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Abstract—The tectogenesis of the Atlantic Ocean segments is complicated by the axial difference in spreading
half-velocities, which causes additional shear displacements between the lithospheric blocks along the trans-
form faults. The intensity of these processes and density of the fault zones iis related to the presence of “cold”
sublithospheric lenses along the MAR at a depth of 500 km.
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The postulate of rigidity of the lithospheric plates
moving along the Earth’s surface on the astheno-
spheric layer with a reduced viscosity does not corre-
spond to the real geological structure. As defined in
[9], the lithosphere is laterally divided into large and
small plates that are not uniform in both the vertical
and horizontal sections. The major tectonic activity is
manifested at the plate boundaries, but it is also typical
of the intraplate space. The energy that is necessary to
implement the full range of tectonic processes in the
lithosphere is estimated at (1—2) x 10" W [1], while
the total energy considered in the Earth is estimated at
(5.3—=7.2) x 103 W [4]. It means that the energy release
exceeds the needs of the lithospheric tectonic pro-
cesses (including horizontal plate movements) by
more than two orders of magnitude. Thus, the main
problems are the mechanisms of energy conversion to
work related to tectonic deformation of the lithosphere
both on its boundaries and inside the plates.

The major driving forces for plate movement in the
Atlantic region are not completely clear. The sub-
ducted plate pulling (slab pull) into the mantle is
unlikely in this ocean, because, except for the rela-
tively small arc systems of the Scotia and Caribbean
seas, there are no subduction zones with a slope from
the Mid-Atlantic Ridge (MAR), the pulling in of
which could support the opening process. The litho-
sphere transfer by the asthenospheric current should
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form a well-recognizable dynamic relief related to the
MAR. But according to [12], the dynamic relief is
related not to the MAR, but to the system of localized
regions of ascending plumes detected by the seismoto-
mography data also not evidencing continuation of the
MAR axial anomalies deeper than 250—300 km [11].
Hence, the formation of the MAR structure cannot be
clearly explained in terms of classical mechanisms and
additional options are needed. This can be a rotational
mechanism that forms the tangential forces affecting
each element of “loose” plates and blocks [6] analo-
gous to volumetric forces. In addition, the action of
such forces can lead to block movements within the
large plates and various tectonic deformations in the
intraplate space and can also contribute to the differ-
entiated horizontal displacements.

The different spreading velocity for the even-aged
areas along the isochrons in parallel to the MAR may
be an indicator of horizontal differentiated displace-
ment within the plate. According to [3], the spreading
velocities for the South Atlantic segment between 12°
and 17° S, at ages from the present up to 20 Ma,
obtained from the correlation of anomalous magnetic
fields (AMFs), show a difference of more than twice in
the kinematics of adjacent spreading segments sepa-
rated by transform faults. These conditions can cause
shears not only in the active fault areas under the stan-
dard conditions at the same velocity, but also outside
of them on both sides of the MAR due to the addi-
tional shear amplitude caused by the velocity differ-
ence. This amplitude should decay or dissipate at an
increasing distance from the MAR [8]. The decay pro-
cess needs an additional space that is comparable to
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the size of the shear segment. Shears can cover
intraplate areas, passive parts of transform faults with
adjacent areas, and also the sedimentary cover. Evi-
dence for deformations in the seismic records of the
sedimentary cover, which can be formed by paragene-
sis of the shear zones, can be found in [10] and many
other works. The first assumption of the possible shear
nature of intraplate deformations in the Atlantic
Region is likely given in [2].

Let us consider a compilation of geophysical attri-
butes along the MAR between 55° S and 80° N (Fig. 1).
The attributes are compared in the section of varia-
tions in the ratio of longitudinal and transverse wave
velocities Vp/Vs from the surface to the mantle bottom
along the MAR (Fig. 1-6), calculated in [7]. This seis-
mic attribute is interpreted as an indicator of tectonic
“mobility” in the mantle, and its minima are lower
“mobility” zones circled with dotted areas, which cor-
respond to the “cold” lenses located largely in the
range of 400—700 km. Figure 1-5 shows the density of
the fault zones along the MAR with an envelope curve.
Modulations of the total lengths are well-defined as
the chain of maxima coinciding in general terms with
the position of the “cold” lenses under the MAR. The
geodynamic effect of these lenses on tectonic frag-
mentation of the lithosphere and crust is also based on
the mantle thermal condition in the layer with a thick-
ness of about 300 km right above the 670 km section
and is retained when moving away from the MAR
during spreading. It can be explained by the fact that
the thicker (up to 400 km) surface layer can be
involved in the movement of lithospheric plates, the
bottom of which, characterized by increased friction
within the “cold” lenses, contributes to enhanced
macrofracturing. In the space between the lenses, the
mantle is less viscous and the number of large faults
and their length decrease.

Figures 1-2 and 1-3 show spreading half-velocities
along the 16 and 4 Ma isochrons, respectively, in pairs
for the western (a solid line) and eastern (a dashed
line) MAR flanks, constructed after [13] without an
interval filtration from 8°S to 15°N. These diagrams
were obtained by the cross section of the matrix of
half-velocities along the position profiles of these iso-
chrons. Due to the fact that the equatorial segment of
the Atlantic (ESA), which for a number of reasons,
contains the highly fragmented AMF. This interval is
therefore not shown in the diagrams characterized by
the following features. A regular increase in the
spreading velocities is clearly seen when the plates
become more and more distant from the rotation pole
of the plates separated by the MAR (about 60° N).
Against this background the local variations in half-
velocities reach 100% along the strike of the MAR and
250% in the difference between the western and east-
ern flanks. The dimensions of the segments with local
variations of half-velocities are comparable with the
depths of the top of the “cold” lenses.
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The velocity asymmetry is well-defined on the
western and eastern flanks (Figs. 1-2, 1-3). This asym-
metry is reduced to almost zero difference in some
MAR segments, the position of which (Fig. 1-4) is
coincident with the “cold” lenses and the transform
fault modulation maxima. The asymmetry of spread-
ing half-velocities reaches its maximum between the
lenses, and the western flank of the MAR in the
Southern Hemisphere is characterized by greater val-
ues than the eastern flank. Velocities are occasionally
predominant on the eastern flank in the Northern
Hemisphere. A negative correlation of the half-veloc-
ity maxima on the western flank and the minima on
the eastern flank should be noted. The 16 Ma iso-
chrone in the east is characterized by a northward shift
of the whole data system relative to the west. The data
curve in Fig. 1-2 therefore looks displaced along the
latitude. A northward shift of the western curve by
about 120 km would result in a negative correlation
close to 1 for this isochron, as well as for the 4 Ma iso-
chron. It means that the total spreading movement
accompanied by some horizontal accretion of the
crust, despite the half-velocity asymmetry, remains
more or less the same, and no rapid jump in produc-
tivity of the magmatism supplying material to form the
crust is observed. Within the plate there are segments
with different kinematics and a predominant trend of
this process (horizontal “keyboard”). In other words,
the MAR segments have different kinematic and inde-
pendent characteristics. This fact confirms the thesis
of a heterogeneous “non-rigid” structure of the plates
and possible independent motion of their parts under
the action of volumetric forces with a horizontal com-
ponent. These processes are more intensive in the regions
between the “cold” sublithospheric lenses and within
deep anomalies such as the “plume” in the MAR.

Having compared the half-velocity profiles for the
16 and 4 Ma isochrons, we observe segments where
the western predominance of higher velocities under-
went inversion, and at 16 Ma, the predominance was
in the eastern flank and vice versa. For example, the
segment from 52° to 49° S 4 Ma was characterized by
an eastern half-velocity predominance, whereas at
16 Ma, the predominance was western. On the other
hand, the segments from 41° to 37° S and from 17° to
15° S 4 Ma were characterized by the western half-
velocity predominance, whereas at 16 Ma, the pre-
dominance was eastern. These inversions occur
between the “cold” sublithospheric lenses. It is evi-
dent that the zones with a reduced mantle viscosity
contribute to instability and variations in the predom-
inant trends of the spreading process as compared to
the “cold” zones.

As noted above, under the nonuniform velocity
profile along the MAR segments, there should be
shifts between the blocks, expressed as deformations in
the basalt layer top, and, respectively, in the covering
sedimentary cover, where it is already formed. Figure 2
shows the residual relief of the MAR axial zone and
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Fig. 1. Compilation of geophysical attributes along the MAR. (1) Position of intersections with the largest faults on the MAR axis
and their names; (2, 3) spreading half-velocities (mm/yr) along the 16 Ma and 4 Ma isochrons, respectively, shown in pairs for
the western (solid line) and eastern (dotted line) flanks of the MAR, constructed after [ 13], with interval filtration from 8° S to
15° N; (4) position of the zones with a minimum asymmetry of spreading velocities in the areas with reliably identified linear mag-
netic anomalies; (5) positions of intersections of the transform faults with the MAR with a symbol the size of which is linearly
proportional to the total length with passive parts, and their envelope curve; (6) variations in Vp/Vs calculated from seismotomo-
graphic data on the P- and S-waves [11, 14]; dotted circles indicate “cold” anomalies in the upper mantle of the Atlantic Region
under the MAR zones and flanks.
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Fig. 2. Residual relief of the MAR axial zone and flanks between 7° and 24°S obtained by high-frequency filtration of the full
GEBCO relief (http://www.gebco.net/, sampling date August 21, 2013) in the 30-second matrix for waves of less than 75 km in
length. Bold lines show the position of the 16 Ma isochron from both MAR flanks. The root-mean-square dispersion of residual
relief values is 232 m, while the minimum and maximum values reach about 5000 m.

flanks between 7° and 24° S obtained by high-fre-
quency filtration of the full GEBCO relief (General
Bathymetric Chart of the Ocean,
http://www.gebco.net/, sampling date August 21,
2013) in a 30-second matrix for wavelengths of less
than 75 km. For comparison with Fig. 1-1, Fig. 2
shows the position of the 16 Ma isochron. Figure 2
shows well-defined troughs of the transform faults,
expressed as the extended and almost straight relief
anomalies between which, in a number of interfault
segments, there are multiple winding troughs of simi-
lar amplitude. It is difficult to explain their trajectory
under the general trajectory curving of the transform
zone (flow line) due to migration of the plate rotation
pole. Their origin can be interpreted by the difference
in velocities of adjacent segments, leading to shears
along the transform faults and the related tensile zones
at an angle of 25°—45° to the shear rupture in the seg-
ments that are adjacent to it. It should be noted that
discordant structures develop in the segment with a
lower velocity. This phenomenon is most demonstra-
tive in the interval from 17° to 13° S on the MAR west-
ern flank in the 16 Ma isochron: the half-velocity
value to the south of 15° S (Fig. 1-1) exceeds that to
the north of this latitude at smaller deformations of the
higher velocity segment (Fig. 2).
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The disappearance of a “hermit” fault, as defined
in [2] within the interval from 17 to 15° S at a distance
of about 400 km west of MAR can be regarded from
the standpoint of the alignment of spreading half-
velocities in adjacent segments. Meanwhile, velocities
were higher in the northern part judging by discordant
faults in the southern part. Frequent changes in the
relative velocity conditions in numerous MAR seg-
ments led to the formation of a mosaic oceanic sub-
strate as alternating areas with discordant faults and
without them. Thus, in addition to the AMF, the
residual relief is the basis for reconstructing the
detailed kinematic evolution of the spreading sub-
strate. These processes can occur in each fault-based
segment of the Atlantic lithosphere, but the presence
of “cold” sublithospheric lenses and a less viscous
mantle between them can activate the processes in
these intervals and enhance the motion asymmetry.

The average thermal flow is 52 mW/m? in the zones
with lenses and 67 mW/m? in the intermediate lower
viscosity zones. Hence, the surface macrofracturing
parameters, deformation-based lithosphere zoning,
energy release through the surface, and seismic tomo-
graphic anomalies are connected in a more or less
consistent cause-and-effect chain, which makes it
Vol. 480
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possible to estimate the effect of the mantle geody-
namic condition on the surface structures.

The following conclusions can be made:

(1) The geodynamic influence on the tectonic frag-
mentation of the lithosphere and crust is caused by the
mobile mantle at a depth of 500 km. It means for the
MAR zone that the surface layer with a thickness of up
to 400 km is involved in the motion of the lithospheric
plates. This layer is characterized by a higher friction at
its bottom in the region of “cold” lenses contributing
to an increased density of macrofractures. Between the
lenses, the mantle is less viscous and the number of
large faults and their length decrease.

(2) The asymmetry of spreading half-velocities is
reduced almost to zero in the MAR segments located
above the “cold” lenses. The asymmetry reaches a
maximum between the lenses. The MAR segments
have different kinematic characteristics. This sugges-
tion confirms the thesis of a “nonrigid” structure of
the plates. The lower viscosity mantle zones likely
increase the instability and variations in the predomi-
nant spreading trend relative to the “cold” zones.

(3) The nonuniform velocities cause shifts between
the blocks along the MAR segments, expressed as
deformations in the basalt layer top. The difference in
velocities of adjacent segments causes strike-slips
along the transform faults, which form the pattern of
discordant troughs. The residual relief reflects the
kinematic evolution of the spreading substrate accre-
tion.

(4) The surface macrofracturing, energy release
through the surface, and the rheological state of the
mantle are connected in a more or less consistent
cause-and-effect chain, which makes it possible to
estimate the effect of the mantle geodynamic condi-
tion on the surface structures.
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