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Abstract

We present a structural analysis of serpentineifigéaults and shear zones in the Koniambo
Massif, one of the klippes of the Peridotite Nappé&lew Caledonia. Three structural levels
are recognized. The upper level is characterized bdgnse network of fractures. Antigorite
and polygonal serpentine form slickenfibers aloagjtf planes with distinct kinematics. As a
result, the upper level keeps the record of at lwas deformation events, the first associated
with the growth of antigorite (WNW-ESE extensiorthe second with the growth of
polygonal serpentine (NW-SE compression). The loleeel coincides with the ‘serpentine
sole’ of the nappe, which consists of massive tectbreccias overlying a layer of mylonitic
serpentinites. The sole records pervasive tandesti@ar with top-to-SW kinematics and

represents a décollement at the base of the napgeintermediate level is characterized by
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the presence of several meters-thick conjugate rslaeaes accommodating NE-SW
shortening. Like the sole, these shear zones isvablygonal serpentine and magnesite as the
main syn-kinematic mineral phases. The shear zlkaly root into the basal décollement,
either along its roof or, occasionally, aroundbiése. Compared to top-to-SW shearing along

the sole, the two deformation events recordederutbper level are older.

The three structural levels correlate well withvyioesly recognized spatial variations
in the degree of serpentinization. It is therefempting to consider that the intensity of
serpentinization played a major role in the wayod®ftion has been distributed across the
Peridotite Nappe. However, even the least alteexttiptites, in the upper level, contain so
much serpentine that, according to theoretical exgkrimental work, they should be nearly
as weak as pure serpentinite. Hence, no stronga&kegradient in strength due to variations in
the degree of serpentinization is expected withenéxposed part of the nappe. Our proposal
Is that strain localization along the serpentinie sesults from the juxtaposition of the nappe,
made of weak serpentinized peridotites, againsstitteng mafic rocks of its substratum. This
interpretation is at odds with the intuitive viewat would consider the nappe, made of

peridotites, as stronger than its basement.

1. Introduction

Ophiolites commonly occur within orogenic beltsaasesult of the obduction of a piece of
oceanic lithosphere upon a continental basemenef@mn, 1971; Dewey and Bird, 1971).

The ultramafic rocks that constitute a large pdnnost ophiolitic nappes generally display

evidence for pronounced fluid-rock interactionshia form of a spatially uneven development
of serpentinization. Due to their low strength emparison to peridotites (e.g., Escartin et al.,
2001), serpentinites have the capacity to prominéenslocalization and greatly influence the

style of deformation on the lithosphere scale (é4iyth and Guillot, 2013). Several types of

serpentine may be identified in a single ophiohktdjch raises the question of their relative
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chronology and their geodynamic environment of fation (e.g., Coulton et al., 1995). The
topic of this work is on ophiolitic nappes remaminear the surface, thus excluding the case
of dismembered meta-ophiolitic sequences occasjorxiposed in the internal zones of
orogenic belts. In principle, serpentinization witrean ophiolitic nappe may witness the
successive stages of oceanic accretion, intra-aceaduction (the ophiolite lying in the
upper plate, for instance in the fore-arc regiat)duction, and post-obduction evolution.
Post-obduction events may involve post-convergentension and/or collisional orogeny.

The Peridotite Nappe of New Caledonia is one offéve ophiolites in the world to
have escaped collision after obduction (e.g., Cleteal., 2012). In this case, deciphering
early serpentinization events should be easiereiework has shown that the Peridotite
Nappe hosts various types of serpentine (Lahondéce Maurizot, 2009; Ulrich, 2010;
Lahondeére et al., 2012). An intimate associatiolwben deformation and the occurrence of
serpentines is recognized in these studies, howmeweattempt has been made so far to
characterize this deformation. More generally,dtral studies carried out on the ultramafic
section of ophiolitic nappes usually focus on setipe-free high grade fabrics (e.g., Boudier
et al., 1988; Suhr and Cawood, 1993; Cook et @002 Studies including an analysis of
serpentine-bearing faults and shear zones arevediatare (Bailey et al., 2000; Titus et al.,
2002; Schemmann et al., 2007; Laé-Davila and Araera009; Federico et al., 2014).

In New Caledonia, earlier studies concerned with Reridotite Nappe have focused
on i) the high temperature intra-oceanic stagegetdrmation within the nappe (Prinzhofer et
al., 1980; Titus et al., 2011), ii) the obductiorogess, however based essentially on the
analysis of the rock units underlying the nappg.(€luzel et al., 2001, 2012; Spandler et al.,
2005; Lagabrielle et al., 2013) and iii) post-ohlut brittle extension that shaped the island
as a large horst (e.g., Lagabrielle et al., 200%ar@on and Chevillotte, 2006). Furthermore,
much attention has been put on the chemistry anénalogy of thick lateritic profiles formed

at the expense of the peridotites, which led to dewelopment of worldclass nickel
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mineralizations (e.g., Orloff, 1968; Trescases,5tButt and Cluzel, 2013). In contrast, only
limited work has concerned serpentines-bearingtfaamhd shear zones that are ubiquitous
throughout the Peridotite Nappe, despite the comstatement that the distribution of nickel

ore is highly dependent on this fault network (Légy 1976; Cluzel and Vigier, 2008).

In this study, we had access to a recently opésrg@ mining site in the Koniambo
Massif, one of the klippes of the Peridotite Napp@orthwestern New Caledonia (Fig. 1).
This site provides a quasi-continuous exposuressifrocks from the base of the nappe, near
sea level, up to ~800 m elevation, where the nmatierite capping the peridotites occurs. We
focused on the study of structures and deformaassociated with serpentines. These data
enable to describe the internal deformation of tteg@pe in relation with successive
serpentinization events. The implications of thigdg for the tectonic evolution of New

Caledonia are not discussed here and will be thie td a distinct paper.

2. Geological setting

New Caledonia is located in the southwest Pacifiedd, 1300 km east of Australia (Fig. 1).
On the main island, known as the “Grande Terred, Pleridotite Nappe overlies, with a sub-
horizontal tectonic contact (Avias, 1967; Guilldi§75), a substratum composed of several
volcano-sedimentary units (Paris, 1981; Cluzellgt2®01, 2012). The Peridotite Nappe is
essentially exposed in the “Massif du Sud”, cowgnmuch of the southeastern third of the
Grande Terre, and as a series of klippes alongdhiawestern coast (Fig. 1). In the Massif
du Sud, the thickness of the nappe is at leaskrh.@nd may reach 3.5 km (Guillon, 1975).
The nappe is mostly composed of harzburgites exicephe northernmost klippes where
Iherzolites dominate (e.g., Ulrich et al., 2010)ongpositional layering is essentially
represented by 1 to 100 m-thick layers of dunitthmwithe harzburgites. In the main part of
the nappe, the degree of serpentinization of thielges is variable but moderate (Orloff,

1968), serpentines occurring preferentially alongework of mm- to ~10 cm-thick fractures
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and shear zones (e.g., Leguéré, 1976; Lahonder®landzot, 2009; Lahondere et al., 2012).
Fracture infillings and veins with various textureare described, containing
lizarditexchrysotile or antigoritexchrysotile and/@n additional type of light-coloured
serpentine not firmly identified (Lahondere and Maot, 2009; Lahondére et al., 2012).
Serpentinization becomes pervasive along the basiseanappe, forming a ‘sole’ in which
deformation has been intense (Avias, 1967; Orld€68; Guillon, 1975; Leguéré, 1976;
Cluzel et al., 2012; Quesnel et al., 2013). Thekiness of this sole is a few tens of meters in
the Massif du Sud but reaches a few hundred meteifse northwestern klippes (Guillon,
1975; Maurizot et al., 2002). According to Ulric20(0), serpentinization of the sole involved
three stages, firstly a pervasive developmentzairdlite, secondly the formation of antigorite
within mm to cm-thick veins, finally the formatiaf chrysotile in local veinlet networks. In
some of the veinlets, Ulrich (2010) also reporte fartial replacement of chrysotile by
polygonal serpentine. Recently, Ulrich et al. (20&4tablished that polygonal serpentine is
more widespread in the sole than previously thqufgittning light green serpentine veins

associated with chrysotile veinlets.

Following their exposure to aerial conditions, theridotites have been subject to
intense weathering under dominantly warm and wetatic conditions. This has led to the
development of laterites up to ~30 m thick (e.dae@llotte et al., 2006). Leaching of the
peridotites by downward infiltrating meteoric watehas resulted in a redistribution of
elements, leading to high nickel concentrationthatbase of the weathering profile, in the
transition zone between coarse-grained saprolitethe bedrock (Orloff, 1968; Trescases,
1975; Leguéré, 1976; Paris, 1981). Some veins wittkkel-rich mineralizations show
evidence for a syn-tectonic emplacement (Cluzel\digier, 2008). Magnesite veins, which
frequently occur along the serpentine sole of teeid®tite Nappe, represent another by-
product of the leaching of the peridotites by mateduids (Ulrich, 2010; Quesnel et al.,

2013). Quesnel et al. (2013) showed that at leastesof these veins have been emplaced
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during pervasive shearing along the sole.

In the Koniambo Massif, the Peridotite Nappe ipased from its base, near sea level,
up to ~800 m elevation (Fig. 2a,b). Map relatioBarfoué, 1972; Maurizot et al., 2002) show
that the basal contact is subhorizontal around nofiche massif but delineates a large open
antiform in the west (Fig. 2b). At elevations abev0 m, the nappe is capped by a highly
dissected and partly reworked lateritic profile (Maot et al., 2002). At lower elevations,
laterites of the westerly-inclined Kaféaté platgaobably belong to a younger planation
surface (Latham, 1977; Chevillotte et al., 2006)e Koniambo Massif essentially consists of
harzburgites with interlayers of dunite that defenerude compositional layering with a fairly
regular ENE-WSW strike and a ~50° southward dipyivat et al., 2002). With regard to the
degree of serpentinization, Maurizot et al. (20@2}inguished three main rock types, namely
(i) moderately serpentinized peridotites in whidfe tprimary compositional layering is
preserved, (ii) highly serpentinized peridotites &) massive serpentinites. The latter form
the serpentine sole of the nappe, about 200 m .tAibke highly serpentinized peridotites
overlie the sole and form a distinct layer whicb¢@ding to Maurizot et al. (2002), is ~200
m thick on the western flank of the massif but shiout further east (Fig. 2a,b). The

moderately serpentinized peridotites occupy théadrigart of the massif.

3. Methods

3.1. Strategy

Field work focused on fresh rock exposures proviogthe last ~5 years of mining activity in
the Koniambo Massif. The serpentine sole is welpamed in the Vavouto peninsula,
especially along two cross-sections here named Y7/AD m long, striking N082°, Fig. 2c)
and VA2 (a composite section ~330 m long with amieaS strike). The VA2 section shows
the basal contact of the nappe and its substrataderof basalts and minor cherts (Fig. 3a).

Further east, the mine access road runs from the dfethe nappe (height spot 65 m in Figure
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2a) to the upper part of the massif; it providesdyoutcrops of the intermediate level of
highly serpentinized peridotites. The moderatelypsstinized peridotites are exposed at
higher levels of the access road and in a seriesroéntly exploited open pits. We carried out
preliminary field observations and sampled rockghwiarious textures and fabrics (veins,
fracture infillings, fault coatings, cleavage domsawithin shear zones). We determined the
mineralogical content of the samples, which thervesk as references for macroscopic
assessment of the mineralogy within specific stmas during renewed field work and

structural analysis.
3.2. Analytical methods

Reference samples have been characterized throughltatechnique approach including
transmission electron microscopy, microprobe amslysot presented here) and Raman
spectroscopy. Raman spectroscopy measurements eareed out at the laboratory
GéoRessources Nancy, France, using a Horiba Jolon-Yabram HR800 spectrometer and
a visible ionized argon laser source with a wawgtierof 514 nm. The output power of the
laser was 100 mW and measurements were perforniegl ars Olympus lens of x50 to focus
the laser beam onto an area 1um in diameter. $parthe average of 6 to 10 acquisitions
of 20 s each to optimize the signal/noise ratia. $&pentine identification, only one region
of the Raman spectrum has been investigated, bet3&20 crit and 3870 cil (Fig. 4). This
region enables to characterize the hydroxyl growbsch are the most discriminant for
distinguishing the polymorphs of serpentine (Auzerd al., 2004; Schwartz et al., 2013;

Ulrich et al., 2014).

For analyzing the deformation, we focused our &ttenon shear zones and fault
planes. The kinematics of shear zones have beemdatd using the obliquity of cleavage
with respect to the shear zone walls (Fig. 5e,, atcasionally, the occurrence of a set of

oblique shear bands. For determining the kinematfctaults, the offset of pre-kinematic
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markers or the presence of subsidiary Riedel sHesccasionally been used, however in
most cases we favoured the use of accreted sliblezafwith a clear staircase geometry (Fig.
5a,b,c,d). The advantage of stepped slickenfilsets provide a robust sense-of-slip indicator
and to allow establishing which mineral or minexasemblage was stable during a given fault

slip event (Durney and Ramsay, 1973; see alsq, leagss and Moores, 1992).

The bulk deformation of densely faulted areas heenbassessed using the FaultKin
software of Allmendinger et al. (2012). The basicdts of this software, described by Marrett
and Allmendinger (1990), are the same as thoséefight-dihedra method (Angelier and
Mechler, 1977; Angelier, 1994). It should be natidbat the approach used by Marrett and
Allmendinger (1990) is intended to provide a qudiite description of the strain ellipsoid, not
the stress ellipsoid. Several authors have ardusdin essence, the analysis of fault slip data
informs more about strain than about stress (8wiss and Unruh, 1998; Tikoff and Woijtal,
1999; Gapais et al., 2000). According to Célérteale(2012), methods aiming at retrieving
paleostresses may be more suited for separatinghatissubsets (presumed to withess
successive tectonic events) within a given faulp slataset whereas methods aiming at
retrieving strain (e.g., Marrett and Allmending&890) may be more suited for yielding an
average estimate of strain within a rock volumeoun case, the mineralogy of slickenfibers,
which is of two types, has provided an independeitérion for separating the fault slip data

into two subsets, therefore the ‘strain’ approasdnss more appropriate.

4. Results

4.1. Reference samples

We here describe three hand specimens that areseefiative of field cases where serpentine
occurs in association with deformation. The twestfspecimens come from higher levels of
the Koniambo Massif. The third sample comes frora Yavouto peninsula, within the

serpentine sole.
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The first sample includes a ~1 cm-thick vein ohtiglive green serpentine with a
massive aspect (Fig. 4a). The vein has been aeBva fault plane as indicated by fine
striations underlined by black oxides along a sigfparallel to its margin. The Raman
spectrum of the vein material (analysis #1-1) showme closely spaced main bands centered
on ~3688 crit and ~3694 ci, which are diagnostic of polygonal serpentine @nde et al.,

2004; Ulrich, 2010; Ulrich et al., 2014).

The second sample includes a ~1 cm-thick vein afiygiibrous serpentine (Fig. 4b).
Outside the vein, the host rock shows a Raman ymedt2-1) with two main bands centered
on ~3688 crit and ~3696 cf, indicating the presence of polygonal serpentiftee vein
itself is composite. Two insulated domains withfube boundaries are made of darker
serpentine showing a Raman spectrum (#2-2) withrhvain bands centered on ~3672tm
and ~3700 ci, typical for antigorite. The main part of the veippears as an heterogeneous
stack of fibers. The Raman spectrum of analysi8 #2-this domain shows a minor band
centered on ~3671 chattesting for the presence of antigorite. In &ddj the main band
centered on ~3698 c¢hand the adjacent poorly developed band at ~3688 iadicate the
presence of polygonal serpentine or/and chrysofieally, the margin of the vein is
underlined by small domains of homogeneous lightegr serpentine. Their staircase
distribution indicates that they formed as the ltesiua fault slip event. The Raman spectrum
of analysis #2-4 shows a main band centered on7868 and an adjacent poorly developed
band at ~3690 cih which, again, points to the presence of polygoseapentine or/and
chrysotile. In that case, however, chrysotile iskety because the serpentine in this part of
the vein is massive and does not display the halbituvell defined submillimetric fibers that
is typical for chrysotile (Lahondére and Mauriz@)09; Ulrich, 2010; Lahondere et al.,
2012). The small domains of polygonal serpentineehaell defined boundaries, which
suggests that they formed later than the adjacemhath of darker antigorite did.

Furthermore, the platy-fibrous nature of the maart pf the vein is typical for antigorite (e.qg.,
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Lahondére et al.,, 2012), therefore the occasiontinate association of antigorite and
polygonal serpentine, like in analysis #2-3, canifiterpreted as the result of a partial
pseudomorphosis of antigorite by fine-grained pohaj serpentine. Thus, the crystallization

of polygonal serpentine appears to postdate thahtgorite.

The third sample consists of a fist-sized elongddst taken from one of the major
shear zones met along the VAL section (Fig. 2cg @last, which is made of pervasively
serpentinized harzburgite with few orthopyroxeneseis embedded in a film up to 0.5 cm
thick of homogeneous pale green serpentine (Figl) 4the Raman spectrum (analysis #3-1)
shows two closely spaced main bands centered 081~&6" and ~3697 ci, indicating that

the film consists of polygonal serpentine.
4.2. Field determination of the serpentine polyrhgrpssociated with deformation

Based on the characterization of the three abowvples as well as other reference samples,
we have established a number of macroscopic @iteria field assessment of the mineralogy
of fault zones and shear zones. Within fault zoaesigorite and polygonal serpentine are
both able to build macroscopic slickenfibers with ckear staircase geometry. For
distinguishing the two polymorphs, the main argutmisntextural. Antigorite has a well
expressed platy-fibrous aspect (see also, e.goriddre et al., 2012) with fibers frequently
several centimeters long (Fig. 5a). In contrastyganal serpentine is massive, matte, and
develops only short slickenfibers (Fig. 5b,c). A@sd argument is the fact that polygonal
serpentine is pale green whereas antigorite is rgipedarker (Figs. 4b,c,d and 5a,b,c).
However, in the saprolitic levels, weathering mmdifthe colours and polygonal serpentine
tends to become olive green (Figs. 4a and 5c). dditian, some fault planes bear
slickenfibers showing mixed properties, with a cle#aty-fibrous nature but a pale green
colour and a matte aspect (Fig. 5d). In that césang into account the likeliness of a

pseudomorphic replacement of antigorite by poly§jsegoentine, as in the second reference
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sample above, we have assumed that the slickesfitieress a syn-antigorite slip event.

Antigorite and polygonal serpentine are also inedlin shear zones. There, antigorite
forms distinct lamellae (Fig. 5e) whereas polygoseipentine is more massive despite the
development of a pronounced cleavage (Fig. 5f).t\dbshe shear zones we have observed
involve polygonal serpentine. There is always a&e&lepatial coincidence between the shear
zone walls and the margins of the serpentine bBay 6e,f). The fabric in each shear zone is
pronounced and, in principle, shearing might p@dederpentinization. Nevertheless, would
shearing occur under physical conditions outsiéestability range of a primary serpentine, it
is expected that a new serpentine polymorph woakllye crystallize during the pervasive
deformation. Hence, for shear zones with an homeges serpentine content, we assume that

shearing and mineral growth were coeval.

Lizardite and chrysotile were also observed infibkel, with features similar to those
reported by Ulrich (2010) and Lahondere et al. @0Dark lizardite is widespread, present
as a diffuse grain-scale network in the peridotéed as infillings of ~1 mm to ~5 cm-wide
joints. It is also found on the margins of manytioé faults and shear zones that involve
antigorite or polygonal serpentine (Fig. 5c,e). ldwer, lizardite itself only rarely bears
striations and, in our experience, never buildsrsmpic slickenfibers, therefore we made
no attempt to characterize the deformation asstiaith lizardite. Chrysotile occurs as very
thin fibers always oriented at right angle to tleenwvalls within< 1 cm-thick veinlets. Dense
networks of subparallel veinlets are locally obgsén/Such veins can be interpreted as tension
gashes, therefore, in principle, they could provedene clue on the tectonic regime that
prevailed during chrysotile growth. Alternativetgnsion gashes may open in the absence of
a significant tectonic contribution, for instanceedto fracturing assisted by fluid pressure.
For this reason, and because these thin veinssegrerery small amounts of strain, we

ignored them during the analysis of deformation.



280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

4.3. Structural analysis

We identified three structural levels, which caatel with the rock horizons identified by

Maurizot et al. (2002) on the basis of the intgnsitserpentinization (Fig. 2a,b).

4.3.1 Upper structural level

The Upper structural level coincides with the damaf moderately serpentinized
peridotites at higher levels of the massif. A demnsgvork of fractures, most of them dipping
steeply, crosscut the peridotites (Fig. 6a). Thacsw between adjacent macroscopic
fractures is always less than ~2 m. In betweentdras, the least serpentinized peridotites
show ‘mesh’ textures (e.g., Rouméjon and Canndi4PRfesulting from a partial replacement
of olivine by lizardite along grain boundaries agrdin-scale microfractures (Fig. 6b). On the
outcrop scale, in addition to ‘dry’ joints, manwétures are filled with one or several types of
serpentine. When present together with anothereséne polymorph, lizardite occupies the
margins of the fracture (Fig. 5c). When occurrirmpether, antigorite and polygonal
serpentine occupy the core vs. the margins ofrduetufre, respectively. As discussed with the

second reference sample in Section 4.1 (Fig. 4bygpnal serpentine formed later.

In most veins involving fibrous polygonal serpeptior/and antigorite, the fibers lie at

a very low angle to the vein walls, hence thesassean be interpreted as fault zones (e.g.,
Durney and Ramsay, 1973). A total of 125 such $ali#ts been measured in a series of open
pits covering a relatively small area on the toghef Koniambo Massif (Fig. 2a). The syn-
polygonal serpentine vs. syn-antigorite natureaahefault displacement has been determined
by assessing the mineralogy of associated slidkerdi(Fig. 5a,b,c,d) (see Section 4.2). As a
result, two fault subsets have been defined, whmmpare well in terms of orientation but
have distinct kinematics (Fig. 7a,b). The majomtly the faults with dominantly dip-slip
movement have a normal sense of slip when assdamth antigorite vs. a reverse sense of

slip when associated with polygonal serpentineltFsip analysis documents two strikingly
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different strain ellipsoids (Fig. 7c,d). The syrtigarite faults yield a highly constrictional
ellipsoid, as illustrated by the value of 0.17 coneg for the R ratio (RE,-€3)/(€1-€3)).
Consequently);, the axis of maximum stretching, is the most aataly defined; it lies
horizontally with a N102° trend (Fig. 7c). The axis maximum shortening)s, plunges
steeply (64°) to the north-northeast. The syn-paiad serpentine faults yield an ellipsoid in
the flattening field (R=0.71). Consequenths is the most accurately defined axis; it lies
subhorizontally with a N144° trend, whilg plunges shallowly in the NO57° direction (Fig.
7d). Figure 8 illustrates the results of fault gse on the scale of a pit ~200 m wide within
the main area of investigation (Pit 208) and orisatated site located 2 km further northwest
(Bilboquet, see Figure 2a for location). Fault glipalysis on these sites yields results that fit

closely with those deduced from the bulk dataset.

Further southwest and at lower elevation with respethe open pits, the mine access
road provides a large outcrop near the transitetwéen the upper and intermediate structural
levels (Roadsite ‘620 m’ in Figure 2a). It showsllfgplanes with slickenfibers as well as
shear zones a few centimeters thick (Fig. 5f), oWolving polygonal serpentine. Fault slip
analysis yields an ellipsoid in the flattening die{fR=0.66), withA3; shallowly plunging
southward (27°) along a N0OO06° trend (Fig. 9). Tisisbroadly consistent with the syn-
polygonal serpentine strain field deduced from dpen pits (Fig. 7d), though with a ~40°
clockwise rotation in the direction @f. This difference could reflect differential largeze
block rotations post-dating the measured fault siggements. However, in this area, dunitic
interlayers retain the same ENE-WSW strike and ~dsfithward dip as elsewhere in the
Koniambo Massif (Maurizot et al., 2002), therefdhés hypothesis is unlikely. Hence, the

difference is more likely to reflect a modificatiofthe strain field through space or time.

4.3.2 Intermediate structural level

In the Intermediate structural level, the degresapentinization is overall high but
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laterally variable. The main part is similar to espres of the Upper structural level, with a
dense network of serpentine-bearing fractures. disgnctive feature of the Intermediate
structural level is that this rock mass is crosdmyutow-dipping shear zones a few meters
thick, characterized by a pervasive developmenlightt green polygonal serpentine (Fig.
10a). Two such shear zones (SZ1 and SZ2) occuglatiévels of the Intermediate structural
level (Fig. 2a). The NE-SW horizontal spacing betwdhe two shear zones is ~450 m.
Continuous rock exposure along the mine access @nallles to note that no similar shear
zone exists between SZ1 and SZ2. Both SZ1 and ®Zilvie polygonal serpentine with a
closely spaced cleavage as well as magnesite 1Blgc,d,e). In the case of SZ1, striations
have not been observed. The direction of sheasngssumed to lie at right angle to the
intersection between the cleavage and shear planaged along the margins of the shear
zone (Fig. 10b,c), along a ~N034° trend (Fig. 1Bfthe case of SZ2, a major fault plane in
the core of the shear zone bears striations wki®929° trend while the relationship between
cleavage and shear bands suggests a ~N085° tretitefdirection of shearing (Fig. 10e,f).
Both shear zones have top-to-SW kinematics. SZHwaattitude of a reverse-slip shear zone

(Fig. 10a,b,c,f) while SZ2 combines reverse andrdédisplacements (Fig. 10e,f).

At lower elevations, the mine access road crossaysominent SW-dipping fault
zone involving a ~30 m-thick pinch of fine-graineddiments (Maurizot et al., 2002) (Fig.
11a). These sediments are originally part of either'Poya terrane’ (Maurizot et al., 2002)
or, more likely, the ‘Nepoui flysch’ (D. Cluzel, ponal communication, 2012). As a result,
they represent a fragment of the volcano-sedimgrgaries that immediately underlie the
Peridotite Nappe (Cluzel et al., 2001). Hence,fthdt zone likely roots slightly beneath the
basal contact of the nappe, or along it if one dake#o account the fact that sheets of
serpentinite are frequently mixed with substratwrks around several klippes of the nappe
(e.g., Maurizot et al., 1985). Within the fault 2orihe main fault superposes highly sheared

serpentinites onto the sediments (Fig. 11a). ltsntation is N146°, 38°SW and it bears
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pronounced striations with a NO72° trend (Fig. 1Byng this contact and across a structural
thickness of at least 75 m above it, shear sensa&iarindicate a reverse-slip (top-to-ENE)
displacement (Fig. 11c,d). This movement is coasistvith the incorporation of rocks from
the substratum into the fault zone, and with thabpble offset of the roof of the serpentine
sole across it (Fig. 2a,b). This top-to-ENE fawudinde viewed as a conjugate shear with

respect to the top-to-SW SZ1 and SZ2 shear zones.

4.3.3 Lower structural level (the serpentine sole)

The best exposures of the serpentine sole liearvidvouto peninsula (Figs. 2, 3, 12
and 13). Further east, the map contour of the lwagdhct of the nappe implies a culmination
of this contact slightly northwest of the TambourReak (Fig. 2a). As a result, the surface
probably dips westward beneath the peninsula, avglope of ~6-7° (Fig. 2b). The contact is
exposed at the eastern margin of the peninsulplagiag ~E-W-trending open folds on a

~100 m scale (Fig. 3a).

The rocks along the sole are brecciated and/oatéai Breccias are well developed
along the VAL section (Fig. 12a) and consist oftdaf serpentinized peridotite separated by
serpentine joints (Fig. 4d). Many joints bear véng striations (Fig. 4c). The striations have
extremely variable orientations, which probably uies from the complexity of clast
displacements/rotations during brecciation. Majoeas zones occur along the VAL section
(Fig. 2c), marked by a reduction in clast size ¢FitPa and 13a). The shear zone boundaries
are dominantly diffuse, but locally change to shdipe width of the main shear zones ranges
from ~2 to ~10 m. In the shear zones, the greatasity of fault planes subparallel to their
walls tends to produce elongate clasts that loc#ine a crude foliation (e.g., in the upper
part of Figure 13b). In the core of some shear gothe planar fabric is more pronounced and
locally oblique to the shear zone walls. In casbsn this oblique fabric had the appearance

of a closely spaced cleavage, it helped to as$es&ihematics of the shear zone. In most
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cases, however, it is difficult to decide whether tabric could alternatively represent a dense
pattern of Riedel shears, hence implying the opgpasinse of shear compared to that deduced
from an oblique cleavage. As a result, the kinecsatif individual shear zones and shear
planes along the VA1 section has essentially besluckd from their effect (offset and drag

folding) on pre-existing markers (Figs. 12b and)13b

The largest part of the VA2 section consists opsetinites with a pronounced planar
fabric (Figs. 3a and 12c). On a 10 cm scale, thlsri€¢ is underlined by a disjunctive
anastomosing cleavage (Fig. 13c). When preserstscéae isolated, hence the rock retains a
matrix-supported texture (Fig. 12d). Generally, thests have an elongate and subangular to
rounded shape with a consistent orientation througkhe rock (Fig. 12d). As a result, the
rock has the typical appearance of a mylonite. yeadmpositional layering has been
transposed into parallelism with the cleavage (E&), attesting for very large strains. Under
microscope, the fabric of the foliated serpentsiis irregularly distributed but locally
pervasive (e.g., in the right part of Figure 13d)component of ductile deformation is thus
involved. The northern end of the VA2 section shdahat the foliated serpentinites occur
immediately above the basal contact of the nappme @). The southern end of the section
shows that they underlie the part of the sole datbeth by breccias through a relatively sharp
transition zone (Fig. 3b). Hence, the foliated eatmites form a distinct layer of most

intensely deformed rocks at the base of the sergesoble, with a thickness of at least 20 m.

As illustrated by the third reference sample int®eac4.1 (Fig. 4c,d), our observations
indicate that the major shear zones along the VAdtien involve pale green polygonal
serpentine as the main syn-kinematic mineral pfEgs. 12a and 13a,b). This also applies to
the layer of foliated serpentinites of the VA2 sact(Figs. 12c,d and 13c). Magnesite also
occurs within this layer and along the VA1 sectionthe form of irregularly distributed veins

and local stockworks (Figs. 2c, 12c and 13a). Mag@eoccurs in close association with
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polygonal serpentine (Figs. 12c¢,d and 13a,b,c)dé&nge of the syn-kinematic nature of the
magnesite veins is shown in Figure 13 (see alscs@leet al., 2013). In the macroscopic
examples b and c, the veins are offset by locabrsipanes that contribute to the bulk
shearing deformation. In addition to the vein Infty habitus, elongate clusters of partly
coalescent millimetric to centimetric nodules ofgnesite are occasionally found. Figure 13d
shows part of a pluricentimetric nodule under nmscape. Its right margin is irregular, made
up of submillimetric nodules of cryptocrystallineagnesite. This geometry, which suggests
an unconstrained growth of magnesite, could bentage an indication that magnesite has
formed in the absence of contemporaneous deformaditer the development of the shear
fabric visible in the host serpentinite. Howevée upper margin of the nodule is straight and
coincides with one of the shear bands relatedisofétoric. The relations between the nodule
and the shear band, highlighted in the enlargenartclearly more in line with the shear
band post-dating the nodule than with the oppo€iierall, the relations seen in Figure 13d

are consistent with magnesite having grown durivgpsng.

The asymmetric distribution of shear zones alorgg\WAl (Fig. 2c) and VA2 (Fig.
12c) sections documents non coaxial deformationsacthe serpentine sole. The exposure
surface being smooth along both sections, the t@tien of the main shear zones is difficult
to evaluate. Nevertheless, a dozen shear planggroficant size (several meters) have been
measured along the VAL section (Fig. 12e). Theiamerientation is N141°, 46° SW. This
suggests top-to-SW kinematics for the bulk sheadefprmation. Top-to-SW shearing is
consistent with the orientation of steep planar mesge veins in between the shear zones
(mean value N134°, 62°SW), interpreted as tensashes (Quesnel et al., 2013), and with the
orientation of folds developed at the expense ajmeaite veins within the shear zones (Fig.
12e). Top-to-SW shearing is also consistent with dpparent top-to-west vs. top-to-south
sense of shear observed along the ~W-E-trending V&1~N-S-trending VA2 section,

respectively. The orientation of the ellipsoid dehted by the large ovoid clast in the upper
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left corner of Figure 3a also fits with this integation. Along the VAL section, the major
shear zones with an apparent top-to-west sensheair $1ave a mean apparent dip of 24.5°
(Fig. 2c). Assuming that the mean strike of thdssas zones is N141° (i.e. the same as for the
meter-scale shear planes) and taking into accanentND82° strike of the VAL section, the
mean true dip of the major shear zones can be a&stihrat ~28°. Taking into account the
likely ~6-7° westward slope of the basal contacthef nappe beneath the Vavouto peninsula
(Fig. 2b), the obliquity of the main shear zoneghwiespect to the boundaries of the
serpentine sole is probably around 22°. This olijjgs consistent with an interpretation of
the shear zones as large C'-type shear bands @etthl., 1979; Passchier and Trouw, 1996)
developed during strong tangential shear acrosss#ipentine sole. Smaller equivalent
structures are visible in Figures 12c¢, 13b and E3wally, it should be noted that flat-lying
antithetic shear planes also occur in the eastantngb the VA1 section (Figs. 2c and 12b). In
Figure 12b, they crosscut the main southwest-dgpphrear fabric, however their relationship

with one of the major shear zones suggests thatntlag have developed contemporaneously.

5. Discussion

5.1. The distribution of deformation in the Koniaonidassif

Figure 14 summarizes the results of our structaralysis while Figure 15 illustrates the

possible relationships between the three structevals identified in the Koniambo Massif.

The Upper structural level is characterized by &y viense network of fractures filled
with one or several types of serpentine. Antigoaitel polygonal serpentine commonly form
slickenfibers along fault planes, which we used &malyzing fault slip data. The bulk
deformation associated with antigorite-bearing tkuls characterized by a highly
constrictional ellipsoid with\; lying horizontally along a N102° trend. The bulkatenation
associated with polygonal serpentine-bearing faigltsharacterized by an ellipsoid in the

flattening field withAs lying subhorizontally along a N144° trend.
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The Lower structural level coincides with the setpee sole. As a rule in New
Caledonia (e.g., Avias, 1967; Leguéré, 1976; Cletal., 2012), the serpentine sole of the
Koniambo Massif is intensely deformed. Breccias ohate while foliated serpentinites,
interpreted as mylonitic rocks, form a distinct &alayer at least 20 m thick. The sole has
experienced pervasive non-coaxial deformation aittop-to-SW sense of shear. Polygonal
serpentine and magnesite are syn-kinematic phagksegpect to this deformation. Along
the VAL section, major low-dipping shear zones distributed with a ~100 m lengthscale
(Fig. 2c). As described in Section 4.3.3, their mehliquity with respect to the basal contact
of the nappe is estimated at ~22°. We interpresethghear zones as C'-type shear bands
developed within a thick zone of strong tangensia¢ar that coincides with the serpentine
sole (Figs. 14 and 15; see also Lahondere et @L2,2their figure 115). In line with this

interpretation, no equivalent shear zone is obseab®ve the serpentine sole.

The Intermediate structural level is characteribgdhe presence of several meters-
thick reverse-slip shear zones. Top-to-SW sheaeg@ie synthetic to pervasive shearing
along the serpentine sole and, likewise, involvl/ganal serpentine and magnesite as syn-
kinematic mineral phases. Therefore, although wkerwmopportunity to observe this contact
in the field, we suppose that the shear zones almotg the roof of the serpentine sole, the
whole sole acting as a décollement (Fig. 14 anéigare 15, geometric relationship ‘rl’). In
Figure 15, the roof of the sole is schematicallgve as a distinct fault; in reality, it is more
likely to coincide with a zone across which theendity of brecciation progressively
diminishes. In addition, some shear zones mayabdeeper level (Fig. 15, relationship ‘r2’),
for instance along the relatively sharp contactween the foliated serpentinites and the
overlying serpentinite breccias (Fig. 3b) and/arngl the basal contact of the nappe. This
possibility is suggested by the presence of aivelgtlarge top-to-SW reverse-slip shear zone
at the northern end of the VA2 section (Fig. 3aJ by the characteristics of the fault zone of

Figure 11 (see Section 4.3.2 and below).
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The NE-SW horizontal spacing between two conseeutp-to-SW shear zones, SZ1
and SZ2, is ~450 m. This is slightly less thantthiekness of the Upper structural level in the
Koniambo Massif (Fig. 2b) and much less than thektiess of the Peridotite Nappe in the
Massif du Sud> 1.5 km). This narrow spacing suggests that at E@we of the shear zones
do not cross the nappe up to the surface but repwifined to the Intermediate structural
level. In fact, although rock exposures are abundianthe open pits of the top of the
Koniambo Massif, we have not observed any suchrstmze in the Upper structural level.
Based on this indirect evidence, it is here suggkeshat the shear zones may connect to
another flat-lying décollement located along thefraf the Intermediate structural level (Fig.
15, relationship ‘r3’). Like for the roof of the leg this décollement might not coincide with a
distinct fault but with a zone across which theerse-slip displacement of the shear zones
could be absorbed through diffuse faulting. In &ddj a few major shear zones may ramp up
to the surface (Fig. 15, relationship ‘r4’). No Bushear zone is observed in the Koniambo
Massif but one likely exists in the northern pafrtlee nearby Kopéto-Boulinda Massif (see
Figure 1 for location). It is highlighted by a noipping serpentinite sheet about 200 m
thick that emanates from the serpentine sole af ittassif, at elevations around 200 m, and
climbs among the peridotites up to an elevatioatdéast 500 m (Maurizot et al., 1985, their
figure 4; Maurizot, 2007). The precise geometry #mel kinematics of this probable shear

zone remain to be documented.

Finally, top-to-NE shear zones also exist in thenidmbo Massif, as subsidiary
structures in the serpentine sole and as conjgiaars with respect to the top-to-SW shear
zones in the Intermediate structural level. Becausaots along or slightly beneath the base
of the serpentine sole and likely offsets its r@a§. 2b), the reverse fault zone of Figure 11 is
probably a relatively late feature with respecpéovasive top-to-SW shearing along the sole.

The shear zone labelled ‘r2’, in Figure 15, wouddam equivalent synthetic shear zone.
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5.2. The temporal evolution of deformation

Our analysis documents major variations in thenvaigon of the principal strain axes. At
least part of these variations reflect a tempovalwgion (Fig. 14). This is the case within the
Upper structural level, where fault slip data assted with antigorite and polygonal
serpentine were collected in the same restricted laut yielded two strikingly different strain
ellipsoids. Microstructural observations indicdtattpolygonal serpentine postdates antigorite
(see Sections 4.1 and 4.3.1), in agreement withinme sequence identified by Ulrich (2010)
in the serpentine sole of the Koniambo Massif. lerthe Upper structural level keeps the
record of a temporal change from WNW-ESE horizorgttetching, during antigorite

crystallization, to NW-SE horizontal shorteningfidg polygonal serpentine crystallization.

The origin of the other variations in orientatiohtbe principal strain axes is more
difficult to assess because they involve the saamngestine polymorph (polygonal serpentine)
and occur across distinct levels of the nappe. &tbez, the change from NW-SE shortening
in the Upper structural level to NE-SW shearingha serpentine sole could reflect a spatial
rather than a temporal evolution, i.e. verticahistrpartitioning at a specific evolutionary
stage of the nappe. The ~N-S direction of shortgméctorded at an intermediate structural
height, on roadsite ‘620 m’, may support this vidlevertheless, the observed changes in
shortening direction are more likely to reflecteanporal evolution. A first reason is that it
seems difficult to conceive a tectonic setting ihick the nappe would undergo horizontal
shortening at right angle to its direction of des@ment (assuming the latter is given by the
direction of shear along the basal décollement)se&ond reason is the fact that, in the
Intermediate structural level, the main shear zomésch accommodate NE-SW shortening,
crosscut rocks with the same dense network ofdrastas in the Upper structural level (Fig.
10a). This relation suggests that the event hayirmgduced NE-SW shortening in the

Intermediate structural level (and top-to-SW shegin the sole) is younger than the fracture
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sets of the Upper structural level.

Thus, we suspect that both the syn-antigorite &edsiyn-polygonal serpentine fault
sets identifed in the Upper structural level ardeolthan the top-to-SW shear deformation
observed in the serpentine sole. This contrasth Wie opinion of Leguéré (1976) who
supposed that the various sets of fractures hdifgehin the main mass of the nappe are all
younger than the deformation recorded by the sateording to Leguéré (1976), these
fracture sets provide evidence for a three-steppteat evolution involving an episode of
ENE-WSW compression, then an episode of NNW-SSEpcession, then an episode of
NNW-SSE extension. This scenario applies to thedtmBoulinda and Koniambo Massifs,
but the same events and the same chronology, witte sariations in the orientation of the
strain axes, are given by Leguéré (1976) for themklippes of the Peridotite Nappe he
examined, spread over the Grande Terre. The episb8NW-SSE compression, of fairly
constant orientation across the Grande Terre (Légu®76), correlates well with the syn-
polygonal serpentine event we identified in the élpptructural level of the Koniambo
Massif. The episode of NNW-SSE extension, whicimire variable in orientation on the
scale of the Grande Terre (extension is locally WNSE to W-E, cf. Leguéré, 1976), may
correlate with the syn-antigorite event we ideatfi Finally, the episode of ENE-WSW
compression, locally modified to a NE-SW compresgioeguéré, 1976), correlates with the
syn-polygonal serpentinetmagnesite event we idedtiin the Intermediate structural level
and the serpentine sole. If so, however, the chogryoof events proposed by Leguéré (1976)
differs strikingly from ours: his first event is olast one, and his last event is our first one.
We ignore the reasons for this disagreement, bte tiat Leguéré (1976) did not provide
details on the arguments he used for establishiisgchronology. Our chronology is
essentially based on the identification of a seqaesf minerals associated with deformation,
from antigorite to polygonal serpentinetmagnesii@is sequence is consistent with a

progressive lowering in temperature conditions i@hlr 2010), which may reflect a



559 modification of the geothermal gradient and/or phegressive reduction in thickness of the
560 nappe (Fig. 15). As a possible explanation for digagreement with Leguéré (1976), we
561 might have failed to identify one or several lapgsedes of normal faulting that are reported
562 from the sedimentary series surrounding the klippfethe Peridotite Nappe (Lagabrielle et

563 al., 2005; Chardon and Chevillotte, 2006).

564 5.3. Relationships between deformation and senmpieation

565 The three structural levels identified in the Konteo Massif show strikingly different styles
566 of deformation. These levels correlate fairly weith the subhorizontal lithological layering
567  of the massif defined by Maurizot et al. (2002),ichhrefers to variations in the intensity of
568 serpentinization. Hence, it is tempting to consithat the intensity of serpentinization played
569 a major role in the way deformation has been dhsteéd across the Peridotite Nappe. As
570 implicitly considered in several studies (e.g., #84i 1967; Cluzel et al., 2001), the massive
571 serpentinites of the sole might represent a layersaft rocks having led to the

572 individualization of a major décollement at the da$the nappe.

573 The Upper structural level displays a dense netvadrkerpentine-bearing fractures,
574 many of which have been activated as faults. Nbe&ss, the bulk deformation associated
575  with these faults is probably limited, as suggestgdhe fairly constant orientation of dunitic
576 interlayers all across the Upper structural levidlagrizot et al., 2002). Moreover, as
577 discussed in Section 5.2, the deformation recolnetthe serpentine sole and the shear zones
578 of the Intermediate structural level is likely ygen than most fault sets of the Upper
579  structural level. This supports the picture of &nast rigid Upper structural level by the time
580 shearing was accumulating along the sole (cf. treensdepth diagram in Figure 15). Could

581 this behaviour relate to a least degree of bulgesginization in the Upper structural level?

582 Unlike in some parts of the Massif du Sud (e.glpfQr1968), pristine peridotites are

583 virtually absent from the Koniambo Massif. The lessrpentinized rocks are found in the
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highest ~200 m of the massif. In the field, theg &lentified as they seem to retain a
granoblastic texture, yet their dark green colausymptomatic of a significant serpentine
content. Under microscope, these samples show ‘ntegtures resulting from a partial

replacement of olivine by lizardite (Fig. 6b). Semgne mesh textures are essentially
pseudomorphic, therefore peridotites with thesetutes usually preserve their pre-
serpentinization fabrics (e.g., Wicks and Whittak&®77; Rouméjon and Cannat, 2014),
which also applies in that case (Fig. 6b; for oteamples from the Koniambo Massif, see
Lahondére et al., 2012, their figures 301 to 30d 300 to 312). This suggests that the Upper

structural level behaved almost rigidly ever sitiee early development of lizardite.

The mesh texture in Figure 6b is classical (see thls examples of Lahondere et al.,
2012) in the sense that lizardite forms connectadsh rims’ surrounding isolated olivine
‘mesh cores’ (e.g., Rouméjon and Cannat, 2014)s Tiki a key observation because
theoretical considerations (e.g., Handy et al. 9)2& well as experimental results (Escartin et
al., 2001) indicate that, with such a texture, pleeidotite should be nearly as weak as pure
serpentinite. The rock in Figure 6b contains ~2&¥pantine (estimated from image analysis)
whereas experimental evidence suggests that a 5%0<skrpentine content is enough for
achieving the largest part of the strength drofhwatspect to the strength of a pure peridotite
(Escartin et al., 2001). Therefore, it seems thathighly uneven vertical distribution of syn
to post-serpentinization deformation across thghtesf the Koniambo Massif does not relate
to a parallel gradient in rock strength: within tla@age of observed variations in the degree of
serpentinization, all the rocks should have appnatély the same strength (cf. Escartin et al.,

2001).

5.4. What promoted strain localization at lowerelswof the nappe ?

The above discussion has shown that the degresrdrgtinization is probably not the factor

which led deformation to localize along the soletlod nappe. A simple alternative may be
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considered where the gradient in rock strengtlotslatated within the Peridotite Nappe but
arises from its juxtaposition against rocks of slstratum. In the Koniambo Massif, as for
the other klippes of the northwestern coast, thisssatum is essentially composed of basalts
and dolerites (e.g., Guillon, 1975; Paris, 1981)z€l et al., 2001) (Fig. 3a). Such rocks are
clearly stronger than serpentinites (e.g., lldeéoasal., 2007) and, following Escartin et al.
(2001), also stronger than slightly serpentinizeddmtites. Hence, a strength profile may be
conceived where the whole Peridotite Nappe is weslerlying a stronger substratum.
Deformation is then expected to concentrate inpiré of the weak domain that is the closest
to the strong one, i.e. on the soft side of thennmaeological boundary. This could account

for strain localization along the sole of the nappe

Where basalts and dolerites underlie the Periddtiggppe, the thickness of the
serpentine sole is great (~100-200 m). This iscds® in the Koniambo Massif and the other
klippes of the northwestern coast (e.g., Guillo&79). In contrast, smaller klippes located
further northeast, around the axis of the islaraleha much thinner serpentine sole (~10-20
m) and a substratum made of pervasively schistogegrained sediments with a low grade
metamorphic overprint. Typical examples are theifigbu Massif (e.g., Maurizot et al.,
1985) and a series of kilometer-sized klippes adlotihre Ougne summit (Maurizot et al.,
1989) (Fig. 1). Assuming that the thickness ofgbke depends essentially on the intensity of
shearing, and assuming that the total amount @frsheked to the displacement of the nappe,
Is approximately constant over the area under densiion, this large difference in sole
thickness is consistent with the hypothesis thdbwer vs. higher amount of strain is
accommodated by the nappe when its substratum de rmasoft metasediments vs. strong
mafic rocks, respectively. This supports our prepdisat strain localization along the base of

the nappe results from its juxtaposition agairstr@nger substratum.

6. Conclusion
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Three structural levels have been identified in Kmmiambo Massif. The Upper structural
level, characterized by a dense network of frastukeeps the record of at least two
deformation events, the first associated with amtig (WNW-ESE extension), the second
with polygonal serpentine (NW-SE compression). Thever structural level is represented
by the serpentine sole. It consists of massivetectoreccias overlying a layer of mylonitic
serpentinites. The sole, which records pervasimgertial shear with top-to-SW kinematics,
can be interpreted as a décollement at the batte afappe. The Intermediate structural level
exposes several meters-thick conjugate shear zmwesnmodating NE-SW shortening. Like
the sole, these shear zones involve polygonal sgéngeand magnesite as the main syn-
kinematic mineral phases. The shear zones likelyirdo the basal décollement, either along

its roof or, occasionally, around its base.

Even the least altered peridotites, in the Uppeuctitral level, contain so much
serpentine that, according to theoretical and emysartal work, they should be nearly as weak
as pure serpentinite. Hence, no strong verticalligr in strength due to variations in the
degree of serpentinization is expected within tkigosed part of the nappe. Strain localization
along the serpentine sole probably results fromuk&position of the nappe, made of weak
serpentinized peridotites, against stronger mafaks. In line with this view, the serpentine
sole is about ten times thinner when the substratinthe nappe is made of weak

metasediments, compared to what it is when thetraibsn is made of basalts and dolerites.
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Fig. 1. Simplified geological map of the Grande réerNew Caledonia, showing the
exposures of ultramafic rocks. Most of these raalesoriginally part of the Peridotite Nappe.

Adapted from Maurizot and Vendé-Leclerc (2009).

Fig. 2. a) Geological map of the central and sautlparts of the Koniambo Massif, adapted
from Carroué (1972) and Maurizot et al. (2002).G®neral cross-section of the Koniambo
Massif, located in (a). ¢) Report of the main famitnes along the VA1 section, in the

Vavouto peninsula.

Fig. 3. Two field views at the (a) northern and gbuthern ends of the VA2 section, in the

Vavouto peninsula (location in Figure 2a).

Fig. 4. Close views of the (a) first, (b) second & & d) third reference samples discussed in

the text, and corresponding Raman spectra.

Fig. 5. Field views of serpentine-bearing (a tdal)lt planes and (e & f) shear zones in the

Upper structural level.

Fig. 6. a) Field view of an open pit with a denséwork of fractures, typical from the Upper
structural level (location in Figure 2a). b) Photorograph of a sample representative of the
least serpentinized peridotites within the Konianviassif, from the Upper structural level, in
between the macroscopic fractures. The sample shawgical ‘mesh’ texture composed of

lizardite (Liz) mesh rims surrounding olivine (@lpd orthopyroxene (Opx) mesh cores.

Fig. 7. Lower hemisphere, equal-area projectionnaing the orientation of all measured (a)
syn-antigorite and (b) syn-polygonal serpentineltéaat higher levels of the Koniambo
Massif (location in Figure 2a), and (c & d) theukof the analysis of these fault slip data
using the FaultKin software of Allmendinger et @012). Kamb contours are shown for the

axes of maximum stretching (in ¢) or maximum shartg (in d) with intervals in shades of

grey as depicted in the legend. The parameter Rtes|(€,-€3)/(€1-€3) and describes the
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shape of the strain ellipsoid (R is 0 for pure ¢oason, 0.5 for plane strain, and 1.0 for pure

flattening). Nmax is the number of faults compatiblith the computed ellipsoid.

Fig. 8. Lower hemisphere, equal-area projectionwsing the orientation of faults at two

specific sites (location in Figure 2a), and theultesf the analysis of these fault slip data.

Fig. 9. Lower hemisphere, equal-area projectionég the orientation of faults and minor
shear zones at roadsite ‘620 m’ (location in Figgag, and the result of the analysis of this
fault slip dataset. Kamb contours are shown for @akes of maximum shortening with

intervals in shades of grey as depicted in therldge

Fig. 10. Field views of (a to d) SZ1 and (e) SZ&9 imajor low-dipping shear zones typical
from the Intermediate structural level (locationFigure 2a). Plg, polygonal serpentine; Mgs,
magnesite. f) Lower hemisphere, equal-area prgecthowing the orientation of structural

elements in the two shear zones (see the text).

Fig. 11. Field views of the reverse-slip fault zon#gh top-to-ENE kinematics shown in

Figure 2a,b.

Fig. 12. Field views of the serpentine sole in Wavouto peninsula, along the (a & b) VAL
and (c & d) VA2 sections (location in Figure 2)gPpolygonal serpentine; Mgs, magnesite.
e) Lower hemisphere, equal-area projection showhegorientation, along the VA1 section,
of large shear planes (shown as orange squaressegping poles of planes), of planar
magnesite veins (shown as great circles) in betweajor shear zones, and of fold axes

(shown as black dots) of folded magnesite veinkiwithe shear zones.

Fig. 13. Field views (a to ¢) and microphotogragh i(lustrating the relationships between

magnesite and deformation in the serpentine sole.

Fig. 14. Left, block-diagram depicting the styled#formation in the three structural levels

identified in the Koniambo Massif. For the Upperustural level, the drawing shows the
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deformation associated with polygonal serpentirahear than with antigorite, because
polygonal serpentine is also the main mineral pleEss®ciated with major structures in the
other structural levels. Roadsite ‘620 m’ is shoatnthe top of the Intermediate structural
level to highlight its location at lower elevation comparison to the main area of fault
measurements (see Figure 2a). Right, synthestseafesults of strain inversion as a function
of the structural level (vertically) and as a fuaoctof the main minerals associated with

deformation, which enable the determination ofgusace of events (horizontally).

Fig. 15. Schematic cross-section depicting theicadrdistribution of deformation within the
Peridotite Nappe by the time top-to-SW shearinquoed along the serpentine sole. ‘r1’ to
‘r4’ are geometric relationships discussed in #h.tThe thickness and the topography of the

nappe are poorly constrained and are likely to ldnamged during deformation.
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We study the deformation associated with serpentines in the New
Caledonia ophiolite

Structural analysis is coupled with mineralogical characterization

The evolution of deformation through space and time is described

The reason for strain localization along the sole of the nappe is discussed



