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Abstract⎯The deformations of the sedimentary cover at near-latitudinal geotraverses west and east of the
Mid-Atlantic Ridge in the equatorial part of ocean are compared with potential fields and variations of the
Vp/Vs attribute at a depth of ~470 km. The features of sedimentary cover deformations in abyssal basins are
formulated, as well as their differences from the undisturbed bedding of sediments. The elements of chain of
phenomena with common spatial manifestations and cause-and-effect relationships have been established,
including heterogeneous horizontal movements, which make up macrojointing above “cold” mantle blocks
at a depth of ~470 km; serpentinization of upper-mantle rocks; the formation of superposed magnetic anom-
alies; the release of the f luids, which acoustically bleach out the sedimentary sequence in seismic imaging;
and decompaction of rocks leading to vertical motions and forced folding. The origin of the Atlantic marginal
dislocation zone is explained. The coincidence of the deformation boundary in the equatorial Atlantic with
the zero contour line of the Vp/Vs attribute is revealed. This coincidence is an indicator of the rheological state
of the upper mantle.
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INTRODUCTION

In contrast to remote satellite observations, geo-
physical data obtained during route and areal mea-
surements aboard research vessels are distinguished by
nonuniform density. The zone of the Atlantic between
the equator and 25o N is almost a blank spot on map
compared to other areas in terms of expeditionary
research (Fig. 1). The Geological Institute of the Rus-
sian Academy of Sciences (GIN RAS) has carried out
a cycle of expeditions on board the R/V Akademik
Nikolai Strakhov (1985–2006). The data obtained
confer an advantage to GIN RAS in studying this
deepwater area and contribute substantially to new
ideas of ocean tectonics. Academician Yu.M. Push-
charovsky was the scientific supervisor of many expe-
ditions. Data on sedimentary cover deformation
obtained by GIN RAS during these expeditions indi-
cate the need to upgrade the model that reproduces
tectonic evolution in abyssal parts of the ocean.

Since the early 1970s, in connection with the
appearance of new data containing records of within-
plate sedimentary cover deformations, this phenome-
non has become a matter of discussion, despite the
fact that it had been acknowledge earlier only for the
initial rift stage of ocean formation [32]. Publications
[38, 41] were among the first descriptions of within-

plate deformations in Atlantic basins. In particular,
the structure of the frontal part of the Barbados accre-
tionary sedimentary wedge has been described in [41].
It has been noted that passive segments of transform
faults are traced far to the west beneath the accretion-
ary complex. It is emphasized that the simplified sub-
duction model with deformation at the front of the
sedimentary prism is not applicable to interpreting
ation the deformations observed in this region. The
spatial configuration of deformations is controlled by
the previously existing structure of the basement at the
passive parts of transforms.

Works carried out along the Transatlantic Angola–
Brazil geotraverse (ABGT) at a latitude of 12° S in a
tract 500–1000 km wide and ~4400 km in extent from
the Brazil Basin to the Angola Basin are especially note-
worthy. These works were performed by the Ministry of
Geology and the USSR Academy of Sciences (more
than 20 legs). In scale and minuteness, this traverse has
no analogs in world practice. It is based on a deep seis-
mic sounding (DSS) profile and the correlation method
of refracted waves (CMRW), which made it possible
to construct a section of the lithosphere to a depth of
80 km. In addition, the survey was accompanied by a
standard complex of route geophysical measurements,
including continuous seismic profiling (CSP). The
western and eastern segments of geotraverse are charac-
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terized by sedimentary cover deformations, which were
established by seismic surveying in 1984.

Deformation phenomena were repeatedly noted in
Atlantic by expeditions of the RAS Institute of Ocean-
ology along with a study of classic within-plate defor-
mation zones in the Indian Ocean. A review of the sed-
imentary cover structure at the bottom of basins
obtained on the 31st cruise of R/V Dmitry Mendeleev
(1983–1984) has been published [8]. The late Miocene
plicated sedimentary cover deformations revealed in the
trough of eastern passive segment of the Cape Verde
Fault [8] are overlapped by younger sediments with an
angular unconformity. Piercement structures in Atlan-
tic basins were repeatedly reported by expeditions of the
RAS Institute of Oceanology under the supervision of
Yu.P. Neprochnov and L.R. Merklin [16].

The data obtained on the second [1] and the third
cruises of the R/V Akademik Nikolai Strakhov of GIN
RAS provided evidence for sedimentary cover defor-
mation in Atlantic basins over a vast within-plate
space. In general, the sedimentary cover is a seismic
sequence that fills the dissected topography of the
magmatic basement. Differentiated vertical tectonic
movements initiated the tilting of sedimentary bodies,
numerous episodes of acoustic bleaching of sedimen-
tary cover in the deformed areas, and zones of deforma-
tion along the eastern passive segment of 15o20' (Cape

Verde) Fault. A series of works published by the Labo-
ratory of Geomorphology and Tectonics of the Oce-
anic Bottom, GIN RAS [10–12, 33], integrates the
results obtained on several cruises of the R/V Akade-
mik Nikolai Strakhov in the equatorial segment of the
Atlantic Ocean. The multiple reactivation of tectonic
processes was revealed not only in the axial zone, but
also far beyond its limits (more than 500 km away), as
well as asymmetry relative to the MAR.

Comparison of satellite altimetry data with materi-
als from multibeam sonars and continuous seismic
profiling obtained by GIN RAS on board the
R/V Akademik Nikolai Strakhov made possible to draw
important conclusions on the structure of the passive
parts of transform faults and sedimentary cover defor-
mation [13]. Complex deformations related to vertical
positive movements of oceanic crustal blocks beyond
the limits of the spreading zone have been established.
The general configuration of shear zones in sediments
and the character of dislocations make it possible to
assume that within-plate deformations at a great dis-
tance from the MAR may have been caused by strike-
slip kinematics, including along passive segments of
fault-line troughs [13]. For another well-known zone
of within-plate deformations in the northeastern part
of the Indian Ocean, it had been inferred that theor
origin is a result of strike-slip offset along NE-trending

Fig. 1. Coverage of equatorial Atlantic by areal and route geophysical measurements based on open access data (1) [44] and
(2) data from the Geological Institute, Russian Academy of Sciences (GIN RAS) collected aboard the R/V Akademik Nikolai
Strakhov. 
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faults, which do not coincide with passive segments of
transform faults.

Investigations of the Geological Institute on board
the R/V Akademik Nikolai Strakhov supervised by
Yu.M. Pushcharovsky since 1985 are the first attempts
to record such a phenomenon as within-plate sedi-
mentary cover deformations in Atlantic basins unre-
lated to plate boundaries or continental margins.
Many available seismic data and their discussion in
publications have revealed a discrepancy between fac-
tual data and the geodynamic model of plate tectonics,
which gives a new interpretation of basic tectonic
structures but does not take into account the lack of
rigid within-plate space. Nevertheless, precisely this
property has been established as a necessary condition
for the observed deformations. Since the latter are
matter of debate, it is believed that further research of
their spatial distribution and comparison with geo-
physical fields would be helpful.

MAIN ATTRIBUTES OF DEFORMATIONS
The following attributes are used as criteria for

revealing deformational structures in abyssal basins.
(1) The occurrence of extended and contrasting

reflectors inclined at angle of >1° in the seismoacous-
tic imaging of the sedimentary sequence (Fig. 2, fea-
ture 1). Reflectors with a dip angle of < 1° can be
formed by envelopment, because this slope is critical
for unconsolidated sediments. When this angle is
exceed, unconsolidated sediment starts to f low along
the slope [24]. At angles >1°, it is hardly probable that
deposition of the sedimentary sequence and its lithifi-
cation will reach a state with contrasting acoustic
properties creating a reflector with inclined boundar-
ies within a cover except for the following cases:

—reflectors immediately overlapping the acoustic
basement (significant differential compaction);

—undulatory images formed by intense discharge of
gravitational flow (turbidites) and contour flows (drifts)
with lateral progradation.

(2) Folds of constant thickness between wavy
curved ref lectors (Fig. 2, feature 2). An exception is
a slope <1°, when a heterogeneous basement is
enveloped by unconsolidated sediments that retain
the shape.

(3) Disjunctive disturbance with displacement of
reflector phases or with vertical zones of loss of coher-
ence (Fig. 2, feature 3). An exception is vertical acous-
tic bleaching related to f luid f low.

(4) Piercement structures (injective disturbances)
defined by a reduced thickness of sediments above the
unit of growth onset and/or local erosion of this unit
and gradual f lattening of the overlying sequence after
growth ceases (Fig. 2, feature 4).

(5) A structural unconformity in the form of a
near-horizontal overlap of young sediments over older
ones with signs of folding, disjunctive disturbance,

and growth structures occasionally accompanied by
erosion (Fig. 2, sign 5).

(6) Acoustic bleaching of abyssal sections associ-
ated with delivery of f luids in the slightly consolidated
cover takes place near inliers of the acoustic basement,
which are markedly higher than the level of the bottom
(Fig. 2, sign 6). The bleached rock bodies are repre-
sented either by vertical pipes or nearly horizontal
lenses localized immediately above the basement.
Acoustic bleaching accompanies the most deforma-
tional basement structures.

These attributes make it possible to determine the
sedimentary cover deformation. Further, it is sug-
gested that certain descriptions of deformation occur
in seismic records.

As noted in [15], a zone of marginal dislocations
(ZMD) up to 400 km in width and accompanied by
deformation of sediments has been fully contoured in
the Atlantic Ocean since the first works of G.B. Udi-
ntsev published in 1966. The cause of deformation is
thought to be lateral compression, although the config-
uration of the deformed reflectors recorded in many
routes does not correspond to the features characteristic
of compression.

The integration of latitudinal geotraverses carried
out using continuous seismic profiling (CSP) on the
second cruise of the R/V Akademik Nikolai Strakhov is
given in [1]. The area between 11o and 20o N 200–
400 km in width at the western f lank of the MAR coin-
cides with the ZMD after [15]. Plicative and disjunc-
tive deformations of the sedimentary cover related to
vertical motions of basement blocks developed in this
area. In the sedimentary sequence between the bottom
and the acoustic basement formed by an undulatory
field diffracted from the surface imperfections of
basalts, three seismic complexes are distinguished. All
of them are disturbed in deformation zones. This
allows the idea that the disturbances are of contempo-
rary age. It has also been noted that in some cases, only
complexes 2 and 3 have been disturbed, whereas the
youngest complex 1 overlies them, filling the rough-
ness of roof topography related to older complexes and
the acoustic basement.

ABGT research revealed numerous manifestations
of within-plate deformations with features of latitudi-
nal compression. Pilipenko [17–19] describes them
together with classic deformations in the northeastern
Indian Ocean. In the western Brazil Basin, presedi-
mentation thrust faults with eastern vergence are
observed in near-latitudinal sections. In the eastern
part of the basin 600–100 km from the MAR (the age
of the crust is 5–7 Ma), thrust faults have been
revealed. They offset the sedimentary section with an
amplitude of reverse faulting up to 150 m. It is note-
worthy that imbricate thrust structures with eastern
vergence are also known in the Angola Basin.

The dimensions of blocks between disturbances
vary from 7 to 15 km. Structural inhomogeneities with
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oblique northwestern orientation have been noted
west of the MAR. Pilipenko [21] interprets the origin
of these structures in terms of nonlinear geodynamics
Pushcharovsky and tectonic delamination.

Along the divergent plate–MAR boundary at a dis-
tance of up to 350 km from the rift axis, when the lith-
osphere has cooled and the upper mantle is ser-
pentinized at the f lanks of the MAR [31], deforma-
tions of thin sedimentary layers are mainly expressed
in low-amplitude normal faults and inclined reflectors

in sedimentary bodies filling isolated niches in the
basement [33]. These deformations are inscribed into
the working geodynamic model of oceanic lithosphere
formation. The anomalous structure of the sedimen-
tary cover in the frontal part of the Barbados accre-
tionary wedge should also be referred to the deforma-
tions inscribed into this model; however, forced folds
that appear at the transition to the troughs filled with
sediments are poorly explainable in terms of interac-
tion with the front of the prism. Deformations of the

Fig. 2. Evidence for sedimentary cover deformations in abyssal basins based on data obtained on expeditions by GIN RAS
(numerals in figure): 1, ref lectors in sedimentary sequence inclined at angle of > 1o; 2, constant thickness between folded-type
reflectors in record ; 3, fault; 4, piercement structure; 5, structural unconformity; 6, acoustic bleaching of sedimentary sequence
in form of lenses and gas pipes. 
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oceanic crust bearing seismic features of fault plane
flattening are described in [23]. Tectonic delamina-
tion of the oceanic crust is formed in this way. The
overwhelming majority of examples given in [23] are
localized near plate boundaries close to large trans-
form faults. This implies that these deformations are
not related to the within-plate deformations proper
and can be explained by interaction (transpression or
transtension) of plates along the boundaries between
them, which wanes away from these boundaries.

Raznitsin [22] emphasizes that zones of tectonic
hummocking and stacking occupy no less than 70% of
the area in the deepwater part of the Brazil Basin.
Here, the southwestern slopes of folds are distinctly
steeper than their northeastern counterparts. In the
basins, thrust faults symmetrically verge toward the
MAR, although in the Angola Basin, an eastward ver-
gence appears as well. In general, Raznitsin and Pili-
penko [22] distinguish both a leveled and dissected
(close to the MAR axis) topography of the basement
roof in the near-latitudinal compression setting. It is
pointed that compression can occur in the form of
thrust faults along those detachments, along which lis-
tric normal faults that formed in the course of rifting
during the extension phase. The cause of delamination
is not discussed here.

One more phenomenon important for compre-
hending deformational processes in transform strike-
slip transform fault zones [40] should be noted. As was
shown by the example of the doubled Charlie Gibbs
Fault Zone, synthetic Riedel shears exist a few tens of
kilometers from the main fault at the f lanks of the
MAR adjoining the offset part of a transform fault and
are traced in the near-latitudinal direction beyond its
limits near the passive part of the fault. This was con-
cluded based on data obtained by a GLORIA deepwa-
ter sonar system (United Kingdom). The occurrence
of structures oblique in orientation relative to the main
orthogonal elements of spreading tectogenesis has
been quite well substantiated by stress distribution in a
shear setting. Similar oblique troughs in the equatorial
Atlantic are filled with sedimentary cover [31]. The
sedimentary cover in the offset parts of transform
faults [40] is deformed by shear. A more mobile limb
in the transverse seismic section of unconsolidated
sediments has been lifted up to 200 m.

COMPARISON WITH THE DEEP 
GEODYNAMIC STATE

The ratio of shear and compressional velocities is
an important parameter that determines the deep geo-
dynamic state of the upper mantle. This ratio depends
on the Poisson coefficient [27] and determines the
ability of a medium to f low (rheology). In exploration
geophysics, the attributes that take this ratio into
account are used to detect anomalies in an undulatory
field related to f luids [6]. Comparison of geological–
geophysical parameters along the MAR axis with the

δ(Vp/Vs) attribute [26] has shown that they are related
to alternating minima and maxima of the attribute at a
depth of ~500 km. The minima of an attribute are
related to macrojointing at the surface, large (>200 km)
near-latitudinal offsets of the MAR axis, atypical
mechanisms of earthquake sources, and minimum
asymmetry of the half-rate of spreading. Since the
half-rates of spreading can differ by factor of several
between blocks separated by transform faults, defor-
mation between blocks along the passive parts of these
faults is possible. The maxima of the δ(Vp/Vs) attri-
bute are related to long segments of the MAR devoid
of transform faults and with minimum Bouguer
anomalies pointing to regional decompaction and
heating. The aforementioned parameters and their
features show that the geodynamic state of the mantle
at a depth of ~500 km or more determines the distri-
bution of these parameters at the surface.

Figure 3 shows horizontal section of the δ(Vp/Vs)
attribute cube calculated from seismic tomography
data for P and S waves for the equatorial segment of
the Atlantic at a depth of 470 km. “Cold” blocks (val-
ues <0) are beneath zones with the longest transform
displacements of the MAR axis, and “hot” zones (val-
ues >0) are in areas of local offsets of the African
superplume: the Azores, Canary, and Cape Verde
islands. The difference in rheologic properties at the
above-mentioned depth ensures a more mobile
dynamics of hot zones in ductile mantle and occur-
rence of elevated macrojointing in brittle mantle with
atypical seismicity in zones of great the MAR offsets
above hot blocks. The map in Fig. 3 shows that a con-
tinuous hot system is lacking beneath the MAR and
that the background value in Atlantic is mainly cold.
The general configuration of the anomalous field con-
tains a group of isolated hot maxima built into the
background field and corresponding to the aforemen-
tioned superplume offsets.

The works performed by GIN RAS in the equato-
rial segment of the MAR (Fig. 1) show that within-
plate sedimentary cover deformations are localized in
a cold block at a depth of ~470 km (Fig. 3). The estab-
lished deformations are also related to the passive parts
of transform faults [13] and NW-trending faults [14],
which are oriented at the same azimuth as the cold
mantle block. To analyze the spatial distribution of
deformations and their relationships with geophysical
fields, it is expedient to select long, straight geotra-
verses that crosscut anomalous zones at a right angle to
the MAR axis on both f lanks (Fig. 3).

GEOTRAVERSE OF THE WESTERN FLANK 
OF THE MAR

Figure 4 shows the geotraverse of the western f lank
of the MAR, where the sedimentary cover is traced
from the minimum thickness in the east at the f lanks
of the MAR to 1.0–1.3 km in the west, in the foredeep
of the Barbados accretionary prism at the limiting
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depth inherent to the CSP method. The section exhib-
its sedimentary cover deformations (Fig. 5) and acous-
tic bleaching of the lower part of the section adjoining
the acoustic basement. Note first that in the midst of a
fragment near the longitudinal mark of –51o W (Fig. 5),
an almost undeformed attitude of reflectors is
observed: the record of sedimentary pockets is typical
abyssal seismofacies of filling with subsequent differ-
ential compaction that resulted in subsidence of ini-
tially horizontal reflectors in the deeps of the base-
ment and relative uplift on slopes. The asperities of
reflectors flatten toward the present-day sedimentation
surface. The main feature of such sedimentary bodies is
their overlapping of the basement and lack of envelop-
ing reflectors. Nevertheless, the separate piercement
structures occur in this fragment of the standard abyssal
record.

The deformation origin of reflectors in the sedi-
mentary cover on a rise near –50o W (Fig. 5) is sub-
stantiated by the fact that main reflectors envelop the
basement; their thickness reaches 300 ms, and the real
dip angles are ~2o, occasionally up to 4o. The accumu-
lation of clayey sediments of such thickness in abyssess
and at such angles with the formation of intermediate
reflectors is hardly realistic without slumping. The
deformational origin of these structures often casts
doubt; however, angular degrees and intermediate
reflectors with constant thickness within bends indi-
cate, in our opinion, correspondence with contempo-

rary deformations rather than background sedimenta-
tion. The latter can fill surface irregularities, but at
angles lower than 1°. With an increase in angles and
thickness in the vicinity of the seismic MAR, poorly
consolidated sediments tend toward local leveling of
the basement roughness.

The origin of acoustic bleaching at the base of the
sedimentary cover is explained, almost without any
alternative version, by release of f luid from rocks of the
acoustic basement. The origin of the f luid itself is a
special subject of discussion. The most substantiated is
the conjecture that explains appearance of f luids as
products of serpentinization with the release of hydro-
gen and formation of methane [4, 30]. Due to elevated
macrojointing and cooling of the lithosphere with dis-
tance from the MAR, water becomes accessible to
ultramafic rocks of the upper mantle, which are trans-
formed into serpentinites at a temperature of ~100oC
to ~450°C. Methane formed as a product of interac-
tion of H2 and CO2 creates acoustic anomalies in the
seismic record. Especially strong bleaching has been
noted within –53.5° to –52° W (Fig. 5). Bleaching pri-
marily involves the entire interval from basement to
seaf loor, but in the sedimentary pocket at –52o W
this process affects only the lower part of the cover,
which is equal in thickness to other bleaching epi-
sodes (~250 ms). If the rate of saturation of the sedi-
mentary sequence with f luid is taken as constant, it
can be suggested that its release began simultaneously

Fig. 3. Horizontal section of variation cube of δ(Vp/Vs) ratio calculated from seismic tomography data for P and S waves [29, 34, 42]
at depth of 470 km. (1) Position of sections along continuous seismic profiles (CSP) and graphs of potential fields presented in figures
with corresponding numbers; (2) contour lines of δ(Vp/Vs) ratio; (3) axial line of MAR. 
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throughout the profile and most likely synchronously
with deformation. A gas pipe as a vertical band of
acoustic bleaching constant in width occurs near the
piercement structure in the central part of the pocket
at –51o W (Fig. 5). The reduced thickness between
reflectors in the upper part of the section, in contrast
to the constant thickness between the reflectors
formed earlier, marks the onset of piercement struc-
ture formation. The combination of piercement struc-
tures and the acoustic bleaching record is an indicator
of deformation.

Deformed sediments, except for piercement struc-
tures, are observed at juts of the acoustic basement situ-
ated hypsometrically 300–500 m higher on average
than the bottom of basins (Figs. 4, 5). The rocks occur-
ring on these juts resemble envelopments in shape, but
are actually not in terms of sedimentary cover forma-
tion. Similar surface imperfections of the surface of the
basaltic basement below this level are filled with sedi-
ments without the formation of inclined reflectors that
envelopthe basement.

The folding of lateral bending (forced folding) is
why the deformed sediments that occur at juts of the
basement do not rise above the carbonate compensa-
tion level. Folding occurred owing to an increase in the
volume of rock subject to serpentinization and to ver-
tical movements under conditions of a less viscous
state of rocks. The cause-and-effect relationship
between deformation zones and the development of
serpentinized rocks has been established and repeat-
edly described in literature on the Indian Ocean, e.g.,
[5, 9]. It is noteworthy that the western boundary of
the deformed zone (Fig. 4) coincides with the bound-
ary of the cold mantle block according to data on the
Vp/Vs ratio (Fig. 3), which is related to the zones of
maximum displacement of the MAR and macrojoint-
ing. The latter is a necessary element for access of
water to upper-mantle rocks and the onset of ser-
pentinization.

The topographic profile shown in Fig. 4 is based on
a small-scale 30-s GEBCO matrix [43] for the general
structural background if gaps in seismic record are
present. Then, from bottom to top, the graph of mag-
netization calculated from data on the anomalous
magnetic field (AMP) EMAG2 [36] (upper graph)
follows, using information on the topography and
thickness of the sedimentary cover as the total distance
to the source of the field. The regions of deformations
and acoustic bleaching of the base of the section are
represented by appreciable magnetization anomalies,
which are higher in amplitude than anomalies close to
the MAR. Because the conditions for serpentinization
of mantle ultramafic rocks are created as the litho-
sphere cools at the f lanks, the formation of magneto-
active interlayers is activated and this results in the
appearance of a supplementary AMP component,
which disturbs the system of anomalies formed by
spreading. This indicator is important for interpreting

Fig. 5. Geotraverse fragment of western flank of MAR (see
Fig. 3 for location) with sedimentary cover deformations.
Ninth cruise of R/V Akademik Nikolai Strakhov (GIN RAS,
1989; Yu.N. Raznitsin, head of cruise; Poberzhin V.M.,
head of CSP group). (1) Forced fold center; (2) piercement
structure, (3) zone of acoustic bleaching. 
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deformations, because it indicates the source of ser-
pentinization, where the rock volume increases up to
20% and the rock density correspondingly decreases
[27]. The formation of magnetite as a by-product [4] is
no less important. Due to this process, the AMP
intensity increases with distance from the MAR [3].
Strong anomaly C33 in the west of the geotraverse
(Fig. 4) is noteworthy. The first Cenozoic linear
anomalies C34 and 33 are characterized by a high
amplitude throughout Atlantic [36] and are most
likely not related to secondary processes of magneto-
active layer formation.

The decrease in density of serpentinized rocks
along with their quite large volume gives rise to exten-
sive minimum Bouguer anomalies (Fig. 4). At a longi-
tude of –52.5° W, the appreciable minimum is
25 mGal lower than the adjacent background value in
the basin (~350 mGal). At a longitude of –51.75° W, a
shallower minimum is noted, but both are related to
deformational zones. These relationships make it pos-
sible to estimate the thickness of serpentinized rocks
on the basis of the gravity field; however, for now, the
statistics for deformed zones are insufficient to con-
struct a model. The level of Bouguer anomalies calcu-
lated without thermal correction regularly decreases
toward the MAR axis, where the gravitational effect of
the heated and decompacted upper mantle matter is
prevalent.

The calculation of isostatic anomalies determines
the gravitational effect of the mantle surface calculated
from the bottom topography in proportion to the den-
sity ratio (Airy model), which is subtracted from the
Bouguer anomalies calculated for the same topogra-
phy [25]. The consideration of Bouguer and isostatic
anomalies for these geotraverses (Fig. 4) shows that a
positive correlation of these fields calculated from the
same data is established in abyssal basins devoid of dis-
turbed isostatic equilibrium comparable to that in the
MAR. The correlation is violated in the rift zone of the
MAR and at its f lanks up to 350 km apart. Isostatic
equilibrium is disturbed in these zones by rifting and
transition from heated to cooled states, which is pri-
marily achieved at the above-mentioned distance. At
the same distances (350–400 km), isostatic anomalies
decrease (Fig. 4), approaching 20–25 mGal, the back-
ground values typical of the Atlantic [2]. The increase
in isostatic values west of longitude of –52° W (Fig. 4)
is related to contemporary movements with vertical
components, which ensure excess mass by a mecha-
nism other than ascent of matter in the rift zone. This
increase in mass formed recently, because isostatic
compensation up to the background value has not yet
taken place. The deformed sediments contain no signs
of leveling, but contemporary downcuttings of bottom
currents occur near longitudes of –52° and –52.5° W.
A similar combination of potential fields is observed at
the geotraverse near –47.6° W, but because significant
sedimentary cover is not known there, it is hardly pos-

sible to learn anything reasonable about the deforma-
tion of the surface of the acoustic basement.

GEOTRAVERSE OF THE EASTERN FLANK 
OF THE MAR

Figure 6 shows the geotraverse of the eastern f lank
of the MAR. The significant sedimentary cover
therein begins from a longitude of –30° W in the pas-
sive part of the recluse transform fault with a distinctly
expressed trough but without an active part in the the
MAR zone where the bottom depth exceeds 6000 m.
The cover is observed in the section of the aforemen-
tioned trough northeast of the passive part of the
Chain Fault (longitude of –34.2° W). The section up
to a longitude of –28.3° W is represented by a strain-
less sedimentary cover, which fills asperities of the
acoustic basement. Farther to the northeast the seis-
mic facies of filling gives way to the echeloned system
of ten cuesta-like uplifts 10 to 20 km wide overlapped
by sedimentary cover with reflectors at angles of 1.5o to
4° (Fig. 7, fragment 1). In addition to deformations,
the section contains acoustic bleaching of the lower
part of the sedimentary sequence adjoining the acous-
tic basement and gas pipes (Fig. 7, fragment 2). Note
the mosaic pattern of deformation zones with undis-
turbed intervals between them (–27.9° W), as well as
the similarity of deformations (especially the adjoin-
ing seamount) with an imbricate system of reverse
faults, which can be determined by the morphology of
reflectors between the bottom and basement, includ-
ing intermediate reflectors (Fig. 7, fragment 1). This
morphology is typical of reverse–thrust faults. In
addition, all they have a southwestern vergence, which
is consistent with the orientation of section.

Northeast of seamount, the character of deforma-
tion changes. The main part of the sedimentary cover
(Fig. 7, fragment 2) is the standard abyssal record with
differential compaction of filling facies with separate
piercement structures (e.g., near longitudes of –24.5°
and –24° W). The acoustic bleaching of the base of the
sedimentary cover is a layer above the basement and
vertical gas pipes. Especially strong bleaching is
observed near a longitude of –25° W, 120 km north-
east of the seamount. The overall northeastern part of
the profile, except for the indicated interval, is pene-
trated by gas pipes, which do not reach the roof of the
sedimentary cover for 150 to 250 ms irrespective of
pipe root depth. This implies that the most likely cause
is related to the lithology of sedimentary rocks at this
depth. According to the result of DSDP (leg 14, Hole
138 [35]), a sequence of compacted clay presumably
Early Cenozoic in age occupies an interval of 150 to
240 m below the seafloor. The drilling rate within this
interval was abruptly slowed down four times. Clay
with f lint and siltstone interbeds in cherty cement lie
beneath this sequence. The sedimentary rocks of this
interval are most likely a barrier to the advance of gas
pipes upsection. The projection of Hole 138 on section
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is shown in Fig. 7. The proximity of strong bleaching
to a longitude of –25° W and volcanic mountains
makes the additional magmatic version of origin of the
bleaching f luid important. In other parts of the section

(Fig. 7), the version based on serpentinization is the
main one. The chemical composition of sediments
and their lithology remain unknown.

In the eastern geotraverse, as well as in its western
counterpart, deformed sediments, except for pierce-
ment structures, occur at juts of the acoustic basement
situated hypsometrically 300–500 m higher on aver-
age than the bottom of basins (Figs. 4–7). As indicated
above, deformations occur owing to an increase in the
rock volume subject to serpentinization and processes
related to the arrival of f luids. It is noteworthy that in
the eastern geotraverse, the western boundary of the
deformed zone (Fig. 5) also coincides with boundary
of the cold mantle block determined by the Vp/Vs ratio
at a depth of 470 km (Fig. 3), which is related to mac-
rojointing at the surface. The latter is necessary for
access of water to the upper mantle rocks and for initi-
ation of serpentinization.

The topography is shown in Fig. 6 after the
GEBCO matrix [43] as the general structural back-
ground of the seismic record. The graph of magnetiza-
tion that follows (from bottom to top), has been calcu-
lated from the anomalous magnetic field (AMF)
EMAG2 [36] (upper graph) using the data on the
topography and thickness of the sedimentary cover as
the total distance to the source of the field. The anom-
alies in region of the last Cenozoic and first Mesozoic
chrons have elevated amplitudes throughout the
Atlantic and are most likely related to the productivity
of magmatism. Magnetization anomalies in the region
of deformation and acoustic bleaching at the base of
the section are characterized by an elevated level com-
pared to the f lanks of the MAR. At higher levels, this
was related to cooling of the lithosphere and formation
of conditions for the serpentinization of mantle ultra-
mafic rocks with the crystallization of magnetite [4].
The lack of a peak above the seamount is related to the
intersection of an intense (up to 250 nT) [36] but
asymmetric anomaly of the seamount along the line of
transition through zero from maximum to minimum.
Just like the above-mentionedhigh AMF values, they
are also related to productive but point magmatism.

In the zone of deformations northeast of –30° W,
the background level of Bouguer anomalies is reduced
(Fig. 6) likely due to a decrease in the density of ser-
pentinized rocks. This effect, however, does not
exceed 20–25 mGal and is expressed in small local
minima. Manifestations of productive point magma-
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Fig. 7. Geotraverse of fragment east of MAR (see Fig. 3 for
location) with sedimentary cover deformations. Twelfth
cruise of R/V Akademik Boris Petrov (GEOKhI RAS,
1989; L.V. Dmitriev, head of cruise; V.N. Efimov, head of
CSP group). Fragment 1 shows deformation west of sea-
mount; fragment 2 is acoustic bleaching of sedimentary
sequence east of seamount. DSDP Hole 138 [35] is pro-
jected onto section line. (1) forced fold center; (2) pierce-
ment structure, (3) zone of acoustic bleaching, (4) reverse
fault. 
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tism (longitude of –26.2° W) result in a local decrease
in Bouguer anomalies by more than 110 mGal, but do
not create a regional background. The decrease in the
background values of Bouguer anomalies at a longi-
tude of –30° W from 400 to 340 mGal is caused by
unaccounted-for effect of the sedimentary layer, the
thickness of which at the northeastern boundary of the
section reaches 2000 ms (Fig. 7). With allowance for the
estimated velocity of seismic waves, the thickness of this
layer can reach 3.2 km. Taking into account the differ-
ence in density between sediments and the basaltic
layer, the negative gravitational effect of unaccounted-
for masses with an average density of 2.75 g/cm3 used to
calculate Bouguer anomalies will gradually increase
with increasing sediment thickness, so that the back-
ground level of the anomalous field will be reduced. As
in the western geotraverse, the level of Bouguer anom-
alies calculated without thermal correction regularly
decreases toward the MAR axis.

Calculationof isostatic anomalies and their com-
parison with Bouguer anomalies in the eastern geotra-
verse (Fig. 6) show that a positive correlation of these
fields, beginning with variations 25–30 km in width,
has been recorded in abyssal basins where isostatic
equilibrium is not disturbed. The correlation is dis-
torted within the interval from the rift zone of the
MAR and its f lanks for ~450 km, after which the
behavior of the fields is synchronized. This deviation
from a decrease in Bouguer anomalies has the same
width as at the western f lank of the MAR; however,
isostasy is lower than the background value. Such
asymmetry of the discrepancy between Bouguer
anomalies and isostasy may be related to general west-
ward drift of plates, which creates excess mass in the
west. It should be emphasized that the asymmetry of
various geophysical parameters with respect to the
MAR axis is a reliable fact; however, this topic is not
discussed in this paper. The increasing divergence of
isostasy and Bouguer anomalies east of–30° W (Fig. 6)
is caused by contemporary movements with the vertical
component making up the excess mass. In addition to
serpentinization, magmatic activity recharged by
branches of the African superplume, which has created
the volcanic archipelagoes of the Canary and Cape
Verde islands, may be the cause of these movements.

DISCUSSION
Our data show that such phenomena as sedimen-

tary cover deformations in abyssal basins, acoustic
bleaching of the section, increasing magnetization,
and local minima of gravity anomalies are related by a
common space and cause-and-effect relationships.
The aforementioned phenomena are combined as fol-
lows. The heterogeneous lateral movements in basins
beyond the MAR are caused by asymmetry of the half-
rate of spreading [26] and a different rate from one
block to another [37] with contrasting alternation of
the cold and hot mantle blocks at a depth of ~500 km.

The offsets along the passive parts of transform faults
[13] under compression or extension conditions are
accompanied by increasing common macrojointing.
In the equatorial Atlantic, this is expressed inas varia-
tion in the number of troughs controlled by recluse
faults in the basins, which exceed in number the reli-
able transform faults displacing the MAR. This differ-
ence is supported by satellite altimetry data [39].

Macrojointing facilitates access of water to the con-
solidated crust and upper mantle. Conditions favor-
able for serpentinization of upper-mantle rocks are
created during cooling to a temperature lower than
450°C at a certain distance from the MAR [4, 30].
This process is accompanied by crystallization of mag-
netite, which is an additional component of AMF
superposed on linear spreading anomalies. The newly
formed fluid migrates upward through the sedimen-
tary sequence along the fault network or via poorly
consolidated sediments and gives rise to acoustic
bleaching of the section, which has been documented
by many seismic records. Since serpentinization is
accompanied by an increase in volume, this process is
followed by forced folding, which breaks off sedi-
ments, forms inclined reflectors, and raises deformed
blocks above the common level of the bottom
smoothed by sedimentation. A decrease in density and
formation of concomitant local gravity minima are
consequences of the increase in volume. Thus, the lat-
eral motion of large lithospheric blocks differentiated
with depth results in transformation of crustal and
mantle rocks with a vertical component of movement
and deformation of the sedimentary cover. In areas of
plume magmatism, deformation can depend on inter-
action of the crust and sedimentary cover with locally
ascending heated deep-seated material.

According to [20], the statistic distribution of tem-
perature inherent to magnetic phase generation in
oceanic peridotite has several peaks near 450°, 320°,
and 200°C. This implies that several episodes of ser-
pentinization may occur due to consecutive cooling of
the lithosphere as the active zone moves away from the
MAR. Analysis of AMF and magnetization (Fig. 4)
shows such an undulatory distribution of field maxi-
mum coinciding in general with zones of deformation.
Probably just this mechanism is responsible for the
origination of the so-called zone of abyssal hills [28]
localized nearly parallel to the MAR or the zone of
marginal dislocations [15], which covers the f lanks of
the ridge at a distance of 300–350 km from the MAR
axis. This is a zone in which Bouguer and isostatic
anomalies diverge. Most likely, here we are dealing
with the same essence, which in the case of the
retained sedimentary cover is accompanied by its
deformation in the form of normal faults and inclined
reflectors in small sedimentary pockets. As a rule, a
sedimentary cover that exceeds the resolution of CSP
is extremely rarely deposited within these intervals.
Thus, the development of a marginal dislocation zone is
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caused by cooling of the lithosphere and isostatic com-
pensation of a disturbance that forms in the rift zone.

Deformations are localized above cold blocks at the
Vp/Vs slice at a depth of 470 km (Fig. 3). The deforma-
tion boundary coincides with surprising accuracy with
the zero contour line of theVp/Vs attribute. It is inexpe-
dient to draw significnat conclusions from this coinci-
dence based on only two intersections; however, it
should be noted, because this coincidence opens the
way to further search for a correlation of deformation
with other geophysical phenomena. Two variants of
the relationships between deformations at a relatively
shallow depth and geodynamic state of the mantle at a
deeper level are suggested:

(1) A shallow-seated layer up to 400 km thick is
involved in plate motion in addition to the lithosphere
proper; in some localities, cold mantle blocks are the
sole of the upper level. The difference in viscosity
between the upper and lower layers and friction at the
contact between them give rise to deformations at the
surface and above cold blocks.

(2) Cold blocks in the upper mantle are a back-
ground phenomenon, whereas areas above hot blocks
are disturbances arising at plume-related offsets. In
this case, the common involvement of the 400-km
layer in lateral motion is not an obligatory condition.
Instead, we have established intense dynamics only in
hot blocks and at their periphery, which determines the
interaction and deformations in zones with cold blocks.

At present, it is hardly possible to determine which
of the two mechanisms is reliable. The fact that defor-
mations are the result of active influence on the
medium in both the vertical and lateral directions
speaks in favor of the first solution. Therefore, motion
of the layer with elevated friction at its sole in spots of
cold blocks appears to have been substantiated. How-
ever, plume offsets disturb that state of the mantle
where they occur. It cannot be ruled out that both
solutions are realized in the nature, competing with
each other.

CONCLUSIONS
(1) We have formulated the differences and attri-

butes of deformations in the sedimentary cover of
abyssal basins helpful for surveying them. These attri-
butes comprise reflectors in the sedimentary sequence
with a slope of >1o; a constant thickness between
reflectors that deviated from the horizontal attitude by
more than 1o; faults, piercement structures, structural
unconformities; association of structures with acous-
tic bleaching of sedimentary rocks in form of lenses
and gas pipes.

(2) We have established chain of phenomena with
common spatial manifestations of heterogeneous lat-
eral movements making up elevated macrojointing
above cold mantle blocks at a depth of ~500 km, which
deform the crust and sedimentary cover, creating con-

ditions for infiltration of water and serpentinization of
the upper-mantle rocks. Superimposed AMF and
magnetization anomalies occur, and fluids are
released that give rise to acoustic bleaching of the sed-
imentary sequence. Decompaction of rocks leads to
vertical motions and forced folding, which disrupt
sediments; inclined reflectors appear; and deformed
blocks are lifted above the common bottom level
smoothed by sedimentation.

(3) The lithosphere cools with distance from the
MAR, creating conditions for several episodes of ser-
pentinization and deformation probably with separa-
tion of the zone of abyssal hills and zone of marginal
dislocations, which encompass the flanks of ridge,
extending for 300–350 km from the axis of the MAR.
This zone coincides with the interval characterized by
the divergence of Bouguer anomalies and isostasy. The
development of the marginal dislocation zone is caused
by cooling of the lithosphere and isostatic compensa-
tion of the disturbance once formed in rift zone.

(4) Comparison of localization of deformations
and cold blocks at the Vp/Vs slice at a depth of 470 km
shows that the deformation boundary exactly coin-
cides with the zero contour line of the Vp/Vs attribute.
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