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SUMMARY

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 infor-
mation 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.
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INTRODUCTION

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 !
for the period 0-2.4 Ma, but the older opening rates are
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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
4mm yr~! in Jamaica (Burke et al. 1980; Mann et al. 1985)
and 8§ mm yr ! 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.

BATHYMETRIC STUDY

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 &
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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
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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 topo-
graphy 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.

MAGNETIC ANOMALY IDENTIFICATIONS

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
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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 <20 mm yr~') often leads to very
different shapes for the same magnetic anomaly. Furthermore,
most of these calculated anomalies do not match the corre-
sponding observed anomaly well. Patriat (1987) has shown that
it is possible to obtain models matching both fast and slow
spreading ridge observations by slightly changing the relative
positions of the proposed reversals. This modified scale can be
reinterpolated using the few accurate ages from a given magnetic
timescale. In order to take into account these various published
magnetic scales, the anomalies chosen for identification corre-
spond to boundaries between reverse and normally magnetized
blocks that can easily be identified on any timescale and can
thus be assigned an age taken from the chosen scale. The ages
of our identified anomalies are presented in Table 1(b) at
two of the most frequently used timescales for comparison and
discussion.

Magnetic data from both the Seacarib II and the Wilkes
surveys, corrected for the 1990 IGRF (IAGA 1985; Langel
1988), are plotted in Fig. 4 along the ship tracks and on the
topographic map to better locate anomalies in relation to
seafloor relief. The magnetic anomalies and bathymetric pro-
files are drawn in Fig. 5 to simplify the correlation between
these profiles. It is important to remember that in the case of
a slow spreading centre such as the Cayman spreading ridge,
magnetic anomaly identification is not always easy, owing to
the great variability of the characteristic shapes. Furthermore,
in the case of the Cayman trough, the amplitudes are low
(rarely greater than 100 nT). Thus, the characteristic magnetic
anomaly shapes are hardly recognizable here, which makes
recognition of certain anomalies questionable. Macdonald &
Holcombe (1978) and then Rosencrantz et al. (1988) (Fig. 6a)
previously revealed the variable shapes of these anomalies.
Nevertheless, identification is facilitated by taking into account
the magnetic contamination (Tisseau & Patriat 1981) that is
introduced by a transitional width between two adjacent blocks
of opposite magnetization (Fig. 6b).

The magnetic profiles are individually correlated with the
computed magnetic profile. Fig. 6(b) illustrates the comparison
between the observed and computed anomalies for several
Wilkes cruise profiles (USNS Wilkes, Holcombe et al. 1973)
and two Seacarib II cruise profiles (R/V Jean Charcot, Sc #68,
Sc #70). The Wilkes profiles cross the spreading centre and
the Seacarib profiles complete the study eastwards, up to the
north Jamaican margin. The density of the magnetic profiles
is not the same on either side of the spreading centre; notably,
west of A8 only one profile (Wilkes #5) extends up to the
Belize continental margin (Figs 5 and 6).

The average half-spreading rates used for modelling the
Cayman trough magnetic anomalies are 8.5 mm yr~! from the
present to A6, then 10 mm yr~! until A18 time, and finally
7.5 mm yr~ ! to the margin (Fig. 6b).

The amplitude of the central magnetic anomaly (CMA or Al)
is lower than that of the magnetic model, but the rift valley,
clear on the bathymetric map (Figs 2 and 3) is not taken
into account in the model. Therefore, these data permit us to
locate the axis easily (Figs 6 and 7). On a slow spreading
ridge, the CMA is always clearer on the segment centre than
on discontinuities (Sloan & Patriat 1992). This observation is
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Table 1. (a) Magnetic timescale of Patriat (1987) reinterpolated by Sloan & Patriat (1992) with three fixed reference points at 3.40, 32.46 and
56.14 Ma corresponding to anomalies 2 A (old), 12 (young) and 24 (old) (Kent & Gradstein 1986), respectively. The bold characters indicate the
age and the number of the chosen anomalies. (b) Age of magnetic anomalies given by the timescales of Kent & Gradstein (1986) and Cande &

Kent (1995).

(a) Normal Polarity Interval (Ma)

Age Anomaly Age Anomaly Age Anomaly Age Anomaly
(Ma) # (Ma) # (Ma) # (Ma) #
0.00 0.20 1 9.84 10.10 18.25 18.51 29.86 30.14
0.22 0.48 10.13 10.24 50 18.55 18.81 30.19 30.40
0.50 0.71 1 10.36 10.42 19.07 19.21 6 31.38 31.65 11
0.90 0.96 J 10.56 10.59 19.25 19.35 31.74 32.11 11
1.64 1.86 2 10.86 10.93 19.39 19.53 32.46 32.96
245 2.88 2A 11.45 11.51 19.57 19.76 35.51 35.70 13y
295 3.04 11.76 12.01 19.80 20.00 35.77 36.11 13
3.15 3.37 2A 12.37 12.43 20.02 20.26 60 37.27 37.46
3.85 3.95 3 12.70 12.84 20.56 20.86 37.50 37.65
4.08 4.22 13.09 13.31 21.16 21.61 38.03 38.26
4.37 4.44 13.58 13.86 21.89 22.07 38.42 38.67
4.51 4.75 3 14.04 14.34 2237 2247 38.72 39.09
5.69 5.97 3Ay 14.56 14.66 22.79 22.97 39.54 40.09
6.04 6.33 3A 14.83 14.97 23.05 23.40 40.15 40.33
6.67 6.80 4 15.20 15.24 23.75 23.93 40.39 40.70
7.01 7.10 15.42 15.46 24.06 2432 41.02 41.41 18
7.17 7.57 15.65 15.69 24.61 24.80 41.48 41.86
7.62 7.66 4 15.90 16.15 5C 25.82 25.93 41.92 42.32 180
8.08 8.40 4A 16.29 16.38 26.00 26.20 42.99 43.27
8.50 8.69 4A 16.55 16.72 5C 26.63 26.81 8 4421 45.62 20
8.92 9.00 5 16.92 16.96 26.97 27.09 48.16 49.82 21
9.05 9.21 17.17 17.39 2717 27.92 8o 51.58 52.35 22
9.25 9.52 17.44 17.63 28.44 28.96 5271 52.76 22A
9.55 9.81 17.86 17.95 29.02 29.44 53.58 53.76 23A
53.83 54.57 23
(b) Anomaly # 3Ay 50 60 80 13y 18 o 20 o 21 0 22 0
Kent & Gradstein (1986) 5.35 10.54 20.45 27.74 35.29 42.73 46.17 50.34 52.62
Cande & Kent (1995) 5.89 10.95 20.13 26.55 33.06 40.13 43.79 4791 49.71

confirmed for the Wilkes profiles, which are located for a large
part over the discontinuity area (Fig. 4). Indeed, the CMA is
clearest on the Wilkes #1 profile, which is further from the
discontinuity (Fig. 4).

Anomaly 3a (A3a) is easily recognizable and seems to have
been undisturbed (Fig. 6b), except for the northern profiles
(Wilkes #1 & #3; Fig.5), whereas A5 appears sometimes
amplified and is sometimes difficult to identify, as is the case
in most of the oceans (for example, in the Atlantic ocean;
Pariso et al. 1996), because of the succession of several adjacent
normally magnetized blocks. On profiles Wilkes #2 and #3,
A5 shows a very high amplitude on the western flank only
(Figs 6 and 7b). Here, A5 is located on a marked topographic
high almost 2500 m deep. However, at this depth, the topo-
graphic effect alone is not strong enough to explain the high
amplitude of the western flank AS5. The same phenomenon
has been noted in the Atlantic ocean in the SARA zone
(Rommevaux 1994).

Anomaly A6, on the eastern flank (profile Wilkes #1), also
has a high amplitude and is located on a topographic high
(Figs 4 and 5). Before A6 time, the spreading rate was slightly
higher (8.5-10 mm yr~!). The topography of the seafloor
becomes less rough than near the axis. On the western flank,

the last apparent bathymetric scarp before the increase of the
sedimentary cover on oceanic crust is located at A6. On the
eastern flank, the seafloor is less covered by sediments but
appears at the same time to have lower relief than in the
vicinity of the axis.

Anomalies A8, A9 and AI0 on the eastern flank appear
grouped together and form only one high-amplitude anomaly
obvious on the Wilkes #1, #2, #4 and Sc #68 profiles (Fig. 6b).
The same holds for AI11 and 412, which is usual. No bathy-
metric effect could explain this high amplitude (Figs 2 and 6)
and the slow spreading rate change is not significant enough
to explain these phenomena.

Anomaly A13 has a characteristic shape on either side of the
axis (on the Wilkes #2, #4 and Sc #68 profiles for the eastern
limb and on Wilkes #5 for the western limb). On the other
hand, it is difficult to recognize the expected shape of the
Al5-A18 series, but the identification of the next sequence
(from 420 to A22) s clear, with a spreading rate of 7.5 mm yr !
(Fig. 6b) for pre-A18 time.

Anomaly A22 is situated at the continent—ocean transition,
as defined by Leroy et al. (1996) from a structural study.
This anomaly corresponds to an Early Eocene age (49 Ma,
Ypresian).

© 2000 RAS, GJI 141, 539-557
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Figure 4. Magnetic anomaly profiles used for our anomaly identifications are projected on to the ship tracks over a bathymetric map. The background bathymetric map shown in Fig. 2 is useful
for correlating the magnetic anomalies with the seafloor topography.
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Figure 6. (a) Magnetic model proposed by Rosencrantz et al. (1988). (b) Magnetic profiles observed over the Cayman trough (see Fig. 4 for
location) and our proposed magnetic model. The spreading rate varies from 7.5 to 10 mm yr ~ . The positions of the identified anomalies, indicated
by dotted lines, are chosen at the boundaries between certain reversed and normal blocks so that the age of each isochron is defined. Only the
normal polarity blocks are shown. We have chosen a magnetic contamination factor of 0.7 (a magnetic contamination factor of 1 being the normal

model without contamination; see text for explanation).
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© 2000 RAS, GJI 141, 539-557



Discussion of the identification of magnetic anomalies

The identification of Rosencrantz et al. (1988) put the
continent-ocean transition at A20 time (Middle Eocene,
42.5 Ma, Fig. 6a) and that of Ramana et al. (1995) at A8 time
(Late Oligocene, 26 Ma). A comparison of the Rosencrantz
et al. (1988) model with ours confirms the importance of
the magnetic contamination parameter, which gives computed
magnetic anomaly shapes closer to the observed magnetic
anomalies (Fig. 6b).

Our model (Fig. 6b) does not explain the high amplitude
of A8, although it does retain the ‘simple’ observation of the
anomaly’s appearance. The main difference between our inter-
pretation and that of Rosencrantz et al. (1988) is the two well-
lineated high-amplitude anomalies identified by Rosencrantz
et al. (1988) as two conjugate A1l and A12 on either side of
the fossil ridge and by us as A8—A9-A10 and A11-A12. As
anomaly amplitudes are greatly variable on the slow spreading
ridge (that is, due to the irregularity of the magmatic activity),
our model is preferable because of its simplicity: it suggests a
less complex Cayman trough story, without three successive
ridge jumps. Both models explain the higher bathymetry east
of A6 badly (Figs 5 and 6). The model of Ramana et al. (1995)
is comparable to ours but does not analyse the magnetic
anomaly up to the continent—ocean transition, dating it at AS8.
Indeed, their two magnetic profiles are not parallel to the

Cayman trough evolution 549

spreading direction and cross the boundary between the oceanic
and continental crust on the western side of the Oriente fault
zone, but not the continent—ocean transition of the Belize
continental margin.

The anomaly picks were plotted to produce an isochron
map (Fig. 7). Each isochron line represents the old axis
geometry at this isochron time within both flanks. We obtain
a reconstruction by superposing these isochrons, taking into
account tectonic constraints such as transform fault strike,
topography of the seafloor and basement, and deformation.

Fig. 7 shows the structural evolution through time resulting
from the magnetic anomaly identification. The main result of
our reconstruction (Fig.8) is the propagation towards the
south of the ridge axis after A8 time (between A8 and A6), at
which point the Cayman trough width increases by about
30 km. Creation of the second segment corresponds to the
time of the small spreading rate change. The southwards
propagation of the Mid-Cayman spreading centre, from Middle
Oligocene (26 Ma) to Early Miocene (20 Ma), results in the
development of the Swan islands restraining bend (Figs 2 and 3;
Mann et al. 1991) and the formation of a 1 km high scarp on
the eastern transform fault zone (Fig. 3). Indeed, in the Miocene
(A6), the fossil part of the Swan transform fault, called the
Walton fault, is reactivated and shows a left-lateral strike-slip
displacement, which could explain the formation of the pull-
apart basin (Hendrix pull-apart) observed in the bathymetry

8 ANOMALY (26 MA)

Late Oligocene

Early Miocene

gwan fault

bend

Oceanic crust

~ < _ — — horthern boundaries of nodal basins

Tosh basin

2
Swan
Restraining
3 —Suentalt bend
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Restraining

‘ Oriente fault

T8 | oriente fault
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Figure 8. Sketch of the southward progressive growth of the second segment of the Mid-Cayman spreading centre between A8 and A6 times.
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west of Jamaica (Figs 2, 3 and 8). The Hendrix pull-apart is
located on the northern edge of the Upper Nicaragua rise and
limited to the west by the Walton fault bend (Fig. 7). The
upper Nicaragua rise consists of Late Cretaceous-aged island
arc rocks (Arden 1975) (Fig. 1).

Furthermore, the Gainsbourg ridge and the Tosh basin appear
as two contemporaneous but distinct structures, not as the
same structure. The Tosh basin has an equivalent structure on
the eastern flank, the Wailer basin, located between the Walton
fault and the Gainsbourg ridge (Figs 3 and 8). The Gainsbourg
ridge was created before AS8, in the Early Oligocene, just
before the axis propagated southwards. The southern boundary
of the ridge is marked by the Wailer basin, the nodal basin of
the transform fault zone. On the western flank of the Mid-
Cayman spreading centre, the Tosh depression is created, but
no ridge formation occurs. The Tosh basin shown in Fig. 7, at
A8 time, is arbitrary because it did not extend towards the
North so much at this time, but constituted the eastern flank
of the nodal basin.

In Fig. 8, a sketch of the southward propagation of the Mid-
Cayman spreading centre shows that the northern boundaries
of the Tosh and Wailer basins and the Swan—Walton faults
bend to form a V-shape, as we previously described in the
bathymetry. This seems to correspond to the progressive
initiation of the second segment of the spreading centre and
its southward propagation (Figs 8 and 9).

Before A6, at the beginning of the Miocene, the Hendrix
area was created as an extensional pull-apart basin, con-
temporaneously with the left-lateral strike-slip displacement of
the Walton fault. Since the Miocene, the predominant displace-
ment of Jamaica has been towards the east. Our reconstruction
attempts to close the Hendrix pull-apart basin, taking into
account the deformation (Fig. 7). The reconstruction presented
in Fig. 7 also shows that a tectonic boundary symmetric to
the Swan and Oriente faults exists from the inception of the
spreading.

In the next stage of the study, an anomaly map of the North
Jamaica margin can give us more information about this
spreading onset and the interpretation of the area.

MAGNETIC INTERPRETATION OF THE
NORTH JAMAICA MARGIN

Magnetic anomaly map

A new magnetic anomaly map has been created for the North
Jamaica margin (Fig. 9) from the Seacarib II, Casis I and
Wilkes surveys. On it we place the anomaly identifications
made along the magnetic profiles in order to extend the
interpretation.

The magnetic anomaly map illustrates the ridges striking
NNE-SSW in the continental zone (Leroy et al. 1996) and
anomalies striking NNW-SSE in the oceanic domain (Fig. 9).
A large negative magnetic anomaly (—100 nT) extends from
Marley seamount to the northeast of the Cha Cha Cha and
Tango ridges (Fig.9). Its western side corresponds to the
continent—ocean transition identified by Leroy et al. (1996),
and its N-S strike is obvious mainly close to Jamaica. This
strong anomaly could be the trace of fissure volcanism that
started during the Cayman trough opening. The continent—

ocean transition is described as narrow and displays several
features: basin—fault zone intersections and a ridge formed by
the Marley seamount and its northern extension (Leroy et al.
1996) (Fig. 9). Note that in the southeastern part of the map,
an extension seawards of the Low Layton volcano, described
by Leroy et al. (1996) on a depth basement map and on land
by Pisot (1989), is emphasized by a positive magnetic anomaly
of 100 nT located at 18°20'N, 76°30'W (Fig. 9).

Furthermore, north of 19°N, the map shows the effect of the
Cliff and Marley fracture zones (Leroy et al. 1996) (Fig.9).
Additionally, the trace of the Marley fracture zone can be
followed further west, up to the Mid-Cayman spreading ridge.
The Marley fracture zone deformation can be seen on the
isochron lines in Fig. 7 (eastern A6, A8 and A13) and must
have been emphasized by the left-lateral reactivation of the
Walton fault in the Miocene (Fig. 7).

Distribution of the magnetization

The magnetic anomaly map described above is a representation
of the magnetization distribution of the rocks of the seafloor
filtered by the bathymetry. To determine this distribution of
magnetization, we have computed a 3-D inversion of the
magnetic data (Macdonald et al. 1980). First, we made an
interpolation of the bathymetric and magnetic data on a grid
with knot spacings of 1.1141 km for y (latitude) and 1.0534 km
for x (longitude) at the mean latitude of 18°30'N.

The magnetic inversion calculation relies upon several
assumptions: magnetized rock layers have a constant thickness
fixed at 1 km; the strike of the magnetization vector is constant
and corresponds to that of a centred axial dipole; only the
sense changes during reversals. Some of these assumptions can
be contested. For example, the first limits the study to the
oceanic domain and the second does not seem to be verified
by the recent studies made on deep boreholes, which indicate
that the gabbroic layer may contribute to the observed magnetic
anomalies (ODP hole 735B, Kikawa & Pariso 1991). Outside
the purely oceanic domain, the results obtained are not entirely
accurate due to the initial assumptions.

Fig. 10 shows the magnetization distribution map of the
Eastern Cayman zone. We find again the NNE-SSW strike
characteristic of the domain of continental blocks. The rifted
blocks show a strong magnetization, up to 25 Am~! for the
Grappler horst. In the oceanic domain, the positive magnetic
anomaly striking NNW-SSE (100 nT, Fig. 9) corresponds to
a magnetization of 3 A m~ 1. Therefore, the amplitude of this
anomaly is due to the positive topography. Besides, Marley
seamount does not appear clearly on the magnetization distri-
bution map and the values of magnetization in this area (from
2 to 8 Am™') could correspond to a serpentinized peridotite
rock type, which has a magnetization ranging from 2.4 to
82 Am™! (Telford et al. 1990; Johnson & Pariso 1993). In a
continent—ocean transition zone, rocks of this type have been
sampled, notably on the west Iberia margin (Boillot et al.
1989; Beslier et al. 1993; Whitmarsh & Sawyer 1993), but the
similarities cannot be confirmed without drilling or near-bottom
measurements. The fracture zones already seen on the magnetic
anomaly map are apparent in this magnetization distribution
map, which also makes the Cliff fracture zone more obvious
than the Marley fracture zone (Fig. 10). The CIiff ridge,
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Figure 9. Magnetic anomaly map of the eastern Cayman trough. Contour interval is 50 nT. Note the location of the last magnetic anomaly
identified in the oceanic domain and the east—west trend of the Cliff and Marley fracture zones. The continent—ocean transition was dated with
our magnetic model. The figure shows the magnetic anomaly contour map and the main structural features. A22 corresponds to the Ypresian
(49 Ma). CFZ = Cliff Fracture Zone; MFZ = Marley Fracture zone; NJF = North Jamaica Fault. The inset map displays all existing data used in

this area. See text for explanation.

striking E-W, is highly magnetized (15 A m ! average). Such
magnetization may correspond to basaltic rocks (Telford et al.
1990). A wide reversely magnetized zone (—8 to —19 Am™")
is clearly visible on the last continental Cha Cha Cha ridge
and on its associated basin (Fig. 10). This magnetization could
correspond to basalts, again related to the rifting. This area
extends towards the Oriente deep.

The magnetization distribution in the crust shows the two
types of crust and the different strikes: one strike corresponding
to the continental domain (NNE-SSW) and the other to the
oceanic domain (N-S to NNW-SSE). These observations
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match the results of the previous structural study from multi-
channel seismic data (Leroy et al. 1996). However, we have to
be very careful in interpreting the magnetization results of the
continental area.

DISCUSSION

Our magnetic study of the Cayman trough provides supple-
mentary constraints on tectonic and kinematic evolution. The
Mid-Cayman spreading centre is an ultraslow spreading ridge
with a rate from 7.5-10 mm yr~! (8.5mm yr~! at present).
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Figure 10. Magnetization distribution map of the Eastern Cayman zone. The continental domain results have to be used with care because of
initial assumptions in the inversion calculation (Macdonald et al. 1980). The contour interval is 1 A m~!. The values of magnetization on the
Marley seamount may correspond to a serpentinized peridotite rock type. The Marley and Cliff fault zones are also visible. CFZ = Cliff Fracture
Zone; MFZ = Marley Fracture zone; NJF = North Jamaica Fault. See text for explanation.

The Cayman spreading ridge was composed of a single segment
up to A8 and then two segments after A8 time. The second
segment was created by the propagation towards the south of
the Mid-Cayman spreading centre. This southward propagation
of the spreading ridge resulted in a bend of the Swan trans-
form fault and the formation of a restraining bend from the
Middle Oligocene to the Early Miocene (Mann et al. 1991).
These ages correspond to A8 and A6. On Swan island, the
exposures of Oligocene terraces are deformed and overlain by
undeformed carbonates of post-Early Miocene age (Holcombe
et al. 1990). On the other side of the axis, on the Walton fault,
the structural geometry has undoubtedly been modified during
the reactivation of the fossil transform fault during the Miocene
epoch (Rosencrantz & Mann 1991). The conjugate structure
to the Swan restraining bend can be clearly distinguished on
the bathymetric map: the Hendrix rhomboidal area (Fig. 2).
Our reconstruction (Fig. 7) shows that this basin may have
been formed during the left-lateral strike-slip movement of the
Walton fault during the Miocene. Without this reactivation of
the inactive Swan transform fault, no pull-apart basin could
have been formed at this location. Moreover, the shift of the
anomalies at the Marley fracture zone (Fig. 9) was increased
by the sinistral displacement of the Walton fault during
the Miocene epoch (Fig. 7). The Gainsbourg ridge and the
Tosh and Wailer nodal basins bear witness to the southward

propagation of the Mid-Cayman spreading centre, leading to
the progressive growth of the second segment of the spreading
ridge (Figs 7 and 8). Indeed, the propagation of the ridge
towards the south is emphasized by the creation of a V-shape
in the seafloor topography. The tip of the V indicates the sense
of axis propagation (Fig. 8).

The oldest anomaly identified in our model corresponds
to A22, which is located on the continent—ocean transition,
already identified on multichannel seismic lines (Leroy et al.
1996). This A22 corresponds to the onset of the formation of
the oceanic crust in the Early Eocene (49 Ma, Ypresian)
whereas previous authors (Rosencrantz et al. 1988) gave a
middle Eocene age (43 Ma, Lutetian). In the eastern corner
of Jamaica, the extensional faults striking NW—SE are sealed
by the Yellow limestones (Pisot 1989). These limestones form
a Ypresian—Lutetian (49-42 Ma) carbonate platform that
represents post-rift sedimentation. Thus, our date of the onset
of seafloor spreading fits well with the break-up unconformity
described on land.

The continent—ocean transition could be made up of
magnetized rocks of serpentinized peridotite (8 Am™1),
whereas the Cliff ridge could be composed of basaltic material
with a very high magnetization (15 A m™!). This configuration
is often observed in the slow spreading ridge. In the continental
domain, two highly magnetized areas are distinguished along
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the Cha Cha Cha, Tango, Grappler and Ska rifted blocks
(Fig. 10). The values of the magnetization correspond to a
basaltic material that we could consider as being the same as
the middle Eocene alkaline volcanism identified in Central Haiti,
in the Sierra Maestra (southern Cuba) and in Jamaica. On
land, this volcanism shows an alkaline geochemical character
and could be related to the rifting.

The results of ODP Leg 165 Site 998 on the Cayman ridge
(Fig. 1) describe Eocene calc-alkaline ashes and turbidites
(Sigurdsson et al. 1997) corresponding to the remains of a
subduction zone. However, it appears difficult to reconcile
a subduction zone on the south of the Cayman ridge (Fig. 1)
with our reconstruction and with other observations. Eocene
calc-alkaline material (53 Ma) has been found in Jamaica and
is related to an important magmatic episode of island-arc-type
that lasted from the Maastrichtian to the Eocene (Pisot 1989).
In southern Cuba (Cuban Oriente), the Sierra Maestra is
mainly composed of volcanic and volcano-detrital terranes of
Late Cretaceous to middle Eocene age (Furrazola-Bermudez
1976; Vila 1984). Their chemistry is calc-alkaline. Thus, the
presence of Eocene ashes and turbidites on the Cayman ridge
could be related to the calc-alkaline magmatism of Jamaica
and Cuba. Our study shows that during Eocene time (A22)
the geodynamic framework was a strike-slip system, with the
opening of the Cayman trough and not a subduction zone.
Thus, we do not agree with the interpretation of the ODP
Leg 165 scientific staff. With the complementary bathymetric,
structural and magnetic information of our study and with the
previous structural work (Leroy et al. 1996), we attempt to
summarize in the following section a model of the tectonic
evolution that confirms and modifies the models of Mann
et al. (1995) and Gordon et al. (1997).

Model of the evolution of the Cayman trough

Our study of the Cayman trough permits us to improve upon
the geodynamic model previously proposed for this region
(Pindell et al. 1988; Calais et al. 1989; Pindell & Barrett 1990;
Stephan et al. 1990; Mann et al. 1995; Gordon et al. 1997)
thanks to the results presented by Leroy et al. (1996) and
our analyses of bathymetric and magnetic data. The northern
boundary of the Caribbean plate moved progressively south-
wards from the Late Cretaceous to the present. The basic
model, presented by Malfait & Dinkelman (1972) and improved
by Mann et al. (1995) and Gordon et al. (1997), emphasizes
the progressive collision of Cuba and a subsequent abandon-
ment of fragments of the Caribbean plate that are accreted to
the North American plate. The motion of the Caribbean shifts
progressively from the north to the east to escape towards a
free ‘boundary’ in the Atlantic ocean (Fig. 11). Thus, the geo-
dynamic evolution of the northern boundary of the Caribbean
plate has a tectonic style of oblique arc—continent collision
followed by strike-slip faulting.

(a) Late Cretaceous (Fig. 11a)

The initial contact between the North America plate and
the eastward-moving Caribbean plate is well documented
in the southern part of the Yucatan peninsula. Indeed, in
Guatemala (Central America), the synorogenic sedimentation,
the northerly vergence of folds, the thrusts and the ophiolitic
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obduction are Santonian-Campanian—Maastrichtian in age
(Rosenfeld 1981; Fourcade et al. 1994) (Fig. 11a). This defor-
mation marks the inception of the Cuban arc strike-slip along
the Yucatan peninsula. The proto-Caribbean oceanic area
allows the Cuban arc system to continue migrating to the
northeast towards the Bahamas platform. The magmatic activity
recorded at this time is island-arc-type in Cuba, Haiti and
Jamaica.

(b) Palaeocene time (Fig. 11b)

Northeastward progression of the arc system is attested by the
Cuban arc collision against the Bahamas platform in western
Cuba (Gordon et al. 1997). Coeval opening of the Yucatan
basin occurs along a left-lateral strike-slip fault following the
coastline of the Yucatan peninsula (Rosencrantz 1990). In
northern Cuba, on the Pinar fault zone, a NW-SE oriented
compression was immediately followed by NNE-SSW com-
pression related to the sinistral shear (Gordon et al. 1997). The
western Cuban arc progression was stopped by the entry of
the thicker crust of the Bahamas platform into the subduction
zone.

(c) Early Eocene time (Fig. 11c)

The collision migrates to central Cuba. The formation of the
Trocha fault accommodates the northeastward relative plate
motion. A deformation front occurs to the south along the
Cauto depression in southern Cuba.

(d) Ypresian time (Fig. 11d)

The Cayman pull-apart basin opens. The continental break-up
begins during the early Eocene (49 Ma, Ypresian). The system
cannot advance eastwards and then shifts southwards, initiating
the Cauto fault system (Fig. 11d). The eastern boundary of the
system is made up of the southern tip of Cuba and part of
Hispaniola, which both continue to migrate towards the NNE.
The Cauto fault in the previous interpretations (Mann et al.
1995; Gordon et al. 1997) was never mentioned because
previous authors never considered the evolution of the Cuban
arc front collision through time along a NW-SE axis. Herealfter,
the Cayman trough begins to evolve freely, creating the oceanic
crust with an ultraslow spreading rate (7.5 mm yr ).

Note that the subduction zone in the Cayman trough to the
south of the Cayman ridge proposed by Sigurdsson et al.
(1997) appears to be incompatible with the opening of the
Yucatan basin as a pull-apart basin in the Palaecocene, with
the Trocha fault activity in the Early Eocene and with the
inception of the Cayman trough opening.

(e) Early Oligocene time (Fig. 11e)

The system once again stops in the east, and the Cauto fault
is abandoned. The Oriente fault now permits eastward motion
of the Caribbean large igneous province along the Pedro—
Gonave escarpment. Subduction of the igneous province
beneath southwestern Hispaniola now begins and the boundary
of the plate evolves progressively southwards. The Neogene
shortening causes the formation of an anticline ramp (Mercier
de Lépinay 1987). The shortening is due to this oblique
convergence.
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Figure 11. Tectonic setting of the northern boundary of the Caribbean plate from Maastrichtian to Recent times, modified from Pindell & Barrett
(1990), Mann et al. (1995) and Gordon et al. (1997) with the results of this study and that of Leroy et al. (1996). See text for discussion.

(f) Late Oligocene, early Miocene ( Fig. 11f)

A regional reorganization is completed. Indeed, from the Middle
Oligocene, the Mid-Cayman spreading centre propagates pro-
gressively southwards, creating a second segment and allowing

the formation of the restraining bend of the Swan islands
(Mann et al. 1991). Transpressive deformation and uplifts form
the present topography of the Northern Caribbean domain.
The inactive side of the Swan transform fault (Walton fault)
becomes active. From eastern Jamaica (Burke et al. 1980;
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Lewis 1980; Mann et al. 1985) to the northern boundary of
the Upper Nicaragua rise, the Walton fault activity creates the
Hendrix pull-apart basin and the compressive Montego ridges
(Leroy et al. 1996) (Fig. 1) to the west and north of Jamaica,
respectively. Cuba and northern Hispaniola are separated by
the transcurrent motion of the Oriente fault. The initiation of
this fault explains the difference in movement measured in the
Cayman trough (1100 km) and between Cuba and Hispaniola
(400 km) (Calais et al. 1990).

(g) Late Miocene (Fig. 11g)

The Gonave rise fault is abandoned and the transcurrent
motion shifts southwards on the Enriquillo fault in Haiti
(Fig. 1), permitting the system to continue to evolve eastwards.
The Cayman trough and in particular the Gonave microplate
(Rosencrantz & Mann 1991) are related to the Caribbean
plate by the Cul-de-Sac basin (Fig. 11g).

(h) Present-day (Fig. 11h)

The final stage of the evolution of the Cayman trough is the
Beata ridge collision (Mauffret & Leroy 1999), impeding
the strike-slip motion and forcing the convergence to migrate
to the Puerto Rico-Bahamas trough (Heezen et al. 1985) and to
the Cibao—Ile de la Tortue strike-slip fault on the north side
of Hispaniola (Fig. 11h).

The history of the Cayman trough is marked by two main
tectonic events: (1) the oceanic accretion at A22 (49 Ma) and
(2) the reorganization in the Late Oligocene and Early Miocene
(A8-A6, 26-20 Ma). These two key epochs are also observed
in the global kinematics of the three major tectonic plates
bounding the Caribbean plate—the North and South American
plates and the Pacific plate. A quantitative analysis of North
and South American plate motions (Miiller et al. 1999) since
A34 (83 Ma) agrees with the Cayman trough tectonic history.
Indeed, an increase of the N—S movement between the two
plates is recorded between A25 (56 Ma, Late Palacocene) and
A21 (47 Ma, Early Eocene), corresponding to the activity
period of the different strike-slip faults in Yucatan until the
inception of the Cayman trough opening at a slow spreading
rate. At A8 (26 Ma, Late Oligocene), the motion between
the two plates increases again after slow motion during the
Oligocene. Moreover, an increase of the northeastward Pacific
plate motion has been recorded at the same time (A21 and A7)
by Pardo-Casas & Molnar (1987).

CONCLUSIONS

By studying the magnetic anomalies, the bathymetry and the
tectonic structure, we have reached the following conclusions.

(1) The opening of the Cayman trough initiated in Early
Eocene time (A22, 49 Ma, Ypresian), consistent with the
geology of Jamaica.

(2) Southwards propagation of the spreading ridge occurred
in Early Miocene time as well as coeval formation of the Swan
restraining bend and reactivation of the Walton fault zone,
which formed the Hendrix pull-apart basin.

(3) The northern Caribbean boundary is a good illustration
of the tectonic escape that occurred from the Maastrichtian to
the present. The final stage was the Beata ridge collision, which

© 2000 RAS, GJI 141, 539-557

Cayman trough evolution 555

impeded strike-slip motion and forced the convergence to
migrate into the Puerto Rico Bahamas trough towards a free
‘boundary’.

(4) The history of the Cayman trough is directly related to
global plate kinematics. Two increases of the convergence
rate of the North and South American plates occurred at the
two key epochs of the Cayman trough development: oceanic
spreading of the trough occurred at 49 Ma, and formation of
the Mid-Cayman spreading centre second segment and tectonic
reactivation occurred at 26 Ma.
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