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Abstract. The Kane Fracture Zone (KFZ) trans-
verse ridge is an anomalously shallow ridge which
parallels the KFZ for over 200 km east of its in-
tersection with the Mid-Atlantic Ridge rift valley.
Sea Beam bathymetry and gravity data have been used
to determine the morphology and density structure
of the ridge, and travel time data from two seismic
refraction experiments have been modeled to con-
strain its seismic velocity structure. The trans-
verse ridge first appears on older lithosphere
opposite .the eastern ridge-transform intersection.
It rises to a maximum height of about 2000 m above
the bordering KFZ trough 40 km east of the inter-
section area. Although bathymetry data along the
western limb of the KFZ are relatively sparse, .a
ridge of similar dlmenslons is not present. The
KFZ transverse ridge has a decidedly flexural shape
in cross section with 4 high, steep, south. facing
wall and a gently sloping northern side. The grain
of the ridge-parallel topography north of the KFZ
continues undisrupted across the transverse ridge
suggesting that the ridge has formed by vertical
uplift of this crust.  Seismic ray tracing and
gravity analyses indicate that the KFZ transverse
ridge is not locally compensated by an overthick-
ened crust, but is underlain by crustal thicknesses
and velocities similar to that of normal oceanic
crust on either side of the KFZ. Anomalously thin

crust is only present immediately beneath the KFZ
trough and along the south facing wall of the
transverse ridge. These constraints, and the
formation of the KFZ transverse ridge on the older
plate, preclude several previously proposed models
for its origin including flekural bending due te
differential subsidence across the fracture zone,
constructional volcanism, and serpentine diapirism.
Although no single mechanism provides a completely
satisfactory explanation for the origin of the KFZ
transverse ridge, the most likely mechanism appears
to be a combination of thermal and viscodynamic
forces operating near. the ridge-transform inter-
section.

Introduction

North Atlantic fracture zones, and fracture
zones along other slowly spreading ridges, are
typically characterized by a zone of strongly
lineated terrain, a few kilometers to over 30 km in
width, centered about a deep axial trough [Fox and
Gallo, 1986]. Among the most distinctive topo-
graphic features in this zone are linear ridges,
towering 1 km or more above the surrounding sea-
floor, that border many of these fracture zones for
distances of tens or hundreds of kilometers. . These
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features, known as transverse ridges [Bonatti,
1978], are found both within and outside the trans-
form zone. They are particularly prominent in the
equatorial Atlantic where they have been mapped
along the Vema [van Andel et al., 1971], Romanche
[Bonatti and Honnorez, 1976], St. Paul’s [Melson et
al., 1967), and Ascension [van Andel et al., 1973]
fracture zones. However, they also have been
reported from 6ther large fracture zones including
the Oceanographer [Fox et al., 1976], Fifteen-
Twenty [Collette et al., 1984], Kane [Purdy et al.,

1979], Atlantis [Heezen and Tharp, 1965], and
Charlie-Gibbs [Olivet et al., 1974] fracture zones
in the North Atlantic; the Owen [Bonatti, 1978] and

Atlantis II [Dick et al., 1986] fracture zones in
the Indian Ocean; and the Mendocino [Menard and
Chase, 1970] and the Heezen [Lonsdale, 1986] frac-
ture zones in the Pacifiec. ]

Fracturé zone transverse ridges are of geologi-
cal interest for several reasons. .Their orienta-
tion is parallel to fracture zones and orthogonal
to the tectonic grain of normal oceanic crust,
suggesting an origin that is related to processes
associated with the dynamics of ridge-transform-
ridge plate boundaries. The ridges are much shall-
ower than adjacent seafloor of the same age and
appear, in some cases, to have experienced recent
and very rapid vertical tectonism. For example,
the summit of the Vema transverse ridge, presently
600 m below sea level, is capped by shallow water
limestones that suggest it once was at or near sea
level [Bonatti: and Honnorez, - 1971; Honnorez et al.,
1975]). Limestones recovered from the Romanche
transverse tridge have been dated and indicate
subsidence rates of 0.3 mm yr'l, more than an order
of magnitude greater than would be expected from
the thermal subsidence of the underlying litho-
sphere [Bonatti et al., 1977]. A diverse suite of
basaltic, gabbroic, and ultramafic rocks with
various degrees of metamorphism and tectonization
have been dredged from the steep walls of trans-
verse ridges at many fracture zones, leading to the
suggestion that they are uplifted blocks that
expose the deeper portions of the oceanic crust
[Bonatti and Honnorez, 1976].

The origin of fracture zone transverse ridges
remains, however, a poorly understood aspect of
fracture zone tectonics. In part, this is due to
the extremely rugged topography of these ridges
which has made them difficult to map using conven-
tional wide-beam echo sounders. In addition, few
geophysical constraints exist on the deeper crustal
structure of transverse ridges. Gravity studies of
the Romanche [Cochran, 1973], Vema [Robb and Kane,
1975], and Kane [Louden and Forsyth, 1982] fracture
zones have suggested that transverse ridges are
associated with a local mass excess, but these in-
terpretations have been complicated by the density
contrast associated with the different aged litho-
sphere juxtaposed at the fracture zone [Sibuet and
Veyrat-Peinet, 1980; Louden and Forsyth, 1976] and
the presence of anomalous crustal thicknesses and
densities beneath the adjacent fracture zone trough
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[Detrick and Purdy, 1980]. Refraction experiments
have been hampered by the extreme topographic re-
lief associated with transverse ridges and have
concentrated primarily on determining the crustal
structure along the fracture zone trough. With the
exception of Whitmarsh and Calvert's [1986] work on
Hecate Bank along the Charlie-Gibbs Fracture Zome
and the Potts et al. [1986] study.of the Vema
Fracture Zone, few seismic.constraints exist on the
crustal structure of any transverse ridge.

In this paper we present the results of a Sea
Beam survey of the Kane Fracture Zone (KFZ) trans-
verse ridge and a reanalysis of available gravity
and seismic refraction data across this feature.
Our results indicate that the KFZ transverse ridge
is an uplifted block of oceanic crust that is not
locally compensated either by an overthickened
crust or unusually low mantle densities. No single
mechanism offers a completely satlsfactory explana-
tion for the origin of the KFZ transverse ridge,
but thermal-viscodynamic stresses devéloped near
the ridge-transform intersection are suggested as
possible a mechanism.

Kane Fracture Zone

The KFZ is one of the largest and best mapped
fracture zones in the central North Atlantic. It
has been traced from a 150-km, left-lateral trans-
form offset of the Mid-Atlantic Ridge (MAR) at
~23°30'N out beyond 80 Ma crust on both ridge
flanks [Fox et al.,1969; Rabinowitz and Purdy,
1976; Purdy et al.,‘1979; Tucholke and Schouten,
1985]. Regional bathymetric maps compiled using
conventional, wide-beam echo sounding profiles show
that near the Mid-Atlantic Ridge the KFZ is an
anomalously deep, ESE trending trough that is
bordered along its eastern aseismic limb by an
unusually high, elongate ridge, which we call the
KFZ transverse ridge. This ridge is located on the
north side of the fracture zone trough and paral-
lels the KFZ for at least 240 km east of the MAR
rift valley. ‘

The KFZ transverse ridge has not been studied in
any detail, but it appears to be similar to trans-
verse ridges found along other large Atlantic
fracture zones. Rocks recovered from the transform
valley walls [Miyashiro et al., 1969], the ridge
north of the MAR-KFZ intersection [Karson and Dick,
1983), and farther west along the KFZ {Fox et al.,
1972] include basalts, metabasalts, gabbros, meta-
gabbros, and serpentinized ultramafics, similar to
the suite of rocks dredged from the flanking walls
of other fracture zones including the Vema,
Romanche, and Owen fracture zones [Bonatti and
Honnorez, 1976; Bonatti and Hamlyn, 1978]. Near
the eastern ridge-transform intersection (RTI)
submersible and deep-towed Acoustically Navigated
Undersea Survey (ANGUS) photographic studies show
no evidence for recent. tectonic activity along the
transverse ridge, although reactivated debris
slides and relatively recent fault scarps (indicat-
ing a component of vertical tectonism) are present
and become more abundant along the northern trans-
form valley wall as the eastern RTI is approached
[Karson and Dick, 1983}. Few geophysical con-
straints exist on the crustal structure of the KFZ
transverse ridge. Detrick and Purdy [1980] sug-
gested that the anomalously thin crust present
under the trough of the KFZ extends beneath at
least part of the adjacent transverse ridge, but
no detailed modeling was attempted. Louden and

Kane Fracture Zone Transverse Ridge

Forsyth [1982] analyzed two long (~300 km) gravity
profiles which cross the KFZ transverse ridge and
found a positive isostatic dnomaly on one profile
indicative of a thinned crust or high-density body
beneath the ridge. However, a second profile 65 km
farther west showed no isostatic anomaly over the
transverse ridge, leading Louden and Forsyth to
conclude that there are significant variations in
crustal thickness or density occurring throughout
the region both along and across the KFZ,

Morphology of KFZ Transverse Ridge

An 18-day Sea Beam bathymetry, magnetic, and
gravity survey of the Kane Transform and the MAR
rift valley immediately to the south was completed
in October - November 1984 as part of a predrilling
site survey for the Ocean Drilling Program [Detrick
et al., 1984]. Approximately 3 days of this survey
were devoted to mapping the KFZ transverse ridge
and the adjacent fracture zone valley (Figure 1).
Coverage extends from the eastern RTI intersection
eastward along the KFZ for a distance of about 130
km. Between the RTI and 44°30'N néarly complete
Sea Beam coverage was obtained out to 30 km on
either side of the fracture zone.  East of 44°30'W,
Sea Beam coverage consists of three overlapping
swaths along the KFZ transverse ridge and fracture
zone trough with eight equally spaced ~60-km-long
profiles oriented approximately perpendicular to
the KFZ.

Initial postprocessing of the Sea Beam data
involved plotting the swaths with a 100-m contour
interval at a scale of 60 inches per degree (1:75,
000). For approximately 8 hours each day the ship
was navigated using the Global Positioning System
(GPS) satellite network which has an accuracy of
several tens of meters. Outside the GPS window,
the ship was navigated by transit satellites and
dead reckoning. The final ship navigation was
determined by adjusting the bathymetry obtained
with transit satellites and dead reckoning to the
GPS navigated bathymetry where the swaths inter-
sected or overlapped. The adjustments required
were typically less than 1 km on all but a few
tracks. Working bathymetric maps with a 20-m
contour interval were then constructed at scales of
81 inches per degree (1:50,000) or 40 inches per
degree (1:100,000) by hand contouring the swath
data and interpolating between swaths where neces-
sary. Final maps at a more manageable scale of 20
inches per degree (1:200,000) and a contour inter-
val of 100-m were then produced.

A color-filled version of the final 100-m con-
tour map of the eastern Kane RTI and the KFZ trans-
verse ridge is shown in Plate 1. The hot colors
(yellow, red) represent shallow regions, while the
cold colors (blues, purple) denote the deeper
portions of the map. A more threé-dimensional
perspective on the relief associated with the KFZ
transverse ridge is shown in Figure 2, and a gen-
eralized tectonic map based on the Sea Beam bathy-
metry is displayed in Figure 3.

Eastern RTT and MAR rift valley, The morphology

of the Kane Transform and the eastern Kane RTI are
described in detail by Pockalny et al. [this is-
sue]. The topography of the intersection area is
dominated by a large closed-contour depression or
nodal basin. It is about 10 km wide at the 5000-m
contour and over 6100 m deep near the center of the
basin. To the south, two NNE trending scarps, each
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Plate 1. Sea Beam bathymetry map of the eastern Kane RTI and a 130-km segment of the KFZ
and KFZ transverse ridge east of the MAR rift valley. Contour iinterval is 100 m with color
changes every 500 m. Dashed contours indicate interpolated bathymetry.
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