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Abstract⎯The structure of the acoustic basement of the eastern part of the St. Paul multifault transform frac-
ture system hosts rift paleovalleys and a paleonodal depression that mismatch the position of the currently
active zones. This displacement zone, which is composed of five fault troughs, is unstable in terms of the posi-
tion of the rift segments, which jumped according to redistribution of stresses. The St. Paul system is charac-
terized by straightening of the transform transition between two remote segments of the Mid-Atlantic Ridge
(MAR). The eastern part of the system contains anomalous bright-spot-like reflectors on the f lattened base-
ment, which is a result of atypical magmatism, which forms the standard ridge relief of the acoustic basement.
Deformations of the acoustic basement have a presedimentation character. The present-day deformations
with lower amplitude in comparison to the basement are accompanied by acoustic brightening of the sedi-
mentary sequence. The axial Bouguer anomalies in the east of the system continue to the north for 120 km
from the active segments of the St. Paul system. Currently seismically active segments of the spreading system
are characterized by increasing amplitudes of the E–W displacement along the fault troughs. Cross-correla-
tion of the lengths of the active structural elements of the MAR zone (segments of the ridge and transform
fracture zones of displacement) indicates that, statistically, the multifault transform fracture system is a spe-
cific type of oceanic strike-slip faults.
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INTRODUCTION

The tectonogenesis in the Mid-Atlantic Ridge
(MAR) zone forms a system of two major structural
elements: a rift zone and transform fracture zones. As
a rule they are orthogonal to each other, seismically
active, and, according to numerous data including
earthquake foci, are formed by extension and dis-
placement processes. The tectonogenesis of the longi-
tudinal MAR segments is accompanied by various
events of the unstable position of the spreading system
center: rift jumps, rift overlaps, nontransform dis-
placement, along-the-axis displacement [1], and oth-
ers. Tectonogenesis along the transform fracture zones
may be accompanied by complex deformations [9]
related to transpression or transtension (or their com-
bination), as well as a change in direction of vectors
and rates of plate movements divided by the break.
The multifault transform fracture system [4], which is
composed of three and more fault troughs with almost
equal small distance, results in additional instability:
the migration of segments of the rift zone within the
narrow interfault space of the multifault system.

The multifault systems are series of near-parallel,
closely located trenches of transform fracture zones
with a total width of the few hundred miles. They form
areas of the oceanic f loor with complex morphology
of at least two classes. The first class is characterized
by numerous transverse and median ridges (Arkhan-
gel’skii–Doldrums–Vernadskii–Bogdanov) in con-
trast to the second class (St. Paul). These complexes
are considered a specific type of plate boundaries
(multifault transform fracture plate boundary) [16].
Multifault systems (the fault zones Siqueiros in the
Pacific Ocean [14], Andrew Bain in the Indian Ocean
[21], St. Paul in the Atlantic Ocean [11]) could host
superimposed spreading centers [14] with a specific
magmatism (the Garrett Fracture Zone in the south-
ern part of the Pacific Ocean [24]). This work focuses
on the second class of the systems with the St. Paul
system as an example.

In the Atlantic Ocean, there are several multifault
and double transform fracture systems (St. Paul,
Romanche, Arkhangel’skii– Doldrums–Vernadskii–
Bogdanov, Charlie–Gibbs, etc.) and most of them are
confined to areas of maximum latitudinal displace-
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ment of the MAR’s main zone in the equatorial region
(Fig. 1, inset map) and to manifestations of the cold
upper mantle, according to the seismographic data
[8]. The boundaries of the cold zones in the upper
mantle coincide with the main segmentation of the
ocean in terms of the age of the onset of spreading after
breakup of the supercontinent. The St. Paul multifault
system (Fig. 1) is the most striking example of this
event, and its eastern part has been studied by areal geo-
physical survey from on board the R/V Akademik Niko-
lai Strakhov on the seventh cruise of the Geological
Institute, Russian Academy of Sciences (GIN RAS),
led by G.B. Udintsev [5]. The aim of this work is to
describe the instability of the multifault zone using
multibeam bathymetry, seismicity, sedimentary cover
distribution, Bouguer gravitational anomalies, and
bottom sampling.

STATISTICAL CHARACTERISTICS 
OF MAR STRUCTURAL ELEMENTS

The MAR segments and areas of displacement of
transform fracture zones were digitized in the 18th ver-
sion of an altimetry grid [20]. The rift segments and
offset transform fracture zones are active MAR struc-
tural elements, and their spatial distribution and fre-
quency of occurrence are the major characteristics

included in the common MAR segmentation. The lat-
ter is based on certain variable geological–geophysical
characteristics: the age of the onset of spreading and
geochemical anomalies of the igneous rocks [2]. The
largest segments in these schemes are divided by espe-
cially extended transform fracture zones. Segmenta-
tion along the MAR similar in geometry is traced by
seismotomography of the upper mantle [8]. Hierarchy
(the principle which combines MAR segments in
larger chains) is a significant feature of all schemes.
The structural features (sizes of MAR segments or off-
set zones) or along-axis variations in geophysical
parameters [1] are generally dominant, despite the fact
that zero level domains are substantiated by other
parameters. Thus, the construction of a hierarchy is a
complex multifactor task, which is beyond the scope of
our work. The study of the local instability uses com-
mon statistical characteristics of the primary active
elements rather than combination methods and omits
the problems of hierarchy.

Figure 2 shows the distribution of MAR segments
less than 230 km long by intervals of 5 km. MAR non-
transform displacements as the boundaries of seg-
ments were not considered. We analyzed only trans-
form fracture zones with clearly expressed displace-
ment zones. The major frequencies of the MAR
fragmentation with some generalization include three

Fig. 1. Area of St. Paul multifault transform fracture system and work scheme of seventh cruise of R/V Akademik Nikolai Strakhov
(GIN RAS, 1988). Inset map, position of area studied in Atlantic relative to MAR. Bold lines, survey area in eastern part of St. Paul
fracture system; dotted circle, 200-mile economic zone of Brazil around St. Peter and Paul islands. Isobath of interception of volca-
nic seamounts and highlands of ridge is 2500 m. Numbers in squares indicate position of seismic sections in Figs. 8–11. 
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groups in the ranges of 20–55, 55–160, and 160–
300 km. Twelve of 83 MAR segments of larger size
(>300 km long) make up 7920 (~50%) of the total
MAR length of 16 100 km. The largest of them, in the
absence of offset zones and the presence of nontrans-
form displacements inside, correspond to MAR areas
with plume seismotomographic anomalies in the
mantle (Iceland, Azores, Ascension, Gough-Tristan
da Cunha). Thus, the interpretation of their origin has
a clear physical meaning: plume zones are less viscous
and often host (or do not host) nontransform dis-
placements and rare transform fracture zones. Two
groups with average ranges of 25 and 40 km occur
inside the very first, most numerous range. Similar
values of pseudoperiodical fragmentation along the

axial zone are also abundant in the northern part of the
Indian Ridge and the Southwest Indian Ridge.

The distribution of offset zones (Fig. 3) is asym-
metric (as well as the distribution of MAR segments)
without expressed polymodality, although there are
features of additional maximums. The value of the
major maximum of occurrence is ~22 km, which that
is close to those of the major maximums of occurrence
of MAR segments (25 km). The maximum fragmenta-
tion along the extension zones coincides with those
along the displacement zones.

Figure 4 shows the cross-correlation of extended
MAR segments and offset zones of transform fracture
zones. The indicated parameters were compared for
the transform fracture zones and segments north of

Fig. 2. Distribution of number of MAR segments less than 230 km in lengths and ranges of 5 km. Here and in Fig. 3, all longer
segments are characterized by frequency of occurrence of 1 in estimated range.
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them. The figure lacks the Romanche Transform Frac-
ture Zone with a displacement of ~750 km, which is
unique and falls outside the major values. The dotted
lines divide three groups of lengths of MAR segments in
the above ranges. Elements with long (>300 km) MAR
segments have been named: all of them are unique and
coincide with “hot” seismotomographic anomalies
(Fig. 5), which is evident from the position of the cen-
ters of MAR segments of large length.

First of all, we should note the two-dimensional
segmentation of the point cloud in the cross-correla-
tion (Fig. 4) of three groups for both parameters.
Along the MAR axis within the first group, the exten-
sions of displacements are compact and coincide with
one-dimensional MAR segments (Fig. 2). Toward the
offset lengths, one can see three groups of ranges with
comparable sizes but with large empty range between
the second and third groups (from 185 to 240 km). A
similar geometry of the fragmentation frequencies of
the extension and shift structures may indicate a simi-

lar average (in terms of time) value of major stresses in
the MAR tectonogenesis zone; however, analysis of
the reasons for these characteristics is beyond the
scope of this work.

The following are important for analyzing the
instability of multifault systems. The majority of
events in the cross-correlation (Fig. 4) is focused in
the shortest range of MAR segments (from 20 to
50 km) and they are more or less evenly distributed by
range of lengths of the offset parts of transform frac-
ture zones of 10–80 km. Taking into account that
MAR segments with such a length form compact
chains, especially in the equatorial Atlantic, this group
could mainly represent multifault transform fracture
systems where a short step of the MAR segment is
combined with a longer step (by two three times) in
displacement zones. Statistical characteristics indicate
that these systems are a specific type of transform frac-
ture zones, which is clearly individualized in the geo-
metric plot. The St. Paul system is the most striking

Fig. 4. Cross-correlation of length of MAR segments and length of offset zones of transform fracture zones. Frames, spatial groups
by offset lengths; dotted lines, groups of lengths of MAR segments. Elements with longer (>300 km) MAR segments are named. 
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example of these (Fig. 1). Considering the hypotheti-
cal presence of spreading segments [1] with along-axis
processes, which are spatially limited by the offset
zones, we can suggest that, in case of multifault sys-
tems, spreading segments should be 25 km wide and
~150 km deep. This depth for partly melted mantle
material is determined by the depth of the axial anom-
aly of variation in S waves, the estimate of which
approaches 100–150 km with increasing precision of
current seismotomographic models [17]. At a spread-
ing segment size ratio of 1 : 6, convection is unstable
[12]; thus, the presence of the typical independent
three-dimensional convective-spreading process is
unlikely in a cell 25 km in size and 150 km deep. Most
likely, short MAR segments in multifault systems show
the current position of the extension zone in a wide
shear zone and could mismatch the position of the
center of mantle upwelling.

COMPARISON OF MAR CHARACTERISTICS 
WITH THE SEISMOTOMOGRAPHIC SECTION

The characteristics of MAR structural elements with
bathymetry-based fragmentation described above
reflect the deep state of the upper mantle. Figure 5
shows the correlation of these characteristics and the
cross section of variation in the velocity ratio Vp/Vs
according to [8], which was calculated by seismotomo-
graphic models [10, 15, 23]. The dotted circles show the
“cold” anomalies of the upper mantle in the equatorial
and northern Atlantic, which coincide with the ranges
of maximum latitudinal displacement of the MAR
zone.

Comparison allows us to see that extended
(>300 ) MAR segments (Fig. 5-I) coincide with “hot”
seismotomographic anomalies (Fig. 5-V), which is
evident from the position of the centers of long MAR
segments. Many such segments are especially located
at the interception of the MAR by the Iceland and
Azores plumes and in the southern branch of the Afri-
can superplume. The positions of displacement zones
of transform fracture zones (Fig. 5-II) consequently
divide the position of MAR segments, and their max-
imum concentration is observed in ranges that con-
centrate many short segments. In the equatorial and
northern Atlantic, compact fault groups are located
above the cold anomalies of the upper mantle in areas
of maximum MAR latitudinal displacement. The cou-
ple of the Romanche Transform Fracture Zone, which
is composed of two troughs meeting in the west, and
the St. Paul multifault system is the most striking
example of such a displacement. Above the cold upper
mantle block, it includes the Arkhangel’skii–Dol-
drums–Vernadskii multifault system between 7 and
9 N and a group of the double system of the Mara-
thon–Mercurius and Vema transform fracture zones
north to 11 N. In the northern Atlantic, the MAR dis-
placement above the cold anomaly passes along the
doubled Charlie–Gibbs fracture system. North of the

Iceland plume anomaly, there is also a combination of
cold mantle and fracture zones with large displace-
ment (Jan Mayen and Spitsbergen). Thus, a large dis-
placement above the cold mantle could be expressed
by usual transform displacements, but it is often split
on doubled and multifault systems.

Figure 5-III shows the position of zones with an
anomalous combination of a reduction in the gravita-
tional field: the maximum value of the Bouguer anom-
aly and the minimum value of the isostatic anomaly,
which are based on areal cluster analysis [6, 22]. Such
a combination occurs, as a rule, in forearc zones,
where broad thrust events form zones with increased
deficit in masses and an increased Bouguer anomaly in
the area of the lithosphere most remote from the
spreading center. Probably, this is due to the presence
of a significant longitudinal component of present-
day movements, which results in the formation of lat-
itudinal zones with activation of compression stresses
[7] and corresponding deformations. Such a probabil-
ity has been indicated by current GPS observations in
adjacent continents [25]. Because we are discussing
zones that correlate with fracture systems, longitudi-
nal compression may lead to transpression along faults
including their passive parts. The total lengths of the
latter are shown in Fig. 5-IV according to [6] along
with the curve of the envelope. It is evident that the
concentration of transform fractures correlates with
zones corresponding to the above combination of
gravitational reductions. Coincidence of the densities
of fracture zones (with passive parts) along the MAR
with indirect features of longitudinal compression
indicates the presence of an additional factor, which
causes the characteristics of major MAR structural
elements. The St. Paul multifault system, along with
the Romanche transform fracture zone, is located
within the equatorial “pulsation” of the parameters
shown in Figs. 5-III and 5-IV.

SEISMICITY OF ACTIVE AREAS 
OF THE ST. PAUL MULTIFAULT SYSTEM
Analysis of the seismicity of active areas of the

St. Paul system revealed the spatiotemporal and fre-
quency-magnitude distribution of earthquakes. Data
on seismic events with a magnitude of mb >3 are taken
from the ANSS online catalog [26]. The data contain
the dates of events up to tenths of a second, the coor-
dinates, magnitude value, and index that indicates its
calculation equation, the number of stations that reg-
istered the earthquake, the identification number of
the event, the mean-square error, and the regional cat-
alog (data source). In terms of accuracy in determina-
tion of coordinates, some earthquakes are inconsistent
with the requirements of the study. The analyzed sam-
pling includes events from 1979 to 2015 (Figs. 6a, 6b).
This period spans 212 registered events that satisfy the
analysis conditions. The range of magnitudes is 3.9–
5.8 with a peak event with a magnitude of 4.7. Such a
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magnitude distribution of events is typical of MAR
transform fracture systems with an increased amount
of earthquakes with magnitudes of >5.

Within the reviewed territory, the MAR rift valley
has been shifted many times by the St. Paul transform
fracture system to the west (Fig. 6a). The spatial struc-
ture of earthquakes marks the active areas of fracture
zones and MAR segments and makes it possible to
decipher the current configuration of the spreading

zone. The amplitude of displacements from south to
north along the transform fracture zones increases to
the west. The southern displacement has an amplitude
of 36 km and is followed by a 20-km segment of the rift
valley, the next segment is shifted 92 km and the rift
valley is extended 28 km, a transform displacement
130 km long occurs to the west along with an area of
the rift valley 28 km long, and the northernmost trans-
form fracture zone is 200 km long. It is the most seis-

Fig. 6. Seismicity of St. Paul transform fracture system. A, epicenters of earthquakes on bathymetric map of region (magnitude
of earthquakes is marked by size and gradation of gray circles) [26]; B, spatiotemporal distribution of seismicity in region (vertical
lines mark position of rift segments); C, mechanisms of foci [27]. 
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mically active. The strongest events occur in the
trough, whereas medium ones are focused in the
southern wall of the fracture zone. The fracture zone
with the 130-km shift, in contrast, is characterized by
decreased seismic activity. Single events occur in the
inactive sectors of transform fracture zones. The east-
ern and central parts of the rift valley are distinct in the
decreased seismic activity in contrast to the western
rift valley. According to geological data [18], precisely
in this part of the fracture zone, active part of the frac-
ture zone changes its position from the trough, which
is located to the south of the St. Peter and Paul islands,
to the trough to the north of it, which is the fifth in
succession in the multifault system. The intensity of
short-range seismicity of MAR segments is similar to
that from the fracture zone. The data on the mecha-
nisms of foci taken from the Harvard CMT catalog
[27] are shown in Fig. 6c. No normal faults typical of
the extension of rifts occur in the entire length of the
St. Paul transform fracture system. Only three normal
faults, two of which are oriented obliquely to the azi-
muth of the structure, are located in the western and
eastern segments. The central segment has no features
of foci with extensions. We have observed chains of
oblique NW and NE displacement mechanisms along
directions typical of Riedel shears, which cross cut
more than one trough. This indicates the spatial
mosaic character of stresses in the wide multifault sys-

tem and the formation of oblique active zones wtha-
thich cross cut major structural elements. Longitudi-
nal thrusts are observed in the west, in the most active
zone of transition from the fourth to the fifth troughs.

BOUGUER ANOMALIES AND VOLCANISM

In calculating Bouguer mantle anomalies (on the
basis of usual Bouguer anomalies), the depth of the
M boundary was estimated as the sum of the relief and
thickness of the sedimentary cover and crystalline
layer with a constant thickness of 6000 m. The differ-
ence in crust–mantle densities was 0.5 g/cm3. No
thermal correction was done. The presence of an axial
anomaly beneath the MAR, which indicates the exis-
tence of heated and partly melted mantle material
leading to decompaction of the medium and the for-
mation of minimums along this structure, is a major
feature of this reduction in the gravitational field in the
ocean. The Bouguer axial anomaly below the MAR to
the south of the St. Paul system (Fig. 7) extends to the
north up to a latitude of 1.50 N approximately along
the 25 N meridian. Its end hosts a cluster of latitudinal
symmetrical volcanic seamounts, which are mani-
fested by local minimums in the Bouguer anomalies by
an isodyname of 440 mGal and which indicates the
probable formation of the couple of “bull’s eye” com-
plexes from the local magmatic pulses. Such a contin-

Fig. 7. Bouguer anomalies in St. Paul multifault transform fracture system and active MAR elements. range of values of anoma-
lous field 360–580 mGal (from light to dark); major isodynams: 440, 490, and 540 mGal; dotted circle, 200-mile economic zone
of Brazil around St. Peter and Paul islands. 
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uation of the axial minimum to the abyss is rare. Sim-
ilar volcanic complexes make up the main part of
Researcher Ridge (south of the Vema transform frac-
ture zone), but are shifted 250 km, on average, west of
the MAR axis. Tracing of the fourth (from the south)
fracture trough in the anomalous field up to the axis of
the volcanic cluster reveals the possible position of the
transform displacement zone. According to the ages of
magnetic anomalies [19], the continuation of the
MAR axis near the volcanic cluster may be ~25 Ma in
age. Thus, the configuration of anomalous field shows
the possible position of the MAR paleoaxis and indi-
cates the spatial WNW displacement of active spread-
ing elements. Basalts and breccias of volcanic glass
collected from the bottom of this area (st. S07-38) at
the southern foot of one volcanic edifice (Fig. 7) may
indicate, in our opinion, off-axis magmatism.

SEISMIC PROFILING

The eastern part of the St. Paul system was studied
by areal geophysical survey and continuous seismic pro-
filing (CSP) on the seventh cruise of the R/V Akademik
Nikolai Strakhov of the GIN RAS (Fig. 1) [13]. The sur-
vey area covered the most complex part of the system
and the area of continuation of the gravitation mini-
mum north of the MAR. The profiles in Figs. 8–11
show the important features of the wave field. Two pro-
files in the western (Figs. 8, 9) and eastern (Figs. 10, 11)
parts were selected on a line of the MAR continuation.

The presence of “bright spot” anomalies at the foot
of the cover is a feature of the profiles. The oceanic
basaltic basement typically forms the wave field of the
acoustic basement as a superposition of hyperbolas of
distance from prominences of the basement. The
profiles contain its ref lectors, which are rather f lat
and characterized by increased ref lection such that
(Figs. 8, 9, 11) the amplitude in multiple reflections is
comparable to bottom reflection from the sediment
surface. A similar wave pattern corresponds to wide,
quickly formed magmatic areas rather than to the rid-
gelike magmatic basement that formed during slow
spreading. These could be eruptions of cover basalts
(small traps) or effusive rocks, which lack the mor-
phology of the acoustic basement relief typical of the
MAR, whereas the f lat volcanic surface forms coher-
ent reflection with a large amplitude rather than the
usual basement. The most intense reflections of this
type are observed in the middle of the profile (Fig. 11),
which is located almost in the north MAR continua-
tion. The distance between the latitudinal volcanic
range and bright spots of this profile is ~70 km. This is
evidence that productive magmatic events are focused
along seamount ranges (expressed by the minimums
of Bouguer anomalies, Fig. 7) and south of them. The
genesis of the source of productive magmatism in the
MAR segment with a block of the cold upper mantle
and the absence of plumelike seismotomographic

anomalies is unclear, but this problem is beyond the
scope of our work.

The gradual displacement of bright spots to the
north from the first and second troughs (Fig. 11) to the
third and fourth troughs (Fig. 9) and to the fourth and
fifth troughs of the system (Fig. 8) is observed from the
eastern (Fig. 11) to the western (Fig. 8) profile, as well
as a regular increase in the thickness of sediments
above the bright spots from 200 (Fig. 11) to 800 ms
(Fig. 8). Spatiotemporally equal sedimentation rates
indicate the spatial displacement of the magmatic
source with time from north to south. However,
because the presence of sedimentary “pockets” up to
800 ms thick only 100 km from the active zone of the
MAR shows diverse and complex sedimentation con-
ditions, we cannot guarantee southern displacement
with time. All five troughs of the multifault system are
visible in Figs. 9–11. They are currently active and
host minimum sediments or are free of them. The
northernmost walls of interfracture uplifts are more
gently inclined and are questlike relief forms in cross
section. A significant part of the sedimentary cover
that fills the active and inactive troughs occurs hori-
zontally and accumulated after the formation of major
deformations (Figs. 9, 11), probably under transpres-
sion in a wide shear zone. This indicates that deforma-
tions are presedimentary. The sedimentary cover of
the fifth trough in Fig. 9 is nonetheless deformed with
the formation of an the incline as the axial bright spots
(Fig. 11). These present-day deformations and a series
of small faults in the third trough (Figs. 10, 11) are
accompanied by acoustic brightening of the sedimen-
tary thickness in the form of vertical bands 100 to
500 m wide. This indicates the contribution of f luids
to sediments. The reason for this event may be either
the current magmatism or serpentinization of ultra-
mafic rocks due to their contact with water in the frac-
ture zone. An example of a f luid vent on the surface is
shown in Fig. 10 (inset map). It is located directly
above the bright spot of the f lattened basement with a
vertical acoustically turbid zone, which is expressed on
the surface as weak hyperbolas of dispersion and
brightening of bottom reflections.

The wave field of this f luid vent differs from typical
records with acoustic brightening; thus we believe that
its origin is related to active magmatism. Typical verti-
cal acoustic brightening in the second and third
troughs (Figs. 9–11) is ascribed to the most wide-
spread anomalies (discharge of gaseous serpentiniza-
tion products) [3]. Thus, the seismic records show the
presence of presedimentation magmatic zones, which
form the anomalous acoustic basement beyond the
currently active MAR segments, and presedimenta-
tion and present-day deformation stages of the oce-
anic crust.
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STRUCTURE OF THE ACOUSTIC BASEMENT
CSP data of the seventh cruise of the R/V Akade-

mik Nikolai Strakhov were used to draw a sediment
thickness map on a scale of 1 : 650000 [5]. Subtraction

of the digital model of the thickness of the sedimentary
cover from the relief allowed us to obtain a map of the
acoustic basement relief (Fig. 12). A depression up to
4900 m deep similar to nodal in terms of location and

Fig. 9. Profile S07-SP-08. 

S N
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7200 ms
20 km

Fig. 8. Profile S07-SP-01a (seventh cruise of R/V Akademik Nikolai Strakhov (GIN RAS, 1988). Here and in Figs. 9-11, position
of profile is shown in Fig. 1. Arrows, anomalies of bright spot record. 
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Fig. 11. Profile S07-SP-20. 

S N
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Fig. 10. Profile S07-SP-18. Inset, fragment of record with f luid vent above bright spot of basement. 
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morphology was found after subtraction of sediments
with a maximum thickness up to 1100 m in the north-
east part of the survey area between volcanic sea-
mounts. The depression is located on the northern
continuation of the MAR segment, which is charac-
terized by the strongest bright spot (Fig. 11). The

questlike relief of the interfracture ridges and small
thickness (up to 250 m) of horizontal sediments indi-
cate that the formation of the f lattened magmatic
basement and the segment’s loss of activity were
simultaneous with deformations, after which the sedi-
mentary cover filled the depression of the basement in
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the inactive segment. Probably, the change in the
stress regime in the multifault system displaced the
active segment to the west, to the weaker zone. The
questlike forms of the basement occur in the latitudi-
nal profile along the active part of the second trough
with a f lat eastern wall. This shows the complex char-
acter of deformations that form these structures on the
longitudinal and latitudinal profiles. In addition to the
paleonodal depression, the relief of the acoustic base-
ment in the NW part of the survey area hosts a paleo-
segment of the rift valley between the fourth and fifth
troughs, which was found after subtraction of sedi-
mentary cover ~500 m thick. The distance between its
paleonodal depression in the fourth trough and the
present-day nodal depression of the fourth trough is
160 km, which indicates several possible jumps of
MAR segments from east to west within bottom areas
that are limited by lineaments of troughs of the multi-
fault system. The MAR paleosegment is also observed
in the southeast of the survey area, but the distance
between it and the active segment of the first and sec-
ond troughs is only ~50 km. Thus, the relief of the
acoustic basement is evidence of jumping of active
parts of the MAR. They could jump several times and,
if the thickness of sediments is proportional to their

age, the new active elements formed from north to
south.

SYNTHESIS

The aforesaid data and results of their analysis
allows the following summary. Figure 13 shows the
map of the region of the St. Paul multifault system
(five fracture troughs) with elements of geodynamic
interpretations. The short rift segments jump along the
strike of parallel troughs for distances that exceed the
length of the segments. The troughs of the multifault
system specify the limits of jumps within which the
momentary position of segments is unstable and may
change depending on the redistribution of stresses.
Under transpression, the segments change their posi-
tion to correspond more to the current stress pattern in
a complex system consisting of small (20–40 km)
blocks. In the equatorial Atlantic, MAR rift segments
are shifted by the St. Paul multifault fracture zone sys-
tem from north to south and to the west with increas-
ing amplitude of displacement (Fig. 13). Contempo-
rary earthquakes mark the active areas of fracture
zones. According to [18], the active shear segment is
now jumping from the fourth trough to the south of
the St. Peter and Paul cliffs to the fifth trough north of

Fig. 12. Relief of acoustic basement in working area of seventh cruise of R/V Akademik Nikolai Strakhov (GIN RAS, 1988) in
survey area of eastern part of St. Paul multifault transform fracture system. Relief ranges from –5370 to –700 m. Depth contours
shown through 500 m.
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them, so these islands are moving from the African
Plate to the South American Plate.

Thus, under longitudinal superposition of two
spreading centers (from St. Paul in the west to the vol-
canic seamount in the east) for 120 km, the system of
active spreading elements is reorganized so that the
transition between their continuations is the shortest
in the latitudinal direction. We have also observed
straightening of the transition between large MAR
segments by the fracture zone. A similar strike and step
of multifault transform fracture systems are observed
north of this region in the Arkhangel’skii–Doldrums–
Vernadskii fracture systems and the double Mara-
thon–Mercurius system; they are caused by macro-
scopic plate kinematics.

CONCLUSIONS

1. Cross-correlation of the lengths of active MAR
structural elements (ridge segments and transform
fracture zones of displacement) shows that major
events are focused in the shortest MAR segments from
20 to 55 km and are evenly distributed over the lengths
of active parts of fracture zones of 10–80 km. MAR
segments with these parameters in the equatorial

Atlantic form compact chains, which are multifault
transform fracture systems. Here, a short step along a
MAR segment is combined with a longer (by two to
three times) step in the displacement zones and this
combination is periodically repeated. Statistics indi-
cate that these systems represent a specific type of
transform fracture zones.

2. Multifault and doubled transform fracture sys-
tems occur between segments where the MAR axis is
displaced the most in latitude and the upper mantle
contains cold blocks according to the seismotomo-
graphical data. The increased density of the total
lengths of fracture zones including passive parts is also
related to these fracture systems and the presence of
zones with longitudinal compression, which leads to
transpression along the faults, is determined indirectly.

3. Seismicity distinguishes currently active seg-
ments of the spreading system with increasing ampli-
tudes of displacement from east to west along fracture
troughs. Almost the entire zone contains no events
with normal faults and represents linear groups of dis-
placements, which are often obliquely oriented to
major chain elements.

4. The axial Bouguer anomalies of the MAR con-
tinue for 120 km to the north from the active segments

Fig. 13. Scheme of migration of active MAR segments in St. Paul multifault transform fracture system. (1–3) Segments of
(1) active rift, (2) active transform fracture zone, (3) paleorift, (4) possible trajectory of rift jump, (5) paleonodal depression filled
with sediments (>1100 m), (6) large volcanic edifices, (7) trajectory of present-day jump in active segments of transform fracture
zone [18], (8) economic zone of Brazil, (9) St. Peter and Paul islands. 
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of the St. Paul zone and end by the latitudinal zone of
the volcanic edifices.

5. Seismic profiling shows the presence of anoma-
lous bright spot ref lectors, which correspond to f lat-
tened magmatic basement that originated during pro-
ductive magmatism different from that of slow spread-
ing zones. These reflectors are overlapped by
horizontal sedimentary cover with decreased thickness
to the south. Deformations of the acoustic basement
are mainly presedimentation. Present-day deforma-
tions with lower amplitude in comparison with the
basement are accompanied by vertical acoustic bright-
ening of the sedimentary cover. There are features of
contribution of f luids to the water column.

6. The structure of the acoustic basement hosts
segments of rift paleovalleys and a paleonodal depres-
sion, which mismatch the position of the currently
active zones. The location of the paleoform indicates
several jumps in the rift and, correspondingly, dis-
placement segments.

7. The multifault transform fracture system with
five trough (in addition to the displacement compo-
nent of movement), which is affected by longitudinal
tension probably variable in time and direction, is
unstable in the position of the rift segments inside it,
which could jump in its limits according to the redis-
tribution of stresses and the formation of more optimal
rifting conditions in another location. Straightening of
the transform transition between two remote MAR
segments is observed in the St. Paul multifault system.
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