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Abstract

Convergence and subduction started in the Late Palaeocene, to the east of New Caledonia, in the
South Loyalty Basin/Loyalty Basin, leading to the formation of the Subduction-Obduction Complex of
Grande Terre. Convergence during the Eocene consumed the oceanic South Loyalty Basin, and the
north easternmost margin of Zealandia (the Norfolk Ridge). The attempted subduction of the Norfolk
Ridge led eventually to the end-Eocene obduction. Intra-oceanic subduction started in the South
Loyalty Basin, as indicated by high-temperature amphibolite (56 Ma), boninite- and adakite-series
dykes (55-50 Ma), and changes in sedimentation regime (55 Ma). The South Loyalty Basin and its
margin were dragged to a maximum depth of 70 km, forming the high pressure — low temperature
Pouébo Terrane and the Diahot-Panié Metamorphic Complex, before being exhumed at 38-34 Ma.
The obduction complex was formed by the stacking from NE to SW of several allochthonous units
over autochthonous Zealandia, which include the Montagnes Blanches Nappe (Norfolk Ridge crust),
the Poya Terrane (crust of the South Loyalty Basin), and the Peridotite Nappe (mantle lithosphere of
the Loyalty Basin). A model of continental subduction accepted by most authors is proposed and
discussed. Offshore continuations and comparable units in Papua-New Guinea and New Zealand are
presented.
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The Subduction-Obduction Complex of Grande Terre, the main island of New Caledonia, is one of the
most studied features of the geology of the country. The association in the same island of a large
ultramafic unit, the Peridotite Nappe, and an extensive high pressure - low temperature (HP-LT)
metamorphic belt, had drawn already the attention of geologists in the 1970s, when plate tectonics
was still a new theory. The term ‘subduction’ was first defined in the European Alps by Amstutz
(1951), but at the time was outside the conceptual framework of plate tectonics. It was only in the
1970s that it was recognized as the process of consumption of an oceanic lithosphere under an
oceanic or continental lithosphere at convergent plate boundaries. Conversely, ‘obduction’, the
reverse process of overthrusting of a dense oceanic lithosphere (an ophiolite) onto a lighter
continental lithosphere, was defined by Coleman (1971), with the examples of the Papuan Ultrabasic
Belt, and the Peridotite Nappe of New Caledonia. Later, the gradual improvement of knowledge on
the geology of New Caledonia and its surrounding marine domain, showed that both Peridotite
Nappe, HP-LT Metamorphic Belt, and some other units, were part of a single set, herein termed the
Subduction-Obduction Complex, accreted during Palaeogene convergence.

The Subduction-Obduction Complex comprises several allochthonous units (Fig. 1 and Fig. 2) stacked
over the autochthonous Norfolk Ridge, north easternmost continental margin of Zealandia (Luyendyk
1995; Mortimer et al. 2017). These units are successively, in their order of superposition (with first
reference), i) the Montagnes Blanches Nappe (Maurizot 2011). ii) the Poya Terrane (Cluzel et al.
1994). iii) the Peridotite Nappe (Avias 1967). In the north-eastern part of Grande Terre, the HP-LT
Eocene Metamorphic Belt, represents the metamorphosed equivalent of the three aforementioned
units.

In this chapter we review the large amount of published data on these different units as well as their
interpretations. In the literature, both the European Alpine ‘Nappe’ and circum-Pacific ‘Terrane’
terms have been used although they have substantially different meanings. A nappe is primarily
characterized by its flat-lying geometry whereas a terrane is mainly characterized by its internal
tectono-stratigraphic homogeneity, both having clear tectonic boundaries. The terminology which is
adopted and recommended in this memoir (Table 1), results more from the history of exploration of
the island than from a formal logic, but for the sake of continuity, past terminology has been retained
in this chapter.

Formal unit Nature Reference Other obsolete term and reference
Montagnes Blanches Nappe fﬁidn';réznggnwﬁﬁﬁg?:rﬂ? it Maurizot 2011 Koumac Terrane [Cluzel et al. 1984)
Poya Terrane Oceanic to continental crust of the South Loyalty Basin | Cluzel et al. 1994  Basalt Formation (Paris 1381)
Poya Terrane Basalts Genuine oceanic crust Cluzel et al. 2017
Koné Facies Ocean-continent transitional crust Cluzel et al. 2017
Eocene Metamorphic Belt HP-LT subduction complex This chapter
Dihot Paié Mtamorphic Complex | MeEMOrphosed sedimentary cover ofthe thinned | 1y chaprer - DiahotFondé Terrone (Cucel et ol 2003
Pouébo Terrane Ophiolitic melange Cluzel etal. 2001 Pouébo Eclogite (Aitchison et al. 1995)
Peridotite Nappe Ophiolitic mantle lithosphere Avias 1967

Table 1 Terminology of formal tectonostratigraphic units used and recommended in this memoir, in
their order of presentation in this chapter.



In this chapter the terms “Loyalty Basin” and “South Loyalty Basin” are defined as below. At present,
the Loyalty Basin (LB) is the oceanic basin located between the Grande Terre and the Loyalty Islands,
in which the Peridotite Nappe is rooted (Collot et al. 1987). The term South Loyalty Basin (SLB) has
been created (Cluzel et al. 2001) and is used in this chapter, to account for the pre-obduction history
and especially, the origin of the oceanic material partly or totally involved in the Eocene subduction.
Thus, the oceanic (marginal) basin that opened to the E or NE of the Norfolk Ridge during the Late
Cretaceous-Paleocene is termed Loyalty/South Loyalty Basin (LB/SLB). After the Early Eocene
subduction inception, the LB represented the upper plate and the SLB the lower plate of the
subduction/obduction system. The obducted part of the LB (upper plate) is now represented by the
Peridotite Nappe (Collot et al. 1987), while the SLB is only known by its obducted (Poya Terrane
Basalts), metamorphosed and exhumed remains (Pouébo terrane, Cluzel et al. 2001). According to
this interpretation, the North Loyalty Basin is in part the remaining (rear-arc) part of the original LB
and in part the back-arc basin of the Eocene Loyalty Arc, coeval to the South Fiji Basin, which is
involved in the active subduction of the Vanuatu Arc (Monzier 1993).

Parts of the sedimentary units are already described in chapter 4 (this memoir) from a stratigraphic
and lithologic point of view. Proposed models of evolution and coeval units in Papua-New-Guinea
and New Zealand are presented and discussed in the final part of this chapter. Whenever
unpublished information is newly brought into the present chapter it is referred to as “this work”.

Montagnes Blanches Nappe

In the Koumac area, a Late Cretaceous to Eocene sedimentary succession displays large southwest-
verging overturned folds and thrust folds. Although its base is not known, due to a general
décollement in sheared Late Cretaceous black argillite, the succession is supposed to correlate with
the sedimentary cover lying on the basement greywackes (cf. chapter 3, this memoir) which are
exposed to the southwest. The unit, in the Koumac area, has been called Koumac Terrane (Cluzel et
al. 1994; Cluzel et al. 1995b). It is rooted in the north, and clearly allochthonous farther south, thrust
over the top of the Eocene Bourail Group turbidites, and structurally sandwiched between it and the
overlying Poya Terrane. In this area the Montagnes Blanches Nappe is so-named after the local name
of the white coloured ranges marking the limbs of the Bourail anticline (Maurizot 2011).

Except for a few slices of basement greywackes in the Bourail area, the sedimentary succession is
very consistent throughout the whole terrane (chapter 4, this memoir). The lowermost levels
comprise the ‘Mamelons Rouges’ Formation (Tissot & Noesmoen 1958) of argillite and siltstone with
widespread nodules containing Coniacian—Early Campanian fossils (ammonites and inocerams,
chapter 4, this memoir). These beds grade into the Black Chert Formation, previously termed
“phtanites” (Routhier 1953), a Late Campanian-Maastrichtian silicified equivalent of the underlying
‘Mamelons Rouges’ Formation, owing to remobilisation of its abundant siliceous fossil content of
radiolarians and sponge spicules. The black argillites and cherts are rich in organic matter (total
organic content > 1 %, Maurizot 2011, and chapter 4, this memoir). The black cherts pass gradually
into pelagic micrite deposited from the late Maastrichtian to the Early Eocene. The micrite is overlain
by calci-turbidite and calci-debrite of the Early Eocene—base Middle Eocene, which display soft-
sediment deformations. The calci-turbidites alternate with an increasing amount of coarsening
upward graded breccia beds termed ‘Buadio Breccia’ (Routhier 1953) that rework all the elements of
the underlying sedimentary pile, including large blocks surrounded by breccia of the same



composition, interpreted as olistoliths, accumulated in front of a southward propagating fold-thrust
belt. Notably, the breccia contains no clasts of Poya Terrane.

The Late Cretaceous to Palaeocene sedimentary succession in the Montagnes Blanches Nappe is
essentially made of pelagic to hemipelagic deep-sea deposits (argillite, chert, micrite), with dominant
biogenic input (radiolarians, sponge spicule, planktonic foraminifera), and subordinate terrestrial
contribution. It can be interpreted as having been deposited on the thinned north-eastern margin of
Zealandia. During the Late Cretaceous, reduced sedimentation, deposited in anoxic conditions, took
place during post-rift thermal subsidence. During the Palaeocene, micrite deposition marked a return
to normal oxygenated conditions and possibly warmer climate. During the Early Eocene, the same
pelagic carbonate material records a dynamic depositional regime, with turbidites and breccia,
marking a change from stable conditions to a syn-tectonic regime. The entire succession was
subsequently thrust over the top of the younger turbidites of the southward-propagating Eocene
flysch basin (Maurizot 2011, and chapter 4, this memaoir).

Poya Terrane

The former autochthonous ‘Formation des Basaltes’ (Basalt Formation) of Paris (1981) is now
universally regarded as an allochthonous unit, the Poya Terrane (Aitchison et al. 1995; Cluzel et al.
1994; Cluzel et al. 2001; Cluzel et al. 1995b; Cluzel et al. 1997; Eissen et al. 1998). The Poya Terrane is
an imbricate thrust complex which lies between the Peridotite Nappe and the Montagnes Blanches
Nappe. It is divided into two units, Poya Terrane Basalts and Koné Facies. The former is made of
narrow slices of oceanic material (dominant basalt and rare thin drapes of argillite and chert), while
the latter mainly consists of thicker fine-grain sedimentary units intruded by dolerite sills (Cluzel et al.
2017).

The main body of the Poya Terrane crops out along the southwest coast of Grande Terre, beneath
the klippes of the Peridotite Nappe. To the south and east, smaller and discontinuous slivers of Poya
Terrane occur beneath the Massif du Sud and its northeastern extension along the east coast, and
above thin slices of Montagnes Blanches Nappe. The southernmost occurrences of the terrane are in
Ouen Island, under the Peridotite Nappe; while basalt possibly related to the Poya Terrane has been
intersected at the bottom of the Amédée Islet borehole, on the barrier reef, to the southwest of
Nouméa (Cabioch et al. 2008). Magnetic anomalies have been attributed to the offshore extension of
the Poya Terrane, over 200 km below the Northern Lagoon (Collot & Misségue 1986) and over 500
km to the southwest of Nouméa Peninsula (Lagabrielle & Chauvet 2008; Rigolot 1988). However,
these anomalies could also be related to Late Cretaceous volcanic rocks or basement terrane rocks. A
single sample of enriched mid-ocean ridge basalt (E-MORB), collected during the GEORSTOM cruise,
c. 200 km to the SE of Grande Terre, is comparable with Poya Terrane basalts (Daniel et al. 1976;
Mortimer et al. 2014a). Inliers of basalts involved in the Eocene HP-LT metamorphic complex
between Hienghene and Poindimié, and metamorphosed into blueschist facies, are correlated with
Poya Terrane (Maurizot et al. 1984).

Poya Terrane Basalts (PTB)

The PTB unit consists of upright stacked slices of basalt, only a few m to a few 10 m thick in individual
intact stratigraphic sections, and subordinate m to several m-thick beds of red, black, white, and
green radiolarian chert, argillite, and ferro-manganiferous jaspers (Fig. 3a, b). Lenses of manganese
oxide and low-grade gold-bearing copper sulphide of volcanogenic massive sulphide deposit type, are



associated with the sedimentary inliers. In one of these deposits near Koné, clusters of worm tubes in
the sulphide ore represent the remains of a seafloor hydrothermal vent and its associated living
community (chapter 9, this memoir, and Oudin et al. 1985). Basalts are crosscut by a number of
brittle- to semi-brittle shears and tension cracks. Most of sedimentary inliers are fault-bounded,
locally folded with steeply dipping fold axes. Basalts are generally massive and locally coarse grained,
with apparently only rare pillow basalt occurrences (e.g. Gatope Peninsula or Pandop Peninsula, Fig.
3c). However, pillow structures may have been erased by weathering, and pillow “ghosts” appear
locally in deeply weathered basalt. Inter-pillow material is scarce and argillite drapes are commonly 2
to 5 m in thickness, a feature which suggests that abyssal sediments accumulated only after fast
eruption of basalt on the ocean floor. Neither a dyke complex, nor mafic or ultramafic cumulates are
known from Poya Terrane. The basalts are locally cross cut by a dense network of quartz, calcite,
zeolite, chlorite, and/or epidote veins. The basalts are generally affected by hydrothermal-like static
metamorphism of zeolite to lower greenschist facies. In addition to static recrystallization, a rough
schistosity appears near the base of the Peridotite Nappe within a vertical distance of about 100-200
m in basalt, and 300-500 m in sedimentary rocks.

Pervasive alteration has likely disturbed the K-Ar system of the basalts making age dating based upon
this method unreliable (Daniel et al. 1976; Eissen et al. 1998; Guillon & Gonord 1972; Rodgers 1976).
The abyssal argillite of the Poya Terrane has yielded Late Cretaceous (Campanian-Maastrichtian) and
Paleogene (Palaeocene to Early Eocene) radiolarians (Aitchison et al. 1995; Cluzel et al. 2001).

Locally, at Foué and Pinjen peninsulas, reddened pillow breccias and vesicular pillow lavas of alkaline
affinity (see below) are interbedded with and/or overlain by pinkish micrite (Coudray & Gonord
1966), which yield a mixed planktonic microfauna of Late Cretaceous (Globotruncanids) to mid-(?)
Eocene age (Turborotalia cerroazulensis pomerolii). Compared with the dominant argillite and chert
inliers, these rare carbonate occurrences associated with alkaline or back-arc basin basalt (BABB)
lavas might represent shallow parts of the basin in which Poya Terrane basalts were formed
originally, possibly seamounts.

Three contrasting magmatic affinities are present within PTB: BABB, E-MORBs, and alkaline basalts.
Most Poya Terrane basalts display subalkaline (tholeiite) features; i.e., low K>O contents (0.1 < K;0 <
0.5 %), relatively flat chondrite-normalised rare-earth element (REE) patterns (Fig. 4a) with low
(La/Yb), ratios (0.41 < (La/Yb), < 1.93), and Th/Ta ratios (Fig. 4b). Trace elements compositions vary
between light REE (LREE)-undepleted and LREE-depleted end-members.

The LREE undepleted type represents about 80 % of the samples analysed. It comprises basalts and
dolerites containing low-Ti and Al augite, and plagioclase (Anso.70) phenocrysts. The igneous rocks
display flat chondrite-normalised LREE patterns (0.84 < (La/Sm), < 1.17; 0.96 < (La/Yb), <1.43 (Fig.
4a). They also display enrichment in high field strength (HFS) elements (Th, Ta, Nb) and moderately
high Nb/Y and Th/Nb ratios (0.14 < Nb/Y < 0.23; 0.05 < Th/Nb < 0.13, Fig. 4b). ¢éNd values back-
calculated to 80 Ma (Campanian) vary from 2.77 to 6.72, within the range of typical E-MORB lavas
(Sun & McDonough 1989). Their &Sr/%Sr ratios (0.70386 < (87Sr/%6Sr) < 0.70599) are also consistent
with E-MORB affinities but reveal some Sr mobility due to hydrothermal alteration and weathering
(Fig. 4c). E-MORBs were originally considered the dominant type (Cluzel et al. 2001); however, their
importance within PTB has been largely overestimated for two reasons: i) E-MORB dolerites are
younger, according to their intrusive nature and ages (see below) and better preserved than the bulk



of PTB and have been oversampled, and ii) most E-MORBs actually are sills intruded in the Koné
Facies (see below) and have been wrongly taken for oceanic crust basalts.

The LREE depleted (BABB) type has been identified in a few areas of the Poya Terrane: near Koné,
Gatope peninsula, Poya, Ouazangou and Koumac (west coast); and in the Canala and Thio areas (east
coast); however, its area of extent is probably much larger. The depleted-type rocks (SiO, = 46-50 wt
%; MgO = 6-8 wt %; TiO; = 0.96-1.57 wt %) contain augite microphenocrysts with higher Al and Ti
contents than those of enriched type lavas. They display chondrite-normalised REE patterns with
marked LREE depletion (0.45 < (La/Sm), < 0.69; 0.41 < (La/Yb), < 0.73), clearly distinctive of depleted
MORBs. Expanded multi-element normalised diagrams display typical MORB-like patterns with
respect to HFS elements, with the exception of a slight Nb-Ta depletion. eNd values vary from 7.0 to
11.6, consistent with a depleted mantle source (Fig. 4c). The features of the “depleted type” are
transitional between island-arc tholeiite and N-MORB and thus are similar to lavas erupted in a back-
arc environment (BABB).

Alkaline volcanic rocks occur in one area on the west coast (Foué and Pinjen peninsulas). They
comprise highly vesicular pillow-basalts and pillow breccia with pinkish Al and Ti-rich diopside;
plagioclase (Anso70) and Fe-Ti oxides microphenocrysts in a devitrified groundmass. Due to
weathering, major element concentrations are unreliable; mineral chemistry, high TiO, contents (1.9-
2.4 wt %), HREE depleted and LREE enriched patterns (3.27 < (La/Sm), < 3.8; 10.7 < (La/Yb), < 13.9),
and prominent enrichment in Ta, Nb and Th suggest alkaline character. However, elevated €Nd = (6.7
< eNd < 7.8) are inconsistent with typical oceanic island basalt (OIB) (Fig. 4c).

According to Ali & Aitchison (2000), palaeomagnetic data of the basalts indicate that they have been
generated at about 500 km to the north of their present location. However, the highly altered and
severely deformed state of the unit (see above description) makes such an interpretation somewhat
equivocal.

Koné Facies

Mappable and extensive units of light-coloured sedimentary rocks, dominant over subordinate
basalts, have long been distinguished in the Poya Terrane, near Koné area, as the “Koné facies”
(Carroué 1972a; Paris 1981; Routhier 1953), and reappraised recently (Cluzel et al. 2012b; Cluzel et
al. 2017; Whitten 2015).

Sedimentary rocks of the Koné Facies display successions of well-bedded volcaniclastic, siliciclastic
sandstone, siltstone, argillite, and chert (Fig. 3d). Quartz and feldspar (albite) are dominant as detrital
minerals and in lithic clasts. Sandstones dominate near the structural base of the unit where they
may be several m thick; their thickness and grain size reduce upward and grade into well-bedded silt-
size turbidites with millimetre-thick laminations. Soft sediment deformation features such as slumps
and syn-sedimentary boudinage are common, as expected in gravity-driven slope deposits. These
rocks are locally intruded by dolerite and transformed by contact metamorphism into whitish
massive recrystallized cherts, hornfels, and spotted schists bearing millimetre-size spheroidal
aggregates of chlorite and albite (Fig. 3f). In the Koné area, sedimentary rocks are dominant and
dolerite subordinate; in contrast, near Temala 100 m thick dolerite sills represent about one half of
the bulk formation. Cross-cutting dykes are rare.



The highly disrupted nature of the Poya Terrane makes it impossible to draw an accurate contact
between Koné Facies and PTB. Some intermediate facies occurrences (e.g. abyssal draping
alternating with turbidites) suggest former continuity, later disrupted by tectonic slicing. At a regional
scale, e.g. on the West Coast, most occurrences of Koné Facies are located to the northeast of PTB,
i.e. structurally below it. It is therefore likely that Koné facies rocks are structurally below PTB and
above the Montagnes Blanches Nappe.

Hemipelagic sediments of the Koné Facies yield numerous large inoceramid casts (Fig. 3e), notably
Inoceramus bicorrugatus (Carroué 1972a, b), I. (Sphaenoceramus) angustus, and I. australis (Paris
1981) indicating a Late Turonian to Santonian age (Cooper 2004). These assignments partially make
the Koné Facies a time correlative of Formation a Charbon (Coniacian-Campanian; chapter 4, this
memoir). Radiolarians are widespread in thin sections of fine-grained sediments; however,
identifying them has so far been unsuccessful as a consequence of recrystallization that has only left
silica “ghosts”.

Detrital zircon data and sediment provenance

Cluzel et al. 2017 undertook a detrital zircon study on representative samples of siliciclastic,
volcaniclastic and greywacke-like sandstones of the Koné Facies and compared them to those from
the autochthonous Late Cretaceous Formation a Charbon. All analysed populations contained
relatively young, euhedral (presumed young) zircon and rounded (presumed older) crystals.

The bulk Koné Facies age distribution shows a main Cretaceous population, a lesser Early Mesozoic
group and a minor Paleozoic- Precambrian group. The distribution of Cretaceous zircons shows two
distinct age peaks at 104 Ma (Albian) and 83 Ma (Coniacian-Santonian). Age-probability plots for
individual samples show that all of the Koné Facies sandstones have similar detrital zircon patterns
differing mostly in the magnitude of the youngest Coniacian-Santonian population with respect to
the Albian and older zircon populations (Fig. 5). The youngest Coniacian-Santonian zircon population
is very close to the depositional age determined upon paleontological grounds and likely related to
synchronous magmatic activity, consistent with the volcaniclastic character of most of the
sandstones. The prominent Albian zircon population is widespread in Late Cretaceous sedimentary
rocks of New Caledonia (Cluzel et al. 2011) and New Zealand (Adams et al. 2013a, b, 2016). Albian
rocks are only poorly represented in New Caledonia by scarce volcaniclastic turbidites that share the
same origin as the rest of Mesozoic greywackes from the basement terranes (Adams et al. 2009;
Cluzel et al. 2011). Therefore, Early Cretaceous zircons may locally be derived from volcanic or
volcaniclastic rocks, which were eroded before the Late Cretaceous; or alternatively, from an
external source of this age such as the silicic Eastern Australian Whitsunday Province (Bryan et al.
2012; Bryan et al. 2000). In the locally derived ‘Formation a Charbon’, the relative abundance of 250-
150 Ma detrital zircons and scarcity of Paleozoic zircons is similar to the bulk age distribution in
greywackes of basement terranes (Adams et al. 2009; Cluzel et al. 2011), thus a similar local origin is
likely.

Dolerite age and geochemistry

Dolerite dating has been undertaken by in situ LA-ICPMS U-Pb geochronology on micro-zircons. Most
zircons display concordant U-Pb ages, and all the analyzed dolerite dykes/sills crystallized during a
relatively narrow time interval in the latest Palaeocene and Early Eocene (58.4 + 1.5 - 47.6 + 4.0 Ma,
Cluzel et al. 2017). The dolerite U-Pb ages cluster around 54 + 5 Ma, almost the same age as the



youngest fossil ages from the PTB unit of the Poya Terrane, and approximately coeval (within error)
with pre-obduction ~53 Ma dykes from the Peridotite Nappe (Cluzel et al. 2006), and ~56 Ma inferred
subduction inception (Cluzel et al. 2012a). Therefore, at variance with previous interpretations
(Cluzel et al. 2001), mafic rocks of the Koné Facies are chronologically and thus genetically unrelated
to the enclosing sediments and to passive margin evolution.

All dolerite samples have very similar sub alkaline basalt major and trace element compositions and
display almost flat chondrite-normalized REE patterns (Evensen et al. 1978; Pearce 1982, (La/Yb), =
1.2 + 0.1) without depletion in LREE ((La/Sm), = 1.0 + 0.2), and are diagnostic of E-MORBs (enriched
MORBs), e.g. subalkaline basalts slightly enriched in LREE and large-ion lithophile element (LILE)
incompatible elements with respect to N-MORB (Fig. 3a). A negative slope of LREE undepleted
patterns and fractionation of LILE with respect to high field-strength elements (HFSEs) of some
samples probably signal source heterogeneity, which may be due to near-ridge re-enrichment of the
mantle source, or source mixing. Dolerite sills in the Koné Facies commonly display a weak Nb
negative anomaly, which is not present in E-MORB dykes crosscutting the PTB, and is likely due to
slight contamination by wallrock terrigenous sedimentary rocks. The scarce occurrence of inherited
older zircons (~100 Ma) in some dolerites (Cluzel et al. 2017) supports this interpretation.

On the Hf/3-Th-Ta triangular diagram (Vermeesch 2006; Wood 1980) Koné Facies dolerites plot in a
restricted area similar to that of E-MORB flow and pillow basalts of the PTB. Thus, Koné Facies
dolerites correlate with PTB E-MORBs, suggesting one single magmatic affinity (Fig. 4b), however,
they neither display the typical BABB, nor OIB-like features of the PTB.

Eocene Metamorphic Belt

The Eocene HP-LT metamorphic domain in the northeast of Grande Terre (Fig. 6) is a NW-SE trending
belt, 20 km wide and 200 km long. It is considered as one of the largest in the world (Clarke et al.
1997), and as such, it has been the object of a great number of descriptive and interpretive
publications. The belt underlies the most elevated ridge of Grande Terre, with Mont Panié (1628 m)
as its highest point.

Since the early mentions and descriptions of glaucophane schists and eclogites (Briere 1919; Garnier
1867a, b; Lacroix 1897, 1941), the metamorphic belt has been the subject of numerous detailed
petrological and mineralogical studies (e.g. Bell & Brothers 1985; Black 1970a, b, c; Black et al. 1993;
Black 1973; Black 1975, 1977; Black & Brothers 1977; Black et al. 1988; Blake et al. 1977; Briggs 1975,
1977, 1978; Briggs et al. 1978; Brothers 1970, 1974, 1985; Brothers & Black 1973; Coleman 1967,
Diessel et al. 1978; Ghent et al. 1987a; Ghent et al. 1987b; Itaya et al. 1985; Yokoyama et al. 1986).
More recently, modern thermodynamic approaches and plate tectonic concepts have been applied
(e.g. Agard & Vitale-Brovarone 2013; Baldwin et al. 2007; Carson et al. 2000; Clarke et al. 1997;
Cluzel et al. 2001; Cluzel et al. 1995b; Fitzherbert et al. 2004; Pirard & Spandler 2017; Potel et al.
2006; Rawling & Lister 2002; Spandler et al. 2005; Taetz et al. 2016; Vitale Brovarone & Agard 2013,
and references therein).

The belt has been extensively studied along the Koumac-Ouégoa provincial road N° 7 (PR 7) transect,
and along the NE coast. Conversely, the remote area of the Mont Panié has been largely overlooked.
The south-eastern termination of the belt is in the Touho-Poindimié area where lawsonite and
blueschist facies rocks were identified in the 1980s (Maurizot et al. 1984; Maurizot & Vendé-Leclerc
2009).
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The belt consists of blueschist and eclogite facies metamorphic rocks. The metamorphic grade
increases from southwest to northeast, as does the metamorphic grain size. In this direction,
successive lawsonite, glaucophane, garnet, epidote, and omphacite pseudo-isograds are crossed. The
deformation is polyphase. Broad late foliation antiforms and synforms have been noted by several
authors (Lister & Forster 2009; Maurizot et al. 1989; Rawling & Lister 1999b; Rawling & Lister 2002).

Various classifications have been used to subdivide the belt, based either on metamorphic grade
(Black et al. 1993; Ghent et al. 1987a; Ghent et al. 1994; Maurizot et al. 1989; Paris 1981; Vitale
Brovarone & Agard 2013; Yokoyama et al. 1986), or on protolith composition (Agard & Vitale-
Brovarone 2013; Aitchison et al. 1995; Baldwin et al. 2007; Carson et al. 1999; Clarke et al. 1997;
Clarke et al. 2006; Cluzel et al. 1994; Cluzel et al. 2001; Cluzel et al. 2012b; Fitzherbert et al. 2003;
Fitzherbert et al. 2004; Gautier et al. 2016; Potel et al. 2006; Spandler et al. 2005; Taetz et al. 2016).
The two most frequently used terms are:

- The Diahot - Panié Terrane, dominated by metasediments and metavolcanic rocks.
- The Pouébo Terrane, an ophiolitic melange.

The two terranes have also been termed Diahot Blueschists and Pouébo Eclogite Melange (Pirard &
Spandler 2017; Spandler et al. 2004a; Spandler et al. 2008) in reference to their dominant
metamorphic grades. This distinction has been used mainly in the most accessible Ouégoa-Pouébo
area, and the coincidence of structural and metamorphic boundaries does not necessarily apply at
the scale of the entire belt.

To the northeast, in the Ouégoa-Pam Peninsula area, the boundary between the Diahot and Pouébo
terranes has long been recognized as fault-bounded (Briggs et al. 1978; Clarke et al. 1997; Cluzel et
al. 1994; Maurizot et al. 1989) with obvious metamorphic (pressure, temperature, and fabric) breaks,
justifying subdivision as distinct terranes separated by major structural contacts. To the southwest,
the boundary between the Diahot — Panié Terrane and the Montagnes Blanches Nappe (previously
referred to as the Koumac Terrane, Cluzel et al. 1994) is less obvious, and its delineation is variable
from one author to another. Along the Koumac-Ouégoa section, despite a number of important
along-strike faults, lithology, stratigraphy, and low-grade metamorphism, in both Diahot- Panié
Terrane and Montagnes Blanches Nappe are similar (Potel 2001; Potel et al. 2004; Potel et al. 2006;
Potel et al. 2002). The terrane concept seems difficult to apply for such a transitional contact.

To the southeast, from Hienghéne to Poindimié, various units are included into the Diahot-Panié
Terrane. The following elements are identifiable despite the metamorphic overprint: i) basement
greywackes; ii) Late Cretaceous to Palaeocene sedimentary cover similar to the Montagnes Blanches
Nappe; and, iii) basalt equivalent to the Poya Terrane. All of them are recrystallized in the lawsonite-
glaucophane blueschist facies (e.g. Maurizot et al. 1984). Outside the metamorphic belt, these units
constitute different terranes so it is inappropriate to regard them as a single terrane within the
metamorphic belt.

Such disparate structural and metamorphic terminology clearly results from insufficient data and this
issue can only be solved by further detailed investigations. Meanwhile, it is proposed here to use the
new and more comprehensive term Diahot-Panié Metamorphic Complex instead of Diahot-Panié
Terrane, and to retain the Pouébo Terrane. The southwestern limit of the Diahot-Panié Metamorphic
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Complex approximately corresponds to the lower grade, lawsonite-in isograd of the HP-LT belt. This
is complexly faulted and its delineation needs to be improved.

Diahot-Panié Metamorphic Complex

Basement (cf. chapter 3, this memoir) and cover (cf. chapter 4, this memoir) lithologies, comparable
with unmetamorphosed units of Grande Terre, can be recognized in the Diahot-Panié Metamorphic
complex.

Basement in the Poindimié area is mostly fine-grained greywackes and black siltstones which are part
of the Ponérihouen-Goipin unit of the Koh-Central Terrane. Despite the metamorphic overprint,
identifiable macrofossils have been found in lawsonite-glaucophane schists, including Late Triassic
Monotis and Late Jurassic inoceramids (Maurizot et al. 1984) to the south of Poindimié. Inoceramids
of the Late Jurassic have been collected at Kavatch (Paris 1981). Upstream the Diahot River
(Paimboas), blueschist facies rocks have yielded an unimodal Early Cretaceous zircon population (102
+ 3 Ma, Albian) some of them with an Eocene recrystallization rim. This rock has been interpreted as
a meta-greywacke of the Koh-Central Terrane (Cluzel et al. 2010a).

On both sides of the Diahot River, typical lithologies of the Late Cretaceous sedimentary succession
are present, some are still fossiliferous. The base of the syn-rift sequence is not exposed. Most of the
sedimentary rocks consist of silty to sandy black shale and rare microconglomerates, without coal
beds. Bimodal volcanism, of volcanic-arc affinity (Diahot Volcanic Rocks, cf. chapter 4, this memoir) is
represented, by meta-basalts/andesites and meta-rhyodacites/rhyolites. Felsic lavas and their
pyroclastic equivalents are closely associated with small polymetallic massive sulphide deposits
bearing base metals and gold (cf. chapter 9, this memoir). The metamorphosed post-rift succession
includes equivalents of the 'Mamelons Rouges' and Black Cherts formations, which are
metamorphosed to black schists and black siliceous schists (Fig. 7a). Fossiliferous nodules from
schistose ‘Mamelons Rouges’ beds have yielded Late Cretaceous Inoceramids of Late Turonian to
Santonian age (Espirat & Milon 1965; Maurizot et al. 1989; Paris 1981). Youngest detrital zircon ages
in meta-sandstones are in the range of 76-97 Ma (Cluzel et al. 2011) and 67-88 Ma (Pirard & Spandler
2017), thus confirming the Late Cretaceous age (and stratigraphic equivalence) of the protolith.
Zircon age spectra are similar to those of the Late Cretaceous ‘Formation a charbon’, and suggest a
similar local provenance.

To the north of Pam Peninsula, the Bouehndép massif, 5 km long and 1 km wide, consists of eclogitic
felsic gneisses with large (5 mm) albite porphyroblasts, epidote, and omphacite. This unit, originally
referred to as "leptynite" (Espirat 1963) has been interpreted as a metamorphosed hypabyssal
intrusion of rhyolite composition (Black et al. 1988; Clarke et al. 1997; Maurizot et al. 1989). U-Pb on
zircon ages of this rock are 83 + 2 Ma (Cluzel et al. 2011) and 90 to 75 Ma (Pirard & Spandler 2017).
U-Pb ages on zircons at 108 and 202 Ma are mentioned by Baldwin (2007). The diversity of ages in
these rocks, some of them being comparable with ages of detrital zircons of the Late Cretaceous
‘Formation a charbon’, suggests a possible meta-sedimentary, mixed volcano-sedimentary origin; or
alternatively, zircon heritage and contamination of a shallow level intrusion by late Cretaceous
surrounding rocks.

In the area of Hienghéne the renowned tourist sites of the ‘Hen’, Sphinx and Lindéralique Rocks, are
composed of chert, micrite with chert, micrite, and pink calciturbidite, similar to that of the
Montagnes Blanches Nappe, recrystallised into quartzite and microsparite by the Eocene
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metamorphism. Globigerinid and discocyclinid “ghosts’ were reported in metamorphosed limestone
lenses and boulders, north of Hienghéne, at the Tao Waterfall (Arnould 1958, p. 351 and plate XX -
XXI; Arnould & Routhier 1957; Carroué 1971), however the sampling locality has never been found
again.

Pouébo Terrane

The Pouébo Terrane is a typical ophiolitic mélange (Fig. 7b), a heterogeneous and chaotic association
of 10 cm to 1 km size boulders of mainly meta-basaltic rocks with rarer felsic meta-sedimentary
rocks, intimately associated with a serpentinite matrix. Generally, the metabasic rocks form
competent blocks or lenses more or less rotated within the sheared soft serpentinite matrix. A few
blocks of ferro-manganiferous meta-chert are also present. Serpentinite is typically associated with
talc, chlorite, and phengite. Metamorphic grade is eclogite, blueschist, and garnet amphibolite facies
(Maurizot et al. 1989).

There is substantial evidence that the Pouébo Terrane protolith is in part derived from the Poya
Terrane. Mafic rocks from both terranes are geochemically and isotopically identical (Cluzel et al.
2001; Spandler et al. 2004b). Mineral phases of low-temperature seafloor alteration by sea water,
which are common in the Poya Terrane, have been reported within the recrystalisation rim of
eclogite facies zircons of the Pouébo Terrane (Spandler et al. 2004b). Eclogite blocks of the Pouébo
Terrane have yielded Late Cretaceous and Palaesocene magmatic zircons dated at 85 Ma and 50-55
Ma (Pirard & Spandler 2017; Spandler et al. 2005) which correlate with the paleontological age of the
Poya Terrane Basalts and U-Pb age of dolerites of the Koné Facies.

The Pouébo Terrane is restricted to the northwest part of the metamorphic belt. To the southeast,
only one occurrence of melange-like high grade metamorphic rock is mentioned at Anse Ponandou,
between Poindimé and Touho, where stretched conglomerate, glaucophane schists and eclogite are
exposed (Black & Brothers 1977; Maurizot et al. 1984); however, it is not associated there with
serpentinite.

Metamorphism, structure, and age

The Diahot-Panié and Pouébo terranes have contrasting lithologies and tectonic facies. Gneisses and
schists of both terranes display generally a well-developed foliation and stretching lineation. The
number of interpreted deformation-metamorphism stages invoked for the metamorphic rocks is
varied. It ranges from two (Maurizot et al. 1989), three (Cluzel et al. 1995a), four (Bell & Brothers
1985; Fitzherbert et al. 2004), three to seven (Clarke et al. 1997), and eight (Rawling & Lister 2002).
This diversity of interpretations is unlikely to fit into a single consistent model, and probably reflects
the discontinuous perception of a more or less continuous process.

Field observations, mineral relationships, and geothermobarometry indicate a clockwise pressure-
temperature-time path (P-T-t) in both terranes (Fig. 8c), starting with prograde metamorphism in the
blueschist facies, peak metamorphism in the eclogite facies, then retrogression through blueschist
and greenschist facies. The prograde path is attributed to progressive burial and subduction of the
protolith. The retrograde path corresponds to its exhumation (see below).

In the Diahot-Panié Metamorphic Complex, crystallinity of organic matter and illite show a
progressive increase in metamorphism from a diagenetic zone, through very low grade to low grade
metamorphic zones (Diessel et al. 1978; Potel 2001; Potel et al. 2004; Potel et al. 2006; Potel et al.
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2002). For convenience, the first appearance of lawsonite is commonly used as marking the
southwestern limit of the complex.

In the Pouébo Terrane, common rocks are gneiss and amphibolite (with barroisitic amphibole,
omphacite and garnet diagnostic of the eclogite-facies peak metamorphism). Garnet commonly
preserves complex curved to spiral-shaped inclusion trails (Clarke et al. 1997). Complex vein
networks, composed of garnet—quartz—phengite assemblage, in blueschist and eclogite, represent
channelized fluids collected by dehydration processes of hydrous phases of the host rock during
prograde metamorphism (Spandler & Hermann 2006; Taetz et al. 2016). Decussate aggregates of
actinolite-tremolite laths (up to 10 cm in length), associated with phengite and magnetite, which
form rims, a few cm to a few dm-thick around eclogite boulders indicate static retrogression into the
greenschist facies.

Geothermobarometry of various mineral assemblages (Agard & Vitale-Brovarone 2013; Carson et al.
1999; Clarke et al. 1997; Fitzherbert 2002; Fitzherbert et al. 2003; Fitzherbert et al. 2004; Taetz et al.
2016; Vitale Brovarone & Agard 2013), Raman spectroscopy of carbonaceous material (Agard &
Vitale-Brovarone 2013; Vitale Brovarone & Agard 2013), and oxygen isotope (*¥0/°0) fractionation
in quartz, calcite, muscovite, pyroxene and amphibole (Black 1974), have been used to constrain the
metamorphic P-T conditions. These estimates are summarized in Fig. 8c. The P-T conditions for the
lawsonite-in isograd of the Diahot-Panié Metamorphic Complex are assessed at c. 300 °C and 0.8
GPa. The peak metamorphism of eclogite in the Pouébo Terrane is constrained to a maximum
temperature of 550-650 °C at a range of maximum pressure of 1.6-2.4 GPa. The most recent
estimates based on pseudosection modelling and Tmax value of Raman spectroscopy suggest
maximum temperatures of 550 °C (Vitale Brovarone & Agard 2013). P-T values for the two units point
to a maximum of c. 70-80 km of burial (Agard & Vitale-Brovarone 2013).

Spatial discontinuities are revealed by contrasting deformation styles and metamorphic gaps through
major faults, especially between the Pouébo Terrane and the Diahot-Panié Metamorphic Complex.
Along the northeastern coast and in the Ouégoa area, the Pouébo Terrane, which has the higher
metamorphic grade, forms the core of a regional foliation antiform, wrapped by the Diahot-Panié
complex (Cluzel et al. 1995a). The regional foliation bears a penetrative stretching lineation, trending
ENE-WSW; it is marked by stretched pebbles, quartz rods, aligned amphibole needles, pressure
shadows around phenocrysts, and sheath folds (Fig. 8a). Synkinematic minerals related to the
stretching lineation belong generally to retrograde metamorphic events (e.g. blueschist after eclogite
assemblage, quartz-chlorite pressure shadows around garnets).

There are many radiometric ages from both terranes. Ages measured on whole rocks are much
dispersed and are difficult to interpret due to mixing of mineral phases of different ages (Blake et al.
1977; Ghent et al. 1994; Taetz et al. 2016). Ages measured on single minerals are more pertinent and
have allowed reconstruction of the P-T-t path (Fig. 8c).

Newly formed zircon rims are only developed in the higher-grade rocks (beyond garnet-in grade). In
the Ouégoa area of the Diahot-Panié Metamorphic Complex, zircon rims yielded U-Pb ages of 39.1
1.0 and 37.2 + 1.8 Ma (Pirard & Spandler 2017). In the Early Cretaceous meta-greywacke of Paimboas
area, thin recrystallization rims are dated at 38 + 3 Ma (Cluzel et al. 2010a). Therefore, peak
metamorphic age of the Diahot-Panié blueschist could be close to c. 38 Ma. In the Pouébo Terrane,
zircon rims in eclogites yielded ages of 44.1 £+ 0.9, 44.5 + 1.2, and 47.9 + 5.3 Ma (Spandler et al. 2005)
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and 40.4 + 5.2 Ma (Pirard & Spandler 2017). The former age has been obtained in zircon rim
containing preserved inclusions of barroisite, diagnostic of eclogite facies. A non-retrograde eclogite
of the same terrane yielded a poorly constrained Rb-Sr rock-mineral isochron age of c. 38 Ma, (Taetz
et al. 2016). On average, the age of the peak metamorphism of Diahot-Panié Metamorphic Complex
is centred on 38 Ma, and that of Pouébo Terrane on 46-40 Ma, although some of these values
overlap within error.

More than 50 *°Ar/**Ar ages (Baldwin et al. 2007; Ghent et al. 1994; Rawling 1998) and a few K/Ar
ages (Blake et al. 1977; Coleman 1967) on phengite, fuschite, and K-feldspar have been published.
They span the 28 to 40 Ma period, but cluster at about 38 Ma (Fig. 8d). Phengite is considered as a
retrogressive phase that formed during cooling and decompression at 350-450 °C and 0.8—0.5 GPa.
Apatite fission track on one sample of the Bouhendép felsic eclogite yielded an age of 34 + 4 Ma for
an estimated closure temperature of 150 °C (Baldwin et al. 2007); whereas in the same sample
locality, K-feldspar and phengite yielded age of c. 35.5 Ma.

On the whole, these data provide a consistent picture of the metamorphic evolution through Eocene
of the metamorphic belt. The basement and its Late Cretaceous - Palaeocene cover (Diahot-Panié
Metamorphic Complex) as well as part of the Pouébo Terrane, were progressively subducted towards
the northeast (see “Discussion” below), at a maximum depth of 70-80 km, then exhumed, as
indicated by the P-T-t path. The oldest preserved metamorphic minerals are Middle Eocene, whilst
the youngest are Late Eocene. Distinct P-T-t paths for the two terranes indicate independent
evolution, albeit at about the same time. The peak metamorphism, which preceded exhumation
inception, was delayed for about 6 My in Diahot-Panié Metamorphic Complex compared to Pouébo
Terrane, and record the time elapsed by Pouébo eclogites to travel the vertical distance of about 30
km that originally separated them from the Diahot-Panié schists. In contrast, tight clustering phengite
ages at 36-38 Ma in both terranes suggest synchronous retrogression and cooling, and advocate for
their exhumation as a coherent single block. Although it has to be confirmed by additional work, the
single fission track on apatite (AFT) age at 34 Ma suggests fast final exhumation at the end of Eocene.

Peridotite Nappe

The Peridotite Nappe (Avias 1967), is a major element in the geology and economy of New
Caledonia. Together with other large ophiolitic complexes, such as Oman ophiolite, the New
Caledonia Peridotite Nappe hosts one of the largest and best-preserved mantle sections in the world,
and offers important insights on upper mantle processes. The ultramafic unit is particularly well
preserved because it has not suffered subsequent collision and unlike many other ophiolites
worldwide still lies close to its original oceanic basin (Collot et al. 1987; Patriat et al. 2018).

Located structurally above all the accreted terranes of Grande Terre, the peridotite massifs
topographically overlie all other formations (Fig. 9 and Fig. 2). Altogether, the ultramafic sheet
represents an area of 5500 km?, out of the 16500 km? of Grande Terre. Along the continuation of the
Grande Terre axis, the north westernmost (Bélep) and south easternmost (lle des Pins) islands are
the most remote exposures of the Peridotite Nappe. The ultramafic unit has been recognised by
positive gravity anomalies (Fig. 1) as far as 300 km northwest of Grande Terre (Collot & Misségue
1986; Collot et al. 1988). Geophysical and seismic data show that the Peridotite Nappe is also present
farther South of Grande Terre, from the lle des Pins to as far as the Cook Fracture Zone, 300 km
further South (Auzende et al. 2000a; Patriat et al. 2018, see below). Geophysical modelling based on
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seismic data and free air positive gravity anomalies suggests that beyond the East Coast, the
Peridotite Nappe is rooted in the Loyalty Basin and merges with its lithospheric mantle (Bitoun &
Récy 1982; Collot et al. 1987; Patriat et al. 2018).

The Peridotite Nappe overlies a variety of terranes, including basement terranes (cf. chapter 3, this
memoir), cover (cf. chapter 4, this memoir), Montagnes Blanches Nappe and, especially, Poya
Terrane. The basal contact is commonly a shallow dipping thrust, marked by a sole of foliated and
brecciated serpentinite mylonite 10 m to 200 m thick. Post-obduction tectonic events and erosion
have disrupted the Peridotite Nappe into several units and klippes of different sizes, and
morphologies, showing variable relationships to underlying terranes (Fig. 10a, b):

1) The absence of ultramafic klippes overlying the HP-LT Metamorphic Belt is noteworthy. The
only apparent exceptions are the Yambé Massif, an inlier of a few km? included in the
Pouébo Terrane, with which it shares deformation and metamorphic grade (Fitzherbert et al.
2002), and smaller peridotite lenses, which appear locally along the northeast coast.

2) In the low-grade part of the metamorphic belt, in the Pic Ougne Zone, kilometre-scale
elongated lenses of peridotite are associated with serpentinite, and basalt of the Poya
Terrane. Peridotite form a series of asymmetric synforms, overturned to the southwest
(Gautier et al. 2016; Maurizot et al. 1989). Serpentinites are tightly pinched and deeply
rooted in the schists, with which they share the same deformation, pending some differences
due to contrasting shear strength. Intricate slivers of serpentinite, basalt, dolerite, and red
chert form lenses in local tectonic melange. Both serpentinite and peridotite contain Early
Eocene supra-subduction dykes identical to those of Peridotite Nappe (see below “Dykes”).

3) Kme-size Central Chain Klippes overlie the basement terranes of that backbone part of Grande
Terre. Their serpentinite soles are characteristically complex and pinched in a number of
upright tectonic slices within the basement.

4) Larger klippes (5-10 km) are aligned along the southwestern coast. They dominantly overlie
the Poya Terrane. However, their northeastern flank locally rests directly over the Central
Chain terrane. The serpentinite sole of most of these massifs, e.g. from Thiébagi to Kopéto
massifs, is asymmetric: a few tens of metres to the northeast and steeply dipping, whereas it
commonly reaches 200 to 300m to the southwest with a shallower dip.

5) The largest and most continuous area of Peridotite Nappe (3800 km?) lies in the south of
Grande Terre. It comprises the Massif du Sud and its coastal extension, Massifs Cote Est.

In general, the Peridotite Nappe lies undeformed above its sole, in contrast with the complexity of
underlying terranes and especially the imbricate structure of Poya Terrane. Along the West Coast,
the flat-lying ultramafic klippes clearly truncate major tectonic features, notably the boundaries
between basement-cover and allochthon units (e.g. Kopéto and Mé Maoya klippes). On the East
Coast the basal thrust dips 30° toward the Loyalty Basin (Guillon 1975). Kinematic indicators in the
serpentinite sole in the well-exposed human-made outcrops at the base of Koniambo Massif indicate
top to the southwest motion (Gautier et al. 2016; Quesnel et al. 2013; Quesnel et al. 2016). The
intensity of brecciation decreases upwards as well as spacing of the shear zones. Post-obduction
faulting is widespread (cf. chapter 7, this memoir).

The continuity and consistency of structural markers, notably the mantle fabric (see below), suggests
that there is no large duplexing or thrusting within the nappe. Morphologically, above the basal sole,
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the ultramafic unit constitutes a mountain front with steep slopes, commonly reaching 500 to 1 000
m in height. Assuming that the Peridotite Nappe is a horizontal sheet (see below), the maximum
thickness of the mantle section, measured in the Massif du Sud (Tontouta River), between the base
(close to sea level) and the highest summit of the Peridotite Nappe (Mont Humboldt, 1 618 m), does
not exceed 2 000 m, although originally, before post-obduction dismantling, erosion, and weathering
it was possibly much thicker.

Regolith surfaces and associated lateritic weathering profiles, where are located a number of
supergene nickel deposits (laterite type, cf. chapters 7 and 10, this memoir) are mostly on top of the
nappe. At large scale, the main regolith surface, dated at ca. 25 Ma by palaesomagnetic methods
(Sevin et al. 2014), displays a double longitudinal and transversal upwarp, roughly parallel to the
basal sole of the Peridotite Nappe (Fig. 10f).

Lithology

The Peridotite Nappe is dominantly formed of upper mantle rocks (Fig. 13, 14, 15), mostly
harzburgite, dunite, and rare lherzolite, the latter restricted to the northernmost massifs of the
Southwestern Coast Klippes (i.e. Tiébaghi, Poum, Yandé, and Bélep massifs; Moutte 1982; Nicolas
1989; Sécher 1981; Ulrich et al. 2010). Harzburgites are composed of olivine (~ 75-85 vol%),
orthopyroxene (~ 15-25 vol%) and spinel (< 1 vol%). Spinel-pyroxene symplectitic aggregates are
common (Secchiari et al. 2019). Dunite lenses, dykes and/or pods are always present, with higher
concentration of chrome-spinel (< 10 vol%). Chromite concentrations are associated with dunite (cf.
chapter 10, this memoir). Lherzolites of the northernmost massifs are spinel lherzolite (clinopyroxene
5-10 vol%) and plagioclase lherzolite (clinopyroxene 15 vol%). Clinopyroxene and plagioclase are
interstitial or sometimes forms coronas around other orthopyroxene, olivine or spinel (Ulrich et al.
2010).

The only remnants of the crustal sequence are limited to minor mafic and ultramafic cumulate rocks
(i.e. dunites, wehrlites, rare pyroxenites and gabbros) overlying the peridotite in the Massif du Sud
and lle Ouen (Fig. 11, Fig. 12). Field relationships for the Massif du Sud have been described in detail
by the pioneering works of Prinzhofer et al. (1980) and Nicolas and Prinzhofer (1983), and more
recently by Pirard et al. (2013). The shallow dip of the peridotite-cumulate interface matches the
general attitude of the nappe and its basal sole.

The geometry of the mafic-ultramafic sequence is not well constrained and detailed mapping has still
to be improved. The best known and most studied section of Montagne des Sources plateau (Massif
du Sud) culminates at c. 1000 m a.s.l. and is implicitly considered as the highest level of the ophiolite
(Guillon 1975; Nicolas 1989; Prinzhofer et al. 1980), either horizontal or gently dipping to the
southwest.

An important horizon of dunite, 300 to 500 m thick, which can be traced for more than 50 km across
the Massif du Sud, forms a transition between harzburgites and cumulates. Based on prevailing rock
texture, the dunite zone can be subdivided into two distinct members: a lower massive dunite zone,
displaying a tectonite texture, and a layered upper dunite zone (Pirard et al., 2013). Layered dunites,
alternated with orthopyroxenites, are believed to be formed from cumulus processes (e.g. Pirard et
al.,, 2013) whereas lower dunites likely own a replacive origin, resulting from melt-rock reactions
among the residual harzburgite and olivine-saturated melts (Pirard et al. 2013).
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Up section, the transition to wehrlites, pyroxenites and, finally, gabbros is marked by the progressive
appearance of clinopyroxene, orthopyroxene and plagioclase (Fig. 14). Wehrlites have been either
interpreted as cumulates (Dupuy et al. 1981; Pirard et al. 2013; Prinzhofer et al. 1980) or due to melt-
rock reactions, whereby boninite-like melts dissolved olivine and precipitated pyroxenes =
plagioclase in the pre-existing dunites (Nicolas and Prinzhofer, 1983; Marchesi et al., 2009).

Notably, the upper oceanic crust (i.e. pillow lavas and sheeted dyke complex), presumed to once
have been on the top of the mafic-ultramafic complex, is completely missing. The scarce dolerite
dykes crosscutting dunite and cumulates, mentioned at the Montagne des Sources plateau, and
interpreted as part of a dyke complex by Prinzhofer (1981), are actually Early Eocene island arc
tholeiite dykes, genetically unrelated to the ophiolite (Cluzel et al. 2006 and see below). The reasons
of this absence of crustal section are discussed in the last section of this paper.

Fabric

Peridotites usually display porphyroclastic to mylonitic textures, typical of high-temperature
ultramafic tectonites, related to oceanic spreading (Nicolas 1989). The foliation is mainly defined by
the preferred orientation of orthopyroxene porphyroclasts, and by a compositional banding defined
by diffuse variations of pyroxene vs. olivine ratio. The foliation planes bear a mineral/stretching
lineation defined by elongated orthopyroxene grains and streaks of chromite/spinel (Moutte 1979;
Podvin 1983; Prinzhofer et al. 1980; Sécher 1981). Compositional banding, when present, is parallel
to the foliation as a result of tectonic transposition, except in the hinges of rare isoclinal folds.
Deformation is microscopically defined by the lattice-preferred orientation (LPO) of olivine indicative
of high temperature intra-granular plastic flow.

A number of cogenetic dunite and pyroxenite dykes with sharp or diffuse, straight or contorted
boundaries are present in the harzburgite, crosscutting or parallel to the foliation. Composite dykes
with dunite walls and pyroxenite core, cross-cutting the compositional banding, are common (Fig.
13a, b). They are more abundant towards the aforementioned transitional dunite horizon, dip
steeply and are perpendicular to the stretching lineation. Pyroxenite dykes without dunite walls have
a similar attitude although more dispersed. Pyroxenite dykes, both with and without dunite walls, are
interpreted to be local partial melting zones (Nicolas 1989) opened along channels perpendicular to
the ductile flow.

Most kinematic data on mantle fabrics were acquired in the 1980s by analyses of LPO in olivine and
pyroxene using U-stage optical microscopy work on oriented thin section. A few more data have
been acquired recently using anisotropy of magnetic susceptibility (AMS) methods. The low-field
AMS results from secondary magnetite formed during serpentinization, reflects late deformation and
hydration of mantle rocks, and therefore does not inform on high temperature plastic flow in the
mantle peridotite. The high-field AMS represents the contribution of all olivine, pyroxene and
chromite, except magnetite, with a minor contribution from serpentine, and correlates with the
anisotropy of high temperature mineral fabrics. Data acquired by this method are yet too scarce to
be conclusive (Belley et al. 2007; Titus et al. 2011, Ferré et al. 2019). No anisotropy measurements by
electron microscopy techniques such as the electron backscatter diffraction technique (EBSD) have
yet been published.

At the scale of Grand Terre, compositional banding and foliation are generally gently-dipping with a
homogeneous pattern, disturbed by kilometre-scale undulations of probable primary origin. Banding
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is locally tilted or shifted by later block faulting. The dip to the NE on the East Coast may be related to
normal faulting and tilting toward the Loyalty Basin where the nappe is rooted (Collot et al. 1987)
and/or to post-obduction uplift (cf. chapter 7, this memoir). The foliation generally trends NW-SE
with a dip of 0-30° to the SW. Lineation in the Massif du Sud (Fig. 11) has a remarkably homogeneous
N-S trend (Prinzhofer et al. 1980) and indicates top-to-the-north shearing. Beneath cumulates, in the
dunite-wehrlite and immediately underlying harzburgite, kinematic indicators are irregularly
distributed, but top-to-the-south shearing dominates. Inversion occurs at about 1 km below the base
of cumulates (Fig. 11c).

Compared with Massif du Sud, the southwestern coast klippes display a less consistent fabric pattern
and many variations occur within the same massif or from one massif to another (Fig. 10d).
Lineations display a N30 to N45°E trend, the only exception being the Bélep islands. The occurrence
of lherzolite in northernmost units reinforces the differences between Southwestern Coast klippes
and Massif du Sud.

In the Montagne des Sources section, the strain increases upward in peridotites, as shown by
elongated grain shape and mosaic tabular structure. It culminates in the transitional dunite horizon,
then decreases in wehrlite, and decreases still further upward into the crust section (Prinzhofer et al.
1980). Except in a few places (lle Ouen, llot Casy), cumulate gabbros are devoid of ductile
deformation and commonly display sedimentary-like structures, as slumps, cross bedding, and
channelling, which together with various cumulate structures, suggest turbulent flow during crystal
accumulation (Fig. 14c).

High-temperature shear zones

Three zones in the Peridotite Nappe have been interpreted as regional shear zones or possible
transform faults: the Bogota transform fault (Prinzhofer & Nicolas 1980; Titus et al. 2008; Titus et al.
2011), the Bélep Shear Zone (Nicolas 1989; Sécher 1981; Titus et al. 2011), and the Humboldt
corridor (Ferré et al. 2004; Vogt & Podvin 1983). These zones are characterised by steeply dipping
foliation and intense deformation.

On the northeast coast of Bogota peninsula (Fig. 16), a N-S striking zone, 15 km long, and 3 km wide,
is characterised by highly deformed harzburgite and dunite, with a strong compositional banding
associated with tight isoclinal folds (Prinzhofer & Nicolas 1980). The foliation is vertical, N-S trending,
and the mineral lineation is horizontal. Shear bands are formed by orthopyroxene porphyroblasts
trails, some of them having a shape ratio up to 33:1, and olivine neoblasts. The shape-preferred
orientation of orthopyroxene grains increases near the centre of the shear zone. LPOs of olivine
indicate plastic flow with activation of high-temperature slip system. Shear criteria consistently
indicate dextral motion. Strain decreases away from the central shear zone and foliation rotates
accordingly on each side of it. In the south of the peninsula, a moderately deformed unit
characterised by shallow dipping foliation bearing a N-S trending lineation, seems to overlie the
former, although the contact, assumed to be horizontal, is not well exposed. Pyroxenite dykes are
transposed into the foliation and boudinaged in the mylonitic zone. The whole system has been
interpreted as a dextral paleo-transform fault, parallel with the widespread N-S trending ductile flow
of Massif du Sud. This parallelism emphasizes the consistency of Massif du Sud as a single
undeformed block. The depth, position, and distance relative to a spreading ridge of the Bogota
Peninsula fault are unknown, but shear sense indicators infer that the ridge from which it was
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generated had an EW direction, orthogonal to the present NS stretching lineation. Fluid-rock
interaction within the transform system has been recently investigated (Teyssier et al. 2016).
Interstitial pargasite with increasing modal abundance in the mylonite zone, and occurrence of
serpentinite shear zones parallel to the high-temperature foliation, suggest that pervasive fluid flow
may have played a role in strain localization in the transform system at decreasing temperature.

In the northern, partly Iherzolitic klippes, shear zones have been suggested to exist in the eastern
side of Bélep islands, the middle of Yandé Island, and western sides of Poum and Tiébaghi massifs
(Fig. 10c). This 120 km long system has been termed the Bélep Shear Zone (Leblanc 1995; Nicolas
1989; Sécher 1981). In the shear zones, the fabric is finely grained, porphyroclastic to mylonitic,
although more diffuse than in the Bogota Peninsula (Leblanc 1987; Sécher 1981; Titus et al. 2011).
Shear zones, where the deformation is maximum, are locally associated with vertical foliations of
NW-SE orientation, whereas lineation is horizontal. The majority of shear sense indicators, deduced
from LPO, are dextral. Within the shear zone, the foliation rotates by 90° over a few kilometres and
the lineation plunges steeply or is vertical, a feature similar to that of small-scale mantle diapirs
(Sécher 1981). The whole set has been interpreted as being part or located close to a transform fault
(Nicolas 1989), although the hypothetic segments are not well aligned, either due to subsequent
rotations or to original complexity. The association of that structure with lherzolite is noteworthy,
the largest strain being measured in the steeply dipping plagioclase and spinel lherzolites. According
to Titus (2011) it could be a palaeo-spreading ridge, reactivated in a transcurrent setting, an
interpretation consistent with the secondary enrichment of lherzolites (Secchiari et al. 2016; Ulrich et
al. 2010, and see below).

The Humboldt corridor (Fig. 11b) in the Massif du Sud (Podvin et al. 1985; Vogt & Podvin 1983), is a
40 x 20 km zone of NW-SE trending steep foliation in harzburgite crosscut by Tontouta River. It
displays conspicuous cm-scale compositional layering made of boudinaged orthopyroxene-rich and
olivine-rich layers. The foliation bears a subhorizontal orthopyroxene mineral lineation in which some
porphyroblasts have a shape ratio up to 10:1 (Ferré et al. 2004).

The Bogota occurrence is one of the well-exposed and documented transform faults in ophiolites
worldwide. In other countries, a number of occurrences are reported in the mafic section of the
ophiolite (for a review, see Nicolas 1989), however examples in the ultramafic section are much rarer
as in Oman (Nicolas 1989), or Newfoundland (Karson 1984).

Petrology and geochemistry

Peridotites

The geochemically depleted nature of the ultramafic rocks that constitute the Peridotite Nappe has
long hampered an adequate geochemical characterisation. Only recently, thanks to the progress of
analytical methods, has the study and the characterisation of the Peridotite Nappe progressed
(Marchesi et al. 2009; Pirard et al. 2013; Secchiari et al. 2016; Ulrich et al. 2010). In this paragraph
the main mineralogical and geochemical features displayed by the rocks of Peridotite Nappe will be
briefly summarized.

Lherzolites, which are mainly exposed in the northern massifs (Tiébaghi and Poum) and scarcely in
Massif du Sud (Marchesi et al. 2009), are the most studied ultramafic rocks in New Caledonia. The
majority of Iherzolites from northern massifs are low-strain porphyroclastic tectonites in which the
development of superimposed structures testifies evolution from high-temperature ductile to brittle
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deformation, which may be related to the presence of the Belep shear zone (see paragraph above).
Lherzolites likely record an asthenospheric origin followed by re-equilibration at lithospheric
conditions, as supported by geothermometric estimates (T = 1100-940 °C and 920-890 °C for
porphyroclastic and neoblastic spinel-facies assemblages, respectively (Secchiari et al. 2016). Olivine
composition (Fo = 88.5-90.0 mol %), spinel Cr# ([molar 100 ¢ Cr/(Cr + Al)] = 13-17) and relatively
high amounts (7-8 vol %) of Al,0s- and Na,O-rich clinopyroxene (up to 0.5 and 6.5 wt %, respectively)
indicate a moderately depleted geochemical signature for the spinel lherzolites (Secchiari et al. 2016;
Ulrich et al. 2010). Bulk rock and clinopyroxene REE patterns display a typical abyssal-type peridotite
signature, i.e. steeply plunging LREE accompanied by nearly flat heavy REE (HREE) to middle REE
(MREE) (Fig. 17a, b).

Clinopyroxene REE compositions of the spinel lherzolites may be reproduced by small amounts of
fractional melting of a garnet Iherzolite precursor (~4 %), followed by 4-5 % melting in the spinel
peridotite field. The plagioclase Iherzolites show melt impregnation microstructures, Cr- and Ti-rich
spinel and incompatible trace element enrichments (REE, Ti, Y, and Zr) in bulk rock and
clinopyroxene. Geochemical modelling of these elements suggests that the plagioclase |herzolites
originated from residual spinel Iherzolites by entrapment of highly depleted (non-aggregated) MORB
melt fractions in the shallow oceanic lithosphere. This evolution was most likely accomplished in a
spreading ridge. Nd isotope compositions of |herzolites from the Babouillat and Poum massifs age-

corrected at 53 Ma (+7.0 < ENd < +11.0) are in the range of depleted MORB mantle sources (DMM,
see Hofmann 2003). Average Tom model age (53 Ma) suggests derivation from an asthenospheric
mantle source that experienced a then-recent MORB-producing depletion. Geochemical trace

element modelling and Nd isotopic ratios (+2.5 < ENd < +6.6) of the dominant E-MORB from the Poya
Terrane (Cluzel et al. 2001; Cluzel et al. 2016; Secchiari et al. 2016) do not support a genetic mantle-
crust link between the Iherzolites and Poya Terrane basalts previously postulated by other authors

(Ulrich et al. 2010). However, a genetic relationship with Poya Terrane BABBs (+6.9 < ENd< +11.5)
cannot be excluded although is not yet precisely established (Cluzel et al. 2001; Cluzel et al. 2016).

The harzburgites are refractory rocks, by definition containing no primary clinopyroxene. They also
have very high Fo content of olivine (90.0-92.9 mol. %), high Mg# of orthopyroxene (89.8-94.2) and
high Cr# of spinel (44-71, Secchiari et al. submitted). Chondrite-normalized diagrams exhibit low REE
concentrations, coupled with “U-shaped” profiles (see Fig. 17a). These features are commonly seen
in fore-arc peridotites that experienced high degrees of fluid-assisted melting (Bizimis et al. 2000;
Parkinson & Pearce 1998). Melting models indicate that the trace element compositions of the
harzburgites are consistent with up to 25 % melting degrees of a depleted mantle source in the spinel
stability field (Marchesi et al. 2009; Secchiari et al. submitted). However, some petrographic features
(i.e. the frequent occurrence of secondary thin films of ortho- and clinopyroxene) as well as selective
enrichment in incompatible, fluid-mobile, elements suggest secondary re-enrichment possibly
related to metasomatism in a supra-subduction zone setting (e.g. Marchesi et al. 2009; Secchiari et
al. submitted).

The contrasting geochemical features displayed by the New Caledonia harzburgites indicate a
complex evolution, including several phases of melting, melt-rock reaction, and re-melting, which
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finally led to their ultra-depleted compositions (Marchesi et al. 2009; Ulrich et al. 2010; Secchiari et al
submitted).

Ultramafic and mafic cumulates

With a few exceptions (Marchesi et al. 2009), the geochemical features of ultramafic cumulates have
not been accurately determined due to their extreme depletion in most trace elements. In contrast,
mafic cumulates, i.e. websterite, mela- and leuco-gabbronorite, which occur at several places in
Massif du Sud, have been studied in more detail (Marchesi et al. 2009; Pirard et al. 2013; Secchiari et
al. 2018). In general, mafic rocks display the typical features of cumulates however, some isotropic
leucogabbro bodies a few cm thick, although parallel to the layering are compositionally different
(see below) and may represent slightly younger sills intruded within cumulates.

Gabbronorites are characterized by very low REE concentrations and similar REE patterns with
weakly concave upward LREE segments, more or less flat HREE, and variable positive Eu anomalies
(Eu/Eu* = 1.13 - 3.91, see Secchiari et al. 2018), related to plagioclase accumulation. LREE and MREE
concentrations of gabbronorites are much lower than those of arc cumulates and were in equilibrium
with ultra-depleted melts (Marchesi et al. 2009; Pirard et al. 2013; Secchiari et al. 2018). The most
evolved samples, which are from intrusive sills, have no Eu anomaly (Fig. 17b) and may represent
liquids rather than cumulates. Anhydrous fractional crystallization modeling suggests that the
primary melt that generated the cumulates may have a composition close to that of the sills
mentioned above; i.e., ultra-depleted, anhydrous melt similar to tholeiite. (Secchiari et al. 2018).
Besides, hydrous fractional crystallization modeling suggests that the residual melt left by the
crystallization of gabbronorite cumulates had a boninite composition similar to the clinoenstatite
boninite of Népoui (Cluzel et al. 2016). Therefore, the missing fore-arc crust could have been
composed of ultra-depleted tholeiites and minor boninites; in any case, these rocks drastically differ
from the BABBs and EMORBs of the Poya Terrane.

Age

Age constraints on Peridotite Nappe are scarce. Attempts to extract zircons from gabbronorite
cumulates have been unsuccessful due to the very low Zr content of these rocks (0.04-0.6 ppm). K-Ar
ages between 120-50 Ma (Prinzhofer 1981) are unreliable and include non-cogenetic basalt dykes.
Layered gabbros from Montagne des Sources have been dated at 131 + 16 Ma by the Sm/Nd rock-
mineral isochron method (Prinzhofer 1987). This Early Cretaceous age is at odds with the age
inferred from tectonic models of the South Loyalty Basin and needs to be confirmed by other
methods.

Dykes

The Peridotite Nappe is intruded by a variety of dykes which vary in composition and texture, from
ultramafic (pyroxenite) to mafic (hornblendite, basalt, boninite, dolerite), and felsic (diorite,
leucodiorite, granite). They are found in all units, independently of geochemical composition of the
ultramafic host rock (harzburgite or Iherzolite), or structural level (Pic Ougne zone). They are not
found in underlying units, notably Poya Terrane, and thus predate obduction, as confirmed by
geochronological data (Cluzel et al. 2006). The dykes, 10 cm to 10 m thick, are well preserved in the
main body of the ultramafic allochthon and are severely disrupted and boudinaged in the
serpentinite sole. Clinoenstatite-bearing boninite boudins are only known in the serpentine sole of
the Peridotite Nappe, in the Népoui area (Black et al. 1994; Cameron 1989; Cluzel et al. 2016;
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Ohnenstetter & Brown 1992; Ohnenstetter & Brown 1996; Sameshima et al. 1983; Solovova et al.
2012).

Some dykes underwent ductile deformation (boudinage, mineral preferred orientation, internal
folding or microfolding, Fig. 18), and a foliation parallel to dyke walls is locally developed, thus
suggesting high-temperature shearing and magma injection in active faults. Some dykes are ultra-
mylonitized and depending on original composition, have transformed into nephrite (jade or semi-
jade, cf. chapter 9 this memoir). A few dykes have been rodingitized and contain secondary hydro-
grossular, pink zoisite, prehnite, and clinochlore, however, they have not been studied in detail. Thin
talc-chlorite and anthophyllite reaction rims against peridotite wall rock or xenoliths are common.
Dykes were emplaced within an already existing fracture network in the host rock, as shown by
straight boundaries and abrupt direction changes. Widespread coarse-grain textures suggest
relatively slow cooling, whereas pegmatitic and sub-solvus textures, ductile deformation, and
retrograde mineral associations suggest involvement of large amounts of hydrous fluid. In contrast,
dolerite dykes display chilled margins, finer grain size, and lack secondary minerals. Dolerites have
crystallized immediately or soon after magma injection and were emplaced at lower temperature
(i.e. later than most other dyke types, see age constraints below) and in the absence of excess water.

Age constraints

Nineteen samples of representative dyke compositions have been processed for zircon U-Pb dating
(Cluzel et al. 2006). No inherited cores have been found in the analysed zircons and all ages are
concordant and cluster in a narrow span of time at ca. 53 Ma (Fig. 19). There is no significant age
difference between the various dyke types.

Two samples of hornblende-bearing dykes, two samples of clinoenstatite-boninite from Népoui, and
two samples of dolerite have been dated by the “°Ar/**Ar method. All samples yielded apparent
4OAr/3°Ar ages that cluster at ca. 50-47 Ma (Cluzel et al. 2016, and unpublished data). In addition,
hornblende “°Ar/3**Ar apparent ages of 55 Ma have been obtained on sheared diorite dykes (Soret et
al. 2016), an age closely similar to U-Pb ages obtained from the same type of dykes. Slightly younger
Ar/Ar apparent ages compared to U-Pb ages in coarse-grain rocks possibly indicate slow post-
crystallization cooling. Small age differences within error bar suggest that all dykes were formed
during one single Early Eocene magmatic event, except dolerites which are slightly younger.

Geochemistry

The geochemical classification of early Eocene dykes based on trace-elements compositions allows
four main types to be distinguished (Cluzel et al. 2006): i) adakite-series (slab melts), ii) boninite-
series (ultra-depleted melts), iii) MORB-like diorites to hornblendites, and, iv) island-arc tholeiites
(IAT). However, some variability and the occurrence of intermediate types is possibly a consequence
of magma mixing. All dyke types display supra-subduction features; i.e., negative Nb-Ta anomalies
and low TiO, contents. Some felsic dykes display adakite-series features (e.g., high Sr/Y ratio) and
were probably due to hydrous melting of a plagioclase-bearing mafic source in HT amphibolite facies
conditions. Some of these dykes display a prominent positive Eu anomaly in spite of high SiO;
contents and were therefore probably generated by melting of plagioclase-rich cumulate gabbro.
Boninite-series dykes display average positive slope patterns, with upward concavity of LREE, and
downward concavity of HREE, are Cr-rich and have been generated by HT hydrous melting of mantle
wedge peridotite, re-enriched by slab-derived fluids and melts; they have been genetically correlated
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to Népoui boninite (Cluzel et al. 2016). Hornblende-rich dykes are mafic to ultramafic in composition
and commonly display average flat patterns, with downward concavity of LREE, and upward
concavity of HREE, due to the predominance of hornblende; at variance with aforementioned dyke
types, they display MORB-like REE abundances and have probably been generated by a fertile mantle
source (note this does not mean that they were generated at a mid-ocean ridge). The dolerites are
the only dyke type that crosscuts gabbronorite cumulates, they typically display LREE-depleted REE
patterns and substantial Nb-Ta-Ti depletion. They are typical island-arc tholeiite compositions, and

|II

likely represent the first indication of “normal” (albeit transient) volcanic-arc activity.

In summary, the dykes that cut the Peridotite Nappe represent Early Eocene supra-subduction
magmatic activity implying that subduction was already initiated at ~55Ma. Slab melts and fluids
issued from the lower plate modified the mantle wedge and thus generated the boninite-like fore-arc
crust, then “normal” (i.e., IAT-like) supra-subduction magmatism (see below ‘Discussion’ section, and
Cluzel et al. 2016).

HT amphibolites (metamorphic sole)

A few amphibolite lenses, distinct from the aforementioned amphibole-rich dykes, are present below
the serpentinite sole of the Peridotite Nappe, and above unmetamorphosed Poya Terrane Basalts
(Cluzel et al. 2012a). The amphibolites crop out in Pinjen, Népoui, Petchecara Pass, Boulouparis
areas, and at the base of Koniambo and Poum massifs (Fig. 10d). They display various tectono-
metamorphic textures: foliated and fine-grained, coarse grained with compositional banding,
porphyroclastic mylonitic with amphibole clasts surrounded by anastomosed ribbons. At the base of
the lenses, the texture is generally cataclastic. Some occurrences show a well-defined stretching
lineation marked by amphibole needles. The internal foliation generally dips gently and is
conformable with tectonic boundaries. Near Boulouparis, amphibolites are associated with
centimetre to decimetre-thick quartz-schist lenses. Low grade metamorphic rocks which are present
in other ophiolitic basal soles, are not known in New Caledonia so far.

The protolith of amphibolite is basaltic, similar in composition to the BABBs of the Poya Terrane, and
the associated quartz schists probably had abyssal argillite/chert protoliths. Various
geothermobarometers provide an estimate of peak recrystallization conditions at c. 0.5 GPa and
800-950 C°. Thermochronological data from hornblende (*°Ar/*°Ar), zircon and sphene (U-Pb)
indicate that they recrystallized at c. 56 Ma. U-Pb dating of zircon cores/rims from a granulite-facies
crosscutting dyke confidently constrain the age of basaltic protolith at >70 Ma and recrystallization at
ca. 56 Ma. These mafic metamorphic rocks are interpreted as slices of Poya Terrane basalts that were
overthrust and metamorphosed during subduction inception (Cluzel et al. 2012a, and see below).

Serpentinization and fracture development

Secondary minerals that have grown in the Peridotite Nappe include serpentines, amphiboles, and
phyllosilicates. These are both dispersed and occur in veins, and grew both statically and under
ductile and brittle tectonic conditions. As such they are typical of mineral assemblages driven by
externally-derived hydrothermal fluids in serpentinite terranes worldwide (Evans et al. 2013; Frost et
al. 2013; Scott et al. 2017).

Minerals of the serpentine group (lizardite, antigorite, chrysotile, and polygonal serpentine, Fig. 20)
are by far the most common (Cathelineau et al. 2016; Lahondeére et al. 2012; Quesnel 2015; Ulrich
2010). They replace olivine and orthopyroxene, and caused notable volume expansion.
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Serpentinization and deformation are intimately associated. Complex polyphase fracture sets filled
by minerals of the serpentine family are ubiquitous in the Peridotite Nappe (Legueré 1976).
Unravelling their chronology is a challenge since serpentine may form in a wide range of pressure-
temperature conditions. The lack of radiogenic elements prevents radiometric dating, however a
relative chronology can be interpreted and a few stages may be defined (Iseppi et al. 2017).

Thin mesh networks of lizardite in randomly oriented cracks within olivine, banded veins, and tension
gashes are sometimes referred to as primary serpentinization, and have been suggested to form
during the oceanic seafloor spreading stage (Evans et al. 2013; Fritsch et al. 2016; Frost et al. 2013;
Scott et al. 2017). Fracturing and serpentinisation associated with the putative transform faults (e.g.
Bogota), that could be coeval with the oceanic spreading, remains unstudied as yet.

Chrysotile commonly appears in en-echelon tension gashes reopening lizardite veins. Antigorite, very
often associated with minerals of the actinolite-tremolite series and chlorite, forms fibrous crack seal
veins walls with fibrous infills oblique to the vein showing limited displacement, partly dilatational.
Intimately mixed antigorite and tremolite fibres are common and advocate one single origin.
Tremolite occurrences suggest the infiltration of high pressure, Ca-rich fluids (Ca is an uncommon
element in ultra-depleted peridotites). The Sr isotopic composition and high REE content of tremolite
veins suggests a common origin with the 53 Ma-old supra-subduction felsic dykes (see above ‘Dykes -
Age constraints’, and Cluzel et al. submited; Cluzel et al. 2006; Lahondére et al. 2012; Lesimple et al.
2017), which commonly crosscut the peridotite host-rock. The antigorite-tremolite association post-
dates the formation of lizardite and chrysotile.

If the relative timing of mineral phases filling fractures seems to be rather well established, the
spatial distribution of the fracture and evolution of the dense fracture network is less well known.
Measurements in the field or observations by remote sensing, enable a N 135° dominant vertical-
dipping trend to be defined, locally associated with subordinate N. 90°, N.45°, and N. 0° directions
(Jeanpert et al. 2016; Legueré 1976; Moutte & Paris 1977a; Quesnel et al. 2016; Robineau et al.
2007). The dyke network and associated fractures in the Peridotite Nappe are characteristic of a
dextral transtensional or transpressional regime of brittle deformation, as postulated by several
authors (Gonord 1977; Moutte & Paris 1977a; Moutte & Paris 1977b; Robineau & Join 2005),
although the detailed study of this important features remains to be undertaken. The youngest faults
and fractures associated with supergene weathering products (silica, garnierite, cf. chapter 10, this
memoir), display multidirectional extension indicating gravitational movements contemporaneous
with regolith evolution.

Offshore extent

To the south of New Caledonia, seismic data of the VESPA and FAUST cruises and a reappraisal of
dredged rocks (Auzende et al. 2000b; Daniel et al. 1976; Mortimer et al. 2014a; Patriat et al. 2018;
Puillandre & Samadi 2016) have led to offshore mapping of the Peridotite Nappe as far as the Cook
Fracture Zone. On seismic sections (Fig. 21) the Peridotite Nappe is a c. 150 km wide unit (compared
to the 50 km wide exposed on Grande Terre). Its western edge overlies a wedge-shaped fold and
thrust belt with clear south western vergence, thrust over the Norfolk Ridge, which is flexured under
the nappe load. The nappe is uplifted in its north eastern part by an antiform or dome-shaped ridge
(Félicité Ridge), interpreted as the south eastern extension of the exhumed HT-LP belt observed in
New Caledonia although this has not yet been confirmed by dredging or drilling. On top of the
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Félicité Ridge, the nappe is thinned and unroofed. The nappe roots eastward in the Loyalty Basin
along the eastern side of the Félicité Ridge and is crosscut by normal faults.

Geodynamic model

A summary of the available chronological data for Subduction-Obduction Complex of New Caledonia
is presented in Fig. 22. All rocks that can be related to convergence, either supra-subduction igneous
rocks, HT or HP-LT metamorphic rocks, and syntectonic sedimentary rocks, have well-constrained
radiometric or palaeontologic ages of Late Palaeocene — Eocene age (56 - 34 Ma). The oldest age is
Late Palaeocene (56 Ma) for the amphibolite of the basal sole of the Peridotite Nappe which is
interpreted as marking subduction initiation in an intra-oceanic context (Cluzel et al. 2012a and see
below). The youngest age is Late Eocene (34 Ma) which is the age of the topmost sedimentary rocks
of the Bourail Group, involved in thrusting by the allochthonous units, and the youngest cooling age
of the exhumed rocks of the HP-LT Metamorphic Complex (see below). The synchronicity of
Peridotite Nappe emplacement and HP-LT exhumation suggests a genetic link between the two
events (Coleman, 1967; Brothers, 1974). There is also a striking similarity in the length of time
between the evolution cycle of the metamorphic rocks of the HP Belt and that of syntectonic
sedimentation in the foreland basin, both of which took place within the 56-34 Ma interval (c. 22
My). To the south, near Nouméa, the Peridotite Nappe, and its basal thrust and substrate, are
crosscut by the Saint-Louis granodiorite intrusion dated at c. 27 Ma (cf. chapter 7, this memoir),
which post-dates the final emplacement of Peridotite Nappe.

The convergence period is thus well-constrained in time, but the overall geometry of the convergent
system must be specified as well. In the area of Koumac (NW), the Montagne Blanches Nappe is
parautochthonous and forms large south-westward overturned folds, whereas in the Bourail area
(SE) it is allochthonous and thrust over the top of syntectonic deposits of the Eocene Bourail Group
(Maurizot 2011; Maurizot & Cluzel 2014, and Fig. 2). Furthermore, according to gravity models, the
Peridotite Nappe is rooted in the Loyalty Basin (Collot et al. 1987) and consequently was emplaced
toward the southwest. Seismic sections in the southeastern offshore extent of the nappe clearly
locate this root along the NE edge of the Norfolk Ridge (Patriat et al. 2018). At last, the grade of the
HP-LT Metamorphic Belt increases from SW to NE. All this features indicate clearly a southwestern
vergence of the system. Additionally, the distinctive blueschist and eclogite facies in the HP-LT
Metamorphic Belt, supports the interpretation that these units were dragged down to 70 km in a
subduction zone.

On this basis, most proposed models consider that the Subduction-Obduction Complex was formed
at a convergent plate boundary, during the Palaeogene, and was associated with a north- or
northeast-dipping subduction zone (Agard et al. 2010; Lagabrielle et al. 2013; Gautier et al. 2016;
Cluzel et al. 1995a; Cluzel et al. 2012; Agard & Vitale-Brovarone 2013; Aitchison et al. 1995; Clarke et
al. 1997; Cluzel et al. 2001; Crawford et al. 2003; Lagabrielle et al. 2013; Meffre et al. 2012; Patriat et
al. 2018; Schellart et al. 2006; Sdrolias et al. 2003, 2004 ; Ulrich et al. 2010; Whattam et al. 2008).
There is a general consensus for a model of continental subduction (Fig. 23), i.e. the shift from intra-
oceanic subduction to attempted continental subduction (i.e. obduction), then subduction blocking
or collision, and HP-LT metamorphic rock exhumation.

From southwest to northeast, i.e. from Zealandia continental crust to South Loyalty oceanic basin,
the units involved (Fig. 23d) and their interpretation are:
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1 - The autochthonous basement terranes of the Norfolk Ridge (cf. chapter 3, this memoir)
which is the northeasternmost element of Zealandia.
2 - The Eocene syntectonic sediment accumulation of the Bourail Group which is
unconformably deposited on this basement, in front of the convergent system (cf. Chapter 4,
this memoir).
3 - The Montagnes Blanches Nappe which represents the sedimentary cover of the thinned
continental crust of Zealandia (Norfolk Ridge) and is the unmetamorphosed equivalent of the
Diahot Panié Metamorphic Complex.
4 - The Poya Terrane which corresponds to the crust of the oceanic South Loyalty Basin
scraped off in front of the convergence zone, comprising:
- The Koné Facies, an ocean to continent transition zone (or passive margin) of the
Norfolk Ridge and South Loyalty Basin.
- The Poya Terrane Basalts, genuine oceanic crust of the South Loyalty Basin.
5 - The subducted-then-exhumed HP-LT Metamorphic Belt which comprises the following
units:
- The Pouébo Terrane, a mafic ultramafic melange scraped off the oceanic crust of
the South Loyalty Basin.
- The Diahot-Panié Metamorphic Complex, the thinned continental margin of the
Norfolk Ridge.
6 - The uppermost nappe: the Peridotite Nappe which represents the mantle lithosphere of
the oceanic Loyalty Basin.

The present order of superposition, from base to top, of these units onto the basement of Grande
Terre, reflects their initial spatial order of organisation from continent to ocean (Fig. 23a), and
corresponds to an in-sequence stacking. Unit 1 to 5 correspond to the lower underthrust (Australian)
plate, whereas unit 6 is the only one to represent the upper (Pacific) overriding plate. Intra-oceanic
subduction initiated in the Loyalty/South Loyalty Basin during the Late Palaeocene as attested by
metamorphic and magmatic events (Fig. 23b and see below). The subduction zone then retreated
towards the southwest, consuming the oceanic lithosphere of the South Loyalty Basin, until the Late
Eocene, when the north-easternmost element of Zealandia margin (Norfolk Ridge), arrived at the
trench and progressively blocked subduction by introduction of buoyant continental lithosphere in
the convergence zone (Fig. 23c). This was followed by the fast exhumation of the previously-
subducted HP-LT metamorphic rocks of unit 5. This pronounced and rapid exhumation drove a piece
of the overlying and upper plate supra-subduction Loyalty Basin lithosphere upward; whose
lithospheric mantle is now exposed as the obducted Peridotite Nappe of unit 6 (Fig. 23d and see
below ‘Discussion’).

The distribution of the diverse elements of the Peridotite Nappe, their different sizes and
morphologies, may be explained by this evolution (see below). The most prominent consequence is
the absence of ultramafic units overlying the highest-grade rocks of the HP-LT Metamorphic Belt, and
is explained by denudation and unroofing. In this scenario, the subduction phase was a long process
(56 to 38 Ma) that started in oceanic context and pre-dated obduction which, in comparison, was a
climactic and short event (38 to 34 Ma). This scenario thus accounts for the aforementioned
synchronism and genetic link between Peridotite Nappe emplacement and exhumation of HP-LT
metamorphic rocks.
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Discussion
The nature and interpretation of each unit of the Subduction-Obduction Complex, their role in the
general continental subduction model and some pending problems are reviewed below.

Foreland basin

The development of a flexural foreland basin on the southwestern parts of Grande Terre in front of
the convergence zone, and in response to overthrust-related loading of the lower plate, is
represented by syn-tectonic accumulation of the Eocene Bourail Group (cf. chapter 4, this memoir),
which unconformably overlies the basement and its cover (Fig. 23c). The earliest sedimentation
change is recorded at c. 55 Ma, marking the demise of the post-rift thermal subsidence deposits and
the onset of a syn-tectonic, convergence related, sedimentary regime (cf. chapter 4, this memoir).
This change led to the unconformity at the base of the Late Palaeocene Adio Limestone, and to the
Early to Middle Eocene calci-turbidite and breccia, which are the first sedimentary records of
convergence. The sedimentary succession of the whole Bourail Group is an upward coarsening
sequence topped by an olistostrome, in turn thrust by the allochthonous units. The syntectonic
accumulation spans the whole Eocene period. The youngest sedimentary rocks and the olistostrome
are Late Eocene. The Bourail Group thus constitutes an excellent record of the convergence history.
The detrital content of the basin shows an increasing amount of coarse clasts coming from the thrust
wedge. The nature and proportion of the clasts recorded the progressive accretion of Montagnes
Blanches Nappe followed by Poya Terrane (Maurizot 2014; Maurizot & Cluzel 2014, and chapter 4,
this memoir). The clasts coming from the thrust wedge bear no imprint of a terrestrial or sub-aerial
evolution and were likely formed in a submarine environment. It is worth noting that ultramafic
clasts and minerals (chromite), and HP-LT metamorphic lithoclasts are lacking. Therefore, the
Peridotite Nappe and Eocene metamorphic belt were not in a position to feed the basin at that time
and the emplacement of the Peridotite Nappe occurred after that of the underlying Montagnes
Blanches Nappe and Poya Terrane. Syntectonic deposits of Oligocene age are not known so far in
onland New Caledonia.

Montagnes Blanches Nappe

The Montagnes Blanches Nappe is the lowermost allochthonous unit stacked over the
autochthonous basement and cover of the Norfolk Ridge. It is entirely constituted of sedimentary
rocks. The lower part comprises Late Cretaceous to Palaeocene pelagic to hemipelagic passive
margin deep-sea deposits whereas the upper part is composed of Eocene active margin calci-
turbidites and breccias which represent the earliest of such syntectonic deposits in the Bourail Group
Flysch, recording the beginning of convergence regime. The unit is an unmetamorphosed equivalent
of the low-grade part of the Diahot-Panié Metamorphic Complex into which it passes gradually
northeastward.

Poya Terrane

The terrane originated from an oceanic or marginal basin, the South Loyalty Basin (Cluzel et al. 2001,
Eissen et al. 1998). The geological content of the basin is known only from on land outcrops of
Grande Terre, the basin not having been drilled offshore. Basalts are dominantly E-MORB and BABB
in composition, with minor alkaline basalts. The basin is interpreted to have opened to the northeast
of Zealandia during the Late Cretaceous to Palaeocene, almost synchronously with the opening of the
Tasman Sea (84-52 Ma, Gaina et al. 1998; Hayes & Ringis 1973). The occurrence of basalts of back-arc
affinity (BABB) suggests that they were erupted behind an active island arc, although volcaniclastic
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and tuffaceous deposits are lacking. For a review of current models and nature of the Loyalty/South
Loyalty Basin, see Matthews et al. (2015), Cluzel et al. (2012a), and chapter 2, this memoir. In most
models, at least one spreading ridge is supposed to be present.

The PTB unit is exclusively composed of upper oceanic crust material associated with abyssal
sediments without any terrigenous component. Thus, it is interpreted to have been formed away
from the continental margin of Zealandia. In contrast, the Koné Facies is dominated by terrigenous
turbidites that originally accumulated on the continental rise of the eastern margin of the Norfolk
Ridge. Volumetrically significant dolerite sills, which intrude the turbidites, are much younger than
their host rocks; in contrast, they are synchronous with subduction inception (see below), and might
have a link with that.

PTBs have been scraped off a subducting slab, sliced in an intra-oceanic accretionary wedge, piled up
with more coherent units of Koné Facies, and eventually thrust south-westward on to the Montagne
Blanche Nappe. The present position of the Koné Facies zone below the PTB is consistent with their
former proximal and distal locations with respect to the passive continental margin of the Norfolk
Ridge. Frictional forces due to shallow dip of young and buoyant ‘oceanic’ lithosphere at subduction
inception were probably the reason why slices of the uppermost part of the oceanic crust were
detached from the lower plate (Cluzel et al. 2001). At variance with some assertions, the Poya
Terrane does not contain any mantle peridotite or cumulate (Lagabrielle et al. 2013), nor contains or
is intruded by boninitic supra-subduction melts (Crawford et al. 2003; Eissen et al. 1998; Lagabrielle
et al. 2013).

HP-LT Metamorphic Belt

The Eocene metamorphic belt is composed of two contrasting units in terms of lithology,
deformation, and metamorphism. Some aspects of the nature, geometry, and significance of these
units are still debated.

The Diahot-Panié Metamorphic Complex encompasses basement and cover terranes. Part of it has
been dragged deep into the subduction zone and metamorphosed to eclogite facies. The protolith of
the Diahot-Panié Metamorphic Complex is similar to that of the Late Cretaceous cover in the rest of
Grande Terre (e.g. Southwestern Coast), but with a larger amount of fine-grained carbonaceous
argillite however denoting a deeper water setting (cf. chapter 4, this memoir). The geochemical
features of associated volcanic rocks differ as well. They are subduction-related in the Diahot-Panié
Metamorphic Complex whereas they are rift-related in the Noumea area.

The Pouébo Terrane is a typical ophiolitic mélange, an usual feature of exhumed oceanic material
(Agard et al. 2009). The mafic blocks of the melange are equivalent to the Poya Terrane in terms of
lithology, geochemistry, and age. Both Poya and Pouébo terranes are interpreted to have been
scraped off the upper crust of the South Loyalty Basin, the former having been pushed in front of the
convergence zone, and the latter having been dragged and buried down the subduction interface.
The serpentinite of the Pouébo Terrane corresponds to hydrated mantle altered by seawater
hydrothermal fluids, then mixed with HP-LT rocks during subduction (Spandler et al. 2008). The
serpentinite matrix of the Pouébo Terrane may belong either to the previously exhumed mantle of
the lower plate (Agard & Vitale-Brovarone 2013; Spandler et al. 2008) or more likely to the mantle
wedge of the upper plate (this work) detached by subduction erosion. Exhumation of ophiolitic
melange would be facilitated by the low density of serpentinite counterbalancing the negative
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buoyancy of eclogitic material and enhancing mechanical decoupling. Exhumation of oceanic
material would be impossible at depth greater than 70 km due to the breakdown of serpentinite by
dehydration (Agard et al. 2009).

Diahot-Panié Metamorphic Complex and Pouébo Terrane underwent distinct tectono-thermal
histories, before being exhumed together. The occurrence of eclogitic rocks recrystallized at about 70
km depth (Clarke et al. 1997) on the northeastern coast, now exposed at an horizontal distance of
only 20 km from unmetamorphosed equivalent rocks on the southwestern coast, is an apparent
paradox that was noted some time ago (Brothers 1974, Coleman 1967) and was explained by major
tectonic disruptions. More recently, the concepts of tectonic exhumation and metamorphic core
complexes have been proposed by most authors to explain this juxtaposition (Agard & Vitale-
Brovarone 2013; Aitchison et al. 1995; Baldwin et al. 2007; Clarke et al. 1997; Cluzel et al. 1995a;
Cluzel et al. 2001; Cluzel et al. 1995b). Exhumation accounts for the geometry of the metamorphic
belt along the northeastern coast where the Pouébo Terrane forms the core of a regional foliation
antiform, wrapped by the Diahot-Panié complex. It also accounts for the final metamorphic
retrogression stage of both units. Only the part which has been buried to a depth <70 km was
returned to the surface by exhumation. A review of HP-LT belts worldwide suggests that 70 km could
be a maximum burial depth in similar contexts (Agard & Vitale-Brovarone 2013).

The P-T-t analysis of the HP-LT rocks provides important information on the evolution of the
convergence history. Similar ages within error for the peak metamorphism of the Diahot-Panié
Metamorphic Complex (38 Ma), and its retrogression (36-38 Ma) suggest that there was a causal link
between the beginning of continental subduction (of the light material of the thinned continental
margin of Zealandia) and exhumation. Peak metamorphism of the Pouébo Terrane at 44 Ma, was
followed rapidly by cooling and decompression at 38 Ma. This represents a rapid exhumation rate of
c. 1 cm/yr. Assuming that 34 Ma (based on a single sample) is an age representative of the end of
exhumation then, furthermore, the exhumation phase was seemingly short compared with the rest
of the convergence history.

Peridotite Nappe

The ultramafic unit, which represents the mantle lithosphere of the Loyalty Basin, has long been
considered as a single homogeneous sheet, albeit subsequently dismembered into massifs by erosion
(Nicolas, 1989, Paris, 1981). Recent investigations have shown much more diversity in its composition
and structure.

Protolith

Protolith of the different ultramafic units have a variety of geochemical compositions, and fabrics. All
peridotites are characterized by a complex history with multiple partial melting events, and
contrasting geochemical signatures (Secchiari et al. 2016, and references therein). The northernmost
undepleted |herzolites are abyssal-type, compatible with an origin in a spreading ridge environment.
They host larger chromite deposits than those of harzburgite massifs (cf. chapter 10, this memoir).
The rest of the units, including the Massif du Sud and their cumulates, are highly refractory ultra-
depleted rocks, with supra-subduction geochemical affinity (Marchesi et al. 2009; Pirard et al. 2013;
Prinzhofer 1981; Secchiari 2016; Secchiari et al. 2017a; Secchiari et al. 2015, 2016, 2017b; Ulrich et
al. 2010). The homogeneous fabric of the Massif du Sud, which bears a NS striking lineation,
contrasts with that of the south western klippes where lineations are more dispersed. Ductile shear

30



zones, assumed to be transform faults, in the Peridotite Nappe have different orientations, e.g. the
strikes of Bogota and Bélep shear zones, and suggests that they were related to spreading centres
oriented E-W and NE-SW respectively.

These differences between units may be explained either by different initial settings, by polyphase
evolution, or by later (syn- to post-obduction) disruptions. The occurrence of both coeval abyssal-
and supra subduction geochemical composition in the same oceanic basin may be expected in the
case of intra-oceanic subduction initiation at mid-ocean ridge (Ulrich et al. 2010, Secchiari et al. 2016,
and references therein). The association of coeval transform faults and ridges of different
orientations might be interpreted as a result of complex patterns like Ridge Ridge Transform (RRT) or
triple spreading ridge (RRR) junctions (McKenzie & Morgan 1969). The absence of age constraints in
the Peridotite Nappe protolith prevents a refined interpretation. However, all the above features
might be expected in a complex back-arc basin setting (Cluzel et al. 2001) comparable to those in the
modern North Fiji and Lau back-arc basins.

The absence of a sheeted dyke complex or pillow basalts above the cumulates is a striking feature of
the Peridotite Nappe. The crustal part of the ophiolite is only represented by cumulates in the Massif
du Sud, and they are boninitic in composition i.e. supra-subduction related. A MORB-like crust that
would represent the remnants of the older (Late Cretaceous — Eocene) Loyalty Basin crust, beneath
the boninitic cumulates would be expected. This is not the case and this absence is puzzling. A
possibility is that the upper plate was uplifted and its crust early eroded or detached when the young
and buoyant lower plate had to force its way at subduction inception (at c. 56 Ma), and before the
start of fore-arc magmatism (53 Ma).

Supra-subduction magmatism

The chronology of fore-arc magmatic events that affected the Peridotite Nappe after subduction
inception and before obduction provides some information on this crucial period. All dykes, except
dolerites which are slightly younger, correspond to one single Early Eocene magmatic event, dated at
53 Ma. The ages are not diachronous. They are younger than subduction inception at 56 Ma. This
suggests that at 53 Ma, the lower plate crust was still hot enough to partially melt, consistently with
a near-ridge origin. It has been proposed that subsequently, slab melts and fluids issued from the
lower plate modified the mantle wedge and thus generated the boninite-like fore-arc crust
(cumulates of the Massif du Sud). Slightly later (but still Early Eocene), subduction of older and
denser lithosphere allowed slab steepening, uplift of fertile asthenosphere and inception of “normal”
(i.e., IAT-like) supra-subduction magmatism (Cluzel et al. 2016).

The ubiquitous supra-subduction geochemical fingerprint present in the Massif du Sud, in the mantle
and crust rocks, as well as in the crosscutting dyke network, raises fundamental questions as to their
geometrical and temporal relationships. Gautier and al. (2016) have questioned the nature and age
of the high temperature flow measured in the mantle section (cf. ‘Peridotite Nappe — Fabric’ section,
this chapter), suggesting that, instead of being the result of sea floor spreading, it could be the result
of the later fore-arc evolution during subduction. However, supra-subduction dykes at 53 Ma clearly
cut across the foliation of the ultramafic rocks, post-dating it. The relationship between the cumulate
and the dykes is less clear and is not documented so far. The relationship between the peridotite and
the overlying cumulate in the Massif du Sud has been described as transitional (Prinzhofer et al.
1980) whereas their geochemical composition points to a possible discontinuity. A reappraisal of all
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these elements in light of the new geochemical characterizations would be appropriate, and age
constraints for the cumulate would provide essential information on this issue.

Basal sole

At the base of most massifs, the chaotic porphyroclastic mylonite contains boulders of undeformed
serpentinized peridotite and Eocene dykes, and is interpreted as forming mainly during obduction.
An overall decrease of degree of serpentinization from the base of Peridotite Nappe upward is
observed. Serpentinization is generally interpreted as being generated by hydrous fluids along the
subduction plane. This suggests that part of the serpentinite sole thus represents the serpentinized
mantle wedge of the Eocene subduction (Iseppi et al. 2017; Mothersole et al. 2017).

Amphibolite, whose parent rock composition is comparable with BABB of Poya Terrane, in the basal
sole of the Peridotite Nappe, is interpreted as the best indicator of intra-oceanic subduction
initiation. In the amphibolite, the rare occurrence of quartz-schist lenses, derived from argillite/chert
protolith, is consistent with an origin in an oceanic domain, far from any terrigenous source.

In the literature, infra-ophiolite metamorphic soles are slices of crustal material scraped off from
lower plate, and underplated below the upper plate. They have very comparable characteristics
worldwide (for a review, see Robertson et al. 2004, and references therein). The metamorphism is
generally interpreted as the result of downward heat transfer from hot oceanic lithosphere thrust
over colder lithosphere. They are formed during the first 1 to 2 My of the subduction history. A range
of tectonic settings have been proposed for their formation. Most involve thrusting at or near a ridge
or a transform fault. In New Caledonia, the scarce occurrences of amphibolite do not allow a unique
interpretation. Speculatively, different authors have proposed that subduction have nucleated by
inversion at (or near) an active spreading centre of the Loyalty/South Loyalty Basin (Cluzel et al.
2012a; Cluzel et al. 2012b; Ulrich et al. 2010), or a (then-recently) extinct spreading centre (Crawford
et al. 2003; Eissen et al. 1998; Whattam 2009). Subsequently, amphibolite would have been
detached from the down-going plate and underplated at the base of the Peridotite Nappe, the whole
being eventually thrust over the unmetamorphosed Poya Terrane.

Mechanism

New Caledonia bears strong resemblances with other Subduction-Obduction complexes, particularly
with Tethyan occurrences. A comparison with Corsica or Oman, which have also not undergone
substantial post-obduction deformation, is presented by Agard et al. 2013. Despite distinct
geodynamic contexts (New Caledonia is a narrow thinned continental ribbon, Corsica is located in
between two large continents, Oman is on the edge of a large continent), there are similarities
between the three ophiolitic complexes in terms of tectono-metamorphic organization, size of units,
thermal regime, and duration of processes. They all comprise three fundamental units:

- a partly subducted continental margin including cover and basement (equivalent to
Montagnes Blanches Nappe);

- a HP-LT belt comprising i) a metasedimentary unit formed in a thinned continental margin
(comparable to the Diahot-Panié Metamorphic Complex) and ii) ophiolitic rocks deriving from
the lower plate (comparable to the Pouébo Terrane);

- non metamorphic ophiolite klippe (like Poya Terrane and Peridotite Nappe).
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In all three areas, the HP-LT belt has a typical antiformal stack structure where the metamorphic
grade increases gradually downward. P-T estimates indicate similar conditions with Pmax of c. 2.4 GPa
(c. 70 km), and Tmax of c. 550 °C, the P-T-t path aligning along a similar paleo-geothermal gradient of
8-10 °C/km. The elapsed time from initial intra-oceanic subduction inception to continental
subduction choking is 10 - 20 My. These key parameters seems to be independent of convergence
velocities, thicknesses and ages of the subducted oceanic lithosphere, nature of the subducted ocean
to continent transition, and nature of the upper plate (partly continental or only oceanic).

In New Caledonia, the intra-oceanic plate motion inversion, oceanic subduction, then attempted
continental subduction, are the best-constrained stages of the total continental-subduction model
because they are recorded by several kinds of data (amphibolite sole, fore-arc magmatic activity, HP-
LT metamorphic P-T-t path, foreland basin sedimentation). These stages are also the longest,
covering a period of 18 My, from 56 to c. 38 Ma. In contrast, the final collision-exhumation-obduction
stage seemingly was a telescoped short event for which age data are scarce (e.g. one single FTA age,
Baldwin et al. 2007), or inaccurate (Late Eocene paleontological age of turbidites). As presently
understood, the final collisional stage covers a period of c. 4 My, from 38 to 34 Ma during which
allochthonous units became stacked over the Norfolk Ridge basement. There is no sedimentary
record of the emplacement of the Peridotite Nappe and HP-LT metamorphic rocks, the two
fundamental units of the Subduction-Obduction Complex.

The wider mechanism (cause) of Peridotite Nappe emplacement in New Caledonia involves different
tectonic regimes and different timing. Four scenarios or models have been proposed: (1) the dextral
oblique convergence model (Cluzel et al. 2001; Gautier et al. 2016); (2) the passive obduction of
Lagabrielle et al. (2013); (3) the force applied to the rear of Gautier et al. (2016); (4) the multi-phase
structural evolution model (Rawling & Lister 1999a; Rawling & Lister 1999b; Rawling & Lister 2002,
Spandler et al. 2005). Some of these are considered in more detail below.

1) The oblique convergence model arises from the interpretation of southeastward foreland
basin propagation (cf. chapter 4, this memoir). It also follows from the dextral transcurrent
pattern of fractures and associated supra-subduction dykes that crosscut the Peridotite
Nappe (see above, Peridotite Nappe — Serpentinization and fracture network development).
Assuming that the foliation of the peridotite was acquired at spreading ridge, this
configuration is supported by the NS stretching lineation mantle fabric observed in the
Massif du Sud, which implies an EW spreading ridge, that would have been inverted at
subduction inception giving rise to north-dipping subduction. The present NW-SE orientation
of Grande Terre could subsequently have been acquired by an anticlockwise rotation during
convergence (Cluzel et al. 2001) or reflect an original geometry (Gautier et al. 2016).

2) The passive obduction scenarion considers that much of the emplacement of the Peridotite
Nappe occurred in an extensional regime dominated by gravity-driven units sliding away
from a culminating exhumed metamorphic core. The scenario is based primarily on the fact
that the Peridotite Nappe is generally flat lying over a more disrupted substrate, suggesting
that its main body has been thrust without major dislocations or duplexing, and did not
experienced thickening during its emplacement. Several authors have proposed that the
alignment of the west coast klippes could represent the remains of a once-single unit
detached from the front of the main body of the Peridotite Nappe (Cluzel et al. 19953;
Lagabrielle et al. 2013). This setting is reminiscent of the structures visible on seismic lines,
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on the southeastern offshore extent of the Peridotite Nappe (syn-exhumation/obduction
models of Patriat et al. 2018, and Fig. 21). Such a configuration is plausible because of the
dispersed orientations of the mantle fabric of the West Coast klippes, compared to the
Massif du Sud.

The passive obduction scenario has been developed even further. The absence of basaltic
crust above the Peridotite Nappe, but the presence of oceanic crust in the nappe beneath it,
has prompted many geologists to seek a relationship between them. This relationship has
been variously interpreted as the result of recumbent folding, out of sequence detachment,
or fore-arc accretion (Avias 1967; Cameron 1989; Challis & Guillon 1971; Lagabrielle et al.
2013). REE modelling of fractional melting of re-enriched Iherzolite may result in E-MORB
melt compositions similar to some Poya Terrane Basalts (Ulrich et al. 2010). This model has
been taken as evidence that Poya Terrane basalts do petrogenetically belong to the missing
upper part of the mantle peridotite, and were once attached to it (Lagabrielle et al. 2013).
However, Nd isotope composition of the lherzolites (+6.98 < ENd < +10.97) do not fit that of
E-MORBs of the Poya Terrane (+2.5 < ENd < +6.6). This, together with the absence of supra-
subduction dykes and cumulates within Poya Terrane, seems to exclude any genetic link
between the two ophiolitic terranes (Secchiari et al. 2016). That said, the absence of sheeted
dyke complex and pillow basalts above the cumulates of Massid du Sud remains a major
issue.

3) The force applied to the rear scenario emphasises ubiquitous reverse faults observed in the
serpentinite sole of the Koniambo and Kopéto massifs, as well as ultramafic klippes of Pic
Ougne zone which are deeply pinched, and severely folded within HP-LT schists (Gautier et
al. 2016; Quesnel et al. 2016). This scenario states that the Peridotite Nappe and the HP-LT
exhumed metamorphic rocks were mostly emplaced through horizontal contraction
sustained by plate convergence.

4) In the multi-phase structural evolution model, alternating periods of contractional and
extensional tectonics, account for the antiformal and synformal structures present in the HP
metamorphic belt. In this model, exhumation results from a short period of interruption of
the convergence process.

Seismic profiles of the south eastward offshore extension of the Subduction-Obduction Complex, do
not provide additional conclusive information to choose between the four models. Assuming that the
Félicité Ridge is indeed the continuation of the HP-LT metamorphic belt, it is difficult to decide from
these sections whether the prominent extension observed in the Peridotite Nappe has a syn- or post-
obduction origin.

Regional correlations

The existence of a discontinuous SW Pacific ophiolitic belt, emplaced during the Palaeogene, from
Papua New Guinea, through New Caledonia, to northern New Zealand (Fig. 24), has been recognised
since the 1970s. This is the the “Papuan and New Caledonia ultramafic belt” of Rodgers (1975), the
“Periaustralian ophiolitic crown” of Auboin et al. (1977), and the “Disrupted ophiolitic belt” of Parrot
& Dugas (1980).

In Papua New Guinea, the Papuan Ultramafic Belt ophiolite (PUB, 400 km x 40 km) comprises 4-8 km
of tectonite ultramafics (refractory harzburgite, dunite and pyroxenite), overlain by 4 km of (partly
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cumulate) gabbro, in turn overlain by 4 km of basalt and pillow basalt which are resting over a
discontinuous and thin sheeted dyke complex (Davies 1971). Pelagic sediments associated with the
basalt have yielded Maastrichtian foraminifers; one basalt K-Ar age is c. 56 Ma (Davies 2012). Dipping
to the northeast, the ophiolite rests at shallow angle over the Owen Stanley Metamorphic Complex
(OSMC) composed of blueschist to greenschist metamorphic rocks. The OSMC protolith is mid-
Cretaceous, and the metamorphic ages cluster in the Late Cretaceous to Paleocene, and the Eocene.
The OSMC comprises the Emo Metamorphics composed of tholeiitic basalts of N- to E-MORB
composition, with foraminifera indicating a Maastrichtian age (Davies 2012; Whattam 2009;
Whattam et al. 2008). The base of the ophiolite is underlain by a granulite and amphibolite-facies
sole, deriving from high-temperature metamorphism of the Emo Metamorphics, with Ar/Ar cooling
ages on hornblende of c. 58 Ma (Lus et al. 2004). To the east of PUB, lies the Cape Vogel island arc
which comprises 59-58 Ma boninites and tholeiites (Konig et al. 2010; Walker & McDougall 1982).
The whole PUB is interpreted as a Subduction-Obduction Complex, associated with a northeast-
dipping subduction zone.

It is a quite remarkable fact that New Caledonia and PUB Subduction-Obduction complexes,
separated by c. 2000 km, have similar (though not identical) ages of events, although the connection
between them is obscured by the complex opening of the eastern Coral Sea (Seton et al. 2016) and
by a lack of data over the D’Entrecasteaux Zone, whose interpretation is still a matter of debate (cf.
chapter 6, this memoir).

Farther south, dredges to the west of Three Kings Ridge, in the Cagou Trough, have recovered
ultramafic rocks, HP-LT metamorphic rocks of Late Eocene Ar/Ar age (38 Ma), and Miocene
terrestrial sandstones with Gondwana-derived detrital zircons (Meffre et al. 2006). In the same area
Early Oligocene boninites have been dredged (Bernardel 2002; Mauffret et al. 2001; Sdrolias et al.
2004).

In the northern part of New Zealand, allochthonous units are known onshore and offshore as the
Northland Allochthon (Ballance & Sporli 1979) and the East Cape Allochthon. The Northland
Allochthon comprises a series of thrust sheets composed of sedimentary rocks, mostly mélange and
broken formations, and a structurally uppermost igneous unit. In the Northland Allochthon, the
oceanic crust rocks are referred to as the Tangihua Volcanics or Ophiolite (Malpas et al. 1992;
Nicholson 1999; Nicholson et al. 2000; Whattam et al. 2005). Coeval rocks of the East Cape
Allochthon are referred to as the Matakaoa Volcanics (Cluzel et al. 2010b). The oceanic crustal part of
the ophiolite is well developed, with pillowed and massive basalts. There are only small occurrences
of sheeted dykes and layered gabbros, and a few harzburgites and lherzolites, mostly associated with
serpentinite slices. Basalts are mainly tholeiitic, with N-MORB, BABB and IAT affinities, which suggest
a supra-subduction zone origin (Cluzel et al. 2010b; Malpas et al. 1992; Nicholson 1999; Nicholson et
al. 2000; Whattam et al. 2005). The age range, based on fossils in the Tangihua and Matakoa
volcanics is Late Cretaceous to Palaeogene. The detailed structural mapping suggests tectonic
emplacement from northeast to southwest. Offshore Northland, the allochthon front is clearly visible
to the west, on seismic profiles (Isaac et al. 1994). The age of the emplacement is latest Oligocene to
earliest Miocene (Ballance & Spdrli 1979; Rait 2000) i.e. slightly younger than in New Caledonia. To
the northeast of the Northland Peninsula lies the Cavalli Seamount interpreted as an Early Miocene
metamorphic core complex (Mortimer et al. 2003).
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Conclusions

The Subduction-Obduction Complex of New Caledonia comprises a HP-LT Metamorphic Belt and
three stacked allochthonous units. Reconstruction allows to locate each unit in a context of a NE
dipping continental subduction during Eocene. From bottom to top, the allochthonous units
comprises the Montagnes Blanches Nappe (thinned continental crust of the Norfolk Ridge), the Poya
Terrane (scraped-off shallow crust of the South Loyalty Basin) and the Peridotite Nappe (mantle
lithosphere of the Loyalty Basin). These allochthonous units were stacked from NE to SW over the
autochthonous Norfolk Ridge, the north easternmost continental margin of Zealandia. The HP-LT
Eocene Metamorphic Belt, represents the metamorphosed and subducted equivalent of these three
units which were exhumed in Late Eocene. Intra-oceanic subduction started in the Loyalty/South
Loyalty Basin in the Late Palaeocene, as indicated by amphibolite (56 Ma), boninite- and adakite-
series dykes (55-50 Ma), and changes in sedimentation regime (55 Ma). Convergence in the Eocene
first consumed the oceanic South Loyalty Basin, and then the Norfolk Ridge. The South Loyalty Basin
and its margin were dragged to a maximum depth of 70 km, forming the HO-LT Pouébo Terrane and
the Diahot-Panié Metamorphic Complex. Continental subduction attempt led to collision,
exhumation, and eventually obduction in the Late Eocene at 38-34 Ma.

At the SW Pacific scale, the New Caledonia Subduction-Obduction Complex and its northward and
southwards continuations delineate a major diachronous Palaeogene arc-continent collision belt
from 8°S to 38°S. The entire belt from Papua New Guinea to New Zealand is marked out by ophiolites
and HP-LT metamorphic units, is thrust over continental Australia (PNG) and Zealandia, and roots
eastward towards the oceanic basins from which the ophiolites presumably came. This
ocean/continent collision belt is diachronous, being older in Papua-New Guinea and reaching
Northern New Zealand in the Miocene.

Acknowledgements

Special thanks are due to A.H.F. Robertson for an extensive and constructive review of this article
and very useful comments. The authors acknowledge the accurate review and improvement of the
first version of the manuscript by N. Mortimer.

36



Figure captions

Fig. 1 a) Simplified geological map of New Caledonia showing the main terranes related to the
Eocene Subduction-Obduction Complexx. Offshore gravity data after Collot (1989) and Van de
Beuque et al. (1998). b) Legend.

Fig. 2 Geological cross sections across Grande Terre showing the relationships of allochthonous units
(Peridotite Nappe, Poya Terrane, Montagnes Blanches Nappe), and autochthonous units (basement,
cover). Same legend as figure 1. No vertical exaggeration. Long dashes: basal contact of Peridotite
Nappe; short dashes: basal contact of Poya Terrane. Section 7: Imaging by heliborne electromagnetic
survey and interpretation of a section through the south eastern extremity of the Koniambo klippe
showing the main basal thrust of the Peridotite Nappe over its substrate (Iseppi 2019).

Fig. 3 Typical Poya Terrane outcrops and rocks (a,b, and c) : a) Littoral cliff of the Poya Terrane Basalts
showing an inliers of b) abyssal manganese-rich sediment (north of Parseval Island). c) Pillow basalts
(Pandop Peninsula, Koumac). Typical Koné Facies (d,e, and f): d) Fine-grained turbiditic siltstone
(Koumac). e) Inoceramid cast at the surface of a turbidite bed North of Pouembout, (along road cut
of RP N2). f) Photomicrograph (plane polarized light) of a spotted schist in the Koné Facies with
millimetric aggregates of oxy-chlorite and albite (same locality).

Fig. 4 Geochemical features of Poya Terrane Basalts and dolerites of Koné Facies: a) C1 Chondrite-
normalized REE patterns (Evensen et al. 1978). b) Hf/3-Th-Ta ternary diagram (Vermeesch 2006;
Wood 1980). c) Nd-Sr isotopic compositions, reference data from Zindler & Hart (1986).

Fig. 5 Comparison of zircon ages from a) Formation a Charbon and b) Koné Facies. N = number of
samples, n = number of grain analyzed.

Fig. 6 a) Geological map of the HP-LT Metamorphic Belt (metamorphic grades after Maurizot et al.
1989 and Vitale Brovarone & Agard 2013). b) Idealized crosssection (no horizontal scale) through the
South-western Coast — Koumac- Pouébo - North-eastern Coast, showing the relationships of the
different subduction-obduction units.

Fig. 7 Typical Eocene Metamorphic Belt outcrops and rocks: a) Diahot-Panié Metamorphic Complex
siliceous schist with prominent stretching lineation (Amos Pass). b) Heterogeneous mélange of the
Pouébo Terrane (shoreline of Balade).

Fig. 8 a) Simplified geological map of the HP-LT Metamorphic Belt with structural elements (Cluzel et
al. 1995b), “°Ar/>°Ar ages on phengite rounded up to the nearest whole number (red circles), U-Pb
ages of zircon rims (yellow circles). b) Enlargement of the former in the Ouégoa area. c) Estimated
Pressure-Temperature paths for the metamorphic rocks after different authors, and radiometric ages
of the main stages. Abbreviation: AFT: Apatite Fission Track. Vertical labels on x axis indicate
approximate temperature of formation for some key mineral phases. d) Histogram of “°Ar/*Ar age
values. P-T parameters of the basal sole amphibolite are given for comparison with HP-LT conditions.
Thick dashed grey line indicates the estimate T-gradient of subduction after Agard & Vitale-
Brovarone 2013.

Fig. 9 View from the north of Poya village. Overthrust of the Peridotite Nappe (Mé Maoya klippe)
over the Poya Terrane.
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Fig. 10 Distribution of the Peridotite Nappe units. a) Geographical names. b) Zonation of units. c)
Association of harzburgite and |Iherzolites in northern klippes. d) Foliations and e) lineations
(modified after Nicolas 1989). f) Longitudinal and transversal sections showing the large-scale double
up warp of the basal sole and main regolith surfaces of the Peridotite Nappe. Large red stars indicate
occurrences of High Temperature (HT) amphibolite of the ‘metamorphic sole’ after Cluzel et al. 2012.
Small red stars indicate other occurrences not studied. Green star indicates clinoenstatite-bearing
boninite occurrences.

Fig. 11 a) Foliations and b) lineations in the Massif du Sud. c) Montagne des Sources upper mantle to
crust section: left, strain variation versus elevation; right, idealized cross section of the high-
temperature foliation Prinzhofer et al. (1980).

Fig. 12 a) Geological map and b) cross section of dunite and cumulates in the south of Massif du Sud.

Fig. 13 Typical Peridotite Nappe outcrops and rocks: a) Flat lying harzburgite — dunite compositional
layering crosscut by a d) dunite dyke with a pyroxenitic core (Massif du Sud). c) Lineation on a dunite
surface marked by the stretching (black dotted arrow) of chromite grain spindles and orthogonal
pulling-apart.

Fig. 14 Typical outcrops and rocks of the cumulate of the Peridotite Nappe: a, b) Bedded olivine
gabbros and pyroxenite (Prony area). c) Gabbronorite cumulate with cross-bedding and slump
sedimentary-like structures (Plum area, in Secchiari 2016). d) Cumulus texture of plagioclase bearing
olivine gabbros. Ol: olivine (serpentinized); Px: pyroxene. Pl: plagioclase. Ol and Px are cumulus
crystals, Plis intercumulus.

Fig. 15 Photomicrograph (cross-polarized light) of typical Peridotite Nappe rocks. a) Lherzolite:
Deformed orthopyroxene porphyroclast showing thin exsolution lamellae of clinopyroxene
(Babouillat). b) Harzburgite: Strongly exsolved orthopyroxene porphyroclast in harzburgite tectonite
(Poya). c) Webhrlite: Poikiloblastic clinopyroxene with orthopyroxene and olivine inclusions
(Montagne des Sources). d) Gabbronorite: Exsolved clinopyroxene crystals displaying evidence of
chemical instability (Col de Mouirange). Opx: Orthopyroxene. Cpx: Clinopyroxene; Ol: olivine.

Fig. 16 Geological map of Bogota Peninsula with structural elements: a) Foliation; b) Lineation.

Fig. 17 Geochemical features of peridotites and mafic cumulates: a) Compared chondrite-normalized
REE patterns of New Caledonia peridotites (data from Secchiari et al. 2016). REE patterns from
Tiébaghi harzburgites display some similarity with Iherzolites and differ from the rest of Peridotite
Nappe. b) Chondrite-normalized REE patterns for gabbronorites (data from Garrido et al. 2009;
Marchesi et al. 2009; Secchiari et al. 2016). Normalizing values from Sun and McDonough (1989).

Fig. 18 a) Horizontal dyke at Col de N’go (Massid du Sud) showing complex relationships of the partly
ductile gabbroic intrusion against the brittle peridotite wall rock. The dyke is intruded in a top to the
west thrust zone. b) Line drawing. c) Detail of a shear zone on polished section. d) Possible
interpretation as i) pre-faulted peridotite, ii) intrusion by gabbros developing chilled margins
(pegmatoid texture) with large amphiboles growing orthogonally against the wall rock, and getting
progressively more strained and rotated toward the shear zone, iii) final domino like structure
consistent with the top to west shear context.
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Fig. 19 Combined U-Pb zircon age plot of 19 representative dyke samples of the Peridotite Nappe (3
diorites, 5 granitoids, 3 hornblendites, 5 leucodiorites, 2 leucogabbros, 1 gabbro).

Fig. 20 a) Polished section of serpentinized harzburgite (Massif du Sud) showing different habitus of
serpentinite (Serp) as diffuse mesh structure or brittle fracture infills. b) Detail of the mantle fabric
(foliation S1) marked by the the mylonitic textures, flattened, and stretched porphyroclasts of
orthopyroxene (Opx). ¢, d): Photomicrograph (plane-polarized and cross-polarized light) showing a
porphyroclast of ortopyroxene (Opx) and chromite (Cr) within olivine (Ol) mylonite. Olivine is
crosscut by a dense static mesh of serpentine (lizardite).

Fig. 21 Line drawing interpretation of seismic profile VESPA 19 modified from Patriat et al. (2018),
location on Fig. 24. VE: Vertical Exaggeration.

Fig. 22Time-unit-event diagram summarizing the available age data, with corresponding method,
reference, and geodynamic interpretations.

Fig. 23 Sketch reconstruction of the north easternmost margin of Zealandia (Norfolk Ridge) from Late
Cretaceous to Late Eocene period. Out of plane transcurrent dextral displacement is indicated by
circular symbols with cross (away from the viewer) and point (toward the viewer). Locations of cross
sections vary in latitude through time.

Fig. 24 Major tectonic features of the Southwest Pacific.
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Fig. 1 a) Simplified geological map of New Caledonia showing the main terranes related to the
Eocene Subduction-Obduction Complexx. Offshore gravity data after Collot (1989) and Van de
Beuque et al. (1998). b) Legend.
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Fig. 2 Geological cross sections across Grande Terre showing the relationships of allochthonous units
(Peridotite Nappe, Poya Terrane, Montagnes Blanches Nappe), and autochthonous units (basement,
cover). Same legend as figure 1. No vertical exaggeration. Long dashes: basal contact of Peridotite
Nappe; short dashes: basal contact of Poya Terrane. Section 7: Imaging by heliborne electromagnetic
survey and interpretation of a section through the south eastern extremity of the Koniambo klippe
showing the main basal thrust of the Peridotite Nappe over its substrate (Iseppi 2019).
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Fig. 3 Typical Poya Terrane outcrops and rocks (a,b, and c) : a) Littoral cliff of the Poya Terrane Basalts
showing an inliers of b) abyssal manganese-rich sediment (north of Parseval Island). c) Pillow basalts
(Pandop Peninsula, Koumac). Typical Koné Facies (d,e, and f): d) Fine-grained turbiditic siltstone
(Koumac). e) Inoceramid cast at the surface of a turbidite bed North of Pouembout, (along road cut
of RP N2). f) Photomicrograph (plane polarized light) of a spotted schist in the Koné Facies with
millimetric aggregates of oxy-chlorite and albite (same locality).
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Fig. 4 Geochemical features of Poya Terrane Basalts and dolerites of Koné Facies: a) C1 Chondrite-
normalized REE patterns (Evensen et al. 1978). b) Hf/3-Th-Ta ternary diagram (Vermeesch 2006;
Wood 1980). c) Nd-Sr isotopic compositions, reference data from Zindler & Hart (1986).
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different subduction-obduction units.
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Fig. 7 Typical Eocene Metamorphic Belt outcrops and rocks: a) Diahot-Panié Metamorphic Complex
siliceous schist with prominent stretching lineation (Amos Pass). b) Heterogeneous mélange of the
Pouébo Terrane (shoreline of Balade).
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of the main stages. Abbreviation: AFT: Apatite Fission Track. Vertical labels on x axis indicate
approximate temperature of formation for some key mineral phases. d) Histogram of 40Ar/39Ar age
values. P-T parameters of the basal sole amphibolite are given for comparison with HP-LT conditions.
Thick dashed grey line indicates the estimate T-gradient of subduction after Agard & Vitale-
Brovarone 2013.
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Fig. 9 View from the north of Poya village. Overthrust of the Peridotite Nappe (Mé Maoya klippe)
over the Poya Terrane.
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up warp of the basal sole and main regolith surfaces of the Peridotite Nappe. Large red stars indicate
occurrences of High Temperature (HT) amphibolite of the ‘metamorphic sole’ after Cluzel et al. 2012.
Small red stars indicate other occurrences not studied. Green star indicates clinoenstatite-bearing
boninite occurrences.
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Fig. 12 a) Geological map and b) cross section of dunite and cumulates in the south of Massif du Sud.
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Fig. 13 Typical Peridotite Nappe outcrops and rocks: a) Flat lying harzburgite — dunite compositional
layering crosscut by a d) dunite dyke with a pyroxenitic core (Massif du Sud). c) Lineation on a dunite
surface marked by the stretching (black dotted arrow) of chromite grain spindles and orthogonal

pulling-apart.
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Fig. 14 Typical outcrops and rocks of the cumulate of the Peridotite Nappe: a, b) Bedded olivine
gabbros and pyroxenite (Prony area). c¢) Gabbronorite cumulate with cross-bedding and slump
sedimentary-like structures (Plum area, in Secchiari 2016). d) Cumulus texture of plagioclase bearing
olivine gabbros. Ol: olivine (serpentinized); Px: pyroxene. Pl: plagioclase. Ol and Px are cumulus
crystals, Plis intercumulus.
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Fig. 15 Photomicrograph (cross-polarized light) of typical Peridotite Nappe rocks. a) Lherzolite:
Deformed orthopyroxene porphyroclast showing thin exsolution lamellae of clinopyroxene
(Babouillat). b) Harzburgite: Strongly exsolved orthopyroxene porphyroclast in harzburgite tectonite
(Poya). c) Webhrlite: Poikiloblastic clinopyroxene with orthopyroxene and olivine inclusions
(Montagne des Sources). d) Gabbronorite: Exsolved clinopyroxene crystals displaying evidence of
chemical instability (Col de Mouirange). Opx: Orthopyroxene. Cpx: Clinopyroxene; Ol: olivine.
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Fig. 17 Geochemical features of peridotites and mafic cumulates: a) Compared chondrite-normalized
REE patterns of New Caledonia peridotites (data from Secchiari et al. 2016). REE patterns from
Tiébaghi harzburgites display some similarity with Iherzolites and differ from the rest of Peridotite
Nappe. b) Chondrite-normalized REE patterns for gabbronorites (data from Garrido et al. 2009;
Marchesi et al. 2009; Secchiari et al. 2016). Normalizing values from Sun and McDonough (1989).
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Fig. 18 a) Horizontal dyke at Col de N’go (Massid du Sud) showing complex relationships of the partly
ductile gabbroic intrusion against the brittle peridotite wall rock. The dyke is intruded in a top to the
west thrust zone. b) Line drawing. c) Detail of a shear zone on polished section. d) Possible
interpretation as i) pre-faulted peridotite, ii) intrusion by gabbros developing chilled margins
(pegmatoid texture) with large amphiboles growing orthogonally against the wall rock, and getting
progressively more strained and rotated toward the shear zone, iii) final domino like structure
consistent with the top to west shear context.
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Fig. 19 Combined U-Pb zircon age plot of 19 representative dyke samples of the Peridotite Nappe (3
diorites, 5 granitoids, 3 hornblendites, 5 leucodiorites, 2 leucogabbros, 1 gabbro).



Fig. 20 a) Polished section of serpentinized harzburgite (Massif du Sud) showing different habitus of
serpentinite (Serp) as diffuse mesh structure or brittle fracture infills. b) Detail of the mantle fabric
(foliation S1) marked by the the mylonitic textures, flattened, and stretched porphyroclasts of
orthopyroxene (Opx). ¢, d): Photomicrograph (plane-polarized and cross-polarized light) showing a
porphyroclast of ortopyroxene (Opx) and chromite (Cr) within olivine (Ol) mylonite. Olivine is
crosscut by a dense static mesh of serpentine (lizardite).
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Fig. 22Time-unit-event diagram summarizing the available age data, with corresponding method,
reference, and geodynamic interpretations.
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Fig. 24 Major tectonic features of the Southwest Pacific.

VAVZD, Proven 7 extent of the

YASS, Inferred Peridotite Nappe
— A Thrustand nappe front
—A__ Active subduction zone

— A Jnactive subduction zone

e e ese Extent of HP LT rocks
High grade metamorphic
rock dredge sites

Ultramafic rock
dredge sites

84



	Chapter 5 The Eocene Subduction-Obduction Complex
	Montagnes Blanches Nappe
	Poya Terrane
	Poya Terrane Basalts (PTB)
	Koné Facies
	Detrital zircon data and sediment provenance
	Dolerite age and geochemistry


	Eocene Metamorphic Belt
	Diahot-Panié Metamorphic Complex
	Pouébo Terrane
	Metamorphism, structure, and age

	Peridotite Nappe
	Lithology
	Fabric
	High-temperature shear zones
	Petrology and geochemistry
	Peridotites
	Ultramafic and mafic cumulates

	Age
	Dykes
	Age constraints
	Geochemistry

	HT amphibolites (metamorphic sole)
	Serpentinization and fracture development
	Offshore extent

	Geodynamic model
	Discussion
	Foreland basin
	Montagnes Blanches Nappe
	Poya Terrane
	HP-LT Metamorphic Belt
	Peridotite Nappe
	Protolith
	Supra-subduction magmatism
	Basal sole


	Mechanism
	Regional correlations
	Conclusions
	Acknowledgements
	Figure captions
	References


