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Introduction 

Already the early explorers of marine geology found out that the ocean floor at the mid-ocean ridges and the marine 
basins is built predominantly of basalt that is characterized by its normal and reverse magnetization. The pioneering scientific 
exploration cruises encountered in some select locations also rock samples of peridotites and serpentinites, where the peridotites 
were attributed to partial melting of xenoliths from the upper mantle, exhumed by the upward flow of the basaltic lavas of the 
MidOcean Ridge (MOR), while the serpentinite was considered a seafloor alteration product [1]. The abundance of serpentinites 
was also discerned by [2], who remarked that serpentinite is highly mobile due to its low density and low cohesive strength, 
therefore it would tend to flow up diapirically along fault planes, and outcrop at the seafloor. Dredging rubble of peridotites and 
serpentinites from the marine valleys of several fracture zones and transform faults in the Atlantic Ocean, led [3] to suggest that 
these valleys offer windows into the deeper layers of the oceanic crust through extensive faulting. Contrariwise, [4] presumed that 
the transform faults form weakness domains in the oceanic crust that enable the diapiric ascent of serpentinites, with inclusions 
of peridotites from the upper mantle, to outcrop at the seafloor. These unique occurrences of peridotites and serpentinites were 
encountered mostly along slow and ultra-slow oceanic accreting rifts and they were termed “Oceanic Core Complexes” (OCCs). 
They were observed, sampled, drilled and analyzed, and commonly the origin of the peridotites was presumed to derive from 
the upper mantle, while the serpentinites were considered as seafloor alteration of the original ultrabasic mineralogy [5,6]. The 
abundance and variability of the peridotites in the OCC’s led many researchers to the interpretation that ascent and exposure of 
these rock suites is attributed to offsets caused by large scale, low angle normal detachment faults (Figure 1). 

These faults presumably transect the oceanic lithosphere, and their footwalls expose the upper mantle at the OCCs [7,8]. 
However, the structural validity of that model is somewhat doubted [9,10] and the rareness of high-pressure rocks, such as 
eclogites, casts doubt on the upper mantle origin of the OCCs as well. The marine geological and geophysical research of OCCs 
found out that although many such features were encountered in the Equatorial Atlantic Ocean, such core complex lithologies 
were explored also in the SW Indian Ocean [11,12], and in Parece Vela back-arc basin in the western Pacific [13]. Surprisingly 
OCC was also discerned in the very fastspreading East Pacific Rise at its intersection with Garrett Transform Fault at 13o28’S 
[14-16].

The present investigation explored a novel concept, suggesting that OCCs were generated in two stages. The first is 
that lithological origin of the OCC is cold oceanic lithosphere that is subducted under the fresh and light lithosphere of the 
accreting oceanic rift. The second stage starts where the subducted slab undergoes serpentinization at temperature of circa 
4500C, which, at the ridge-transform intersection, is located at depths of about 5 km. The serpentinites form diapirs that ascend 
from shallow depths into the external flank of the rift due to the extreme thermal gradient at the accreting rift -fracture zone 
junction. Although apparently unlikely, analytical investigations, as well as analog and numeric models showed that subduction 
initiate along fracture zones. The juxtaposition of two crustal slabs of contrasting densities, such as those of the fresh rift basalt 
and old oceanic crust across a fracture zone, would initiate spontaneous subduction, which would underthrust the denser slab 
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Abstract

Serpentinites and peridotites are the predominant lithological components of Oceanic Core Complexes (OCCs), 
located commonly at triple junctions of slow-spreading oceanic accreting ridges, fracture zones and transform faults. These 
lithologies differ from the surrounding oceanic brittle lithosphere, built of basalt and gabbro, and the structural evolution 
of these OCCs is enigmatic. The present investigation suggests that the tectonics of OCCs is derived from the ascent of 
serpentinic diapirs generated by the unique proximity of shallow asthenosphere, faulted lithosphere and the juxtaposition 
of oceanic crusts of contrasting densities. Such setting initiated two structural stages in the evolution of the OCC, the first 
is spontaneous subduction of old and dense oceanic crust under the fresh and lighter basalt at the edge of the MOR across 
its intersection with transform fault - fracture zone. The sub ducted slab would be affected by the combined effect of the 
steep thermal gradient and the availability of volatiles there to enhance the alteration of pyroxene into serpentine. Analog 
and numeric experiments show that spontaneous subduction can initiate spontaneously if the density contrast between 
the juxtaposed slabs is significant, as is the case between fresh basalt (ρ~2.7 g/cm3) and older basalt (ρ~2.9 g/cm3). Since 
the average thermal gradient under the MOR is ca. 130o/km, then at depth of 4-5 km the pyroxene and plagioclase would 
start their alteration, mostly to serpentine. The abundant faults of MOR normal rifting and strike-slip transform faulting 
could enable the light and malleable serpentinite to form diapirs, which would ascent to the seafloor at the rift-fracture zone 
intersections. The friction at the top of the diapirs during their ascent would probably generate breccia at their tops.

Highlights

a)	 OCCs are built mostly of serpentinite diapirs that carry peridotite inclusions. 
b)	 Serpentinization occurs under low pressure-high temperature conditions. 
c)	 OCC source rock is slab of cold oceanic crust sub ducted under fresh crust. 
d)	 Such subduction occurs mostly where large density contrast between slabs exists. 
e)	 The link between OCCs and detachment normal faults requires support.
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[18,19,20]. The extreme thermal gradient under the accreting rift and the availability of 
volatiles would cause the alteration of the basalts into serpentinites at the shallow depth 
of ca. 5 km. Subsequently diapiric ascent of these serpentinites, carrying along blocks of 
peridotites, into the rift flank, would form the OCC.

Results 

The mid-ocean rift-transform fault-fracture zone composite intersection 

The controls of the geographic distribution of OCCs are enigmatic. Most OCCs are 
located at the external side of the intersections of accreting oceanic rifts and the edge of 
the translation domains, where tectonically active oceanic transform faults are converted 
into tectonically passive fracture zones. Since the rifts at the crests of the MOR are known 
to accrete basalts and gabbro, the possibility that they would also produce peridotite and 
serpentinite is unlikely; therefore the occurrence of OCCs is probably constrained by the 
transform faults-fracture zones systems. The present investigation suggests that some 

oceanic crust is also subducted near the transform-fracture transition. Oceanic transform 
faults are commonly defined as tectonic plate boundaries where the displacement along 
them is horizontal and they are conservative, meaning that no basaltic crust is formed 
or lost along these faults [21]. However, recent research showed that crustal accretion 
does take place along these faults, and that the tectonic displacement along them is 
oblique [22]. This oblique extension led to crustal accretion, which formed the rugged 
bathymetric relief (Figure 2). The tectonic crustal deformation of the active transform 
faults generated the very rough bathymetry of the oceanic crust, which leaves behind 
long and seismically inactive bathymetric scars in the seafloor, the fracture zones, which 
transect the ocean basins. 

Numerical modeling of transform faulting commonly wavered between attributing 
the origin of these faults either to inherited pre-rifting fault patterns, or to fault nucleation 
after the initiation of the oceanic rifting [24]. Alternately, analog models indicated that 
oblique tectonic extension produces a simultaneous linear series of structural basins 
that are offset laterally and that transform faults tend to connect their edges [23,25-
28] in agreement with the sea-going findings of [22]. It is of interest to note that under 
experimental tectonic extension, where the extension is normal to the rift axial plane, 
a single large and continuous ridge would develop without transform faults (Figure 2). 
Such structure seems similar to Reykjanes Ridge that extends from Iceland southwards 
for nearly 1000 km without being offset by transform faults, and probably reflect on 
their extensional tectonic regime without obliquity [23,1]. The junction of the accreting 
oceanic rift with the fracture zone juxtaposes fresh and hot basalt, of average density of 
2.7 g/cm3, with older and cooler basalt, having density of at least 2.9 g/cm3 [29]. Analog 
experiments suggested that such density differences between the slabs is sufficient to 
generate spontaneous thrusting of the denser slab under the lighter one without external 
lateral compression [19,30]. It seems plausible that the occurrence of OCCs off slow 
spreading centers is linked to horizontal offset of about 100 km between two segments of 
accreting rifts, with crustal accretion rate of 3 cm/year. Under such setting fresh basalts 
would juxtaposed against basalts of age gap of some 3 Ma with the plausible significant 
density difference. The density difference of the juxtaposed slabs at faster spreading rates 
would probably be insufficient to trigger the spontaneous under thrusting of the denser 
slab.

Subduction at the MOR? Spontaneous subduction due to density contrasts 

Subduction is defined as thrust faulting where one tectonic plate is thrust under 
another and sinks into the mantle [31]. It is commonly conceived that subduction would 
take place between denser oceanic and lighter continental brittle lithospheres. However, 
the juxtaposition of two slabs of oceanic crust of contrasting densities across a fracture 
zone, with no lateral thrust, was suggested to be the cause for the initiation of ocean-ocean 
subduction, [18,32-34] That concept was supported by analog experiments [19,30] and 
numeric computation [35]. The effect of ocean – ocean subduction is significant, and [36] 
estimated that such subduction fronts comprise some 40% of the length of all subduction 
zones on earth. 

The subducted oceanic tectonic plates are affected by constraints of increasing 
pressure and temperature as they penetrate into the ductile lithosphere. Presuming 
pressure increase by approximately one Kbar (100 MPa) per 3 km of depth and temperature 

Figure 1: A schematic cartoon showing the OCC as a part of the footwall of a low 
angle normal detachment fault that transects the lithosphere and exposes the upper 
mantle on the external flank of the accreting Mid-Ocean rift. In-situ alteration of 
the peridotite into serpentinite leads to the observed lithology of the OCCs. Partly 
after [17,8].

Figure 2: Rifting - model and prototype. a. Sand-box model of normal extension 
with 4o obliquity led to the development of a continuous wedge-shaped rift of 
crustal accretion (left), seems similar to Reykjanes Ridge off Iceland in its wedge-
shape continuity and absence of transform faults (right). b. Sandbox model of 
oblique extension with 150 obliquity led to the simultaneous development of 
basins located right and left of the central line of the box (left). When the edges of 
proximal such basins overlapped, a trace of a transform fault (yellow lines) started 
to appear in the sand, offsetting the accretion rift (red) and turning into stable 
fracture zones (green). Inactive segment of the rift marke by a dashed red line. Note 
the similarity of the model with the Mid-Atlantic Ridge, its transform faults (yellow 
lines) and its fracture zones at ca. lat. 300N (right). For technical details of the 
displayed experiments, see [23].

Figure 3: Garnet crystals embedded in schist indicate the co-occurrence of low-
density hydrosilicates and high-density garnets. The diameter of the coin is 2.5 cm. 
(Sample from the Zucker Mineralogical Collection of the University of Haifa).
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rise by less than 100C per km [37], then under such constraints the subducted slab would 
be under pressure of 15 Kbar and temperature of 4500C at 45 km depth. The alteration 
of its mineralogy under these constraints of high pressure and low-medium geological 
temperature could change the density of the lithology of the slab considerably, depending 
on the availability of water and volatiles. Drier constraints would enhance alteration of 
augite and olivine into denser minerals, such as garnet, to produce eclogite, while wetter 
environments would enhance the alteration of the pyroxenes into lighter hydrosilicate 
minerals such as serpentines or chlorite [38]. Sampling shows that hydrosilicates and 
garnets could occur simultaneously in nature (Figure 3). While increasing quantities of 
the lighter constituents could ascend diapirically back to the surface as metamorphic core 
complexes [39], the eclogitization of the basaltic crust would increase its density beyond 
that of the upper mantle, and facilitate the sub ducted slab to sink into the asthenosphere.

The initiation of subduction anywhere on earth at present is very rare [40-42] 
but analytical, analog and numeric modelers simulated subduction-like features. 
These models commonly suggested that the structural processes acting at converging 
tectonic boundaries between continent and ocean are constrained mainly by two major 
parameters, lateral pressure and negative buoyancy. The tectonic lateral pressure drives 
the oceanic plate landwards, due to the remote crustal accretion at the divergent plate 
boundary. The inverse buoyancy of the edge of the oceanic lithosphere enables its under 
thrusting and sub ducting into the asthenosphere [43-45,31]. However, the lateral push 
required for the ocean-continent initiation of subduction is difficult to envision at ocean-
ocean subduction sites, which probably occurred along fracture zones or transform faults, 
which trend parallel to the direction of the motion of the accreting oceanic crust [34]. 
Unlike the conventional ocean-continent depiction, some analytical and analog models 
suggested the likelihood that the underthrusting of older and denser oceanic lithosphere 
would take place due to contrasting densities of adjacent lithospheres, even without the 
lateral push or the negative buoyancy [30],. As the underthrust slab was affected by the 
rising temperature at about 100C/km, reaching 450oC at approximate depth of 40-50 km, 
its pyroxenes would remineralize into garnets and its lithological density would increase 
(Figure 3). 

High-speed centrifuge could deform miniaturized experimental models by 
increasing its gravity acceleration due to very fast rotation and without lateral push [46]. 
The centrifuge experiments showed that the juxtaposition of two lithospheric plates of 
contrasting densities would initiate under thrusting, provided that the density contrast 
between two juxtaposed lithospheric slabs were considerable and the friction between 
them were low [19,30]. Numeric models support these findings [47]. The centrifuge 
experiments showed further that considerable stretching was discerned at the frontal 
edge of the overthrust slab, which would eventually break apart to form a back-arc basin, 
and would lead to the rollback of the subduction front. The possibility that subduction-
like structural processes would occur also at the domain of the midocean rift seems, 
prima facie, impossible. However, the occurrence of OCCs at numerous flanks of slow-
spreading accreting rifts suggests that as the fresh and hot basalts of the rift, with density 
of ca, 2.7 g/cm3, would be juxtaposed against colder basalts with density of ca, 2.9 g/
cm3, across the weakness zone of the fracture zone, spontaneous initiation of subduction 
seems plausible. Indeed, the observation of experimental subduction due to density 
contrast between juxtaposed crustal slabs suggested that such a process is not impossible 
and numeric experiments encountered similar results [47]. Unlike the ocean-continent 
subduction, where the thermal gradient is subdued [37] the ocean-rift subduction would 
reach alteration temperatures of ca. 4500C at the low-pressure zone at depth of some 5 
km. Intensive serpentinization would raise the temperature and expedite the alteration 
further because the serpentinization is exothermic. It is of interest to note that the short 
range subduction of the older oceanic crust under the fresh oceanic basalt along the 
weakness plane of the fracture zone of the OCC would not produce noticeable seismic 
activity unlike ocean – continent subduction because the serpentinite is pliable.

Diapirism and the geodynamic emplacement of Oceanic Core Complexes 

Vendeville et al. (2000) [48] suggested that earth materials that are lighter and weaker 
than their surrounding lithology tend to forms diapiric structures, and even though 
ascending igneous intrusions are described in different terminology, the emplacement 
of salt, shale, granite, ophiolite or OCC has many characteristics in common. Where 
overpressured and possibly overheated, such lithologies tend to become highly mobile, 
they ascend and form diapiric features that pierce through their surrounding country 
rocks [49]. While subduction accounts for the transfer of lithological masses from the 
surface down into the earth mantle, volcanoes, ophiolites, OCCs and other diapirs transfer 
of buried lithologies upwards to the surface. Commonly, the process that emplaces 
the OCCs upwards into the junctions of slow-spreading ridges and fracture zones is 
associated with large-scale normal detachment faulting. However, the comprehension 
that some ophiolites (which obtained their name due to their abundant serpentine), such 

as the well-explored Troodos ophiolites, are considered to have ascended diapirically to 
form a supra-subduction zone domain [50]. The upwards emplacement of metamorphic 
core complexes led to the association of OCC with subduction followed by diapirism. 

The experimental observation that spontaneous subduction would initiate by the 
juxtaposition of modeled slabs of different density across fracture zones in the centrifuge, 
raised the plausibility that subduction could also take place at ridge-fracture zone 
intersection, where the density contrast between fresh and old basalts exceeds 0.2 g/cm3. 
Such subduction in nature, which would take place in the anomalously hot domain of the 
accretion ridge, could account for the unique petrology of OCCs. The presumed thermal 
gradient near the mid-ocean rift is 1300C/km because the top of the asthenosphere reaches 
depth of circa 10 km. Such thermal gradient and the availability of water would enhance 
the development of series of petrologic remineralization reactions of high temperature 
and low pressure [51] (Figure 4). The presumed mineralogical alterations of the basaltic 
pyroxene and plagioclase to hydrous silicates like serpentine under such constraints 
would occur at depth of ca. 5 km. Critical accumulations of this altered light and pliable 
lithology would plausibly enhance diapiric ascent to take place along the numerous faults 
at Mid-Ocean rift – fracture zone intersections. Concurrently, in places where volatiles 
content were low, the sub ducting slab would undergo ultramafic remineralization and 
generation of peridotites would take place. The presumption of the shallow roots of the 
peridotite-serpentinite petrology of the OCCs is compatible with the observed rareness of 
garnets and other high-pressure minerals there [52].

The conventional explanation to the emplacement of OCCs is that the lower parts 
of the oceanic lithosphere is exhumed at the intersection of slow-spreading ridges and 
transform faults due to very large offset along a low angle normal detachment fault, where 
the footwall is exposed at the flank of the accreting rift (Figure 1). According to that 
concept, the mantle peridotites were serpentinized during their long journey from the 
mantle to the seafloor. Friction during that journey would also produce a thick series 
of rubble and breccia, encountered at the top of many OCCs, which served as evidence 
to that type of detachment faulting [8]. However, such a long journey from the upper 
mantle should have led also to the occurrence of high-pressure minerals in the lithology 
of the OCCs, but eclogites are conspicuously absent there. Accretion rifts are underlain 
by elongated domes of upper asthenosphere matter that feed magma chambers under the 
MOR, which, in turn, supply the volcanic eruptions along the central rift. The build-up 
of the OCC is not a part of the evolution of these Ridges, but an appendix, added mostly 
where the spreading rate is slow. Therefore, where two crustal slabs were juxtaposed 
across a fracture zone and the older slab was dense enough to be under thrust at the edge 
of the accreting rift, then that under thrust slab would be affected by the steep subsurface 
temperature gradient. The prevailing high temperature due to the proximity to the 
magma chambers and the top of the asthenosphere, and the variations in the availability 
of seawater, would enhance the alteration of the pyroxenes and the plagioclases in the 
sub ducting slab. In sites where the density contrast between the adjacent slabs would be 
insufficient to initiates the under thrusting, the OCC would not develop. The subduction 
of the basaltic crust would alter its pyroxenes and plagioclases, either into ultramafic 
mineral assemblages or concurrently, into serpentine other hydrosilicates, depending on 
the rising temperatures and the availability of volatiles. The expected temperature in which 
such alteration takes place is ca. 5000C, and it seems plausible that once formed, the light 

Figure 4: Solidus curves of dry and wet basalt under variable domains of pressure 
and temperature show the effect of hydration on the partial melting of basalts. After 
Kessel et al. (2005).
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serpentine (ca. 2.5 g/cm3) would generate diapirs that will ascend to the seafloor, carrying 
along occasional blocks of peridotites. Such features of serpentinite and peridotite were 
commonly discernible in the drilled cores obtained by several scientific ocean drilling 
campaigns at OCCs. However, if the density contrasts between the juxtaposed slabs 
would be too small or the friction between the slabs too high, then the evolution of the 
OCC would not take place. Once thrusting starts at the rift-fracture zone junction, the 
alteration of the mafic rocks into either ultramafics or hydrosilicates would start at the 
shallow depth of 4-5 km. However, as the overriding segment of the young lithosphere 
would be driven away laterally from the ridge-fracture zone intersection due to continued 
crustal accretion at the ridge, the densities contrasts between the older and the younger 
lithospheric slabs across the fracture zone would probably diminish, and the subduction 
processes would terminate. The OCCs are short-lived and their sites are well constrained. 
Considering the possible high content of volatiles in the shallow depth of the underthrust 
denser slab, the alteration of basalt and gabbro into large quantities of serpentinite seems 
plausible, as indeed the drilled cores of repeated deep sea drilling campaigns in various 
OCC show. Therefore, the occurrence of light serpentinites under the denser basalts 
and gabbros of the oceanic brittle lithosphere is likely to produce metastabilities, which 
would generate serpentinite diapirism. Such diapirs could ascend to the seafloor along 
pre-existing faults, carrying along blocks of ultra-mafic rocks. As the serpentinite diapirs 
force their way upwards, rubble and breccia are likely to accumulate at their crests due to 
friction associated with their emplacement. 

Correlation with salt diapirs would suggest that the serpentinite diapirs would also 
have a relatively flat top and steep walls [53,54]. Observations of such features in the 
OCCs were linked to fault surfaces [55]. Therefore, the breccia discerned repeatedly at the 
crests of numerous OCCs, which was attributed to friction products generated during the 
long journey of these rock-suites from the upper mantle along those low-angle normal 
detachment faults [8], could alternately be linked to the short-range serpentinite diapirs. 
The presented concept of the evolution of OCCs presumes two stages for the evolution 
of these features. The first is the under thrusting of relatively dense slab of oceanic 
lithosphere from across the fracture zone under the fresh basalt at the flank of a slow-
spreading Mid-Ocean Ridge, where sufficient density contrast between the two slabs, and 
low friction along the steeply plunging plane, occur. Considering the exceptional thermal 
gradient under the Mid-Ocean Ridge province, the high temperature and the shallow 
depth of the asthenosphere, the under thrust slab would undergo high temperature and 
low-pressure alteration and remineralization at depth of ca 5 km in two probable paths. 
The water-rich parts of the down-going slab would undergo serpentinization, and the 
remineralization of the drier parts would become peridotitic. The second stage in the core 
complex development is its diapiric ascent of the serpentinite, bearing peridotite suites 
upwards into the ridge flank (Figure 5). There is ground to presume that predominantly 
peridotite lithospheric slabs would plunge into the mantle and recirculate.

Discussion 

As mentioned before, the origin of oceanic core complexes is commonly attributed 
to peridotite lithologies from the deep crust-upper mantle domain, which were carried 

into several slowspreading ridge-fracture zone intersections as the footwall of low-
angle normal detachment faults of very large throw (e.g. Parnell-Turner et al., 2017 
and references therein). These low-angle faults supposedly uplifted the peridotite of 
their footwall from the distal upper mantle and embed it in the seafloor on one flank 
of the median rift, (Figure 1) while the conjugate hanging wall flank remained built of 
regular oceanic crust of basalt and gabbro [56]. However, computation of the structural 
restoration of the offsets of these detachment faults is difficult, because the presumed 
offsets substantially exceeds the thickness of the oceanic crust, therefore the validity of 
the detachment fault model is equivocal [57]. Investigations of the OCCs included several 
series of scientific boreholes [58] of IODP leg 304-305 that drilled Atlantis OCC, presented 
a concept that the occurrence of the OCCs at the intersections of slow divergent tectonic 
rifts and transform faults was derived from very large offset caused by detachment faults 
[58] ruled out the possibility that the proximity of the upper mantle under the accreting 
ridge could be the source of the serpentines of the OCC. Indeed, evidence for intensely 
shattered series of rocks at the top of many OCCs was explained as the product of 
intensive frictional erosion at the crests of the footwall blocks during their emplacement. 
Numerous researchers [59,60] used these observations, as well as analog experiments and 
numeric models, to develop explanations regarding the activity of the oceanic detachment 
faults. They founded their arguments on the presumption of low magma supply at the 
edges of segments of the accretion rift, a shortage that generated large and unique listric 
faults that were generated by upwards magma injection from the upper mantle. The 
exploration of another OCC was carried out near the intersection of the Mid-Atlantic 
Ridge (MAR) and Kane fracture zone, which extends from the Kane transform fault. The 
transform fault is associated with 160 km offset of the Ridge, but the western branch of 
the fracture zone extends for some 3000 km farther westwards, and its edge was dated to 
80 Ma [61]. Studies of the Kane Megamullion (OCC) on the MAR and lat. 240N show that 
the OCC forms an elevated terrain on one flank of the rift, which faces the basalt-gabbro 
oceanic crust on the other flank to the east [62]. In that site of slow spreading accreting 
ridge, the explorers of ODP legs 158 and 209 argued for large detachment fault that was 
active from 3.3 to 2.1 Ma. That suggested detachment fault exhumed variable deep crustal 
and upper mantle lithologies that include peridotite, basalt, and gabbro, as well as diabase, 
greenschist and serpentinite [52,62,63] interpreted the ultramafic exhumation of that 
OCC as the product of local instability in the mantle, feeding into the accretion ridge 
where a fixed weakness zone focused episodes of repeated melt intrusions. Comparative 
multidisciplinary studies of the Atlantis Massif (OCC) at the MAR at 30oN and the Fifteen 
Twenty Massif (OCC), located at that latitude, emphasized the occurrence of thick series 
breccia that were altered hydrothermally into talc-tremolite-chlorite schist on top of both 
OCCs. The evidence of temperatures of 600oC, which prevailed during the hydrothermal 
alteration, was clear in these two massifs. 

It was suggested that that temperature was probably caused by hydrothermal 
circulation along the permeable detachment fault plane [8]. Alternately, these somewhat 
high temperatures could be associated with heating due to the exothermic effect of 
serpentinization, added on top of the steep regional thermal gradient. The findings 
that the cooccurrence of peridotite, the representative lithology of the upper mantle, 
and serpentinite, its hydrated derivative were not discussed by [8]. There is ground to 
evaluate the probability that the peridotite-serpentinite co-occurrence could probably be 
the result of the presence of water at depths along the weakness plane of the fracture 
zone, where the prevailing temperature is circa 500o. The hot hydrothermal water would 
lower the solidus of both basalt and peridotite and enabled the serpentinization [51]. 
Consequently differences in the interpretations of the lithological observations and their 
tectonic significance regarding the various OCCs and other cooccurrences of peridotites 
and serpentinites [56,64] to suggest that the size, the structural style, and the lithology of 
the OCCs were determined by their rheological constraints. They suggested that distinct 
OCCs would develop from variations in the composite system of pressure, temperature, 
fluid content and time of mantle exhumation under the junctions of slow-spreading rifts 
and fracture zones [22], carried out multidisciplinary investigations of the OCC at the 
intersection of the Mid-Atlantic Rift and the fracture zone at 22o19’N, applying oblique 
seismic reflection and seismic refraction surveys, as well as gravity measurements and 
seafloor sampling. They confirmed previous observations that the mid-ocean ridge is not 
symmetric in sites where the OCC outcrops. They noticed further that while the flank 
built of normal oceanic crust merges gradually with the adjacent lithology, the transition 
of the core complex into the adjacent lithology is abrupt remarked that the depth to the 
Moho under the core complex is some 40% shallower than its depth under the adjacent 
normal oceanic crust on the conjugate margin of that mid-ocean rift. They too attributed 
the contrast in Moho depth across the MAR under the core complex province to the 
displacement of tens of kilometers along that large, but presumed, detachment fault and 
its massive supply of upper mantle material (Figure 1). They noticed temporal changes in 
lithospheric thicknesses and focused mantle upwelling, and suggested the development 
oflarge magmatic segments in the OCC’s. the suggest further that the migration of of 
melt supply could stop the OCC formation. Evidence for structural intrusion of peridotite 

Figure 5: Conceptual schematic cartoon of the structural setting of OCC’s, where 
relatively older lithospheric slab of basalt and gabbro is being thrust under the 
lighter fresh basalts of the MOR along a fracture zone. Metamorphic alteration 
of the subducted slab would generate serpentinites and peridotites, and diapirs 
of serpentinites would ascend to the seafloor, carrying along blocks of ultramafic 
rocks. Dashed black line marks to possible 6000C isotherm, BSF-below sea floor. 
Dimensions not to scale.
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and serpentinite from the asthenosphere through the lithosphere into the intersection 
of the MAR and the fracture zone at 16oN, and the subsequent tectonic uplift of that 
site, was reported by [65]. They suggested that the extensional tectonic regime along the 
axial zone of the Ridge led to the emplacement of the peridotite-serpentinite body and its 
exhumation at the seafloor. Subsequent investigation [66] of the OCCs at latitudes 22o - 
24oN of the MAR, showed correlation between positive free-air gravity anomalies and the 
occurrence of ultramafic lithologies, which led the investigators to presume that tectonic 
uplift introduced the ultramafic rocks into the junction of the Ridge with the transform 
valley [67] remarked that such uplift was not uniform along the transform valleys, because 
evidence for partial melting was less pronounced along the Kane transform fault than 
along transform faults of lesser offset in that domain of the slow-spreading Mid-Atlantic 
Ridge. The presumption is based on [9] observation that records of large earthquakes 
of low-angle normal faults are extremely rare. The asymmetric lithology of the MAR in 
sites where OCCs were encountered was estimated to encompass very large tracts in the 
central Ridge, where the abundant basaltic-gabbroidic brittle lithosphere on one flank 
would face a wall of serpentinite and other metamorphic lithologies at the conjugate 
flank [68,7] who described that distribution, attributed it to the tectonic contribution 
of active and extinct low-angle normal detachment faults to the evolution of OCCs. The 
hydrous geochemistry of mafic and ultramafic lithologies seems to play a critical role in 
the petrological evolution of OCCs [51] showed that presence of H2O would lead to a 
significant drop in liquidus temperature of basalt and peridotite (Figure 4) [69] indicated 
further that hydrous peridotites in central Japan lithified at 650-750oC under pressure of 
circa 1.5 GPa (depth of ~45 km), together with serpentine, antigorite, and other hydrous 
silicate sampled serpentinized peridotites in the northern edge of a segment of the SW 
Indian Ridge, and they commented that the serpentinization there seemed amagmatic 
[70-72]. 

They concluded that the serpentinization there occurred due to seawater lithologic 
content of >10% [70], who reported on the significant buoyancy of serpentinites, 
presumed that the serpentinites could contribute to peridotite exhumation at the 
seafloor, and thus supported [4] concept of diapiric geodynamics of these hydrous 
silicates. A significant weakness of the interpretations of the generation of the OCCs due 
to detachment faulting is the absence of high-pressure lithologies, such as eclogites, in the 
lithological suites of OCCs. This absence casts doubt on the presumption that the origin 
of the ultramafic lithologies in OCCs is from the top of the mantle. Indeed doubts that 
low-angle normal faults really exist, because the seismic evidence for low-angle normal 
offsets is extremely rare cast a critical doubt on the occurrence of such large faults and 
therefore on their possible tectonic contribution. Consequently, it is suggested that the 
emplacement of the unique peridotite-serpentinite lithology of many OCCs was caused 
by serpentinite diapirs. Such diapirs were initiated due to spontaneous subduction of 
denser oceanic crust under fresh and lighter crust across the transform fault-fracture 
zone transition. Serpentinites and other hydrosilicates would be generated at the low 
pressure-high temperature domains of the intersections between the fracture zones and 
the accretion rifts at estimated depth of 4-5 km. Weakness zones in the overriding slab, 
due to the transform faulting would enhance the ascent of the serpentinite diapirs into the 
overlying oceanic basalts at the flank of the rift [73-76].

Conclusions 

The geographic distribution of many OCCs at the intersection of slow Mid-
Ocean Ridges and fracture zones suggests that these junctions carry critical structural 
parameters that enhance the intrusions of peridotite-serpentinite lithology into a flank 
of the accreting rift. It seems that the OCCs started due to the juxtaposition of the hot 
and light basalt of the accretion ridge against older and denser oceanic crust across the 
fracture zone, depending of sufficient density contrast between the slabs. Anomalously 
steep heat gradient at the edge of the active spreading rift and their volatiles content 
could have caused the underthrust slab to reach temperatures of remineralization at 
depth of 4-5 km. The exothermic serpentinization is likely to raise the temperature of the 
environment of the subducting slab further to approach the solidus of wet gabbro, which 
would relithify as peridotite, which, accounts for the co-occurrence of the serpentinites 
and the peridotites. The low density of the serpentinite could ascend back to the rift flank 
diapirically, while the abundant shattered rock at the top of many OCCs could serve as 
evidence for a diapiric ascent into the ridge-fracture zone external intersection.
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