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SU M MA RY Magnetic data were collected during the Wilkes (1973) and Seacarib II (1987) cruises to the Cayman trough. A new interpretation of magnetic data is carried out. An isochron pattern is drawn up from our anomaly identifications. An early Eocene age (49 Ma, Ypresian) for Cayman trough opening is proposed instead of the late Oligocene or middle Eocene ages suggested by previous studies. Our plate tectonic reconstruction is simpler and fits the on-land geology (Jamaica and Cuba) and the tectonics. Our reconstruction shows a southward propagation of the spreading centre between magnetic anomalies 8 and 6 (26 and 20 Ma). The trough width increases by 30 km in this period. The southward propagation of the Cayman spreading centre from the Middle Oligocene to the Early Miocene induced the development of the restraining bend of the Swan Islands, the formation of a 1 km high scarp on the eastern trace of the Cayman trough transform fault (Walton fault) and the formation of a pull-apart basin (Hendrix pull-apart). Magnetic anomalies and magnetization maps give information about the deformation and the rocks. The proposed evolutionary model of the Cayman trough from the inception of seafloor spreading to the present configuration is presented in relation to the tectonic escape of the northern boundary of the Caribbean plate from the Maastrichtian to the Present. Key words: geodynamics, magnetic anomaly, North Caribbean plate boundary.



IN TR O DU C TI O N The northern Caribbean plate boundary is located along the Cayman trough. This boundary consists of a 100–250 km wide seismogenic zone of mainly left-lateral strike-slip deformation extending over 2000 km along the northern edge of the Caribbean sea. This left-lateral strike-slip displacement is related to the eastward motion of the Caribbean plate relative to the North America plate (Molnar & Sykes 1969; Jordan 1975) (Fig. 1). The Cayman trough is a long depression that extends from the Belize margin to the northern edge of Jamaica. The geological and geophysical data suggest that the trough is underlain by oceanic crust accreted along a short north– south spreading centre (CAYTROUGH 1979) located between two transform faults: the Oriente (in the north) and Swan (in the south) fault zones. Several attempts to quantify the rate of spreading (Holcombe et al. 1973; Macdonald & Holcombe 1978; Holcombe & Sharman 1983; Rosencrantz & Sclater 1986; Rosencrantz et al. 1988; Ramana et al. 1995) have suggested opening of the trough at an estimated rate of 20 mm yr−1 for the period 0–2.4 Ma, but the older opening rates are © 2000 RAS



controversial. Seismicity data (Sykes et al. 1982; Mann et al. 1995), field mapping in Jamaica (Burke et al. 1980; Wadge & Dixon 1984; Mann et al. 1985; Pisot 1989), swath mapping (Rosencrantz & Mann 1991) and seismic reflection data (Leroy et al. 1996) indicate that the southeastern edge of the Cayman trough has been reactivated since the Miocene along the Walton fault, several faults in Jamaica and the Enriquillo fault in Haiti (Fig. 1). The rate of motion is estimated to be 4 mm yr−1 in Jamaica (Burke et al. 1980; Mann et al. 1985) and 8 mm yr−1 in Haiti (Mocquet & Aggarwal 1983). In this paper, we propose an alternative evolution of the Cayman trough based on a systematic study of the existing bathymetric and magnetic data relative to the structural analyses based on the multichannel seismic reflection data and swath bathymetry collected on the North Jamaican margin (Leroy et al. 1996). The continent–ocean transition has been located accurately with these new data. Furthermore, previous magnetic models (Rosencrantz et al. 1988; Ramana et al. 1995) did not match the geology described on land. The Cayman trough represents a key area for understanding the tectonic framework of the northern Caribbean basin. Thus, it is important to
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Figure 1. Tectonic sketch of the northern Caribbean domain showing the major geographic provinces and the dominant fault patterns.



document the structures along the trough using bathymetry and to determine the onset of seafloor spreading using magnetic anomalies. BAT HY M ET R IC S TU DY An accurate study of the Eastern Cayman trough has been presented previously (Leroy et al. 1996); here we broaden this study to the entire Cayman trough. Fig. 2 shows the bathymetric map obtained from all of the data available in this zone from the National Geophysical Data Centre, including the multibeam data recording during the Seacarib II cruise in 1987 (Pisot 1989). The central part of the Cayman trough ( between 80°W and 84°W) shows strong relief comprising north–south horsts and graben typical of a spreading centre fabric (Holcombe et al. 1973) (Figs 2 and 3a). Indeed, the seafloor deepens both eastwards and westwards on either side of a ridge, the Mid-



Cayman spreading centre. This N–S spreading axis is very short, being only 150 km long and 30 km wide (Fig. 3). The rift valley is abnormally deep (5500 m average depth with a maximum of 6000 m) and is flanked by rift mountains whose peaks are 2500 m deep. The average strike of the spreading zone is about 080°. The Mid-Cayman spreading ridge has been classified as a slow or even ultraslow spreading ridge (Holcombe et al. 1973; Perfit 1977; CAYTROUGH 1979; Stroup & Fox 1981), similar to a cold ‘Atlantic-type’ spreading ridge. In these ridges, the neovolcanic zone constitutes the inner valley floor and corresponds to a series of small conical volcanoes (Smith & Cann 1990). The basalt production is weak and peridotite may constitute the basement (CAYTROUGH 1979). Moreover, in the very narrow Cayman trough the heat is diﬀused along the rift wall (Rosencrantz & Sclater 1986). Global studies in the Pacific and Atlantic oceans have shown that depth and heat flow are functions of the age of the lithosphere (Parsons & © 2000 RAS, GJI 141, 539–557
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Cayman trough evolution



Figure 2. Bathymetric map of the Cayman trough. Depths are in metres and the contour interval is 500 m. Several morphological features are recognized from west to east: the Yucatan basin, the Tosh basin, the Mid-Cayman spreading centre, the Wailer basin, the Gainsbourg ridge and the Hendrix rhomboidal basin.
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Figure 3. (a) Detailed bathymetric map of the Mid-Cayman spreading centre. Depths are in metres and the contour interval is 500 m. (b) Interpretation of the spreading ridge’s morphological features. The grey dotted lines correspond to the shipping tracks used for this study. The dashed line represents the northern boundary of the two nodal basins, the Tosh and Wailer basins.



Sclater 1977). Thus, for ages of less than 80 Myr, the seafloor depth is related to the square root of the lithosphere age and is about 2500 m at zero age (Sclater & Francheteau 1970; Parsons & Sclater 1977). Analyses of the rift valley depth along the Mid-Atlantic Ridge have revealed some depth anomalies in relation to the theoretical model (Le Douaran & Francheteau 1981). This is also the case for the Mid-Cayman ridge, for which the seafloor is 2 km deeper than the theoretical depth (Rosencrantz & Sclater 1986). The Mid-Cayman spreading centre (Fig. 3) is formed by two segments, separated by a discontinuity which was interpreted



as a transform fault by previous authors (Ladd et al. 1990). This discontinuity has a sinistral strike-slip focal mechanism. The segment centre rises to 4200 m and the segments deepen on either side to a maximum of 6100 m southwards and 6500 m northwards. The discontinuity is at a depth of 4500 m. We have determined lengths of 60 km for the northern segment and 70 km for the southern segment and a separation of 150 km between the two transform faults, Oriente and Swan. The segments are bounded by high inside corners that correspond to bathymetric highs that are apparent northwards on the eastern flank of the spreading centre (Fig. 3). We can © 2000 RAS, GJI 141, 539–557



Cayman trough evolution follow these high inside corners to longitude 80°W. On the other hand, southwards, on the eastern and western flanks, it is more diﬃcult to follow these spreading-centre highs. At the foot of the transform faults, the basins are about 6000 m deep (Fig. 3). The series of horsts and graben extend about 150 km on either side of the spreading centre. Further away, the seafloor topography of the Cayman trough becomes flat, the sedimentary cover thickening towards the Belize margin. The strike-slip faults (Figs 2 and 3) bounding the Cayman trough are marked by very steep seafloor slopes, ranging from 2000–4000 m on average. These walls are present on the northern and southern sides of the Cayman trough all along its length. They correspond to the marginal ridges characteristic of transform margins. Locally, deep basins (up to 6500 m) emphasize the northern branch, the Oriente fault zone (Oriente trough and Oriente basin). The strike of the northern boundary of the Cayman trough is relatively straight, whereas its southern limit is more sinuous. We observe at about 17°30∞N, 83°30∞W (Figs 2 and 3) an obvious bend of the Swan fault. The trough width is reduced at this point and also at 18°00∞N, 79°00∞W, on the eastern side of the ridge, where the trough width decreases from 150 to 75 km (Figs 2 and 3). The width change could be due to the initiation of the second segment of the ridge with an increased magmatic supply. The bend of the Swan fault is more marked westwards, on the Belize side, than eastwards, on the Jamaica side. This shape corresponds to the Swan island restraining bend described by Mann et al. (1991). Towards Jamaica, the Walton fault, related to the Rio Minho– Crawle River–Plantain Garden fault crossing Jamaica (Fig. 1), shows a rhomboidal-shaped area between 80°W and 78°W at an average depth of 3000 m (Leroy 1995) (Figs 2 and 3). The 4000 and 2000 m isobath lines in this zone bound the rhomboidal area, known as the Hendrix pull-apart, the northern boundary of which corresponds to the Jamaican continental slope (Fig. 2). At 80°W, on the north of the Hendrix pull-apart, an elongate ridge rises to 2800 m depth. This high, called the Gainsbourg ridge, is bounded by a 4500 m deep depression to the south (Fig. 3). We call this depression the Wailer basin. No morphological element is visible on the western flank of the Mid-Cayman spreading centre, but a low known as the Tosh depression, surrounded by the 5000 m isobath line, lies oblique to the spreading centre axis with the same oblique angle as the Gainsbourg ridge. The northern limits of the Tosh and Wailer basins form a widened V-shape, the apex representing the southern end of the spreading centre (Figs 2 and 3) (Leroy 1995). On the north of the Cayman trough, the Cayman ridge ranges from 500 to 2000 m depth. This bathymetric high bounds the Yucatan basin of 4550 m maximum depth (Fig. 2). On the south of the Cayman trough, the Upper Nicaragua rise constitutes a broad boundary rising to 500 m. An evolutionary history must be based on the establishment of a chronology. Thus, the bathymetric study of the Cayman trough should be correlated with the identification of magnetic lineations. MA G NE TI C A NO M A LY I DE NT IF ICATI O NS The magnetic anomaly identifications were made by comparing each magnetic anomaly profile with a 2-D block model. This model uses a magnetic reversal timescale (Table 1a) adapted © 2000 RAS, GJI 141, 539–557
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for the slow spreading ridge. The published magnetic scales have been derived, for the most part, from observations at fast spreading ridges, where a maximum number of events can be identified. Applying these diﬀerent existing scales to slow spreading rates ( half-rate 
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