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Figure 3. (a) Possible east-west extension caused by a westward shift of the Aves
Ridge for the opening of the Grenada Basin, as proposed by Tomblin (1975). Large
arrows indicate the relative motions of the North American, Caribbean, and South
American Plates. Small arrows indicate the directions of extension for the formation of
the basin. (b) Possible north-south extension for the opening of the basin, as pro-
posed by Pindell and Barrett (1990). (c) Possible northeast-southwest extension for
the opening of the basin, as proposed by Bouysse (1988).
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Figure 4. Free-air gravity anomalies over the study area. The contour interval is 10
mG@Gal. Gridded data (6 km) were compiled in 1987 by the Geological Society of
America Decade of North American Geology Committee on the Gravity Map of North
America.

south-north over an east-west-trending body, and the other two were ori-
ented west-east over a north-south-trending body.

Using an inclination of 43°, calculated amplitudes decrease about 57%
(from about 300 to 130 nT) from south-north to west-east. A more dra-
matic decrease, and more important to this study, is observed from south-
north to west-east calculations using a 23° inclination. The decrease in
amplitude is about 86% (from about 290 to 40 nT).

Interpretation

Figure 8 displays selected magnetic anomaly profiles over the southern
part of the basin, with some of the major anomaly trends indicated. Note

Figure 5. Bathymetry of the study area. The contour interval is 100 m. Gridded data
(5 minute) were compiled by Lamont-Doherty Geological Observatory of Columbia
University.

that trends, although discontinuous, are oriented generally north-south,
or subparallel to the island arc and the trench line of the subduction zone.
Anomalies correlated from the observed magnetic profile data over the
southern part of the basin exhibit amplitudes near 40 nT. There does not
appear to be structural relief on the acoustic basement surface which
would produce these anomalies (Speed et al., 1984). Furthermore, in this
comparison of relative anomaly amplitudes, the smaller amplitude over a
north-south-oriented body suggests that magnetization of the body is
caused primarily by the hypothetical remanent field (or 23° inclination).
That is because any effect of the inducing field would only increase the
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Figure 6. Shipboard magnetics data coverage for the study area. Anomaly profiles for
west-northwest-oriented ship tracks outlined by the dashed box are displayed in
Figure 8.

amplitude, because the north-south-oriented body produces a larger-
amplitude anomaly at 43° magnetic inclination. The effect of magnetiza-
tion contrasts caused by geomagnetic polarity reversals also increases the
relative amplitude of anomalies.
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Figure 7. Magnetic anomalies calculated for two profile directions (South-north and
west-east). For profiles 1 and 3, present-day magnetic inclination (43°) and declination
(-11°) are used, and paleomagnetic inclination (23°) and declination (0°) are used for
profiles 2 and 4. In each calculation, the same 2-D causative body is used: 5 km thick,
at 12 km depth, and 8000 micro-cgs units susceptibility magnetization.

At low geomagnetic inclinations, the ends of offset-spreading ridge
segments or east-west-trending features such as transform faults that have
been injected with magnetized material would produce anomalies of sev-
eral hundred nT. In contrast, north-south-trending ridge segments would
produce anomalies of only a few tens of nT. At the magnetic equator, a
north-south ridge segment would produce no anomaly if magnetization of
the source body is caused solely by the inducing field.

The north-northeast to north-south orientation of anomaly trends,
seen in profile data, over the basin south of 14°N are interpreted to be

Figure 8. Magnetic anomaly trends over the study area from profile data. Anomaly
highs are indicated by solid lines and anomaly lows are indicated by dashed lines.

produced by sea-floor spreading and indicate a near east-west direction of
extension and opening of the Grenada Basin. Although these anomalies
exhibit amplitudes of about 40 nT, confidence in these trends is high. This
confidence is supported by two aspects of the region and the magnetic
field. First, the trends were correlated using data from a single cruise
(U. S. Navy WI932010) with eighteen lines spaced approximately 8 km
apart. Second, the acoustic basement surface in this part of the basin is
relatively smooth (Speed et al., 1984), suggesting that intrabasement
sources are responsible for the anomaly trends observed in profiles.
Trends over the northern part of the basin may have resulted from the tec-
tonic event responsible for the bifurcation of the northern Lesser Antilles.
That is, the original magnetic signature is thought to have been disrupted
by faulting and possible strike-slip motion (Bird, 1991; Bird et al., 1993).




Conclusion

After understanding the magnetic field over the Grenada Basin, it is a rel-
atively easy task to piece together the geologic events related to its for-
mation. In his discussion regarding the magnetic anomalies over the
Grenada Basin, Bouysse (1988) points out that the great depth to the
oceanic basement, combined with a possible location near the geomag-
netic equator of the eastern Caribbean, may blur the original anomaly pat-
tern. These factors are the primary reason for the confusion regarding the
magnetic field over the Grenada Basin.

Interpretation of magnetic anomalies at low geomagnetic inclinations
depends on the strike of the geologic features and the anomaly patterns
they produce. The magnetic anomaly patterns over the Grenada Basin
and our interpretation of them demonstrate this dependence. The
Grenada Basin is interpreted to have formed by near east-west extension
in the Early Tertiary (Figure 9). This conclusion is supported by the basin
morphology, gravity data, and subtle magnetic anomaly trends over the
southern part of the basin (Bird, 1991). These low-amplitude anomalies
are produced by roughly north-south-oriented spreading centers near the
geomagnetic equator. The chaotic, patchy anomalies over the northern
part of the basin are thought to have formed by sea-floor spreading also,
but they were disrupted later by the Late Tertiary event responsible for
the bifurcation of the Lesser Antilles (Bird et al., 1993).
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Figure 9. Two-step model for the formation of the Grenada Basin via east-west exten-
sion. Large arrows indicate directions of relative plate motion. Small arrows indicate
directions of extension and basin formation. (a) The basin formed fairly uniformly by
sea-floor spreading. (b) Late Tertiary compressional tectonism disrupted the northern
portion of the basin (indicated by long, northeast-oriented arrows).

Because many of the world’s prospective basins are in regions charac-
terized by low magnetic latitudes, the work performed here can be used
as an analog for understanding the magnetic field, and the geology which
produces it, in such regions.
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