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Abstract 

The structural analysis of the metamorphic belt and allochthonous terranes, which represent 

the lower and upper plates of the Eocene subduction/obduction complex of New Caledonia 

respectively, unravels a multi-step evolution. At subduction inception, the originally N-S trending 

northern Norfolk/New Caledonia Ridge was moving northward as recorded by sheared lower Eocene 

dykes of the Peridotite Nappe. Fast exhumation of the fore-arc mantle in transtensional conditions 

was recorded by the injection of fore-arc magmas through fast-cooling peridotites, followed by the 

occurrence of antigorite- and tremolite-bearing crack seals in small-scale transcurrent or oblique-slip 

faults. Meanwhile, slices of the oceanic crust of the lower plate were scrapped off and accumulated 

in the fore-arc region while some elements were dragged down into the subduction zone and 

contributed to the formation of eclogite facies mélange. When the tip of the New Caledonia Ridge 

reached the trench, it progressively jammed the subduction. Meanwhile, the oblique slip and coeval 

rotation of the arc due to the opening of the north Loyalty back-arc basin provoked the dextral 

transcurrent folding of already accreted ocean crust slices and metamorphic units on the course of 

exhumation. Bulk counterclockwise rotation of 56°±5° was recorded in the foreland basin by 

paleomagnetic data of sediments from the 45-35 Ma time interval. The final obduction of fore-arc 

peridotites occurred with top-to-the-SW kinematics when the island had already reached its present 

orientation. 

Keywords 

Oblique subduction, fault analysis, supra-subduction dykes, transcurrent folding, 

paleomagnetism, oroclinal bending. 
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1. Introduction 

 The current model of Eocene tectonics in New Caledonia, which postulates northeast-dipping 

pre-obduction subduction on the basis of structural, metamorphic and paleogeographic evidence is 

generally accepted (Aitchison et al, 1995; Carson et al., 1999; Clarke et al., 1997; Cluzel et al., 2001; 

Fitzherbert et al., 2003; Maurizot and Cluzel, 2014; Maurizot et al., 2020c; Spandler et al., 2003, 

2004; Vitale Brovarone and Agard, 2003; Vitale Brovarone et al., 2017) and inferred by mantle 

structure (Schellart and Spakman, 2012; Van de Lagemaat et al., 2018) and plate tectonics 

reconstructions as well (Schellart et al., 2006; Whattam, 2008). However, due to the relatively small 

amplitude of the displacement, the kinematics of pre-obduction subduction is only roughly 

constrained by on land paleomagnetic data (Ali and Aitchison, 2000, 2002; Dallanave et al., 2020; this 

study) and is therefore mainly based on structural evidence. Some features of the Eocene high 

pressure-low temperature (HP-LT) metamorphic belt, which relate to the lower plate of the 

obduction-subduction system, have not yet been considered in this regard although they have long 

been known (Briggs et al., 1978; Lillie and Brothers, 1970; Maurizot et al., 1989; Maurizot and Vendé-

Leclerc, 2009). In obducted peridotites, which represent the upper plate of the subduction-obduction 

system, pre-, syn- and post-obduction brittle or semi-brittle tectonic events are overprinted and may 

lead to confusion because they seem difficult to unmix. Therefore, except for tectonic features of the 

serpentinite sole directly and obviously related to obduction (e.g., Gautier et al., 2016; Quesnel et al., 

2016), a structural analysis based on accurately discriminated tectonic features is needed. 

Discrimination is possible on the basis of the formation depth (temperature) and nature of 

associated minerals. For example, the occurrence of supergene minerals in crack seals (silica, 

garnierite, etc.) allows the recognition of recent, shallow and dominantly gravity-driven tectonic 

events (Iseppi et al., 2018), while ductile deformation in peridotites and associated magmatic rocks 

may be attributed to deep-seated mantle tectonics. In this article, the term “obduction” strictly 

means “overthrusting of ocean-type lithosphere elements upon continental crust” and only relates to 

the tectonic events involved in the final tectonic emplacement of New Caledonia Ophiolite, hereafter 

referred to as Peridotite Nappe (Avias, 1967).This study based on the analysis of geological maps 

(online geological map of New Caledonia, DIMENC, https://georep.nc/explorateur-cartographique), 

field structural analysis and paleomagnetic data, aims at identifying pre-obduction tectonic events to 

constrain the kinematics of Eocene subduction. For that end, analyses of existing geological maps 

and field surveys have been conducted in the Eocene HP-LT metamorphic belt, and in the 

allochthonous Poya Terrane and Peridotite Nappe.  
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2. Geologic setting 

New Caledonia is an elongate island (400km x 45km) at the emerged northern tip of the 

Norfolk/New Caledonia Ridge, a narrow ribbon of continental nature, which forms the northern part 

of a continent-size largely submarine area of thinned continental crust referred to as Zealandia 

(Luyendyk, 1995; Mortimer et al., 2017). Zealandia was originally connected to Gondwana (Australia 

and Antarctica) and rifted during the Late Cretaceous (Uruski and Wood, 1991). 

The Norfolk Ridge is bounded on both sides by deep-water basins, New Caledonia Basin to the 

southwest and Loyalty Basin to the northeast (Figure 1). The boundary between the Norfolk/New 

Caledonia Ridge and New Caledonia Basin is underlined by a strong asymmetrical negative gravity 

anomaly (Collot et al., 1987; Van de Beuque, 1999) which continues northward along the hook-

shaped D’Entrecasteaux Zone and disappears southward at ca 23°S. In the New Caledonia Basin the 

gravity anomaly is due to the thick sedimentary infill onlapping a northeast-dipping Eocene seismic 

reflector (Collot et al., 2008). The New Caledonia Basin has an oceanic basement with a horizontal 

Moho to the south of 23°S and a thinned continental basement with a northeast-dipping Moho in the 

northern part (Klingerhoffer et al., 2007) where it is in contact with the continental Lord Howe Rise 

through the Fairway Ridge. The Loyalty Basin is asymmetrical as well and its oceanic basement dips 

to the northeast towards the Loyalty Ridge (Bitoun and Récy, 1982). The boundary between New 

Caledonia Island and the Loyalty Basin is rectilinear over more than 500 km and associated with a 

strong positive gravimetric anomaly beneath the northeastern lagoon, which denotes the occurrence 

of dense mantle rocks near the surface. This linear feature represents the steeply dipping root of the 

ultramafic New Caledonia Ophiolite (Collot et al., 1987) referred to as Peridotite Nappe (Avias, 1967). 

The geology of New Caledonia consists of: (1) pre-Late Cretaceous arc-derived basement 

terranes in relation to the Southeast Gondwana active margin (Meffre, 1995; Maurizot et al., 2020a) 

and Late Cretaceous to Eocene sedimentary cover (Maurizot et al., 2020b); (2) Eocene high pressure-

low temperature metamorphic belt, which crops out in the northern part of the island (Maurizot et 

al., 2020c); and (3) two large allochthonous terranes: the mafic Poya Terrane emplaced in mid-

Eocene time and the ultramafic Peridotite Nappe obducted at the Eocene/Oligocene boundary, 

which together represent almost one half of island’s surface (Fig. 1a) (Cluzel et al., 2012a;  Maurizot 

et al., 2020c).  

Fig. 1 Geological sketch map of New Caledonia 
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The Peridotite Nappe (Avias, 1967) formed when the Loyalty Basin lithosphere was thrust upon 

the New Caledonia Ridge (Collot et al., 1987) when the latter reached the Loyalty subduction zone 

(Aitchison et al., 1995; Cluzel et al., 2001, 2017). It originally covered most of the island and extends 

further south on the submarine Norfolk Ridge (Patriat et al., 2018). Inception of the intra-oceanic 

subduction that finally led to obduction was recorded by the mafic metamorphic sole, dated at ca 56 

Ma (40Ar/39Ar on hornblende and U-Pb on zircon overgrowths) (Cluzel et al., 2012b). The high 

temperature-low pressure thermal gradient (ca. 60°C/km) recorded by the granulite-facies 

metamorphic sole suggests that subduction started near a spreading ridge. Therefore, the involved 

lithosphere was buoyant and the subduction zone was shallow-dipping at start. Such a tectonic 

regime generated strong frictional forces at the plates interface (Espurt et al., 2008; Gutscher et al., 

2000) until older and colder parts of the lower plate reached the subduction zone and developed 

high pressure-low temperature metamorphism. Remarkably, there is no evidence for normal (MOR-

type) oceanic crust to exist on top of the ultramafic rocks. The strongly depleted harzburgites and 

dunites of the Peridotite Nappe are directly overlain by km-scale mafic-ultramafic cumulate lenses; 

which consist of layered dunites, pyroxenites, wehrlites, websterites and gabbronorites (enstatite 

gabbro) from the base upwards. 

The Poya Terrane (or Poya Nappe) (Cluzel et al., 1997; 2001) consists of a principal unit 10 to 20 

km wide, which crops out over 160 km along the west coast of the island. Smaller km-sized lenses 

appear beneath the Peridotite Nappe of the Massif du Sud, the northernmost massifs and along the 

east coast. It is composed of tectonically sliced and duplicated uppermost oceanic crust rocks and 

passive margin turbidites intruded by lowermost Eocene dolerite sills (Cluzel et al., 2017). 

The Eocene HP-LT metamorphic belt extends over ca 200 km along the northeastern coast of the 

island, from the northern tip of the island to Houaïlou (Figure 1). It consists of two terranes: the 

Diahot-Panié Terrane, a dominantly metasedimentary unit, and the Pouebo Terrane, a mafic-

ultramafic melange. The Diahot-Panié Terrane is principally composed of Late Cretaceous-Eocene 

meta-sediments and meta-volcanic rocks and volumetrically minor pre-Late Cretaceous meta-

volcaniclastic rocks. The Pouebo Terrane is an eclogite-facies melange formed of cm- to km-size 

blocks enclosed in a meta-serpentinite matrix. Slices of lower grade mélange squeezed within the 

Diahot-Panié Terrane are referred to as Intermediate Melange (Cluzel, 2020). Components of the 

Pouébo Terrane and Intermediate Mélange come from the lower plate (Poya Terrane, Late 

Cretaceous-Paleocene metasediments) and to a lesser extent from the upper plate (serpentinite 

matrix, lowermost Eocene (55 Ma) fore-arc basin components: andesite pillow lavas and diorite 

dykes, and lower Eocene supra-subduction dykes) (Cluzel, 2020).  
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The post-Early Cretaceous geological evolution may be summarized as follows:  

- The rifting period (Late Cretaceous) is represented in the sedimentary cover of the Norfolk 

Ridge by coal-bearing shallow water marine sedimentation and moderate volcanic activity. Coeval 

coarse- to medium grain turbidites and black shales of the Diahot-Panié Terrane were accumulated in 

deep- water half-grabens, while distal passive margin turbidites characterize the Kone Facies (KF, 

Poya Terrane). Marginal rifting is generally attributed to the eastward rollback of the Pacific slab 

(e.g., Schellart et al., 2006), although no trace of a Late Cretaceous volcanic arc has been hitherto 

discovered (Cluzel and Meffre, 2018);  

- The post-rift (oceanization) period was recorded by uppermost Cretaceous to mid-Eocene 

fining upward sequence, which recorded thermal subsidence while marginal basins opened on both 

sides of the Norfolk Ridge; 

- A new northeast-dipping subduction started to the north of New Caledonia at the end of the 

Paleocene (> 56 Ma) (Cluzel et al., 2012b), it consumed most of the South Loyalty Basin located to 

the east of Norfolk Ridge (Cluzel et al., 2001).  

-    From the mid-Eocene (ca 47 Ma – 45.5 Ma); (Dallanave et al., 2018, 2020) to the late Eocene 

(ca 34 Ma); (Cluzel et al, 1998) increasing instability in the continental lower plate (the northern 

Norfolk Ridge) was recorded by input of ferruginous argillite into the carbonate sedimentation, then 

occurrence of intraformational breccia overlain by 3-5 km thick upward coarsening turbidites. The 

latter accumulated in southeast-propagating foreland basin fed by parautochtonous imbricate 

thrusts (Montagne Blanches Nappe); (Maurizot, 2011) and from ca 40-38 Ma by the Poya Terrane 

(Maurizot & Cluzel, 2014; Maurizot et al., 2020b). 

- At the end of the Late Eocene (<34 Ma), when the tip of the Norfolk Ridge reached the 

trench, the Loyalty Basin lithosphere was obducted without an on land sedimentary record. 

The pre-obduction period thus covers the interval between ca >56 Ma (subduction inception) 

and ca 34 Ma (final obduction in the south of the island). Tectonic events during this period have 

been recorded in the Eocene HP-LT metamorphic belt (lower plate) and in the allochthonous Poya 

Terrane (initially lower plate, then transferred to the upper plate) and Peridotite Nappe (upper plate) 

of the subduction-obduction system. 

Tectonic events will be addressed hereafter in the chronological order (from subduction 

inception to obduction) and from top to bottom of the tectonic pile (Peridotite Nappe to 

metamorphic belt). 
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3. Tectonic records from the Peridotite Nappe 

The Peridotite Nappe is formed of a thin (< 2000m) sheet that rests almost horizontally upon 

underlying terranes (<2° along the west coast), except along the east coast where the basal thrust 

marked by the serpentinite sole, 20 to 200 m thick, dips 30° on average toward the northeast 

(Loyalty Basin); (Guillon, 1975). Kinematic indicators from the serpentinite sole generally indicate 

top-to-the-southwest motion (Gautier et al., 2016; Quesnel et al., 2013; Quesnel et al., 2016); locally 

however, some evidence for top-to-the-northwest and top-to-the-south motions may correspond to 

late/local movements of the allochthon.  

Internal structure 

The geometry of high temperature mantle fabric of the Peridotite Nappe is quite different from 

that of the basal thrust and the dip of the foliation in peridotites often exceeds 20° forming km-scale 

open folds and may be upright in the vicinity of large high-temperature shear zones. Until recently, 

no large internal thrust or detachment fault had been noticed; however, widely spaced shallow 

dipping discontinuities connected with the sole thrust have been imaged by heliborne 

electromagnetic survey and interpreted as such (Iseppi, 2018). However, such a relatively simple 

structure sharply contrasts with the imbricate structure of the directly underlying Poya Terrane.  

Shear zones 

Three regional-scale high-temperature shear zones have been recognized: the Bogota Transform 

Fault oriented N20°E (Prinzhofer and Nicolas, 1980; Titus et al., 2011), the Bélep Shear Zone oriented 

N140°E (Nicolas, 1989; Sécher, 1981; Titus et al., 2011), and the Humboldt Corridor trending N165°E 

(Ferré et al., 2004; Vogt and Podvin, 1983) (Figure 1). These ductile shear zones are characterized by 

steeply dipping foliation and horizontal stretching lineation associated with dextral transcurrent 

motion. The current paleotransform interpretation of these shear zones, which connect laterally with 

the mantle fabric of Peridotite Nappe, suggests the occurrence of differently oriented spreading 

ridges, a common feature of back-arc basins (e.g. North Fiji Basin); (Auzende et al., 1995). However, 

there is no time constraint on the activity of these shear zones and their correlation with either the 

Late Cretaceous marginal basin stage or the Eocene fore-arc basin stage remains conjectural. 

Whatever the interpretation, these large-scale discontinuities and the associated fracture network 

most likely played a role during the pre-obduction period by reorienting local stress and channelizing 

supra-subduction fluids and magmas (see below). The occurrence of interstitial pargasite/edenite in 

the sheared peridotite followed by the development of upright lizardite seams parallel to the 
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foliation recorded fluid-rock interaction at decreasing temperature within the shear zone system 

(Teyssier et al., 2016).  

Dykes 

The Peridotite Nappe is intruded by a variety of dykes, which vary in composition from 

ultramafic (pyroxenite) to mafic (gabbro, diorite, hornblendite, dolerite, boninite), and felsic 

(leucogabbro, leucodiorite, granite). They all display supra-subduction geochemical features and 

represent slab melts (adakite series), mantle wedge melts (boninite series) and juvenile mantle melts 

(island-arc tholeiites) (Cluzel et al., 2006). Their texture is generally coarse to medium-grained except 

basalt dykes, which display doleritic to microlithic texture. They are found independently of the 

structural level and nature of the ultramafic host rock (harzburgite, dunite or lherzolite). Dykes never 

appear in underlying units, notably Poya Terrane, and thus predate obduction as confirmed by 

geochronological data (Cluzel et al., 2006). In general, the density of dykes, 10 cm to 10 m thick, is 

greater near the base of Peridotite Nappe except for dolerites, which are also present in the upper 

(cumulate) level of the nappe. The dykes are well preserved in the main body of the ultramafic 

allochthon and in contrast, severely disrupted in the serpentinite sole.  

Due to the large spacing, crosscutting relationships are rarely observed; however, dyke textures 

allow establishing a rough chronology. Orthopyroxene grains of some pyroxenite dykes are nucleated 

in the harzburgite wall rock, some dykes are boudinaged in a ductile fashion (e.g. Poum Massif, 

Bogota Peninsula); (Titus et al., 2011) and thus were intruded within a still hot peridotite. In contrast, 

although coarse-grained, most felsic dykes were emplaced in a colder rock and developed 

anthophyllite-chlorite reaction rims or no rims. Finally, dolerite/basalt dykes are fine to very fine 

grained, some display chilled margins and have intruded cold host rocks. 

Datable (zircon-bearing) dykes were emplaced between 55.5 Ma and 50 Ma (U-Pb on zircon) 

and IAT dolerite/basalt dykes at ca 50-47 Ma (40Ar/39Ar) (Cluzel et al., 2006, 2020 and unpubl. data) 

within an already existing fracture network of the host rock, as shown by straight boundaries and 

abrupt direction changes in a clearly dilatational setting (Figure 2).  

Fig. 2 Tiebaghi unsheared dykes 

Widespread coarse-grained felsic dykes suggest relatively slow cooling. In addition, pegmatitic 

(Figure 3) and sub-solvus textures and locally retrograde mineral associations suggest involvement of 

hydrous fluid. Depending on their age and orientation, some dykes underwent internal ductile 

deformation, which does not exist in the peridotite host (mineral boudinage, mineral preferred 

orientation, flow folding or microfolding, mylonitisation); (Figure 4 and Figure 5) and a compositional 
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layering parallel to dyke walls is locally developed, thus suggesting high-temperature shearing and 

thus magma injection in active faults.  Two-step intrusion is recorded by some dykes, which display a 

foliated part (earlier) while the rest of the dyke (later) displays granular texture (Figure 5). Thus 

shearing deformation only occurred during the early stage of dyke emplacement, a feature 

confirmed by radio-chronological data (see below). In contrast, younger IAT dolerite/basalt dykes 

display chilled margins, finer grain size, and lack secondary minerals. Dolerites have crystallized 

rapidly and were emplaced at lower temperature (i.e. later than most other dyke types) and in the 

absence of excess water.  

Figures 3, 4 and 5 unsheared and sheared dykes 

Dyke orientations do not fit a simple tension crack model since two or more sets of upright 

dykes commonly coexist (Figure 6). At island scale, there is no clear preferential orientation; 

however, the dykes roughly cluster at ca N130E, N20°E, and N70°E; i.e., parallel or perpendicular to 

the main lineaments of the Peridotite Nappe. Magma was injected through joints probably formed 

during the cooling of the ductile shear zones. For example, mafic dykes of the Bogota Peninsula, in 

spite of some dispersion, cluster at ca. N20°E (Titus et al., 2011); (Figure 6), i.e., more or less parallel 

to the Bogota Shear Zone.  

Fig. 6 structural analysis of Eocene dykes 

Sheared dykes mainly occur near the base of Peridotite Nappe in the south of the island (Plum 

Pass, Ouen Island, Casy Islet) but they also occur, although more scarcely, in northern massifs. 

Dextral motion is recorded by WNW-ESE trending sheared dykes while rare NNW-SSE trending dykes 

display sinistral motion (Figure 6), thus recording NW-SE directed shortening and NE-SW stretching 

directions.  

Sheared diorite dykes, which occur to the southeast of Noumea (Plum Beach, Massif du Sud) 

have been dated at ca 55 Ma (40Ar/39Ar on hornblende); (Soret et al., 2016), which is a minimum age 

for magma injection and more probably represents the age of shearing deformation. Some 

amphiboles of the same group of outcrops yielded older Ar/Ar apparent ages (up to 92 Ma) (Soret et 

al., 2016); however, similar coarse-grained diorite dikes with the same orientation and composition, 

which crop out along the provincial road to Goro (Plum Pass) a few 100ms from this outcrop, have 

been dated at ca 54 Ma (U-Pb on zircon); (Cluzel et al., 2006). Therefore, anomalously older ages 

probably recorded some excess radiogenic argon. In fact, the inverse isochron plot (Soret et al., 2016; 

Figure S1) gives an apparent age of 86.5±7.5 Ma and an intercept corresponding to the atmospheric 

argon. Ductile deformation of hornblende does not occur below 650–750°C in the presence of an 
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aqueous fluid (Berger and Stünitz, 1996); therefore, older (Late Cretaceous) ages are likely due to 

synkinematic high-temperature fluid ingress, undetectable by the step-heating degassing method.  

The coexistence of un-sheared nearly orthogonal dykes and specifically in the Massif du Sud, 

shallow dipping sills on the same sites, is consistent with dilatational conditions (i.e. multi-directional 

extension) after an early episode of NW-SE directed compression; however, the role of magma 

overpressure should not be neglected and the abundance of sills may be consistent with 

compressional context (i.e. vertical minimum stress) as well (Menand et al., 2010). 

With the exception of Kopeto Massif where a lenticular NE-dipping dolerite dyke has been 

injected in a large serpentinised northeast-dipping normal fault (Figure 7), dolerite dykes remain 

unaffected by internal deformation. Thus, dyke emplacement in the upper plate started with NW-SE 

compression and finished with SW-NE extension in a context of decreasing temperature from 55.5 

Ma to 50-47 Ma. 

Fig. 7 lenticular dolerite dyke (Kopeto Massif) 

Antigorite and antigorite-tremolite crack seals 

Small faults (shear joints) and tension cracks are widespread in the Peridotite Nappe (Figure 8). 

They occur by reactivation of lizardite-chrysotile bearing joints and are coated by synkinematic 

antigorite and antigorite-tremolite-bearing crack seals. Because antigorite and tremolite form at 

higher temperature than lizardite and chrysotile, the former record syntectonic high-temperature 

and Ca-rich fluid input. A connection with fluids emitted by the subduction zone, or having leached 

lower Eocene supra-subduction dykes is suggested by their strontium and oxygen isotope signatures 

(Cluzel et al., 2019) and thus places them within or by the end of the 55-50 Ma interval. 

Figure 8 antigorite and tremolite crack seals 

Antigorite- and antigorite-tremolite-bearing crack seals do not fit Anderson’s model (1951) of 

synchronous brittle failure and shear motion; instead, they correspond to the reactivation of 

(lizardite-coated) pre-existing fractures. Their spacing is variable and they may locally appear in 

swarms as an effect of strain localization due to the proximity of pre-existing regional-scale shear 

zones (e.g. Bogota Shear Zone, Humboldt Corridor) (Figure 1). The dominant directions of tension 

cracks/fault are roughly similar to that of supra-subduction dykes as they used the same pre-existing 

joint network. 

The kinematic fault analysis based on fiber axis as a slip vector, shows a predominance of strike-

slip and oblique-slip motion, which contrast with the dominant dip-slip motion of supergene faults 
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(Iseppi et al., 2018). The main axes of the strain ellipsoid (X stretching, Y intermediate, Z shortening) 

computed with the with FaultKin program (Marrett and Allmendinger, 1990; Allmendinger et al., 

2012) show three domains characterized by the orientation of the stretching axis (X) of the strain 

ellipsoid: Massif du Sud (NNW-SSE), Kopeto-Boulinda and Poro (NNE-SSW), and Koniambo and 

Tiebaghi (ENW-ESE); (Figure 9). However, it appears that such differences are mainly due to the 

permutation of the principal strain axes. For example, in the Massif du Sud, the sites of Col Paillard 

and Vulcain Mine display similar orientation of the main stretching axis (X) while the shortening (Z) 

and intermediate (Y) axes are permutated. Similarly, Gemini Mine (Kouaoua) and Dunites 78 sites 

display permuted Y and Z axes (Figure 9). In the north, Koniambo and Tiebaghi sites correspond to 

the permutation of X (main stretching axis) into Y (intermediate), X and Y being horizontal and X 

oriented WNW-ESE, i.e. at right angle to its orientation in the Massif du Sud. In the absence of folding 

or tilting strong enough and oriented accordingly to account for permutation of main strain axes, 

such apparent complexity may simply result from permutation of principal stress axes (1/2 or 

2/3) and thus of the principal axes of the resulting strain ellipsoid (X/Y and Y/Z). Such an event 

may occur in brittle tectonic regime, even during a single-stage tectonic event (Angelier, 1989). The 

permutation of the main axes of the stress ellipsoid may easily occur at relatively shallow depth 

when the stress anisotropy is low. 

Fig. 9 kinematic analysis of tremolite-antigorite crack seals 

The kinematic analysis of antigorite and antigorite-tremolite crack seals infers that the Peridotite 

Nappe (i.e., the upper plate) was in a dominantly extensional or transtensional regime soon after the 

intrusion of felsic dykes, i.e. less than 6 My after subduction inception.  

 

4. Tectonic records from the Poya Terrane  

The allochthonous Poya Terrane (or Poya Nappe) (Cluzel et al., 1997, 2001, 2017) consists of an 

elongate unit 20 x 180 km located on the west coast and smaller slices along the east coast and 

Massif du Sud, systematically located beneath the Peridotite Nappe (Figure 1). It is a composite litho-

tectonic unit composed of: 1) the Poya Terrane Basalts (PTB), MOR-type massive and pillow basalts 

associated with Campanian to lower Eocene abyssal argillite (Aitchison et al., 1995; Cluzel et al., 

2001; Eissen et al., 1998), and 2) the Kone Facies (KF; Carroué, 1972), upper Cretaceous distal 

turbidites with minor fine-grained sandstone at the base and dark red or dark grey argillite on top, 

originally accumulated on the eastern passive margin of the Norfolk Ridge, intruded by 10m to 100m 

thick lower Eocene E-MORB sills (ca 55 Ma); (Cluzel et al., 2017).  
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The basal thrust of the main unit forms a gentle synform except in the southern end near Bourail 

where it tightens above the back limb of the Montagnes Blanches ramp anticline. The top of the unit 

is formed by the almost horizontal (<2° dip) basal thrust of the Peridotite Nappe. The complex 

internal structure of PTB, which consists of a stack of upright fault-bounded slices a few meters thick 

and a few 100 meters long (Figure 10), sharply contrast with the simple geometry of the limiting 

thrusts. It is worth noting that KF and PTB are not mixed and that the structure of the Kone Facies 

sub-unit is much simpler than that of PTB, as it lacks multiple tectonic slicing, denoting a distinct and 

much simpler tectonic evolution. Thus, imbrication of PTB predated amalgamation with KF. The PTB 

were scraped off the uppermost oceanic crust of the lower plate during the shallow-dipping 

subduction of the South Loyalty Basin and do not contain any other lithology than basalt and pelagic 

argillite. The tectonic slices were first accreted to the intra-oceanic fore-arc region of the Loyalty Arc 

and then thrust over the leading edge of the New Caledonia Ridge (Cluzel et al., 2001). When it 

reached the margin, the PTB dragged large parts of the passive margin turbidites of the Koné Facies 

and the whole set was thrust upon autochthonous/parautochthonous rocks of the New Caledonia 

Ridge where it fed syntectonic foreland basins (Maurizot and Cluzel, 2014). The main unit of the Poya 

Terrane (west coast) only displays low grade metamorphism (zeolite-chlorite sub-greenschist facies) 

and thus was not buried deeply, while schistosity is restricted to a narrow zone 200-300m thick 

beneath the Peridotite Nappe. In contrast, portions of the Poya Terrane (PTB and KF) were dragged 

down into the subduction  zone and recrystallized into blueschists; as a consequence, discontinuous 

slivers of metamorphosed Poya Terrane rocks crop out along the east coast of New Caledonia 

(Hienghène region) (Cluzel et al, 2017). Radiochronologic dating of these relatively low grade 

metamorphic rocks was proven difficult and no reliable data is available that could constrain 

diachronic accretion. 

Fig. 10 typical exposure of Poya Terrane Basalts with upright sedimentary lenses 

At island’s scale, the orientation of sedimentary lenses in PTB, and of bedding and dolerite sills 

in KF display an average northwest-southeast strike; however, at all scales, open folds with vertical 

axes affect the average strike (Figure 11). With only a few exceptions these folds, especially the 

larger ones (several km), have a “Z” shape consistent with dextral transcurrent tectonics 

(transpression). However, to the northwest of the unit near Kaala-Gomen the vergence of the large 

fold is unclear due to the lack of outcrops in the littoral plain (Figure 11). The folds with vertical axes 

affect the PTB and KF but do not extend into the “autochthonous” basement of the unit, which 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



displays a relatively simple structure (Figure 11). Thus, transcurrent folding occurred before the final 

tectonic emplacement of the terrane.  

Fig. 11 Tectonic map of the Poya Terrane 

The tectonic evolution of the Poya Terrane may therefore be summarized in four steps:  1) 

shallow-dipping subduction inception (Figure 12a); 2) Intra-oceanic tectonic accretion of the PTB in 

the fore-arc region (Figure 12b); 3) amalgamation of PTB and KF when the PTB reached the leading 

edge of the Norfolk Ridge and transcurrent dextral deformation (Figure 12c); and 4) thrusting of the 

already folded Poya Terrane (PTB + KF) “en bloc” onto the Norfolk Ridge. Meanwhile, elements of the 

PTB were dragged into the subduction zone with elements of the upper plate (supra-subduction 

mantle, fore-arc basin) where they recrystallized into blueschists and eclogites as part of the Pouebo 

Melange (see below)  (Cluzel, 2020). 

Fig. 12 model for oblique subduction/accretion 

 

5. Tectonic records from the Eocene high pressure – low temperature metamorphic belt 

The Eocene metamorphic belt extends over ca 225 km along the northeastern coast of New 

Caledonia (Fig. 1). Four main lithotectonic units may be distinguished on the basis of lithology and 

metamorphic grade: (1) Montagnes Blanches Nappe, (2) Diahot-Mt Panié Terrane, (3) Intermediate 

Melange units, and 4) Pouebo Melange (or Terrane). The metamorphic grade increases along a SW-

NE section from sub-greenschist facies (Potel et al., 2006) to eclogite facies (Clarke et al., 1997; 

Fitzhebert et al., 2003; Vitale Brovarone and Agard, 2013) over a distance of about 20 km. Such a 

steep increase implies that “isograds” across strike are actually fault/thrust boundaries between 

sliced units of different yet northeast-ward increasing metamorphic grade (Cluzel et al., 1995; Vitale 

Brovarone and Agard, 2013). Abrupt changes in style and intensity of ductile deformation are 

generally associated with these boundaries, which may be or not, associated with serpentinite or 

mélange slices. In contrast, the metamorphic grade gently decreases southeastward (along strike); a 

fact that suggests that subduction was dipping to the north or the north-northeast.  

The timing of HP-LT metamorphism is well constrained in high grade units only. The peak 

metamorphic grade (eclogite facies) in the Pouebo Terrane has been dated at ca 44 Ma (U-Pb zircon) 

(Spandler et al., 2005), it will be taken as the maximum age for exhumation inception. Eclogite facies 

rocks of the Diahot-Mt Panié Terrane yielded a younger peak metamorphic age at ca 38 Ma (U-Pb 

zircon) (Cluzel et al., 2010; Pirard & Spandler, 2017). Both terranes yielded dispersed retrograde 
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(blueschist/greenschist facies) 40Ar/39Ar ages on phengite and fuschite that cluster at ca 38 Ma (40-28 

Ma) (Baldwin et al., 2007; Ghent et al., 1994; Rawling, 1998). Finally, apatite fission tracks yielded an 

age of 34 ± 4 Ma for a closure temperature of ca 150 °C (Baldwin et al., 2007). 

The regional foliation associated with tight or isoclinal F1 folds is generally upright, except in the 

low grades zones. To the southwest across strike, near the peridotite klippes of the west coast, the 

dip quickly changes into 45° to the northeast. Similarly, the foliation becomes shallow-dipping to the 

southeast of Touho fault and passes beneath the basal contact of Peridotite Nappe near Ponerihouen 

(Figures 1 and 13a). The structure of the high grade zone of the Mt Colnet-Mt Panié Massif escapes 

this general scheme and foliation in the northeastern part of the Diahot-Mt Panié Terrane forms a 

broad antiform, cored by the Pouebo Melange. The fold type changes with lithology and with 

metamorphic grade from southwest to northeast, evolving from gentle to isoclinal. Northeastward, 

i.e. near the higher grade zone, F1 isoclinal folds are refolded in a continuum by tight F2 with roughly 

the same kinematics, thus resulting in complex outcrop patterns. With only a few local variations due 

to subsequent F3 folding, the stretching lineation associated with the regional foliation has an 

average west northwest-east southeast strike (N70°E on average); (Figure 13b), not exactly 

perpendicular to the orientation of regional structures. The regional foliation strikes northwest-

southeast on average; however, at all scales (meter to several kilometers) the F1 and F1-2 fold axial 

surfaces, and the associated foliation and serpentinite/melange slices display strike changes due to 

F3 open/close post-foliation folds with vertical axes.  

Fig. 13 tectonic map of the Eocene metamorphic belt 

At regional scale, three major F3 folds appear in Arama, Ouegoa and Touho-Poindimié areas 

(Figure 13a). The fold style evolves with metamorphic grade from northwest to southeast (along 

strike) from close in Arama and Ouegoa areas to the Touho-Poindimié fold-fault (Figure13a).  

Similarly, the intensity of deformation associated with these folds decreases southwestwards 

together with metamorphic grade. Asymmetrical folds with a “Z” shape on map and on outcrop are 

consistent with dextral transpression (Figure 13b). Regarding the timing, F3 folds involve units of 

different metamorphic grade, which were previously juxtaposed along faults/thrusts and thus 

transcurrent folding is late- to post-exhumation (44-34 Ma). 

 

6. Paleomagnetic data 

Paleomagnetic studies attempted in New Caledonia (Tarling, 1967; Ali and Aitchison, 2000, 

2002; Dallanave et al., 2018, 2020; Théveniaut et al., 2017) have proven difficult due to tectonic 
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complexity, frequent remagnetization and prominent tropical weathering. With only rare exceptions, 

pre-Eocene terranes could not provide reliable data, probably due to the thermal effect of the Late 

Cretaceous rifting. In contrast, Eocene sedimentary rocks yielded some results in spite of feeble 

remanent magnetization.  

The study of Ali and Aitchison (2000, 2002) focused on the early Permian Koh Ophiolite and Poya 

Terrane Basalts. Permian rocks did not allow a reliable paleomagnetic pole to be computed; 

however, in spite of tectonic complexity (see below), they could place the origin of Poya Terrane 

Basalts at about 300 km to the north of present-day New Caledonia. 

Dallanave et al. (2018, 2020) carried out a magnetostratigraphic study in mid-Eocene hematite-

bearing calciturbidites from Noumea Peninsula and the moderately folded area to the east of 

Koumac (west coast, north of the island). The former site being an olistolith, the data could not be 

used for paleomagnetic pole computing; but with the latter (ca 45 Ma; site X, Fig. 1), a 

counterclockwise rotation of ~60° of New Caledonia with respect to Australia was evidenced and will 

be used in this article. 

In order to test our tectonic interpretation and quantify the rotation at island’s scale, a 

paleomagnetic study has been carried out in the southern half of the island in areas of the west coast 

that escaped Z-type transcurrent folding and the effects of Eocene HP-LT metamorphism (Fig. 1). All 

samples were taken in shallow dipping beds, on outcrops as fresh as possible with a portable gasoline 

driller (supplementary material, Table S1).  Sampling for this study was performed on upper Eocene 

turbidites (38-34 Ma) from the Flysch de Bourail near Noumea at Baie de Gadji (site A), along the 

main road from Bourail to Moindou at Col des Arabes (site E), and Priabonian (ca. 35 Ma) Flysch de 

Bourail at La Roche Percée (Bourail; site F), Lutetian (42 Ma ?) calcareous sandstones at the base of 

the Flysch de Bourail at Col Aymes (site G) and lower Eocene dolerite (ca. 50 Ma) from the Peridotite 

Nappe (Tontouta River, site H). Rocks from the sites G and H provided dispersed directions that could 

not be used in this study. Owing to the uncertainty of stratigraphic correlation of turbidites, an 

average age of 35 Ma was collectively attributed to the three sites. Triassic to Paleocene formations 

were also sampled for paleomagnetic analysis but yielded complex remagnetization features, the 

analysis of which does not meet the aims of this article.  

 Details on the laboratory paleomagnetic analyses are provided as online supplementary 

information. 

Magnetite with low concentration has been identified as the major magnetic remanence carrier 

by the hysteresis curve acquisition, thermo-magnetic experience and isothermal magnetic 
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remanence measurement (Fig. S1). The degree of Anisotropy of Magnetic Susceptibility is less than 

1.05 (Fig. S2), indicating that the sampled rocks have not experienced severe deformation after 

diagenesis. The remanence measurement of progressive demagnetization confirms weak 

magnetization (~10-4 Am2 for NRM; Fig. S3). Less than 50% of demagnetized specimens from only 

three sites present stable Characteristic Remanence Magnetization (ChRM), and two other sites did 

not provide any stable magnetic remanence (Table 1).  

Table 1. Paleomagnetic results from southern New Caledonia. n/N, D, I, , g and s stand for 

statistic/total measured samples, declination, inclination cone radius of statistic confidence at 95%, 

in-situ, bedding-corrected coordinates, respectively.  

 

It is worth to note that: i) the directions of these sites are relatively compatible; ii) due to the 

small number of available specimens taken in statistical analysis from each site, the statistical 

confidence level is relatively low; iii) due the small number of sites, the age averages are calculated 

by specimen instead of site. Nevertheless, the age average provides reasonable results with 

acceptable statistical confidence level (Table 1). Because of the good compatibility among the three 

sites, one general average has been calculated for the age of ~35 Ma: Dg = 341.1°, Ig = -31.8°, k = 9.0, 

95g = 14.0°; Ds = 345.9°, Is = -36.7°, k = 11.0, 95s = 12.5° and n = 14 (Table 1 and Fig. 14).  

 

Figure 14. Equal-area projection of directions from Characteristic Remanence Magnetization (ChRM). 

a. directions in in-situ coordinates; b. directions in bedding corrected coordinates. 

The fold test (McElinny, 1964; McFadden and McElinny, 1990) provides an inclusive answer due 

to weak variation of bedding attitude; nevertheless, an improved precision parameter is obtained 

after bedding correction (Table S1 and Fig. S4). With both normal and reversed magnetic polarities, 

the ChRM could be considered as primary magnetization (Figs. S3 and S4). Accordingly, a 

paleomagnetic pole has been calculated at:  = 78.6°,  = 80.4°, dp = 6.8°; dm = 11.6° (Table 2). 

 

Table 2. Comparison of paleomagnetic results from New Caledonia with Australian APWP 

  

This new pole is not only distinct from that of the present Earth field, but also from that of 

Australia at   35 Ma (Fig. 15); (Besse & Courtillot, 2002, 2003). It also differs from the paleopole 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



computed from slightly older sediments (ca. 45 Ma) near Koumac in the north of New Caledonia 

(Dallanave et al., 2020; see (Fig. 1, site X) and Fig.15). Table 2 reports their angular differences and 

their latitude and rotation components showing that latitudinal movements between New Caledonia 

and Australia are not really significant compared to rotations. Assuming the primary origin of ChRM 

of paleomagnetic data from New Caledonia, the new results show an counterclockwise rotation of -

31.2°± 9.6° since 35 Ma of New Caledonia with respect to Australia, confirming the tectonic evolution 

suggested by observations from other domains (Fig. 16).  

However, there is a statistically significant difference between the southern part (this study) and 

the northern part of the island (Dallanave et al., 2020) with a bulk angular difference of 32.5°±8.3° 

between their paleomagnetic poles (Table 2). Such a difference may be produced by: 1) local 

rotations due to transcurrent folding (folds with vertical axes), 2) differential rotation between the 

north and the south of the island; or, 3) progressive rotation through time. As described above 

(paragraph 5), the studied terranes have experienced superposed deformations and especially 

folding with vertical axes that may account for local rotations (Fig. 13). The results from the northern 

site (site X; Dallanave et al., 2020) are derived from a magnetostratigraphic study, and thus 

correspond to a restricted area of a few hundred square meters, lacking visible metamorphism and 

ductile deformation. The studied sequence is moderately dipping (   30° to the NE) and monoclinal, 

preventing any fold test to be performed. However, the strike of F1-2 fold axes remains constant in 

this area over more than 20 km and there is no evidence for F3 transcurrent folds with vertical axes 

(see paragraph 5). Results of this study come from large monoclines, several km across strike, which 

show no evidence for transcurrent folds and thus no local rotation around vertical axes. The 

paleomagnetic data from the studied areas may suggest that counterclockwise rotation of the 

northern part of the island was larger than that of the southern part; however, the island does not 

show bending at that scale, which could account for    3   differential rotation. An alternative 

interpretation may be proposed in term of chronology.  The paleomagnetic data of Dallanave et al. 

(2020) are dated at ~45 Ma by micropaleontology and magnetostratigraphy, and show a 

counterclockwise rotation of ~60° of New Caledonia with respect to Australia, which is about 30° 

more compared to our results from rocks dated at ca. 35 Ma (Table 3).  In other words, New 

Caledonia began its counterclockwise rotation with respect to Australia after ca. 45 Ma (   30°) and 

continued after 35 Ma (  30°). Since no rotation relative to Australia was observed in the 

paleomagnetic record of Oligocene lateritic cuirasses (>25 Ma; Sevin et al., 2012) or late Oligocene 

granitoids (  25 Ma; Théveniaud et al., 2017), counterclockwise rotation ceased before 25 Ma. 

Unfortunately there is no on land sedimentary record for the period of 35-25 Ma and thus no precise 

constraint on the end of rotation. Owing to the small number of data, it clearly appears that these 
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results are only qualitative and need to be comforted by a larger number of samples. However, 

evidence for about 60° counterclockwise rotation, also reported by Théveniaut et al. (2017) supports 

the tectonic model presented below. 

7. Discussion: chronology and kinematics  

From subduction inception to obduction and from top to bottom of the tectonic pile, significant 

changes were recorded through time by pre-obduction tectonic events (Table 3). The oldest events 

associated with subduction inception did not leave any trace useful for kinematic analysis because 

they were greatly disturbed and possibly rotated by subsequent events (metamorphic sole) or 

disrupted by the melange process (earliest supra-subduction dykes and fore-arc basin rocks). 

Pyroxenite dykes and small-scale intrusions could not be dated and thus are difficult to relate to a 

given tectonic event. The earliest datable tectonic events appeared in the Peridotite Nappe with 

lower Eocene sheared dykes (55.5-55 Ma), which unexpectedly recorded NW-SE-directed 

compression and strike-slip motion. This event was short-lived and in the rest of the dyke complex 

emplacement period (55-50 Ma), wrench tectonics changed into multidirectional extension 

(dilatation). However, the role of magma pressure in this evolution should not be neglected because 

it tends to reduce the stress anisotropy and may have resulted in nearly isotropic dilatation while the 

external stresses at regional scale remained unchanged. From 55 Ma to 50 Ma, however, the grain 

size reduction and appearance of non-reactional chilled margins signal relatively fast cooling of the 

fore-arc. In addition to a change in the magma source, island-arc dolerites, which emplaced from 50 

Ma to 47 Ma, recorded WNW-ESE directed extension (Bogota Peninsula) or SW-NE directed 

extension (Kopeto Massif). 

Antigorite- and tremolite-bearing crack seals recorded either transtension or nearly N-S 

extension depending upon the place, as a consequence of principal stress permutation. The poorly 

fixed orientation of kinematic axes suggests low anisotropy of the stress ellipsoid and thus relatively 

shallow depth due to peridotite exhumation. Pre-existing discontinuities (e.g. regional-scale shear 

zones) may be suspected to have re-oriented the local stresses. In spite of some uncertainty on 

boundaries, the mineral sequence, i.e. lizardite (± chrysotile) => antigorite+ tremolite => antigorite => 

polygonal serpentine, provides some constraints on the evolution in temperature. The upper stability 

limit of lizardite (± chrysotile) at low pressure (< 0.4 GPa) is established to about 300-320°C (Evans, 

2004), while antigorite stability starts at about 320°C and persists up to 500-550°C (Wenner and 

Taylor, 1971). At low to medium pressure (0.1-0.5 GPa) tremolite appears at 350-550°C and 

disappears at 400-650°C depending on the CO2 partial pressure (Jenkins, 1983; Chernosky et al., 

1998; Evans, 2004; Evans et al., 2000, 2013). Therefore, the relative chronology above records: 1) a 

net increase in temperature after primary serpentinization due to the ingress of slab-derived fluids 
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during the formation of tremolite-antigorite bearing veins, 2) a gentle temperature decrease at the 

end of tremolite crystallization, and 3) a final cooling down to supergene conditions (ca. 50°C-35°C) 

(Cluzel et al., 2019). The predominance of strike-slip or oblique slip displacements denotes 

transtensional conditions in the upper plate consistent with oblique subduction (Chemenda et al., 

2000; Gurnis et al., 2004; Gutscher et al., 1998, 2000).  

In contrast with the weak and poorly time-constrained tectonics of the upper plate, the HP-LT 

belt and Poya Terrane display spectacular tectonic features, which directly relate to a specific 

tectonic event. Stacking and exhumation of HP-LT units probably occurred with a dominant ENE-

WSW (N70°E) direction recorded by the regional stretching lineation (Figure 13c, Table 3). 

Notwithstanding the subsequent deformation by folds with vertical axes, the initial orientation 

of the tectonic slices of the Poya Terrane was similar to that of the metamorphic belt (i.e. NW-SE in 

the present configuration of the island). Both terranes display the same “Z”-type folds denoting 

dextral transcurrent tectonics by the end of exhumation in the HP-LT belt and before final 

overthrusting of the Poya Terrane (Figure 13 & Table 3).  

 

Table 3 summary of Eocene tectonic events 

 

Since transcurrent deformation is not expected to occur during SW-directed (i.e. at right angle) 

overthrusting, it is assumed that dextral shearing occurred before the island’s scale counterclockwise 

rotation while the Australian Plate was moving northwards with respect to the coeval Loyalty 

Volcanic Arc. Counterclockwise rotation of the northern Norfolk Ridge and coeval clockwise rotation 

of the D’Entrecasteaux zone were responsible to the hook shape of the Loyalty-D’Entrecasteaux 

subduction zone. Therefore, it is likely that the northern Norfolk Ridge originally had an almost 

north-south direction, more consistent with the reconstruction of the ancient Gondwana margin 

than the present-day NW-SE orientation (Figure 16a). The unexpected shortening direction (NW-SE) 

recorded by sheared dykes emplaced shortly after subduction inception was possibly due to north-

directed subduction if the island is rotated back to its original N-S orientation. Oroclinal bending of 

the ridge could not be achieved without crust-mantle detachment (not to say subduction) along its 

western edge, and was made possible by the narrowness (< 100 km) of the continental Norfolk 

Ridge; this point is supported by paleomagnetic data, which records post-mid-Eocene 

counterclockwise rotation of about 60° (Dallanave et al., 2020; this study). Obduction of the 

Peridotite Nappe occurred during this rotation (Figure 16c). 

Obduction was achieved after ca 34 Ma in the south of the island (Cluzel et al., 1998) and 

continued farther south (Patriat et al., 2018) for an unknown period of time. Finally, to the southwest 

of New Caledonia, the incipient collision (or failed continental subduction) of the Lord Howe Rise 
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with the northern Norfolk Ridge (Figure 16d) recorded by the local north-eastward dip of the Moho 

and uplift of Fairway Ridge, likely resulted in final blocking of the subduction at the latitude of New 

Caledonia. As a consequence, increasingly fast eastward rollback of the VTK subduction in Oligocene 

time (> 30 Ma; van de Langemaat et al., 2018) accompanied the continuous opening of the North 

Loyalty/South Fiji back-arc basin.  

 

8. Fig. 16 model for the evolution of the SW Pacific between 56 Ma and 30 Ma
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Conclusions 

From subduction inception to obduction, tectonics occurred at decreasing temperature and 

pressure in the Peridotite Nappe (upper plate) and in the HP-LT metamorphic belt (lower plate pro 

parte). Such decrease associated with exhumation of the HP-LT belt and uplift of Peridotite Nappe is 

recorded by the changing style of tectonic structures and associated mineralization (Table 3). 

Shortly after subduction inception, the shortening direction recorded by deformed lower Eocene 

dykes in the upper plate was parallel to the present NW-SE strike of the island. Owing to the 

counterclockwise rotation deciphered by paleomagnetic data during the 45-25 Ma time interval, the 

shortening direction was roughly oriented N-S at start and the Australian Plate was moving 

northwards with respect to the Pacific Plate. 

Distal turbidites of the late Cretaceous passive margin (Kone Facies) were intruded by prominent 

lower Eocene (ca. 55 Ma) E-MORB dolerite sills. This feature is consistent with extension (bulging 

and/or transtension ?) in the lower plate (Australian Plate) of the system (Cluzel et al., 2017) shortly 

after subduction inception.  

The progressive counterclockwise oroclinal bending of the New Caledonia/northern Norfolk 

Ridge due to the blocking of this narrow slice of continental crust in the subduction zone could not be 

achieved without SE-propagating jump-back of the subduction. Thus, the northern Norfolk Ridge was 

sandwiched between two lithospheres: the Loyalty fore-arc to the NE and the Australian Plate to the 

SW, which moved obliquely to each other. Counterclockwise rotation of the New Caledonia Ridge 

was achieved through rotation around a vertical axis located on the ridge at about 23°S latitude. This 

point actually correspond to the southern end of the negative gravity anomaly, which follows the 

ridge for about 800 km up to about 18°S and less continuously along the hook-shaped 

D’Entrecasteaux Ridge where it disappears beneath the Vanuatu trench at about 15°S.  

Slices of Poya Terrane Basalts, which were scrapped off from the crust of the lower plate (South 

Loyalty Basin) and accreted to the Loyalty fore-arc were amalgamated with Late Cretaceous 

turbidites of the ancient passive margin (Kone Facies) and affected by dextral Z-type transcurrent 

folds before being thrust “en bloc” in mid-Eocene times, thus recording a change in kinematics due 

to slab roll back, progressive opening of the North Loyalty back-arc basin and coeval rotation of the 

Loyalty Arc. 

By the end of exhumation of the HP-LT terranes, which started after 44 Ma (Spandler et al., 

2005) and was almost completed at ca 34 Ma (Baldwin et al., 2007), the development of dextral 
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transcurrent folding in the metamorphic belt signals that transpression and thus oblique subduction 

was continuing. 

Younger strike-slip faults that crosscut the Peridotite Nappe front and post-obduction granitoids 

suggest ongoing post-obduction transcurrent tectonics (transtension ?), which is however beyond 

the scope of this article. 
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Figure captions 

Figure 1: Geological sketch map of New Caledonia restricted to the geological units addressed in 

this article. Abbreviations in main map: BSZ Belep Shear Zone; BTF Bogota Transform Fault; HC 

Humboldt Corridor. Inset, color chart; dark red: continental crust, light red: thinned continental crust, 

light blue: oceanic crust, dark blue: oceanic plateau; abbreviations, LHR : Lord Howe Rise, NR : 

Norfolk (New Caledonia) Ridge, LR : Loyalty Ridge, HP : Hikurangi Plateau. 

Figure 2: Non-sheared coarse-grained diorite dykes and sills crosscutting deeply serpentinised 

harburgite to exemplify magma injection in an already fractured rock. The dotted lines represent the 

attitude of the gently dipping mantle fabric of the peridotite. Ore drying area, western bottom of the 

Tiebaghi Massif (164.20344; -20.48416). 

Figure 3: Non-sheared lower Eocene dykes (Massif du Sud) ; (a) leucogabbro dyke at the 

confluence of Napouéredjeine and Pirogues rivers (166.73021; -22.20831) ; (b) hornblende-gabbro 

pegmatoid dyke crosscutting a pyroxenite body, Plum Pass (166.68603; -22.30102);  (c) detailed view 

of (b) to show fragmented amphibole crystals coated or ‘injected’ by plagioclase (lens cap size is 6 

cm). 

Figure 4: Non-sheared hornblende leucogabbro dyke crosscutting pyroxenite, Plum Pass 

(166.67156; -22.30200); (b) sheared leucogabbro with c and s shear structures at the walls and 

transposed c-s mylonitic foliation at the centre (Plum Pass); (166.67233; -22.30285); (c) and (d) 

detailed views of the central mylonite showing amphibole and orthopyroxene rotated 

porphyroclasts. All shear indicators are consistent with reverse-sinistral, top-to-the-NW motion. 

Figure 5: (a) Internal folds in a layered gabbro dyke of Ouen Island (166.80956; -22.41200); (b) 

detailed view of the former showing extremely sharp fold hinges. The white arrow points to an 

anthophyllite reaction rim around an eroded peridotite xenolith; (c) partly disrupted flow fold 

structure in a weathered felsic sill, Ouen Island (166.80783; -22.41255); (d) sheared and foliated dyke 

(yellow arrows) injected by en-echelon leucogabbro lenses (white arrows), the foliated part of the 

dyke shows sinistral motion (strike N145E), ancient chromite mine Georges Piles (166.75567; -

22.24885). 

Figure 6: Plot of orientations of lower Eocene dykes and sills from the Peridotite Nappe at island 

scale (Schmidt equiaerial stereonet, lower hemisphere). Bold circles represent sheared dykes (with 

sense of shear). 
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Figure 7: (a) Dolerite lensoids within a serpentinised normal fault (Kopeto Massif); (b) detailed 

view of the fault zone to show the c-s structure with down-dip motion. 

Figure 8: (a) Antigorite crack seal on a small dextral fault (offset < 10 cm); (b) tremolite-bearing 

crack seal (photo credit: Lahondère, 2012). 

Figure 9: (a) Plot and kinematic analysis of antigorite and tremolite-antigorite-bearing small 

faults (main axes of the strain ellipsoid: X= stretching, Y intermediate, Z shortening). Note that the 

majority of mineral fibers indicate strike slip or oblique slip motion. The insert (b) illustrates the 

permutation of the main strain axes (X/Y and Y/Z). The strain ellipsoid axes have been computed with 

the FaultKin application (Allmendinger et al., 2012), (Schmidt equiaerial stereonet, lower 

hemisphere). 

Figure 10: A typical outcrop of Poya Terrane Basalts to show tectonically interleaved upright 

basalt (bas) and abyssal argillite (arg) slices, the whole set was sheared toward the SW and 

developed some schistosity beneath the Peridotite Nappe (CR 34 track); (165.27649; -21.47172). 

Figure 11: Tectonic map of the Poya Terrane to show the regional-scale “Z” type folds with 

vertical axes consistent with dextral transpression. It is worth to note that PTB and KF display the 

same large-scale structure while the underlying autochthonous/parautochthonous units display a 

much simpler organization (blue line). 

Figure 12: Formation and structure of the Poya Terrane in a three-step model of intra-oceanic 

accretion and oblique subduction/obduction. KF: Kone Facies (turbidites); PTB: Poya Terrane Basalts. 

Blue: oceanic crust, green: upper mantle peridotites, orange: continental crust. 

Figure 13: (a) Tectonic map of the Eocene HP-LT belt of northern New Caledonia. The blue lines 

show the orientation of regional structures (foliation, bedding, serpentinite or melange slices). Bold 

black lines represent the trend of structures when they can be traced over long distances (> 20 km). 

Large-scale “Z” type folds appear in high-grade part of the metamorphic domain. It is worth to note 

the southwestward decrease of the folds closure and southeastward changing style from open fold 

into fault-fold. (b) cartoon showing the relationship of “Z” type folds and regional-scale 

transpression. (c) structural map of the restored orientation of the stretching lineation. 

Figure 14: Equal-area projection of directions from Characteristic Remanence Magnetization 

(ChRM). a. directions in-situ coordinates; b. directions in bedding corrected coordinates. 

Figure 15: Paleomagnetic poles from this study and Dallanave et al. (2020) with the Australian 

APWP (Besse and Courtillot, 2002, 2003) 
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Figure 16: Attempted paleogeographic reconstruction of the Southwest Pacific during the 

Eocene to account for: (a) lower Eocene subduction inception at or near a RRR triple junction, (b) 

oblique pre-obduction subduction; (c) subduction jamming by the Norfolk Ridge and 

counterclockwise rotation of New Caledonia; and (d) final blocking of the subduction in New 

Caledonia by the Lord Howe Rise; meanwhile, the subduction continued to the south (modified from 

Cluzel et al., 2001, 2012a; Meffre et al., 2006; Patriat et al., 2018). (NC: New Caledonia, NR: Norfolk 

Ridge, LHR: Lord Howe Rise, NLB: North Loyalty Basin, AUSTR: Australia, V: Vanuatu, T: Tonga, K: 

Kermadec, gray bold line: active spreading ridge, dark blue bold line: extinct spreading ridge. 

Table 1: Paleomagnetic results from southern New Caledonia. n/N, D, I, , g and s stand for 

statistic/total measured samples, declination, inclination cone radius of statistic confidence at 95%, 

in-situ, bedding-corrected coordinates, respectively.  

 

Table 2: Comparison of paleomagnetic results from New Caledonia with Australian APWP.  and 

 stand for latitude and longitude of paleomagnetic pole, respectively; dp, dm and A95 stand for 

statistic errors in latitude and rotation at 95% confidence level. Australian poles are from Besse and 

Courtillot (2002, 2003). Differences are calculated at -21.8°N, 165.9°E (average of geographic 

coordinates of sites A, B, E, F). Error bars are calculated by (0.63*) root (A95
2+Dp or m2) (Demarest, 

1983). 

Table 3: Summary of tectonic features deduced from the structural analysis of the Poya Terrane, 

Peridotite Nappe and Eocene metamorphic belt. All kinematic axes have been computed in the 

present orientation of the island and do not account for    60° counterclockwise rotation. 
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Site location Formation Lithology Age n/N Sampling 
coordinates 

Paleomagnetic direction 

    Ma  Lat. 
(°N) 

Long. 
(°E) 

Dg 
(°) 

Ig 
(°) 

95g 

(°) 

Ds 
(°) 

Is 
(°) 

95s 

(°) 

A 
Gadji Bay 
(Dumbea) 

Bourail 
Flysch 

siltstone ~35 6/11 -22.20 166.35 338.7 -44.5 19.6 358.8 -33.1 20.9 

E 
Nessadiou, 

RT1, Cimetière 
des Arabes 

Bourail 
Flysch 

Fine grained 
sandstone 

~35 4/6 -21.62 165.55 355.7 -8.3 25.2 349.6 -38.1 27.8 

F 
Roche Percée, 

Bourail 

Priabonian 
Bourail 
Flysch 

siltstone ~35 4/7 -21.61 165.46 326.9 -34.4 23.9 322.2 -37.2 22.3 

G Col Aymes 
Lutetian 
Bourail 
Flysch 

Calcareous 
sandstone 

~42 0/4 -21.67 165.55 No stable ChRM isolable 

H Tontouta River 
lower 

Eocene 
Dolerite ~50 0/7 -21.92 166.33 No stable ChRM isolable 

AEF    ~35 
14/4

1 
-21.90 165.95 341.1 -31.8 14.0 345.9 -36.7 12.5 

 
 
Table 1. Paleomagnetic results from southern New Caledonia 

n/N, D, I, , g and s stand for statistic/total measured samples, declination, inclination cone radius of 
statistic confidence at 95%, in-situ, bedding-corrected coordinates, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

 

 

 

 Au niveau des sites, les statistiques sont moins bonnes après corrections de pendage par rapport avant 

corrections, mais les moyennes en âge change la tone.    
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Age 
New Caledonia Pole 

dp           dm 

(°) 

Australian Pole 
A95 

(°) 

Difference 
in latitude  

(°) 

Difference 
in rotation 

(°) 

Reference 

35 Ma 76.8 79.7 8.5 14.6 72.9 285.3 4.5 -8.9 ± 6.1 -31.2± 9.6 This study 

45Ma 50.5 29.0 4.2 5.3 70.2 294.6 5.4 11.7 ± 4.3 -56.2 ± 4.8 
Dallanave et 

al., 2020 
 

Table 2. Comparison of paleomagnetic results from New Caledonia with Australian APWP  

 and  stand for latitude and longitude of paleomagnetic pole, respectively; dp, dm and A95 

stand for statistic  

errors in latitude and rotation at 95% confidence level. Australian poles are from Besse and 

Courtillot (2002, 2003). 

Differences are calculated at -21.8°N, 165.9°E (average of geographic coordinates of sites A, B, E, 

F). 

Error bars are calculated by (0.63*) root (A952+Dp or m2) (Demarest, 1983).  
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Unit Tectonic feature Events Timing Main strain axes 

Metamorphic sole 
Granulite facies 

amphibolites 
Subduction inception 

(ironing effect) 
> 56 Ma ? 

Intermediate 
Mélange 

Andesitic pillow 
lavas-diorites 

Supra-subduction 
dykes 

Fore-arc basin 
Slab melting 

Mantle wedge re-
melting 

54.5 - 54 Ma ? 

Pouébo Mélange 
melanged supra-
subduction dykes 

Slab melting 55.5 – 55 Ma ? 

 
Peridotite Nappe 

 

supra-subduction 
dykes 

Sheared dykes 
(Slab melting) 

55.5 - 55 Ma 

 

supra-subduction 
dykes 

Non-sheared dykes 
(Slab melting 

mantle wedge re-
melting) 

55 - 50 Ma 

 

IAT dolerites 
Latest fore-arc 

magmatism 
>50 - 47 Ma or

 

Antigorite-tremolite 
and antigorite crack 

seals 

Shear/pressure 
solution 

Metasomatism by slab 
fluids 

54? - ? Ma 

 
Poya Terrane Basalts Sliced upper oceanic 

crust 
Fore-arc accretion 56 – 45 Ma ? 

Koné Facies Distal turbidites Passive margin 85 – 70 Ma  

Poya Terrane 
(PTB + KF) 

Mafic allochthon “Z” type folds    45 Ma 

 

Bourail Flysch 
Eocene foreland 

basin 
South- or south-

eastward propagating 
45 – 35 Ma ? 

HP-LT 
Diahot-Panié and 
Pouébo terranes 

Subduction complex 

exhumation 44 – 34 Ma 
 

“Z” type folds > 34 Ma 

 

Peridotite Nappe Serpentinite sole obduction ? - < 34 Ma 
 

Table 2: Summary of tectonic features deduced from the structural analysis of the Poya Terrane, 

Peridotite Nappe and Eocene metamorphic belt. All kinematic axes have been computed in the 

present orientation of the island and do not account for counterclockwise rotation. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



Highlights 

 The structural analysis of the Eocene subduction-obduction complex of New Caledonia 

reveals a polyphase evolution 

 Paleomagnetic data from autochthonous terranes record ca 56° counterclockwise rotation 

during the mid- to late Eocene 

 The upper plate represented by the ultramafic fore-arc allochthon underwent oblique-slip 

dominated dilatational tectonics associated with northward subduction in rapidly cooling 

conditions 

 The allochthonous Poya Terrane and metamorphic units of the HP-LT belt display Z-type folds 

due to dextral shearing prior to final tectonic emplacement 

 Finally, ultramafic rocks were obducted with top-to-the-SW kinematics 
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