite images 
are available at: https://dinamis.teledetection.fr [Dataset]. The ESRI's ArcGIS 10 software is available at: 
https://www.esri.com [Software]. U/Th data are integrated into the manuscript in Table 1. Uplift rates and coastal 
terrace ages were calculated from this data and elevation values are indicated in Tables 2 and 3. All these figures 
and tables can also be found online via Zenodo (https://zenodo.org/badge/DOI/10.5281/zenodo.8199685.svg; 
Authemayou, 2023).
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