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Abstract: This paper discusses the tectonics of the St. Peter and St. Paul Archipelago (SPSPA) in the
Equatorial Atlantic Ocean, based on the joint-system geometry which show a North-South shorten-
ing/transpressional uplift tectonism, is active leading to exhumation of the sub-oceanic mantle.
These islets are the summits of a sigmoidal submarine ridge formed by mantle ultramafic rocks. The
ridge is crossed by the principal transform deformation zone of the northern transform fault of the
St. Paul Multifault System. The South flank ridge exposes serpentinized mantle peridotites, while
the North flank exposes strongly deformed/fractured ultramylonites, recording ductile and brittle
deformation at lithospheric conditions. The SPSPA show multiple joint systems cutting mylonitic
foliation of the exposed rocks, forming three main families: high-angle parallel joints of tectonic
origin, serpentinization-related joints with random direction and load-release low-angle parallel
joints. The tectonic joints show an average direction of N31°E and N28°W, forming a conjugate sys-
tem with a N1°W compression axes, coherent with a transpressive stress field. Accordingly, the
earthquakes focal mechanism close to the islets also shows N-S compression. The previously re-
ported active uplift with an average rate of 1.5 mm/year and the directions of the joint system here
reported agreeing with a present-day active N-S compressive field at a high angle with the direction
of the transform fault.

Keywords: Tectonic joint; Pressure-ridge, Active uplift, Mantle rocks; St. Peter and St. Paul Archi-
pelago; Equatorial Atlantic

1. Introduction

Massive peridotite outcrops are frequently reported along slow- and ultraslow-
spreading mid-ocean ridge [1-5]. Some of them are associated with particular geody-
namic conditions where slices of the oceanic lithosphere are rafted to the ocean floor by
compressive thrust faulting, as observed for instance in the Gorringe bank, off the Iberia
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margin [6]. Among these, the Atoba ridge is a unique feature because of its large dimen-
sions and geodynamic context [7]. Its summit emerges at the St. Peter and St. Paul archi-
pelago (SPSPA), located in the Equatorial Atlantic (Figure 1), and shows a rare record of
extremely pervasive ductile deformation superimposed by brittle structures.

Darwin was the first geologist to unravel the singularity of SPSPA [8,9]. During the
voyage of the H.M.S. Beagle (1831-36) Darwin identified the tectonic nature of these
rocks; unlike the other meso-oceanic islands that are almost invariably of volcanic origin,
writing in his notes: “...Is not this the first Island in the Atlantic which has been shown
not to be of volcanic origin?” (Onboard notes the Beagle). Later, Renard and Murray
were the first to describe as peridotite mylonite and serpentinized peridotite mylonite
the rock samples collected during the Challenger Expedition (1877-76) [10-14].

The Atoba ridge is located along the Northern side of the St. Paul Transform Sys-
tem and is crossed by the Principal Transform Deformation Zone (PTDZ) of the northern
transform fault. The St. Paul transform system is a multi-fault transform boundary,
trending ENE-WSW (N8OE) direction, displaying three small accreting segments, less
than 20 km long, separated by four large offset transform faults, [7,15,16]. It offsets the
MAR axes of more than 580 km (cumulated offset), which places it among the largest
transforms of the world’s mid-ocean ridges.

This paper presents new structural data from the islets of the St. Peter and St. Paul
archipelago (SPSPA) agreeing with an N-S compressive stress field [17]). Our data con-
firm that the Atoba ridge formed after a long-standing and still active transpression,
generating a positive flower structure due to the southern migration of the western
ridge-transform intersection of the transform fault [7].

2. Materials and Methods

Mylonitic foliation and joints at SPSPA have been measured with a Brunton com-
pass. We measured 115 mylonitic foliation and 1813 joints thus distributed: Belmonte
islet: 115 mylonite foliation and 640 joints, Southeast islet: 342 joints, Northeast islet: 251
joints, Northwest islet: 244 joints, South islet: 242 joints and Coutinho rock: 94 joints (Ta-
ble 1). The data were analyzed by free software GARCmB: this program uses a mixed

Bingham Axial Distribution [18,19] to define the stress axes (G).

3. Results
3.1. Geological Context

The St. Peter and St. Paul Archipelago (SPSPA) is located at 00°55’ N, 29°20.43' W, ~
100 km north to the equator in the Atlantic Ocean (Figure 1). The SPSPA is composed of
5 islets (Belmonte, Southeast, Northeast, Northwest and South) and 5 smaller rocks
(Beagle, Pillar, Cambridge, Coutinho and Cabral), with a total emerged area of 13,000
m?. They represent the summit of a large sigmoidal submarine ridge, 200 km long, 30 km
wide and 3,500 m high, named the Atoba Ridge [7] (Figures 1).


https://doi.org/10.20944/preprints202105.0645.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 May 2021 d0i:10.20944/preprints202105.0645.v1

3 of 18

Table 1: Descriptive statistics of joint system and mylonitic foliation of mylonite rocks from SPSPA

Joint (n =1813)

Strike ‘ Dip
Islet Max Min Mod Med Mea SD Max Min Mod Med Mea SD
Belmonte 358 0 60 147 169 39 90. 5 90 60 58 0.8
Northwest 346 1 146 157 168 7.1 90 15 70 65 60 1.3
Northeast 357 15 125 127 140 49 90 3 80 60 57 1.2
Southeast 360 5 100 170 185 9.8 90 6 80 60 57 1.0
South 355 5 220 195 179 9.7 90 5 55 60 60 2.0
Coutinho 247 2 135 133 142 98 85 13 80 64 58 2.0

Mylonitic Foliation (n =115)

Strike | Dip
Islet Max Min Mod Med Mea SD Max Min Mod Med Mea SD
Belmonte 355 0 300 285 198 69 90 8 75 50 50 1.1

Max: maximum, Min: minimum, Mod: mode, Med: median, Mea: mean, SD: standard deviation

The SPSPA is formed by abyssal peridotites uplifted tectonically in an extensively
sheared and thrust-faulted transverse ridge during a dextral strike-slip movement with
multiple-stages of transpressional and transtensional uplifting [7,16,17]. Deformation
processes recorded by these rocks extend over the ductile/brittle rheological transition,
starting at high temperature at upper mantle conditions and recording an intense anhy-
drous ultramylonitization [20]. Deformation in the brittle regime is recorded by a joint
system concordant initially with the orientation of mylonitic foliations. Cracking al-
lowed fluid circulation and started the serpentinization of peridotite ultramylonite (Fig-
ures 2 and 3).

The Southeast islet shows a peculiar outcrop because it is partly formed by layered
ultramafic mylonites, composed by mm to cm thick alternate layers of mylonitized kaer-
sutite and peridotite. They display an undulated contact possibly suggesting a non-tec-
tonic origin [19]. The kaersutite layer may derive by trapping and crystallization of an
alkaline fluid compositionally akin to that percolating in the ambient peridotite [21].
This islet shows a relatively thick sedimentary cover (~ 4 m), named St. Paul and St. Pe-
ter Formation of Neogene age and this sedimentary cover is constituted of two units of
calcarenite-conglomerate in stratigraphic discordance associated with the tilting of an
old bay floor driven by earthquakes [17].

The studied area shows a particular stress field [22,23]. While most of the events
have strike-slip focal mechanisms, a few earthquakes show an NNW-SSE compressive
mechanism (Figure 4). These events are located on the south flank of the Atoba Ridge,
on a thrust fault identified by [7]. The earthquakes indicate that the main tectonic
stresses are generated by a dextral strike-slip displacement, coherent with the motion
direction of St. Paul transform fault and secondary compressive stress oriented to NNW-
SSE.

The single islets show a relatively differential movement and independent behav-
ior, as demonstrated by their fossil record, which shows different ages among them of
about 10.000 yr. (C-14 dating), at the current level of marine surface abrasion [17]. Fossils
from the Belmonte islet show ages varying from 100 to 6 kyr. B.P., while in the Southeast
islet the fossil ages vary between 16 kyr. to 46 kyr. B.P. [17,24] . SPSPA shows an overall
minimum average uplift rate of 1.5 mm/yr and a maximum uplift rate of 3.0 mm/yr. at
recent times [17,24,25].
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Figure 1: Location map of Saint Peter and Saint Paul Archipelago and Saint Paul
Transform Fracture Zone, Equatorial Atlantic Ocean and morphostructure of the
Northern side of St Paul shear zone [7]. A) shaded multibeam bathymetry of Central
transpressive (CTZ) zone displaying stepovers of the transform fault on either side of St
Peter and St Paul Archipelago. The Atoba Ridge is located at the central step. The base of
the south flank of the CTZ displays a series of thrust faults. B) Southwestern 3D view of
CTZ. Thick black lines: present-day active transform faults, with the semi-arrows
showing the plate motions direction. The black tick lines: thrust faults. The white lines:
present-day spreading axes. PTDZ: Principal Transform Deformation Zone. Plate
boundary [7].
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Figure 2: Geologic map of St. Peter and St. Paul Archipelago, Equatorial Atlantic Ocean
according [17]. The mylonite foliation according [20].
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Micro-detachement

Figure 3: Photography of hand samples: A) Peridotite mylonite showing parallel S1 my-
lonite foliation and micro-detachment (S2); B) Polished surface of peridotite mylonite
showing folded mylonite foliation cut by micro-detachments. C) Parallel layered kaer-
sutite-peridotite mylonite; D) Folded and fractured layered kaersutite-peridotite mylo-
nite; E) Polished surface of a serpentinized peridotite ultramylonite; F) Outer surface of
the sample in Figure 4E, where the joints are highlighted by seawater leaching. A) and B)
fresh peridotite from Belmonte islet; C) and D) Fresh mylonite from Southeast islet; E)
and F) serpentinized peridotite ultramylonite from Belmonte islet.
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Figure 4: Focal mechanism and the epicenter of the seismic events recorded from 1971 to
2018 [22,26]. Highlighted red beach-ball indicates a compressive mechanism. Green cir-
cle: Epicenter < 50 km of deep and proportionally larger circle diameter than M > 5.0.

The regional/scale uplift of a dense mantle block poses a tectonic problem because
its elevation requires a significant, long lasting, compressive tectonics acting right over
the loci of a pure strike-slip transform-related domain. This conundrum was solved by
demonstrating that a compressive field is acting steadily since 11 Ma along on the Atoba
ridge because of the progressive southward propagation of the Mid Atlantic Ridge axis
to the West [7]. This axis propagates due to the thermal influence of the Sierra Leone
hotspot [27,28], which results in an enhanced magma supply at the MAR segment and in
a modified lithospheric thermal structure (Figure 1). The local transpressive stress is wit-
nessed by the formation of a series of oblique step-overs and restraining bends located
along the northern fault of the St. Paul transform system. The main step-over, beneath
the Atoba ridge, acts as a resistant pivot point accumulating the maximum transpressive
stress along the northern transform fault leading to the elevation of the seafloor by more
than 3 km passing over the sea level [7].

Lineament directions at Lower-hemisphere, equal-area stereo-plot projections show
that interpreted indicating two general directions at N41°W and N34°E and the straight
dihedral-angle method defines the following compression axes 61 365.5/90 and G
86.5/90. The current coastline, together with the observed lineaments (Figures 2 and 5)
and SPSPA position within St Paul transform system can be correlated with the Riedel
diagram (Figure 6). Where we can see a coherent tension pattern, which establishes a
tension axes directions close to N-S for 61 and E-W for Gs.

3.1.1. Joint typologies

Joints (or extensional fracture system), are separation planes in which there is no
detectable shear displacement. The two walls of these tiny gaps are generally in close
contact and match one each other. They may result from regional tectonic strain, either
due to compressive stresses, folding and faults, or by the release of internal stress during
uplifting or cooling. High fluid pressures may also result in the formation of a joint sys-
tem. The aperture of a joint can be open or occluded by mineral cement [29,30,31].

The rocks from St. Peter and St. Paul Archipelago show a primary mylonitic struc-
ture and four different joint types. Their sequential order can be defined on the outcrop
following the relative intersection patterns.
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In a temporal frame, the overall rock deformation can be summarized as follow: a) sub-
vertical joint system cutting the mylonitic foliation of the mantle derived ultramafic
rocks (Figures 7A and 3A and 3B); c) randomly oriented joints due to serpentinization
(Figure 3E and F); b) sub-vertical joints of tectonic origin (Figure 7B); d) open joints, due
to falling/tilting block, filled by sedimentary carbonate-Fe oxides (Figure 7C); e) open
load-release sub-horizontal joints filled by precipitate carbonate (Figure 7D).

Lineament
(all islet)

&

<% pillar

Northwest |*

Nottheast

Belmonte

A: 319/90; B:34/90

ol: 356,5/90; o3: 86,5/90

Figure 5: QuicBird satellite and Drone imagery used for lineament interpretation and
Lower-hemisphere, equal-area stereo-plot and rose diagrams for lineament interpreta-
tion in the St. Peter and St. Paul Archipelago, Equatorial Atlantic. Red dashed line: linea-
ment.
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Figure 6: Riedel-type schematic constructed using major lineament trends identified
through satellite/drone imagery and stereographic projections at shoreline contour of the
islands from SPSPA (Figure 4). The shear black arrow is in a similar context to that oc-
curring in the St. Paul Transform Fracture System.

The first set of joints can be attributed to late deformation phases in the ductile to
brittle transition [20]. The first set of structures is attributed to the folded mylonitic folia-
tion shown in Figure 7A. It’s a typical evolution from folding to micro faulting along the
52 fold plane. Being the displacement extremely reduced we consider here these frac-
tures along with the other joint systems. The transitional passage between the stage of
ductile-brittle transition marks semi-brittle conditions. Allowing the formation and sta-
bilization of the serpentinization process [20].

The serpentinization network formatted in semi-brittle to brittle conditions over-
prints the mylonite foliation; serpentinization progresses along extensional joints cross-
cutting the high-T foliation. Volume expansion due to serpentinization generates ran-
domly oriented fractures similar to kernel structures (Figure 3E and F) and four serpen-
tine phases related to the transition to a semi-brittle to brittle settings [20].
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The joints filled by calcarenite and iron oxides-hydroxides were interpreted by
[17,32] as pre-existing open joints formed by rock-slide flexure and filled with sedimen-
tary biologic and chemical carbonates, sometimes mixed with sandstone. They are either
sub-vertical or sub-horizontal, and many joints show undulating curvatures (Figure 7C
and B). Sedimentary fill occurs in all open joints and shows a width variable, from a few
millimeters to more than 20 cm. The carbonation phase marks the final deformation
stage marking the complete exhumation of the body and the formation of fractures and
fault planes filled by carbonates in the brittle context [20].

Load-release joints are formed by removal of surface rocks wave erosion and gravi-
tate slumping along the flanks of the rising ridge (Figure 7D). They are sub-horizontal
showing a gentle curvature. Along these joints, gravitational slides of the upper blocks
are sometimes observed, they cut all serpentinization joints.

*
@ Kernel Structure

led open
Ioad;[elease joint

)
73

; : % 7 R W : - - m §
Figure 7: Mylonitic foliation and different types of joints observed at the Saint Peter and
Saint Paul Archipelago: A) Polished peridotite mylonite hand samples from Belmonte
islet showing parallel and folded S1 mylonitic foliation and micro-detachment (S2); B)
Tectonic joints with high-angle (white arrows) at the Belmonte Islet; C) Open joints filled
by calcarenite and iron oxides-hydroxides (white arrows) at the Belmonte Islet; D) Open
load-release filled by precipitated carbonate (white arrows) at the Southeast Islet.

3.2. The high-T mylonitic foliation

The mylonitic fabric characterizing all SPSPA rocks predates the joint system de-
scribed in the next paragraph. The high degree of mylonitization recorded by these rocks
(prevalence of ultramylonites) requires intensely focused shearing in the ductile regime
and represents the oldest structural event recorded by the SPSPA rocks [20]. The orienta-
tion of the mylonitic foliation reveals that rock domains around the Belmonte islands
have suffered important local rotations. However, only a few measures, statistically not
significant, have been carried out in these islets because not easily readable. In turn, on
Belmonte islet the ultramylonite shows one primary foliation S1 oriented to 33°/75 and a
secondary foliation S2 (322°/29) (Table 1 and Figure 8). The foliation S1 is gently folded
belong to the islands of the SPSPA (Figures 2 and 8), foliation tends to vary in NE-SW to
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NW-SW directions (Figure 8). This regional fold observed along the islands has a direc-
tion axis approximating E-W, parallel to the direction of St. Paul Shear Zone (Figure 1).

A) Belmonte islet

Kamb contour in Standard Deviations (n: 115)
(Significative level: 35)

B) Remaining islets

Kamb contour in Standard Deviations (n: 73)
(Significative level: 30)

Figure 8: Lower-hemisphere, equal-area stereo-plot and rose diagrams of the mylonitic
foliation from the St. Peter and St. Paul Archipelago: A) Belmonte islet: S1 oriented to
33°/75 and S2 to 322°/29; B) Remaining islets: S1 oriented to 330°/14 and S2 to 279°/3.

The microscale analysis clearly shows that the observed S1 marking the orientation
of olivine, orthopyroxene, spinel and amphiboles. This structure is locally overprinted
by folding and micro-detachment (Figure 9A). Fold axis and micro-detachment coher-
ently shows the presence of a compressive stage S2 acting over the ductile to brittle tran-
sition as attested by the evolution from ductile folding to kink banding and micro fault-
ing (Figure 9B to 9D). This stage can be related to the thrusting inferred by geophysical
observations affecting the Atoba ridge [7].
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Figure 9: A) Mylonite peridotite showing fold S1 mylonite foliation and micro-detach-
ment (S2) from Belmonte islet; B) Mylonite peridotite showing fold on S1 mylonite folia-
tion and S2 from Belmonte islet (plain light); C) Photomicrograph of a picotite porphy-
roclast cut by micro-detachment showing dextral reject from Belmonte islet (plain light);
D) Photomicrograph of peridotite showing some kink-band on S1 mylonite foliation
from Northeast islet, witnessing the presence of multiple deformation phases (52) (polar-
ized). Ol: Olivine; Pc: Picotite; Opx: Orthopyroxene.

3.3. Conjugate joint system

Conjugate shear fracture patterns are common in all kinds of materials and result
from the brittle response to a stress field. The orientation of the joint surfaces has a strict
correlation with the orientation of the neotectonic stress field. The principal stress field
directions can thus be determined by statistical treatment of joint orientation data
[29,30,31,32,33,34,35,36,37,38,39].

Laboratory experiments have shown that the joints are distributed symmetrically
concerning the main stresses (1), based on the “Coulomb fracture criterion”, which al-
lows them to be used as tectonic indicators of regional stress (C1 > G2 > 03), [40]. The di-
rections of the stress components bisect the dihedral angles between the measured plane
directions: the bisector of the obtuse angle between the poles of conjugate plans marks
the o1 axes; concomitantly o3 bisects the acute angle and G2 corresponds to the pole of
the intersection of conjugate fracture planes.

Pole orientation of all joint types are plotted as density map using the lower-hemi-
sphere, equal-area stereo-plot and a rose diagram in Figure 10, data are reported in Ta-
ble 1. In these diagrams, A1, B1 and C1 points indicate the highest density pole
(trend/plunge: 242°/09%; 300°/ 33% 136°/55°) and the denser plane data concentration
(Strike/Dip: 3329/80; 319/ 57¢; 225°/37°). The joints A1 e B1 are sub-vertical and cross-line
in a 138.6°/55.6°, forming a conjugate shear system. The direct dihedral-angle method
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gives a compression axes 01 at 358.4°/6.36° and O3 at 99.4°/66.6, which is similar to the
axes direction inferred based on the interpreted lineaments (Figures 6 and 10). The C1
point is considered an extensional joint (Figure 10)

Joint System
(all islet)

n: 1813

Al:332/80; B1: 31/57; C1: 225/37
ol: 358.9/65.7; 03: 99.6/67.8

Figure 10: Lower-hemisphere, equal-area stereo-plot and rose diagrams of the joint sys-
tem from the St. Peter and St. Paul Archipelago (n: 1,813): A1 and B1 are conjugate shear
joints; C1 are extension joint; 01 and O3 stress axes.

4. Discussion

4.1. Far-field versus local components

The individual islets show different joint distribution (Table 1 and Figure 11), but
the locations of the denser data concentration are similar and their 1 is sub-vertical and
range from 4.1°/7.9° (Northwest islet) to 177.5°/82.8° (Coutinho islet). The cumulative
plot in Figure 11 shows an average of G1 oriented ~ N-S (358°). However, by excluding
the Northwest islet, all others show a G1 direction much coherent with the expected
compressive component in a dextral shear and according to the Riedel formalism (Figure
6). The striking coherence with the expected and measured Riedel structures at the out-
crop scale (Figures 5 and 6) suggests that the main factor controlling the observed frac-
tures is related to the far-field stress regime deriving from the regional dextral strike-slip
of the transform fault. Seismic events with compressional focal mechanisms reported in
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Figure 4 are coherent with the direction of the joint system and further supporting the
presence of active ~ N-S oriented compression.

The strike/dip variability and distribution among individual islets of SPSPA sug-
gest the presence of local geological factors superposed to the far-field common stress-
driven deformation at the scale of the archipelago (Figure 8). This effect is readable for
the Northeast, Cabral and part of Southeast islets, which show different strike/dip from
those of adjacent areas (Figures 11 and 12).
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Figure 11: Lower-hemisphere, equal-area stereo-plot and rose diagrams of the joint sys-

tem by islet from St. Peter and St. Paul Archipelago (n: 1813): Al and B1 are conjugate
shear joints; C1 are extension joint.

The deformation sequence of these rocks has been described in detail by [20], which
pointed out the progressive extent of fluid-rock interaction during the different defor-
mation stages. The oldest deformation stage is here represented by the S1 mylonitic foli-
ation coherently exposed in the Belmonte Island (Figure 2). Mylonitic fabric in such per-
vasively deformed rocks is expected to be sub-parallel to the shear direction. The Atoba
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ridge grows directly over the transform fault deformation zone that is possibly responsi-
ble for the development of the high-T mylonitic deformation at depth.

Shearing along the transform fault is generated by the strike-slip dextral shear
field-oriented approximately E-W (N8OE). This movement should result in a sub-vertical
deformation plane in the ductile region. The observed S1 mylonitic direction on Bel-
monte is sub-vertical but oriented at a high angle to the strike-slip direction (33°/75) sug-
gesting a significant rotation concerning to the direction of the main shear stress. How-
ever, the regional dextral shear only allows clockwise rotations, hence a minimum rota-
tion of 133 degrees clockwise. The extreme rotation is allowed by the sub-vertical direc-
tion of the foliation plane. Local differences among islands (Figure 11) may be sugges-
tive of late shallow local rotations due to a partial separation of the blocks along with the
main joint system (Figures 5, 6, 7 and 12).

This hypothesis is validated by the observed variability of the joint system direc-
tions among the different rocks of the archipelago (Figure 12). The emerged rocks are
bounded by a main joint system showing a striking correspondence with the expected
Riedel shear components in the stress field generated by the transform fault (Figure 6).
Sedimentary filling of some fractures also suggests the possibility that open fractures are
loci for partial movement and rotations

The structure and morphology of the Atoba ridge allow making some hypotheses
on the local causes affecting the different blocks. The Atoba Ridge is a push-up ridge
linked to the step-overs of the northern side of the St. Paul transform System [7] (Maia et
al, 2016). While such features are commonly observed at inflection points of active conti-
nental [41,42,43,44,45], they are extremely rare in oceans being the Atoba the most repre-
sentative case [7] and references therein.

The active uplift of the Atoba ridge is significant, being the most intense ongoing
tectonism among the Brazilian territories [17]. Such a strong uplift rate implies the pres-
ence of gravitational instabilities because of the fast pressure-release undergoing in the
shallow part of the ridge and resulting in detachments surfaces and block slumping (Fig-
ure 12) as attested by crack partial opening with various infillings (Figure 7). The pres-
ence of erosional surfaces, possibly marking the rhythmicity of the uplift (Campos et al.,
2010) results in progressive unloading of the shallowest part of the ridge generating lo-
cal (Figure 1). Moreover, uplift mainly interests mantle-derived rocks locally extremely
olivine-rich which appears as the only lithological component of the entire ridge
[16,17,20,21]. Intermediate-T hydration of mantle-derived rocks may result in enhanced
buoyancy because of the volume expansion associated with the serpentinization process
[46]. Serpentinization expansion may represent an internal push-up additional force to
the disruption of the Atoba ridge’s tip.

These factors may act as local causes superposed to far-field-controlled stresses re-
sponsible for the measured block rotation among the different rocks of the SPSPA.

5. Conclusions

The Atoba ridge uplift (St. Peter and St. Paul Archipelago) through the oceanic litho-
sphere impressed characteristics that registered the deformation mechanisms during the
transition from ductile to brittle regime. The fracture analysis of the emerged abyssal
peridotite of the SPSPA led us to conclude that:

» The joints observed at the SPSPA are classified into four types: a) High-angle
parallel joints of tectonic origin; b) Random direction joints formed by serpentin-
ization expansion; c) Low-angle parallel joints of load release origin; and d)
Open joints filled with limestone, sandstones, conglomerates and iron oxides-
hydroxides;
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Figure 12: Submarine profile: Al) Topographic digital imagery by interpolation among
surface and submarine topography show as shaded relief; A2) Atoba ridge profile ac-
cording [16]; B and C) Schematic cross-section expressing the gravitational rockslide and
fracture formation at the Saint Peter and Saint Paul Rocks. Gravitational instabilities
and be generated by local shallow causes (unload pressure release) or deeper (volume
expansion due to serpentinization). Vertical dimension not to scale.

» The tectonic joints system show preferred directions of 332%/80° (A1), 31°/57°
(B1) and 225°/37° (C1). Al and B1 form a conjugate system with NNW-SSE
shortening direction and C1 is an extension joint;

» The interpreted lineaments at the SPSPA show a direction of compression axes
(N3.50W) similar to the joint system;

» The conjugate joint system is coherent with the existence of almost N-5 compres-
sion. This stress agrees with the focal mechanism of the earthquakes that oc-
curred close to the south of Atoba Ridge and with the published tectonic model
for the Atoba ridge uplift;

» The mylonitic foliation was generated by the St. Paul Transform Zone move-
ment either related to the flowing mantle or by a contraction in restraining
rocks;

» The mylonitic foliations served as a zone of weakness for the beginning of the
joint and serpentinization processes;

»> The rotation blocks after the mylonite foliation and the joint system formation is
provoked by the North-South compression or by serpentinization expansion,
gravitational rockslide and pull-apart fissures, concomitantly.
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