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ABSTRACT. Oceanic core complexes are lithological assemblages of predominantly peridotites and serpentinites,
located along intersections of some slow-spreading oceanic accreting rifts and fracture zones, embedded in the predo-
minantly basaltic oceanic lithosphere, and fresh and old basalts are juxtaposed across the fracture zone. Centrifuge-
based experimental models indicated that subduction would initiate at sites where two lithospheric slabs are juxtaposed,
provided that the density difference between them is at least 200 kg/m? and the friction along their contact plane is low. It
was discerned that the modeled underthrust denser lithosphere would reach the modeled asthenosphere and represent
tectonic subduction. In many such occurrences, extension in the over-riding slab would develop normal faults that could
be penetrated by the lighter fraction of the subducted slab, generating volcanism and diapirism. These experiments
suggest further that since the density contrasts and the low friction constraints could be satisfied at the intersections of
fracture zones and slow-spreading oceanic ridges, subduction could occur there too and not only along ocean-continent
boundaries. Furthermore, since the thermal gradient in ridge-fracture zone intersections is very steep and volatiles in
the underthrust slab abound in the subducted slab, a portion of the underthrust basalts would undergo serpentinization
and another segment could become peridotitic. It is suggested further that the light serpentinite would ascend through
the normal faults in the over-riding slab and reach the seafloor diapirically, carrying along large sections of peridotite, to
produce the serpentinite-peridotite petrology that typifies oceanic core complex at junctions of fracture zones and slow
spreading ridges.
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CTPYKTYPHAA 3BOJIIOIIUA OKEAHUYECKHUX KOPOBBIX KOMIIVIEKCOB: KOHLEIILHNA,
OCHOBAHHAA HA AHAJIOTOBOM MOJE/IMPOBAHUHN

H. Maprt
WHCTUTYT MOPCKUX UccaefoBaHul uM. Jleona PekanaTu, YHuBepcuteT Xaiidnbl, Xaiida, U3pauib

AHHOTALIMA. KoMILieKcbl OKEaHUUECKUX si/iep MPeJICTAB/ISAI0T COO0H JIUTOJIOTMUYECKHEe acCOLIMAL[UU TPEUMYIeCTBEH-
HO NEePU/IOTUTOB U CEpIIEHTUHUTOB, KOTOPbIe PacnojaraloTcs BJj0JIb IepeceyeHUu i Me/lJIeHHOCIpeJUHTOBbIX OKeaHHYe-
CKUX pUOTOB U pa3/IOMHBIX 30H, JIOKAJIN30BaHHbIX B OCHOBHOM B 6a3a/IbTOBOM OKeaHUYeCKoH inTochepe; Ipy 3TOM MO-
JioAible U ApeBHUeE 6a3a/IbThl COCE/CTBYIOT 10 BCel pa3ioMHOU 30He. Moziesy, pa3paboTaHHbIe Ha 6a3e 3KCIEPUMEHTOB C
HCIIOJIb30BaHUEM LIeHTPUYTH, TOKA3bIBAIOT, UTO CYOAYKIMSI HAYMHAETCS Ha yYacTKax, TZie JiBe JIUToChepHble IIUThI pac-
M0JIaraloTCs PSAOM APYT C APYToM, TP YCJIOBUH, YTO PAa3HOCTb IJIOTHOCTEN KOHTAKTUPYIOLIUX TUTOCHEPHBIX CI360B CO-
crapJsieT He MeHee 200 kr/m3, a TpeHUE B/I0JIb IJIOCKOCTU UX KOHTAKTa HU3KOE. YCTAHOBJIEHO, YTO B MPeAIIoIaraeMou
Moz 6oJiee MI0THAsA AuTocdepa o JaBJIEHUEM MOXKET I0CTUTATh acTeHOCPephl, UTO NpeCcTaBJsgeT co60i Moziesib
TEKTOHUYECKOU CyOyKIMU. Bo MHOTHX C/Iydasx pacTshKeHUe HaJBUTAIOLecs JINThI MPUBOAUT K pa3BUTHIO COPOCOB, B
KOTOpbIe MOTYT MPOHUKATH 60Jiee JIerKue YacTy ONyCKaIoLeics IJINThI, BCJIeICTBUE YEro BOSHUKAIOT BYJIKAHbI U TUa-
MUPbL. IKCIIEPUMEHThI IOKA3bIBAIOT, UTO, TOCKOJILKY TpebyeMble YCI0BHSI KOHTPACTHOCTU IJIOTHOCTEN U HU3KOTO TPEHUS
MOTYT ObITh XapaKTEPHbI [IJ151 yYACTKOB, I/le pa3/IOMHbIE 30HbI IEPECEKAIOTCS C MeJIEHHOCIPEJUHIOBbIMU OKeaHuve-
CKUMU XpeOTaMHu, IPOLeCCh], TO0O6HbIE CYOAYKLIMY MOTYT POUCXOIUTDh U Ha TaKUX yYacTKaX, a He TOJIbKO BJ0JIb TPaHU-
I[bl OKeaH - KOHTUHEHT. boJsiee TOro, MOCKOBKY TeMIepaTypHbIN IPaiJUeHT B 30He NlepeceyeHusi OKeaHUUeCcKoro xpebTa
Y pa3JIOMHOM 30HbI OYEHb BBICOKUH U JIeTy4yHe BellecTBa I0JHAJJBUTOBOr0 C/136a NPUCYTCTBYIOT B OOJBLIOM KOJIHYe-
CTBe B Cy6AyLIUpPyeMOM cJ36e, 6a3a/1bThI B II0IHA/[BUTOBOM CJI36€e OYAYT YaCTUYHO NOABEPTHYThI CEpIEeHTUHU3AIUHY, a
Jpyrast 4acTb — epUOTUTU3ALUU. TaK)Ke MOXKHO MpeAIoJaraThb, UYTo Jerkue CepneHTUHUThI OYAYyT MOJHUMAThLCS MO
cOpocaM B Ha/IBUTAIOUIUIHCS €136 U JOCTUTHYT MOPCKOT0 JIHA B BU/le IUANIUPOB, IPUHOCS € 060! 60JIblIIMe 00beMbI IEPU-
JIOTUTOB, YTO NPUBEAET K 06pa30BaHUI0 CEPIEHTUHUT-NIEPUJOTUTOBBIX TOPO/], TUITUYHBIX JJIsI KOMILJIEKCOB OKeaHU4ec-
KUX si/lep Ha y4acTKax, [/le pa3/IOMHbIe 30HbI IEPECEKAIOTCS C Me/IJIEHHOCTPEAUHIOBbIMU OKEAaHUYEeCKUMU XpeOTaMu.

KJIIOYEBBIE CJIOBA: cy6yKiys, 06yc/0BAeHHAsI pa3HOU IJIOTHOCTBIO NIOPO/; epeceyeHre Xpe6Ta U TpaHCPOPMHOT0

pa3ysioMa; KOMIIJIEKCbl OKEaHUYEeCKUX A/ ep; NepuaA0THUTbI; CEpIIEeHTUHHUTDBI

1. INTRODUCTION

The exploration of the seafloor of the oceans showed
that the brittle lithosphere at the mid-ocean ridges and
the adjacent terrains comprises predominantly basalts,
characterized by their normal and reversed magnetization,
which are underlain by gabbro. However already the pio-
neering scientific cruises encountered, in some select lo-
cations, rock sampling and observations of peridotites
and serpentinites, which were first attributed to partial
melting of xenoliths from the upper mantle, exhumed by
the upward flow of the basaltic lavas of the ocean floor (e.g.
[Ewing ], Ewing M., 1959]). The abundance of serpentinites
was also discerned by Hess [1955], who remarked that ser-
pentinite is highly mobile due to its low density and low
cohesive strength, therefore it would tend to flow up diapi-
rically along fault planes.

Subsequently Bonatti [1968], who dredged rubble de-
rived from those peridotites and serpentinites in trans-
form and fracture zone valleys in the Atlantic Ocean, sugges-
ted that these valleys offer windows into the deeper layers
of the oceanic crust through extensive faulting. Contra-
riwise, Francheteau et al. [1976] presumed that the trans-
form faults form weakness provinces in the oceanic crust
that enable the diapiric ascent of serpentinites, with inclu-
sions of peridotites from the upper mantle. These unique
occurrences of peridotites and serpentinites were encoun-
tered mostly along slow and ultra-slow oceanic ridges and

they were termed “Oceanic Core Complexes” (e.g. [Cann
et al, 1997; Tucholke et al., 1998]). They were observed,
sampled and drilled, and the co-occurrence of serpentinites
and peridotites in some specific sites in the ocean floor,
where basalts do not predominate, was verified.

Most outcrops of those serpentinites and peridotites
were encountered at the intersection of slow-spreading
oceanic ridges and fracture zones, close to the site where
the lateral displacement along the transform fault ends
and only the structural scar of the fracture zone remains.
The abundance of the peridotites in the oceanic core com-
plexes led to the interpretation that these rock suites are
derived from the upper mantle. Evidence for strongly shat-
tered series of rocks at the top of many complexes was
explained as the product of intensive frictional erosion at
their crests during their emplacement along large-throw,
low-angle normal detachment faults. Numerous resear-
chers (e.g. [Escartin et al, 2008]) used these observations,
as well as analog experiments and numeric models, to de-
velop explanations regarding the activity of the oceanic
detachment faults. They founded their arguments on the
presumption of low magma supply at the edges of seg-
ments of the accretion rift, a shortage that generated
large and unique listric faults that were generated not
by the downwards collapse of the footwall, known along
steep passive margins [Le Pichon, Sibuet, 1981], but by
upwards magma injection from the distant upper mantle.
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However, the various interpretations of the generation of
the oceanic core complexes based on the large offsets along
detachment faults, do not account convincingly for the ab-
sence of high-pressure lithologies, such as eclogites, in
oceanic core complexes, and Scholz [2002] stated further
that seismic evidence for low-angle normal offsets is ex-
tremely rare.

Therefore, a novel geodynamic concept is presented to
clarify the difficulties in the conventional model of the em-
placement of oceanic core complexes. A concept that would
account for the occurrence of oceanic core complexes spe-
cifically at the junctions of slow-spreading oceanic ridges
and the fracture zones that truncate them. A concept that
would elucidate the development of the thick layer of frac-
tured mylonites on top of these complexes in places. A con-
cept that would explain the absence of high-pressure mine-
rals in the oceanic core complexes, and would shed light on
the co-occurrence of peridotites and serpentinites. Once
presented, the validity of such concept could be checked
by appropriate numeric modeling.

The present conceptual investigation explored the pos-
sibility for a process that would link the exposure of mantle
peridotites at the flanks of slow-spreading mid-ocean rid-
ges, their incidental extensive occurrence with serpentini-
tes, and the account for the mylonite on top of some ocea-
nic core complexes. The concept explains how subduction,
namely thrust faults that drive denser segments of brittle
lithosphere to the proximity of the asthenosphere, is not
restricted only to convergent tectonic boundaries between
continents and oceans.

2. METHODOLOGY AND RESULTS
2.1. Subduction

The geodynamic concept that guides the present re-
search is based on two specific series of structural expe-
riments. One generated subduction due to significant con-
trasting densities of two juxtaposed lithospheric slabs,
where the friction between them was low [Mart et al, 2005;
Nikolaeva et al, 2010]. The other generated accreting ridge
and its transform faults and showed that the faults were
formed under geodynamic regime of oblique extension, and
that once formed, the larger transform faults would main-
tain their length throughout their deformation in sandbox
or centrifuge experiments [Mart, Dauteuil, 2000; Agostini
etal, 2009].

The numerous occurrences of oceanic core complexes
at the composite junctions of slow accreting ridges and
fracture zones are not random features, but there is reason
to presume that such distribution bears tectonic and pet-
rologic significance. Emphasize is dedicated to analog mode-
ling of subduction and transform faulting that are critical
to the presented concept.

Subduction is commonly defined as thrust faulting where
one plate moves under another and is forced to sink into
the mantle. The juxtaposition of two slabs of oceanic crust
of contrasting densities across a fracture zone was sug-
gested as a possible cause for the initiation of ocean-ocean
subduction, which is an abundant phenomenon [Casey, De-
wey, 1984; Dewey, Casey, 2011; Gerya, 2011; Maffione et al,

2015; Boutelier, Beckett, 2018]. Petrological and geochemi-
cal investigations of the lithologies of supra-subduction zo-
nes showed the significance of the original mineralogical
composition of the subducted slab and the effects of the high
pressure and temperature on these parameters on the sub-
ducting plate, before its lighter constituents ascended dia-
pirically to the surface as ophiolites or metamorphic core
complexes (e.g. [Hawkins, 2003]).

The active initiation of subduction anywhere on earth is
very rare, but modelers simulated subduction-like features
and commonly suggested that the processes at converging
tectonic boundaries between land and sea are constrained
by pressure of the oceanic tectonic plate landwards, and
by inverse buoyancy of the edge of the oceanic lithosphere.
According to such models, the dense and old oceanic slab,
which somehow became denser than the underlying asthe-
nosphere, would sink from the surface into the mantle by
being pushed into the converging ocean-continent boun-
dary by the remote zone of lithospheric accretion at the
mid-ocean ridge. Such working hypothesis was repeatedly
used in analog and numeric models (e.g. [Mulugeta, 1988;
Chemenda et al.,, 1995; Stein S., Stein C.A., 1996]). However,
inverse lithospheric buoyancy, where the asthenosphere
is lighter than the overlying lithosphere, occurs mostly
along the oceanic accreting plate margins and in some
back-arc basins, but it does not characterize subduction
domains. Consequently, unlike the conventional depiction,
subduction is not only the underthrusting of oceanic litho-
sphere under the continents, and density contrasts of juxta-
posed tectonic slabs generating ocean - ocean subduction
is not rare [Casey, Dewey, 1984], and some 40 % of all sub-
duction zones are intra-oceanic features [Gerya, 2011].
However, the models of all such occurrences require late-
ral push to initiate and sustain the process [Boutelier,
Beckett, 2018].

Centrifuge models at high acceleration showed that
two juxtaposed lithospheric plates of contrasting densi-
ties, where both were lighter than the asthenosphere, would
to initiate underthrusting. The models showed that sub-
duction would initiate where the density contrast between
two juxtaposed lithospheric slabs were considerable, and
the friction between them were low. Numeric models sup-
port these findings [Mart et al.,, 2005; Goren et al., 2008;
Nikolaeva et al, 2010]. The centrifuge experiments showed
further that considerable stretching was discernible in the
overthrust slab, which would lead to trench roll-back and
would drive the forearc domain seawards to an eventually
break apart, to form a back-arc basin. Reduced lithostatic
load due to breakage of the brittle part of the overthrust
slab enabled the ascent and exhumation of buried litho-
logies in the back-arc domain (Fig. 1).

The deformation in the scaled analog centrifuge expe-
riments that managed to generate subduction without
resorting to solutions associated with negative buoyancy
or lateral compression but by applying only enhanced gra-
vity could account to findings that subduction is commonly
faster than crustal accretion [Jarrard, 1986]. The “asthe-
nosphere” of the experiments was built mostly of pain-
ters’ putty and the ductile lithospheric slabs - of mixtures
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Fig. 1. Calibrated analog experiments show that a denser slab
would subduct under a lighter one under deformational constraints
of only enhanced gravity in a centrifuge, rotating to produce
acceleration of 800 g, without any lateral push.

(a) - section view of a 3-component experiment. a painters’ putty
and BaSO, powder was used to model the asthenosphere, and
mixtures of silicone, plasticine and BaSO, powder for litho-
spheres. Deformation time - 8 minutes. An originally level thin
lack layer of graphite, used to measure deformations in the asthe-
nosphere, shows that the distortion within that layer was marginal
and deformation took place mostly at the lithosphere. (b) - oblique
view of 3-layer, 5-component experiment, representing the astheno-
sphere (A), topped by denser and lighter lithosphere, with brittle
(LBL; DBL) and ductile (LDL; DDL) components, deformed for 75
minutes. While both ductile lithospheres were stretched under
the deformation, the lighter brittle lithosphere collapsed and
was torn to form a back-arc basin. The discontinuity in the light
brittle lithosphere enhanced diapiric ascent and exposure of the
light ductile lithosphere. Dashed yellow lines mark the initial
juxtaposition of the lighter and denser lithospheres. A fine red
line separates the plan view from the section. See Mart et al.
[2005] for details.

Puc. 1. Kann6poBaHHbIe aHAJIOTOBbIE 9KCIIEPUMEHTHI TOKA3bIBAIOT, YTO G0JIee MJIOTHBIHM €136 ONyCKaeTCs U MO//IBUraeTCs o 6oJiee
JIETKUH €136 MPH YCI0BUAX AedOopMaliy C MOBBIIIEHUEM CHUJIBI TSHKECTH B IeHTpUdyre, Bpamaouieics ¢ yckoperareM 800 T, 6e3
60KOBOTO JlaBJIEHHS.

(a) - Mozmennb B pa3pese (Tpu KOMIIOHeHTa). MoJie/IbHble MaTepHasbl: acTeHocdepa — mnaTieBKa (MCrnoib3yeMas 0ObIYHO 11 Xy/0-
’KECTBEHHOH IITYKaTypKH) U TOPOLIOK CEPHOKUCJION cosn 6apus (BaS0,); muTocdepa — cMech U3 CUIIMKOHA, TIJIACTU/IMHA U TOPOLIKa
BaSO0,. [IpofomkuTebHOCTD AedopManym — 8 MUHYT. i3Ha4a bHO POBHBIA TOHKHH CJIOW 4€pHOTO rpaduTa, UCTIOIb3yeMbIH J/15 13-
MepeHHUs AedpopManui B acTeHoCchepe, TOKAa3bIBAET, YTO HAPYIIEHHS B 3TOM CJI0€ GbIM He3HAUUTEbHBIMU U lepopMaliy MPOHUCXO-
JIMJIM B OCHOBHOM B sinToCcOepe. (b) - MoJiesb, COCTOSAIIAs U3 TPEX CI0€B, BKJIIOYAIOIUX NATh KOMIOHEHTOB. A — acTeHocdepa; CBepxy
6osiee miioTHas autocdepa; xpynkue (LBL v DBL) u mnactuyunsie (LDL 1 DDL) koMnoHeHTHI oz, ieHicTBHEM AiepOopMaLvu B TeYeHHe
75 MUHYT. 3a TO BpeMs, TOKa 06a MJIaCTUYHBIX KOMIIOHEHTA JINTOCHEePhI PaCTATUBAJINCH N0/ ieficTBHEM AedopMaliuei, Mpor301II0
paspylieHye U pa3pbIB 6osiee XpynKou suTocdepsl, mpu 3ToM copMUpOBaICS 3a[yroBbIi 6acceiiH. U3-3a pa3pbiBa XpyHKoOH JIUTOC-
depbl yCHIINIICA TOABEM IUANIMPOB U BO3/IeMCTBUE HA IJIACTUYHY0 nTochepy. XKesTas MyHKTUPHAs JIMHUSA — TIepBOHAYaAIbHOE T10-
JIO’)KeHUe 60Jee TJIOTHBIX KOMITOHEHTOB inTochepbl. ToHKas KpacHasi IMHUSA OT/eJIIeT BUJL CBepXY OT pa3pesa. [leTajibHoe onvcaHue
MoJieJu IpuBezieHo B [Mart et al., 2005].

of plasticine and HDMS silicone. Densities were adjusted
with BaSO, powder, and the deformation was generated
by accelerating the centrifuge to 800 g. Density difference
between the juxtaposed slabs was ca. 200 kg/m? and the
friction between them was reduced by lubrication [Mart et al,
2005]. The modelers presumed that the increasing pressure
and temperature at the underthrust slab at the natural
depth of mid-lithosphere, (approximately 40 km) would
enhance the remineralization of pyroxenes into garnets
and similar eclogitization processes under dry conditions.
Such metamorphic processes would gradually increase

the density of the down-going slab and enable its sinking
into the asthenosphere. Additional presumption was that
the availability of water in the heated subducted plate would
enhance mineral hydration, which would produce light-
density derivatives of the basalts like serpentinites. Ser-
pentine could ascend diapirically and exhume (Table).
Lateral push would have probably enhanced the under-
thrusting process (e.g. [Shemenda, 1993; Mulugeta, 1988;
Chemenda et al., 1995; Scholz, Campos, 1995]), but the
centrifuge calibrated analog experiments generated sub-
duction without it.

Examples of wet and dry remineralization processes and the densities of their products at approximate depth of ~40 km
and temperature of ~500 °C. After Turner and Verhoogen [1960]. Numbers display densities in kg/m?

IIpuMepsbl NPOLECCOB BJIAXKHON M CYyXOH peMUHepaJIu3alMy U IVIOTHOCTH nopoy, (kr/m3?) Ha miy6uHAX 0KoJio 40 KM npu

TeMmneparype 0ko.J10 500 °C (o [Turner, Verhoogen, 1960])

Wet
olivine + water + silica — serpentine [1]
3210 2510
Dry
labradorite + olivine + diopside — garnet + omphacite + quartz [2]
2700 3210 3280 ~3700 3300 2650
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2.2. Some characteristics of transform faults
and fracture zones

Since most oceanic core complexes are located at the
intersections of accreting oceanic ridges and the edge
of the translation domain, where transform faults are
converted into fracture zones, some deliberation regar-
ding transform faults seems useful. The concept of trans-
form faults as a new, non-Andersonian type of faults
was suggested by Wilson [1965] and served as one of the
cornerstones of plate tectonics. Such faults have a relati-
vely short active segment, where lateral displacement
takes place between two active segments of accreting
ridges, and they leave behind very long scars in the sea-
floor, the fracture zones, that are tectonically inactive, and
commonly extend across the entire ocean basin. Oceanic

305

core complexes are thus bounded by two orthogonal
structural valleys - the mid-ocean rift and the fracture
zone gorge.

Analog modeling showed that ridge offsets along trans
form faults take place under oblique extension at the
early stages of the evolution of the accretion ridge (e.g.
[Mortimer et al.,, 2007; Taylor at al., 2009; Gerya, 2011;
Brune at al., 2018]), whereas ridges affected by normal
extension are likely to produce unfaulted structures, like
Reykjanes Ridge, that extends from Iceland southwards
for nearly 1000 km without being offset by a transform
fault. Small offsets, formed under oblique externsion, are
likely to merge into the expanding mid-ocean rift, but
larger ones will develop into mature transform faults, (e.g.
[Mart, Dauteuil, 2000; Agostini et al., 2009]), transforming

30°

Fig. 2. Sandbox analog model shows jumps of the axial mid-ocean rift and the subsequent evolution of the transform faults.

(a) - the initial stage of the accreting ridge and (b) - its advanced structural extension. Note that the length of the larger transform fault
did not increase with deformation but remained stable, whereas the small transform faults were merged into the expanding rift. The
rift jump was caused by the 30° obliquity of the extension. Blue arrows show the plates’ motion, red lines show the track of the mid-
ocean rift, green arrows show the position of the possible mid-ocean ridge subduction and the green circles show the expected site of
the oceanic core complexes, solids white line shows the transform fault and dashed white lines show the expected track of the fracture
zones. After Mart and Dauteuil [2000].

Puc. 2. CkauKy 0CeBOro pasjioMa B CPeJMHHO-OKeaHHYeCKOM XpeOTe U NOC/Ie/lyollee PasBUTHE TPAaHCHOPMHBIX Pa3/IOMOB, YCTAHOB/IEHHbIE
B 9KCIIEPUMEHTaX C aHaJIOTOBOH MO/IEJIbIO U3 IecKa.

(a) - HauasnbHasA noJioXKeHKe Xpe6Ta; (b) — moJsioxkeHne xpebTa MocJie pacTskeHus. [JJIMHA KPyMHOTo TPpaHCGOPMHOTO pa3jioMa He
yBeJIMYMBaach B xoje AedopMaliuy, a 0cTaBajlach CTabUIbHOM. [Ipy 3TOM He6oJIbIIMe TPaHCPOPMHBIE Pa3/IOMbl 06'beJUHUIIUCE,
chopMupoBaB pactywmuit pudt. [IpuunHa ckauka pupTo06pa3oBaHusi — KOcoe pacTskeHHe nof yrioM 30°. [ony6ble cTpesku —
HanpabJieHHe JBWKeHUs IJIMT; KpacHasl IMHUS — Tpacca CpeJHHHO-0KeaHU4eCKOro XpeGTa; 3eJleHble CTPEJIKH — BO3MOXKHAs Cy6-
JNYKIMS CpeJUHHO-0KeaHU4eCKOro Xpe6Ta; 3eJieHble TOYKU — 0XKUJaeMoe [10JI0)KeHHe KOMIIJIEKCOB OKeaHUYECKHUX siZiep; CIJIONI-
Hasi 6eJiast IMHUsSL — TPAaHCPOPMHBIN Pa3JioOM; MyHKTUPHBIe Gesible JUHUH M0Ka3bIBAIOT 0KUAAEMYI0 TPAccy 30H paspyleHust. [lo
[Mart, Dauteuil, 2000].
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the crustal accretion from one active segment of the rift to
the next (Fig. 2).

Once formed, transform faults host lateral offsets due
to crustal accretion along the ridges at their edges. These
offsets leave a significant scar in the oceanic crust that is
discernible at the seafloor along the fracture zones away
from the ridges, where lateral displacement does not occur,
and the two slabs across the fracture zone move together
away from the ridge. Some vertical offsets along the frac-
ture zones due to density differences of the crustal slabs
juxtaposed along them keeps the contact plane along the
fracture zone fragile [Sclater, Francheteau, 1970]. The con-
tinuous offset along the transform faults does not change
their length with time, but once formed, their length is stable
[Mart, Dauteuil, 2000].

Fracture zones are distinguished by their deep valleys,
their physiography varied due to variable offset patterns
along them when they were still active transform faults
[Dick, 1989]. They commonly display gorges up to 6 km
deep and their width in most sites is circa 20 km, but in ex-
tremity, it reaches 40 km, such as in Garrett Fracture Zone
[Hekinian et al, 1995]. Not only were basalt and peridotite
dredged in fracture zone valleys, but also gabbro, amphi-
bolite, greenschist and serpentinite were sampled along
these valleys and their walls [Dick, 1989].

Accreting mid-ocean rifts are distinguished by the shal-
low depth of the top of the mantle under their axes, where
asthenospheric temperatures of ~1300°C were expected to
occur at depth of circa 10 km. Due to the estimated 130°/km
thermal gradient at the domain of the accreting tectonic
boundary, it is plausible to presume that at the junction of
the fresh mid-ocean ridge basalt with older oceanic brittle

lithosphere across the fracture zone, the contrast of densities
between these juxtaposed lithospheres would be conside-
rable. The slower the spreading rate, the larger the density
contrast would be for the same transform fault offset. Where
that contrast exceeds 200 kg/m?3, experiments suggest that
it seems plausible that the denser lithosphere would sink
along the fracture zone, initiate subduction, and then it would
undergo metamorphic remineralization of high tempera-
ture - low pressure at relatively shallow depths.

The availability of water in such subducting constraints
would lower the melting temperature of pyroxenes and
olivines considerably. Where the descent of the older slab is
interrupted, and cooling takes place, co-occurrence of
peridotite and serpentinite seems plausible (Fig. 3). Indeed
pyroxene, under normal subduction environments, with
the presence ofless than 5 % water, would remineralize into
garnet at depth of ca. 60 km and temperatures of 400-550 °C,
which is a significant part of the eclogitization process
[Ahrens, Schubert, 1975]. However, the rareness of garnets
in oceanic core complexes suggests that the peridotites and
the serpentinites in these domains formed at high tempe-
ratures but at shallower depth, compatible with the extreme
thermal gradients of the accretion ridge.

2.3. Geodynamic setting of oceanic core complexes

While the perception of subduction of the oceanic crust
under the continent was minted by Benioff [1951], the con-
cept of ocean-ocean subduction was elaborated by Casey
and Dewey [1984], and it was modeled analogically and
numerically as well (see [Gerya, 2011, Boutelier, Beckett,
2018] and references therein). They emphasized the phy-
sical variabilities of the terrains where subduction could take
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Fig. 3. Presence of water in the subducting slab would lower the melting temperature of the oceanic lithosphere to 700 °C. At normal
subduction zones, such temperature occurs at lithostatic pressures of ca. 2 GPa, or depth of ~50 km, but at oceanic core complexes
such temperatures would occur at depth of ca. 5-7 km. Note the sharp drop of the solidus of wet basalt at temperatures circa 700 °C.
cpx - clinopyroxene. Red lines are after Katz et al. [2003] and blue lines are after Kessel et al. [2005].

Puc. 3. [Ipu Hanv4yny BoABI B IVIMTE, NO/|BEprarolneicsa cy6ayKIuy, TeMIepaTypa IJIaBJeHNus] OKeaHUIeCKOH JTUToCHephl MOXKET
noHu3uThCsA 7,0 700 °C. B 30Hax HOpMaJbHOU Cy6AYKIMY TeMIIepaTypa JOCTUTaeT TAaKOTO YPOBHS MTPH JINTOCTATHYECKHUX JABJIEHUAX
npumepHo 2 'Tla nau Ha riy6rHax npuMepHo 50 KM. B koMmyiekcax OKkeaHMYeCKUX s1/iep TaKkas TeMIlepaTypa MOXeT ObIThb Ha TJTyOH-
Hax okoJio 5-7 kM. CiieZlyeT OTMETHUTDb pe3Koe NaJleHue CONUAYyca BJAKHOT0 6a3asbra Npu Temneparypax okosio 700 °C. Cpx — Ki1u-
HomupokceH. ['paduku: KpacHbli - 1o [Katz et al, 2003]; rony6oii - no [Kessel et al.,, 2005].
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place, and suggested that juxtaposition of tectonic slabs
of different age and density across a fracture zone would
enable ocean-ocean subduction. That presumption, and the
observations from analog experiments that subduction could
start without lateral push [Mart et al,, 2005], raised the plau-
sibility that subduction could also account for the unique
petrology of oceanic core complexes, by taking place along
crustal weakness zones, provided that the structural re-
quirements for sufficient density contrast and low-friction
contact zone would be satisfied there.

Commonly, the two facing flanks of the accretion rift,
belonging to two discrete tectonic plates, are symmetric,
built of fresh basalts and deformed by normal faults. Howe-
ver, in oceanic core complexes, only one flank of the accretion

accreting rift

transform fault

== fracture zone

o oceanic core complex
® borehole
) earthquake

ridge is basaltic, while the other, bounded by both the ac-
cretion rift and the fracture zone, is built by variety of rock-
types, where peridotites and serpentinites are abundant
(e.g. [Kelemen et al.,, 2007]). The sites of oceanic core com-
plexes are distinguished by being edge features, they deve-
lop at the edge of the accreting rift, but also at the edge
of the transform fault, where it becomes seismically and
dynamically inactive. Plausibly, the oceanic core complexes
are not the original setting of the edges of the ridge seg-
ments (Fig. 4), but the complexes penetrated into the ori-
ginal basaltic lithosphere and displaced it.

The conventional explanation to the emplacement of ocea-
nic core complexes is that the lower part of the oceanic
lithosphere is exhumed there due to very large offset along
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Fig. 4. The location of several of the oceanic core complexes, in the Equatorial Atlantic Ocean, shows that they occur at junctions of
where accreting ridges are truncated and offset, and transform faults turn into fracture zones. Most oceanic core complexes share such
setting. Note that earthquake solutions show extension along the rift and strike-slip offsets along the transform faults, but almost no
earthquakes were recorded along the fracture zones.

Puc. 4. MecTa pacnoJsioxkeHus psijia KOMIIJIEKCOB OKEaHUYECKUX Si/lep B 3KBATOPHAJIbHbIX palloHaX ATJIaHTUYECKOTO OKeaHa CBU-
JleTeJIbCTBYIOT O TOM, YTO OHU 06pa3yloTCs B 30HAX COUJIEHEHHs, I/le XpeOThl CPe3aloTcsd U CMEIAloTCcs, a TpaHCPOPMHBIe pPa3Jio-
MBI IEPEXOJAT B 30HBI TPEIIMHOBATOCTH. BOJIBIIMHCTBO OKeaHUYECKUX KOMILJIEKCOB siep cGOpMHUpPOBAINCh B TAKOU 06CTaHOBKE.
CielyeT OTMETHUTD, YTO MEXaHU3Mbl 0YaroB 3eMJIETPSICEHUH NMOKA3bIBAIOT PACTXKEHHE B/I0JIb PUTOB U CABUTOBbIE CMELIEHUS
B/10JIb TPAaHCPOPMHBIX Pa3JIOMOB, O/JHAKO MPAKTHYECKH He 3aperuCTPUPOBAHO 3eMJIeTPSICEHUH BJI0JIb 30H TPELIMHOBATOCTH.

https://www.gt-crust.ru 7


https://www.gt-crust.ru

Y. Mart: The structural evolution of oceanic core complexes: A concept based on analog modeling

(a) occ?

normal faults

listric faults

brittle lithosphere

ductile lithosphere

thermal anomaly

detachment fault
asthenosphere

(b) MOR

brittle lithosphere

ductile lithosphere

thermal anomaly

asthenosphere

Fig. 5. (a) - schematic presentation of the concept suggesting that oceanic core complexes are exhumed from the upper asthenosphere
through low-angle, intensive offset of normal offset of a marine detachment fault.

The serpentinization of the mantle peridotites took place during the ascent voyage. After Wernicke [1985]. (b) - McKenzie’s [1978]
concept of crustal accretion due to asthenospheric ascent under the Mid-Ocean Ridge is the accepted model of crustal accretion. The
protrusion from the ductile lithosphere marked OCC? and surrounded by a dashed line, should have originated in the lower lithosphere -
upper asthenosphere After Fossen [2016]. The thick purple line represents the alleged detachment fault, MOR - Mid Ocean Rift,
0OCC - oceanic core complex.

Puc. 5. (a) - cxemaTr4eckoe npeJCcTaBJeHUe KOHLENLMH, IPeIoJaraiolei, 4To okeaHnyeckue KOMIJIEKCHI s/iep 3KCTYMUPYIOTCS
13 BepxHeH acTeHochepbl IPU HHTEHCHBHOM CMELEeHUH 110 110JI0rOMy HOpMaJIbHOMY c6POCy BJ10JIb MOPCKOH 30HBI JleTa4MEeHTa.

CeprnieHTHHHM3ALMS MAaHTUMHBIX IePUOTUTOB IPOUCXO/MJIa BO BpeMs UX nogbeMa. [1o [Wernicke, 1985]. (b) - obiienpruHsTas Mojesb
aKKpeLUuHu 3eMHOU Kopbl o [McKenzie, 1978] BcieACTBUE IO beMa MaTeprasa acTeHoCcpepbl MO CPeIMHHO-OKEaHUYECKUM Xpe6-
TOM. BeIcTyn nmuiactudHoi autocdeps! (0603HaveHre OCC?, KOHTYP MYHKTUPHOW JIMHUEH) BOSHUK B HIDKHEH JiuTocdepe — BepxHeH
actenHocdepe. [lo [Fossen, 2016]. PuosieToBas JUHUA — IpeAnoaraeMelt pasaom; MOR - cpeanHHO-okeanndeckuit pudt; OCC -

KOMIIJIEKC OK€aHUYeCKOro dapa.

normal detachment faults, where the roots of those fault
planes reach at the top of the asthenosphere, reviving
Wernicke’s [1985] concept of simple shear along the accre-
tion ridges. Fig. 5 presents some of the differences between
the simple shear (a) and the pure shear concept [McKenzie,
1978]. According to the concept that oceanic core complexes
are formed by detachment faults, mantle peridotites were
serpentinized during their long journey from the base of
the brittle lithosphere to the surface along a fault dipping
less than 25°. Friction during that journey would produce
a thick series of rubble and breccia at top of the lithologic
complex, which were commonly discerned (e.g. [McCaig
et al., 2010]). However, already Scholz [2002] claimed
that there is no seismic evidence that low-angle normal
faults do exist.

Presumably, the structural block that is located adjacent
to the oceanic core complex, across the fracture zone valley,
could be associated with the evolution of the core complex
as well. The slab across that valley is built of older basaltic

oceanic lithosphere, with density of ca. 2900 kg/m?3, while
the estimated density of the fresh basaltic lithosphere
in the accretion ridge is 2700 kg/m?3. Density contrast of
200 kg/m? was found sufficient to generate subduction in
the centrifuge analog experiments [Mart et al, 2005; Goren
et al, 2008]. Additionally, the border between these older
and fresh lithospheres is a weakened plane due to the offsets
of the transform fault displacement, which could enable
and enhance the subduction of the denser slab.

As the underthrust slab is driven into the subsurface
along the fracture zone near the edge of the accreting rift,
the rising temperature of the adjacent asthenosphere and
the availability of seawater along the fracture zone itself
would enhance the remineralization of some of the pyroxene
into serpentinite, while some dry sections would become
peridotitic (Table). There is likelihood that the serpentinite
would form diapirs that will ascend to the seafloor; carrying
along blocks of peridotites, similar to such features en-
countered in ophiolitic occurrences, such as the Troodos

8

https://www.gt-crust.ru


https://www.gt-crust.ru

Geodynamics & Tectonophysics 2020 Volume 11 Issue 1

B o
LA g

Fig. 6. Peridotite (dark gray) embedded in serpentinite and asbestos (light shades) in a quarry in the Troodos Massif in Cyprus.
Note the intimate spatial relations between the serpentinites and the peridotites, and the fine serpentinite veins within the

peridotite.

Puc. 6. [lepugoTuT (TEMHO-CEPBIN IIBET) B CEPIIEHTUHHUTE U acbecTe (CBET/Ible TOHA) B Kapbepe B ropHOM MaccuBe Tpoozoc
(Kunp). CnepyeT oTMETUTDb 6JM30CTh CEPIEHTUHUTOB U NEPUJLOTUTOB B IPOCTPAHCTBE U TOHKHE KUJIbl CEPIIEHTUHUTA BHYTPHU

nepu0TUTA.

Mountains in Cyprus (Fig. 6). However, if the densities con-
trast between the juxtaposed slabs would be too low or the
friction between the slabs too high, then the evolution of
the oceanic core complex would not take place.

At the junction where the accretion ridge and the frac-
ture zone converge, lithospheres of near-normal and uni-
quely low-density basalts are juxtaposed across a ver-
tical weakness zone. If the length of the transform offset
is some 200 km and the accretion rate of the Mid-Ocean
ridge is 3 cm/yr, the age difference across that junction
is nearly 7 Ma. Then the density contrast across the frac-
ture zone would probably exceed 200 kg/m?3, and the cen-
trifuge experiments suggest that the denser plate will sink
under the lighter one (Fig. 1, 7), whereas at faster sprea-
ding rates, the older plate would be too light and the density
contrast would be insufficient to generate the initiation of
subduction. Once subduction were generated, reminerali-
zation of the crustal basalt and gabbro into serpentinite
and peridotite would take place, generating diapiric as-
cent of the light and ductile hydrosilicates. As the diapirs
force their way upwards, rubble and berccias are likely to
accumulate at their crests due to friction. Furthermore, while
the subducted segments of the older lithosphere would be
driven away from the ridge-transform fault - fracture transi-
tion zone due to continued crustal accretion at the ridge,
the densities contrasts are likely to diminish and the sub-
duction processes would terminate. That is the reason why
oceanic core complexes are restricted to accretion ridge -
fracture zone intersections.

The marine geological and geophysical research of ocea-
nic core complexes found out that although many such fea-
tures were encountered in the Equatorial Atlantic Ocean
(Fig. 4), such core complex lithologies were dredged, ob-
served and drilled also in the SW Indian Ocean (e.g. [Dick,
Bullen, 1984; Dick, 1989]), and in Parece Vela back-arc basin
in the western Pacific [Ohara et al,, 2001]. Oceanic core
complexes were also discerned in the very fast-spreading
East Pacific Rise at its intersection with Garrett transform
Fault at 13°28'’S (e.g. [Cannat et al, 1990; Hekinian et al,
1995; Constantin et al., 1995]).

The presented concept of the generation of oceanic
core complexes presumes two stages of their evolution. The
first is the underthrusting of relatively cold lithospheric
slab from across the fracture zone junction under the ex-
ternal flank of the slow-spreading Mid-Oceanic Ridge
(Fig. 4), where sufficient density contrast between the two
slabs occurs. Considering the exceptional thermal gra-
dient in the ridge province, the high temperature and low
pressure, the underthrust slab would undergo reminera-
lization in two paths. The water-rich parts of the down-
going slab would undergo serpentinization, but the remi-
neralization of the drier parts would become peridotitic
(Table). The second stage in the core complex development
is diapiric ascent of the lighter rock suites of the sinking
slab upwards into the ridge flank, bounded by the ortho-
gonal tectonic weakness zones, the accreting rift and the
fracture zone. The ascent of these diapirs would generate a
crushed zone of rocks at the top of the diapirs, where most
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Fig. 7. Schematic geological cross-section, where the juxtaposition of very fresh against older lithospheres triggered the subduction
of the denser slab along the fracture zone due to differential densities and low friction.

Metamorphic processes would change the basalts into either serpentinite or peridotite, depending on the availability of water. The
serpentinites are likely to ascend diapirically into the overlying slab, accreting rubble at its top due to friction at the top of the diapir.
The ascent would probably take place along a weakness zone in the over-riding tectonic plate generated by structural extension block,
carrying along blocks of peridotite. Most of the peridotite would sink into the asthenosphere and merge into that mass as the subducted
blocks get heated.

Puc. 7. CxemaTr4eckui reosiornyeckuii paspes. HaymoxeHne HoBeHLIUX U 6oJiee ApEBHUX JIUTOCHEPHBIX MaTePUAIOB — TPUTTEPHBIN
MeXaHU3M Cy6yKIMU GoJlee IIOTHOTO /1364 10 Pa3/IOMHOH 30He U3-3a Pa3HOCTH IJIOTHOCTEH U HU3KOT'O TPEHUS.

[Iponeccel MeTaMOpdHU3Ma MOTYT IPUBECTH K 3aMeHe 6a3aJIbTOB CEpIEHTUHUTAMHU UJIM IEPUA0TUTAMH, B 3aBUCUMOCTH OT HAJIM4YMS
BO/ibl. CEPIIEHTUHUTBI CKJIOHHBI IIOZAHUMATbCS B BU/IE IUANIMPOB B BbIIIEJIEXalUH CJ196, TPU 3TOM IPOUCXOAUT aKKpeL s 06JI0MKOB
NOpO/J| Ha ero BepxHel MOBEPXHOCTH U3-3a TPEHUs B BepXHeH 4acTu Juanupa. BepoaTHo, nogbeM MaTepHasoB NPOUCXOJHUT 110 OC/Ia-
6JIEHHOH 30He Ha/IBUTAlOIeNcsl TEKTOHUYECKOH IJIUThI, KOTopast GOpMHUpPYyeTCs BCJIEACTBUE CTPYKTYPHOIO PACTSIKEHUS, CMellaro-
1ero 6JIOKM NepUA0TUTA. Bosiblias yacTb NepUAOTHTA NOIPYXKAeTCs B acTeHOCPePy U CAMBAETCA C MaTePHUaJIoOM acTeHoCpepbl pU

HarpeBaHWUU CyOyLIUPOBAHHBIX 6JIOKOB.

of the upwards friction associated with the diapirization
would focus (Fig. 7). The rareness of oceanic core com-
plexes along the proximal flanks of the accretion ridge, the
one that borders the transform fault, could indicate that
the lateral offsets there interfere with the initiation of the
subduction.

It is plausible that the structural setting at the fracture
zone and the slow oceanic ridge intersection would be fa-
vorable for subduction because it offers a unique environ-
ment of very high temperatures, low lithostatic pressures,
and abundant seawater to enhance serpentinization. The
upwards motion of the hydrous silicates, generated under
such constraints, would likely carry upwards large perido-
tite xenoliths that occur on its upwards path (Fig. 7).

3. DISCUSSION
The two basic geologic characteristics of oceanic core
complexes are their common occurrence along the external
flank of slow-spreading Mid-Ocean Ridges at its intersec-
tion with fracture zones, and their petrology of abundant
co-occurrence of metamorphic serpentinites and magmatic

peridotites. While the data describing these complexes are
abundant, their prevailing geodynamic interpretation
seems ambiguous. Many investigations interpreted the tec-
tonic regime of the oceanic core complexes as the products
of extensional detachment faults. These low-angle normal
faults allegedly transect the entire lithosphere and dis-
place their footwalls by tens of kilometers (Fig. 5), they are
non-Andersonian and cannot be restored (e.g. [McCaig et
al, 2010]).

Dick [1989] noticed that many of the rocks dredged in
transform valleys and fracture zones are peridotites and
serpentinites. He compared this finding with the relatively
low content of basalt and gabbro in his samples, and attri-
buted these observations to a model where a thin veneer
of pillow basalt that erupted directly on serpentinized
mantle peridotite, and in places where the magma supply
was low, the mantle was exhumed directly on the seafloor.
Furthermore, due to the scarceness of basalt and gabbro,
he suggested that either the magma flowed laterally in the
mantle beneath the fracture zone, or instead, the perido-
tites were part of an upwelling mantle diapir that flowed
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to the fracture zone after melt segregation. That feeding
mechanism differed from the magma supply to the diver-
gent ridge that reached seafloor directly from the magma
chamber, hence the variable petrology.

Indeed the source of oceanic core complexes is com-
monly attributed to peridotitic and serpentinitic lithologies
from the distal deep crust - upper mantle domains, which
are driven into slow ridge - fracture zone intersections,
due to normal detachment faults (e.g. [Parnell-Turner et al,
2017]). These faults supposedly uplift the peridotitic and
serpentinitic lithologies of the footwall from the distal up-
per mantle to the seafloor on one flank of the median rift,
while the conjugate flank remains built of regular oceanic
crust of basalt and gabbro, and forms the hanging-wall of the
detachment fault (cf. [Whitney et al,, 2013] and references
therein). However, since the computed restoration of the of-
fsets of detachment faults is commonly very difficult, because
the presumed offsets substantially exceeds the thickness
of the oceanic crust [John, Cheadle, 2010], the validity of the de-
tachment fault model is equivocal (q.v. [Scholz, 2002]).

Several investigations showed petrologic correlation
between peridotites and serpentinites of oceanic core com-
plexes and the mantle underneath the Mid-Ocean Ridge.
Mevel [2003] presented evidence that the protolith, from
which the serpentinite of oceanic core complexes were ge-
nerated, was oceanic crust gabbro. She suggested that the
occurrence of the serpentinites indicates seawater content
of nearly 15 % in the source rock, and that temperatures
of circa 500 °C were required for the serpentinization re-
action of gabbro to take place. Mevel [2003] argued that
such temperatures probably prevail at magma chambers,
at shallow depth under the mid-ocean ridge. This evidence
for a proximal source for the major constituents of the
oceanic core complexes is in agreement with present tec-
tonic concept.

The investigations of the cores of boreholes drilled du-
ring ODP leg 157 at the complexes at the Mid-Atlantic Ridge,
led Andreani et al. [2007] to presume that oceanic core com-
plexes were formed due to the ascent of lithological matter
from the upper mantle. The occurrence of the complexes
at the intersection of slow divergent tectonic centers and
transform faults was derived from very large offset by de-
tachment faults. They ruled out the possibility that the proxi-
mity of the upper mantle under the accreting ridge could be
the source of the serpentines of the oceanic core complex.

A series of well-documented oceanic core complexes are
those of the north-central Atlantic Ocean, such as the Kane
oceanic complex on the Mid-Atlantic Rift, where the oceanic
core complex forms an elevated terrain on one flank of the
rift, which faces the basalt-gabbro oceanic crust on the
other. In that province of slow spreading accreting ridge,
the explorers argued for a large detachment fault that was
active from 3.3 to 2.1 Ma, exhuming variable deep crustal and
upper mantle lithologies that include peridotites, basalts,
gabbros as well as diabases, greenschists and serpentinites
[Knott et al, 1998; Kelemen et al, 2007]. ODP legs 158 and
209, which drilled in these domains respectively, encoun-
tered similar lithologies. Dick et al. [2008] interpreted the
exhumation of that oceanic core complex as the product of

local instabilities in the mantle feeding into the accretion
ridges, where the fixed weakness zones focused episodes
of melt intrusions. However; alternately, the Kane core com-
plex could have stopped its activity because the Mid-Atlan-
tic accretion rate became somewhat faster, and the older
juxtaposed slab became warmer and lighter and the sub-
duction stopped.

Comparative multidisciplinary studies at the Mid-At-
lantic Ridge of the Atlantis Massif at 30°N and the Fifteen
Twenty massif at that latitude emphasized the occurrence
of thick series breccia that altered into talc-tremolite-chlo-
rite schist on top of both those oceanic core complex. The
evidence of temperatures of 600 to 700 °C, which prevailed
during the hydrothermal alteration, distinguishes these
two massifs. [t was suggested that the low temperature
was probably caused by hydrothermal circulation along
the permeable detachment fault plane [McCaig et al,, 2010].
However, here again it should be noted though that the
peridotite-serpentinite footwall could have been em-
placed not only by detachment faulting, but by diapiric
ascent, and the friction at the top of the ascending diapirs
could have generated the observed crushed and altered
lithologies.

At the intersection of the Mid-Atlantic Rift and the frac-
ture zone at 22°19°N, Dannowski et al. [2010] carried out
multidisciplinary investigations, applying oblique seismic
reflection and seismic refraction surveys, as well as gravity
measurements and seafloor sampling. They confirmed pre-
vious observations that where oceanic core complexes out-
crop, the mid-ocean ridge is not symmetric. They noticed
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. Dan-
nowski et al. [2010] remarked that the depth to the Moho
under the core complex is some 40 % thinner than its depth
under the nearly contemporaneous normal crust on the con-
jugate margin of the mid-ocean rift. They attributed the
contrast in Moho depth across the mid-ocean ridge in core
complex provinces to displacement of tens of kilometers
along those large detachment faults and its massive supply
of upper mantle material (Fig. 5).

The co-occurrence of peridotite, the representative li-
thology of the upper mantle, and serpentinite, its hydrated
derivative, is probably the results of the presence of water
at depths along the weakness plane of the fracture zone,
where the prevailing temperature is circa 500°. The hot
seawater lowered the solidus of both basalt and peridotite
and enabled the serpentinization (q.v. [Kessel et al,, 2005]).
Consequently, differences in the interpretations of the
lithological observations and their tectonic significance
regarding the various oceanic core complexes and other
cooccurrences of peridotites and serpentinites [Sibuet, Tu-
cholke, 2013], led Whitney et al. [2013] to suggest that
the size, the structural style, and the lithology of the ocea-
nic core complexes was determined by their rheological
constraints. They suggested that distinct oceanic core com-
plexes would develop from variation in the composite sys-
tem of pressure, temperature, fluid content and time of
mantle exhumation.
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Evidence for structural intrusion of peridotite and ser-
pentinite from the asthenosphere through the lithosphere
into the intersection of the Mid-Atlantic Ridge and the frac-
ture zone at 16°N, and the subsequent tectonic uplift of that
site, was reported by Cannat et al. [1992]. They suggested
that the extensional tectonic regime along the axial zone
of the Ridge led to the emplacement of the peridotite-ser-
pentinite body and its exhumation on the seafloor. Sub-
sequent investigation of Cannat et al. [1995] of the core
complexes at latitudes 22-24°N of the Mid-Atlantic ridge,
showed correlation between positive free-air gravity ano-
malies and occurrence of ultramafic lithologies, which led
them to presume that tectonic uplift introduced the ultra-
mafic rocks into the transform valley. Ghose et al. [1996]
remarked that such uplift was not uniform along the trans-
form valley, 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 Atlantic ocean.

The asymmetric lithology of the Mid-Atlantic Ridge was
estimated to encompass very large tracts in the central Mid-
Atlantic Ridge where normal basaltic-gabbroidic brittle li-
thosphere on one flank of the ridge would face wall of serpen-
tinite and other metamorphic lithosphere at the conjugate
flank. Smith et al. [2006] and Escartin et al. [2008], who
described that distribution, attributed it to the tectonic sig-
nificance of active and extinct detachment faults in the evo-
lution of oceanic core complexes.

The hydrous geochemistry of mafic and ultramafic mag-
mas plays a critical role in the petrological evolution of ocea-
nic core complexes. Kessel et al. [2005] showed that pre-
sence of H,0 leads to a drop in liquidus temperature of basalt
and peridotite (Fig. 3). Khedr et al. [2014] showed further
that hydrous peridotites in central Japan lithified at 650-
750 °C and circa 1.5 GPa (~45 km), together with serpen-
tine, antigorite, and other hydrous silicates. Rouméjon et al.
[2015] sampled serpentinized peridotites in the NE edge of
the SW Indian Ridge where the serpentinization is amag-
matic. They concluded that the serpentinization there occurred
at ~300° and the seawater content was >10 %. Guillot et al.
[2015], who reported on the significant buoyancy of serpen-
tinites, presumed that the serpentinites could contribute to
peridotite exhumation at the seafloor, and thus supported
the Francheteau et al. [1976] model of diapiric geodynamics
of these hydrous silicates.

The geological, geophysical and geochemical data sets
acquired at oceanic core complexes are equivocal whether
the exhumation of mantle petrologies is carried out through
detachment faults or other type of ascent, and they are nebu-
lous regarding the reason for the occurrence of the complexes
at the intersections of fracture zones and slow-spreading ridges.
Bearing these doubts in mind, the herein presented concept
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