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1. Introduction 

 

 

 

New Caledonia (18,580 km
2
) is made up of a series of islands predominantly represented 

by an elongated sliver of exposed oceanic and continental crust (Grand Terre, Figure 1) 

located on the Norfolk Ridge system in the southwest Pacific Ocean west of the present 

day Australian and Pacific Plate boundary (Kroenke, 1984).  The favorable position of 

New Caledonia within the southwest Pacific tectonic setting provides the unique ability 

for great insight on the geologic history and tectonic environment of the region 

(Nicholson et al., 2011; Cluzel et al., 2010; Aitchison et al., 1998).  New Caledonia 

represents one of the only tangible and intact sequences of Late Cretaceous marine 

sediment and volcanism in the southwest Pacific region (Nicholson et al., 2011).   

New Caledonia’s geologic history is divided into two main parts: the Permian to Jurassic 

accretion (Aitchison et al., 1998; Aitchison et al., 1995; Kamp et al., 1986) and the 

Cretaceous to Oligocene breakup of the eastern Gondwana margin (Cluzel et al., 2010; 

Lagabrielle and Chauvet, 2008; Crawford et al, 2003).  The later of these two parts is 

further subdivided into the eastern Gondwana margin breakup, drift phase, and final 

collision with an island arc (Nicholson et al., 2011).  The second part of New Caledonia’s 



 

geologic history also includes the ophiolite emplacement in the Eocene for which New 

Caledonia is famous (Aitchison et al., 1995).  However, the eastern Gondwana 

margin(particularly in the Cretaceous) has been an influential control on the tectonic 

setting of the entire southwest Pacific region (Cluzel et al., 2010; Sdrolias et al., 2004; 

Sdrolias et al., 2003).  The complex history of this margin has been responsible for a 

combination of both convergent and divergent forces (Cluzel et al., 2010; Lagabrielle and 

Chauvet, 2008; Crawford et al., 2003; Schellart et al., 2006; Sdrolias et al., 2003).  These 

opposing forces have created a complex tectonic setting throughout the southwest Pacific 

region, including the formation of several oceanic and thinned continental crustal basins, 

mostly submerged continental strips, volcanic arcs, accreted terrains, and isolated crustal 

wedges (Kroenke, 1984; Schellart et al., 2006).     

 
Figure 1: Regional Map of the present day southwest Pacific region 
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 1.1 Pacific Plate/New Caledonia Micro-Plate Interaction 

The plate boundary between the Pacific Plate and Australian Plate on which New 

Caledonia is located has been widely debated over the past 20 years (Cluzel et al., 2010; 

Lagabrielle and Chauvet, 2008; Crawford et al., 2006; Schellart et al., 2006; Sdrolias et 

al., 2003).  The theory of the plate interaction involves a subduction related slab rollback 

process (Cluzel et al., 2010; Schellart et al., 2006; Veevers et al., 2000).  This plate 

boundary has allowed tectonic activity to persist throughout the geologic history of the 

southwwest Pacific region from the Permian to the Oligocene (Cluzel et al., 2010; 

Lagabrielle et al., 2005; Yan and Kroenke, 1993).  While the southwest Pacific region 

remains volcanically active (EMSC-CSEM.org), this research will focus on the Late 

Cretaceous to the Eocene geologic history of New Caledonia. 

1.2 Late Cretaceous to Eocene Regional Tectonics 

The eastern Gondowana margin has historically undergone several changes in tectonic 

regime over geologic time, perhaps none more perplexing than in the Late Cretaceous.  In 

the Late Cretaceous, the New Caledonia Micro-Plate rifted from eastern Gondwana and 

drifted toward its present position (Cluzel et al., 2010; Ali and Aitchison, 2000; Gaina et 

al., 1998).  During the drift period, the former Gondwana margin transitioned from a 

compression to extensional environment (Cluzel et al., 2010; Aitchison et al., 1998).  As 

this extension took place, the crustal and oceanic lithosphere between Gondwana and the 

New Caledonia Micro-Plate began to stretch and thin (Schellart et al., 2006).  Tectonic 

modelers (Wessel and Kroenke, 2008; Schellart et al., 2006; Crawford et al., 2003; 

Veevers et al., 2000; Yan and Kroenke, 1993) have developed theories describing the role 
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tectonics have taken in shaping the southwest Pacific region over the past 100 Ma.  The 

lack of evidence in the southwest Pacific region (rocks) has been a major hindrance in 

discerning the Late Cretaceous tectonics.  Much of the in situ Late Cretaceous tectonic 

evidence had been destroyed during southwest Pacific Miocene convergence or remains 

submerged beneath the Tasman Sea with the exception of two outcrops: the Mt. Camel 

Terrain (Nicholson et al., 2008) in northern New Zealand and the Nouméa Basin, New 

Caledonia (Tissot and Noesmoen, 1958). 

1.3 Late Cretaceous to Eocene: Nouméa Basin 

The Nouméa Basin, New Caledonia (Figure 2a) is a complex structural basin of folds and 

faults created in response to tectonics that have persisted in this region over the past 100 

Ma (Tissot and Noesmoen, 1958).  The basin contains a bi-modal sequence of siliceous 

and mafic volcanic rock that extends northwest along the coast of New Caledonia from 

the Capitol of Nouméa to La Tontouta (Black, 1995).  Interpretations of the stratigraphic 

relationship of the siliceous and mafic rocks reveal the mafic rocks predate the siliceous 

suite (Nicholson et al., 2011; Black, 1995) and provide a limit stratigraphically on the age 

of the volcanism in the basin (Figure 2b) (Nicholson et al., 2011; Black, 1995).  Research 

on the Late Cretaceous volcanism in the southwest Pacific region is limited based on lack 

of on-land evidence (rocks).  Much of this evidence either is submerged beneath the 

Tasman Sea or was destroyed in the Miocene (Crawford et al., 2003).  Physical records of 

the tectonic setting (rocks) from the Late Cretaceous to the Eocene in New Caledonia are 

sparse and much of what we know about the geologic history during this span has been 
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interpreted from southwest Pacific models focused on the region’s tectonic history 

(Kroenke, 1993 and Schellart et al., 2006).   

Recent studies (Nicholson et al., 2011; Cluzel et al., 2010; Nicholson et al., 2010) have 

begun to examine the age of the Nouméa Basin.  Cluzel et al., (2010) primarily use 

stratigraphy and paleontology to identify the geologic age of the Nouméa Basin 

sedimentary units.  In the Nouméa Basin, the lower member of the Formation à Charbon 

contains ammonites correlated to the middle and upper Coniacian (88-86 Ma; Collignon, 

1977).  Nicholson et al. (2010) confirmed this date using U/Pb isotope analysis and 

identified the age of one siliceous flow in the Nouméa Basin at 88.4 Ma.   

Geophysical studies (Ali and Aitchison, 2002, 2000), based in New Caledonia, utilizing 

paleomagnetism have proven useful in identifying both the age of the rock and the 

geospatial location of New Caledonia in the Eocene.  While relatively few studies in 

paleomagnetism have been conducted in New Caledonia, those that exist focus on the 

extensive Eocene ophiolite terrains that span the entire east side of the island (Sevin et 

al., 2012; Ali and Aitchison, 2002, 2000; Roperch et al., 1994).  There is currently no 

detail on the paleomagnetic history of the Nouméa Basin. 

Studies on the Late Cretaceous to Eocene mafic and siliceous rock of the Nouméa Basin, 

New Caledonia have begun to expand upon the significance of the Nouméa Basin rocks 

but remain limited (Nicholson et al., 2011; Nicholson et al., 2010; Cluzel et al., 2010).  

The potential of a Late Cretaceous to Eocene series of mafic and siliceous rock provide 

preliminary evidence of a more developed tectonic association (Nicholson et al., 2011; 
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Cluzel et al., 2010) in the southwest Pacific region.  During the Late Cretaceous to the 

Eocene, the exact geographic position of New Caledonia can be assumed based on the 

relatively stationary position of Australia (Sdrolias et al., 2004; Crawford et al., 2003; 

Veevers, 2000) and the regional tectonic faults and spreading ridges controlling the 

Norfolk Ridge (Schellart et al., 2006; Veevers, 2000; Yan and Kroenke, 1993).  This 

study identifies the geological age of previously undated volcanic rock, both siliceous 

and mafic, in the Nouméa Basin. Based on the results of this study, a tectonic 

interpretation is formed.  This interpretation is compared to current tectonic models of the 

southwest Pacific region to spatially place the Nouméa Basin within the tectonic 

framework of the southwest Pacific region from the Late Cretaceous to the present.  The 

significance of this research could identify the location of the subduction rollback in the 

southwest Pacific region, responsible for the opening of the Tasman Sea, from the Late 

Cretaceous to the Eocene. 



 

2. Geologic Background 

 

 

 

 2.1 New Caledonia 

The New Caledonia Micro-Plate broke from the eastern Gondwana margin in the mid to 

Late Cretaceous (~100 Ma) while extensional tectonics opened a series of basins between 

the present day Australian continent and New Caledonia’s current location (Cluzel et al., 

2010; Lagabrielle and Chauvet, 2008; Schellart et al., 2006; Crawford et al, 2003).  The 

southwest Pacific regional tectonic environment is largely represented by a west dipping 

subduction zone that has migrated to the east through geologic time.  A subduction slab 

roll back has caused much of this movement since detaching from Gondowana 

(Nicholson et al., 2011; Cluzel et al., 2010; Schellart et al., 2006; Crawford et al., 2003; 

Veevers et al., 2000).  The main oceanic basins of the southwest Pacific region resulting 

from the extension are the Tasman Sea, the Fairway Basin, the New Caledonia Basin, and 

the Loyalty Basin.  As the lithosphere stretched, a series of ridges and rises remained 

(mostly submerged), separating each ocean basin.  From west to east the rises of note are 

the Lord Howe Rise, the Fairway Ridge, the Norfolk Ridge (which bears Grande Terre), 

and the Loyalty Ridge (which bears the Loyalty Islands of New Caledonia).



 

 

 
 

Figure 2 a: Regional inset with larger New Caledonia Designation.  Locations of note: Noumea, 

Dumbea and Paita, southwest New Caledonia. (Leslie Cox, 2011).  
 

 

Figure 2 b: Local map of the Nouméa Basin, New Caledonia.  Heavy dark lines mark roadways 

and the red-notched line marks the eastern boundary of the basin where the Eocene ophiolite was 

emplaced. 

2 a 

2 b 
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2.2 The Norfolk Ridge/Basin 

The Norfolk Ridge system extends mostly submerged beneath the Tasman Sea from New 

Caledonia south to the northern most tip of New Zealand.  The Norfolk Basin is a small 

back-arc basin in the southwest Pacific region with an unknown age and origin for its 

formation (Sdrolias et al., 2004).  New Caledonia rises above the ocean surface on the 

northern end of the Norfolk Ridge.  New Caledonia is composed of Permian to 

Cretaceous accretion, Late Cretaceous to the Eocene sedimentary units, Eocene 

convergent deposits, and Miocene to present marine and continental post-obduction units 

(Cluzel et al., 2010).  A major unconformity lies between the primarily volcano-

sedimentary Permian to Cretaceous material and the younger Late Cretaceous 

sedimentary terrains (Maurizot and Collot, 2009).  The basement terrains accreted from 

the Permian to the Late Cretaceous are divided into four main groups (Koh, Tremba, 

Central Range, and Bohgen) and make up the central mountains of New Caledonia 

(Cluzel et al., 2010).   

2.3 Pre-Late Cretaceous Basement Terrains of New Caledonia 

The Koh Terrain (Figure 2.1) is Late Carboniferous to Permian in age and is the oldest of 

the terrains (Aitchison et al., 1998).  The Koh ophiolite is largely interpreted as a 

dismembered for-arc structure produced in a supra-subduction zone and the basement for 

both the Tremba and Central Range Terrains.  The Koh outcrops in the center of the 

island and is composed of gabbro, dolerite, rare plagiogranite, island arc tholeiites, and 

chert.   
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The Tremba Terrain (Figure 2.1), middle Permian to Late Jurassic, extends west along 

the coast of New Caledonia and is largely composed of shallow water fossiliferous units 

with the addition of eruptive arc related volcanic and volcaniclastic products 

compositionally andesite, dacite, and rhyolite.  The sedimentary units contain both 

volcaniclastic turbidites and conglomerates with associated black shale and quartz rich 

sandstone (Cluzel et al., 2010).  

The Central Range (often considered part of the Koh) is similar to the Tremba terrain in 

formation and composition.  The Tremba and Central Range represent the distal and 

proximal segments of related but distinct volcanic arcs (Maurizot and Collot, 2009).  

Minor arc-tholeitic basalts in this unit represent several successive volcanic arc phases 

and have been weakly deformed and metamorphosed.  Finally, several thousand meters 

of fossiliferous volcaniclastic greywacke appear to lie in their primary depositional 

direction, directly on top of the Koh ophiolite. 

The last pre-Late Cretaceous ophiolite, Boghen Terrain (Figure 2.1), is a highly 

metamorphosed sequence of metagraywacke and schist oscillating between blueschist 

and greenschist facies.  The Boghen Terrain has been dated to the Jurassic and is 

interpreted as an accretionary sedimentary unit.  The Boghen terrane can be subdivided 

into two parts: the lower ophiolitic component of E-MORB and associated basalts, and 

the upper sedimentary volcaniclastic and terrigenous sedimentary unit (Aitchison et al., 

2005).   
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 2.4 Younger Terrains of New Caledonia 

The younger terrains of New Caledonia (Figure 2.1) range in age from the Late 

Cretaceous to the Oligocene.  During this time span, extensional rifting continued to 

dominate the tectonic setting opening the basin series mentioned above.  One of the more 

widely studied formations in the southern portion of New Caledonia is known as the 

Formation à Charbon (Nicholson et al., 2011; Cluzel et al., 2010; Black et al., 1995; 

Tissot and Noesmoen, 1958).  The Formation à Charbon represents a transgressive 

sequence of Late Cretaceous coal and conglomerates (Tissot and Noesmoen, 1958).  The 

formation lies unconformably on all of the older terrains localized in thick units around 

the Nouméa and Diahot regions.  Late Eocene carbonates unconformably overlie the 

pelagic sediments and are followed by series of sedimentary sandstones, siltstones, and 

flysch in the Bourail region of New Caledonia (Maurizot and Collot, 2009).  At the base 

of this sequence, carbonate sediments fine upwards and are overlain by Paleocene to 

middle Eocene siliceous shale and pelagic chert.  The basal units of this sequence also 

contain regionally isolated basic volcanics, horizions of siliceous flows, and pyroclastic 

material (Black, 1995).   

In the Late Eocene, as convergence pushed New Caledonia into collision with the Pacific 

Plate, partial subduction of New Caledonia produced additional ophiolites thrust over 

much of the island (Cluzel et al., 2001).  The geologically unrelated basic volcanic Poya 

Terrain and Ultramafic Peridotite Nappe were a result of the convergence along the 

eastern margin of New Caledonia driven by the opening of the North Loyalty and South 

Fiji Basins.  The Poya Terrain largely consists of oceanic crustal slices, mafic pillow 
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lavas, dolerites, and minor gabbros (Cluzel et al., 2001).  The Ultramafic Peridotite 

Nappe occupies nearly one third of Grand Terre and is a fundamental element in the 

economic geology of New Caledonia.  The Peridotite Nappe is composed of harzburgite-

dunite and bears the typical mantle fabric resulting from asthenospheric flow and ductile 

deformation (Moutte, 1982).   

The post Eocene history on Grand Terre can be summarized by tectonic extensional 

faulting, uplift, tropical weathering of the peridotite nappe, and formation of one of the 

largest barrier reefs in the world (Lagabrielle et al., 2005).  In the Miocene, the New 

Caledonia and Plate boundary migrated to the northeast leaving both the Norfolk Ridge 

and New Caledonia in an inter-plate setting.  Further south, evidence persists for 

continued subduction-related volcanism in the early Miocene based on the presence of 

calc-alkaline volcanic edifices exposed along both the west and east coasts of Northland, 

New Zealand (Shane et al., 2010).  Overtime, uplift continued to expose the high-

pressure metamorphic Cretaceous-Eocene sediments throughout New Caledonia and the 

southwest Pacific region.  Intense tropical weathering and leaching of the ultramafic 

deposits have re-concentrated precious metals within the ophiolites and they have been 

mined on New Caledonia since 1875.  Ferricrust and lateritic-saprolitic horizons form 

tilted paleosurfaces throughout the island.  These deposits contain highly valuable 

supergene mineral deposits of namely nickel and cobalt.   
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Figure 2.1: Cross section of New Caledonia. Of note is the Formation à Charbon, (central orange 

block above Mesozoic Basement Terrain) the base of which composed of sedimentary sequences 

and volcanic units sampled in this study. 
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3. Tectonic Setting 

 

 

 

 3.1 New Caledonia Regional Tectonics 

Regarded as one of the most striking examples of episodic basin formation, the area 

between eastern Australia and New Caledonia has been active for over 100 Ma (Schellart 

et al., 2006).  The early tectonic history of New Caledonia is controlled by a long-lived 

east directed convergence zone that existed off the eastern Gondwana margin (present 

day Australia) (Cluzel et al., 2010; Sdrolias et al., 2004;  Crawford et al., 2003).  

Evidence of this subduction zone is found in the obduction of the pre-Late Cretaceous 

basement terrains in New Caledonia (Crawford et al., 2003).  The subduction along this 

margin is thought to have continued until the Late Cretaceous ca. 100-95 Ma (Cluzel et 

al., 2010; Crawford et al., 2003).  At this point, the tectonic regime of the southwest 

Pacific Ocean had begun to change and the geologic evidence in the region shows the 

Gondowana margin had begun to breakup (Schellart et al., 2006).  The convergence zone 

transitioned into an extensional tectonic setting that persisted from the Late Cretaceous 

(91 Ma) to the Eocene (drift phase).  This extension resulted in the formation of 

extensional basins throughout the southwest Pacific region.  The Lau-Havre Basin to the 

east, being the youngest basin, remains an active back-arc basin today.  Further east, an 



 

active volcanic zone known as the Tonga-Kermadec Arc remains active as the Pacific 

Plate continues to impact the Tonga- Kermadec region.  

 3.2 Late Cretaceous Extension 

The Late Cretaceous extension off the eastern Gondwana margin in the southwest Pacific 

region includes strips of oceanic and continental lithosphere that remain largely 

submerged.  Initial extension began in the early to middle Cretaceous (Schellart et al., 

2006).  Magmatic activity along the eastern Australian convergent margin has been dated 

as early as 130 Ma and evidence suggests it continued to 105 Ma (Bryan et al., 1997).  

Volcanic sediment deposits identified along the eastern Gondwana margin have been 

attributed to the presence of a back-arc extension during this time (Schellart et al., 2006).  

Volumes of terrestrial sediment shed east towards the Pacific Ocean from the Gondwana 

Continent (Veevers et al., 2000).   

A bi-modal development of mafic to granodiorite composition in eastern Australia can be 

found in the Whitsunday Volcanic Province of central Queensland.  Evidence of this 

volcanism is also seen along the previous Gondwana margin as far north as New Guinea 

and as far south as the Gippsland-Strzelecki and Otway Basins (Veevers, 2000).  

Following this episode of more mafic volcanism, a siliceous suite of volcanism ranging 

from A-type granites in New Zealand to rhyolitic compositions on the Lord Howe rise 

have been dated at 99 Ma.  Additionally, more alkaline mafic rocks were produced along 

the Australian Plate/Pacific Ocean margin as far south as Tasmania (Veevers, 1984). 
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The change in tectonic setting is regionally identified by the New Caledonia Micro-Plate 

breaking off from the Gondowana margin in the Late Cretaceous between 100 and 90 Ma 

(Kroenke, 1984).  The extensional basins in this region are divided into two main 

temporal groups: the Late Cretaceous to the Eocene and the Eocene to the present.  

Magnetic anomaly lineations and sub-sea spreading ridges give us much of what we 

know regarding the Late Cretaceous southwest Pacific tectonic setting (Schellart et al., 

2006; Kamp, 1986).  Due to lack of on land evidence (rocks), tectonic models disagree on 

the plate margin east of Gondwana from the Late Cretaceous to the Eocene.   The eastern 

Gondwana margin has been interpreted as an east dipping subduction zone (Sdrolias et 

al., 2004), a west-dipping subduction zone (Veevers et al., 2000), a west dipping 

subduction zone prior to 55 Ma (Crawford et al., 2003), a strike slip boundary (Yan and 

Kroenke, 1993), and a suite of undefined boundaries (Schellart et al., 2006).   

The change in tectonic setting can be found in the Nouméa Basin, New Caledonia.  The 

appearance of the bi-modal volcanic activity marks the transition from a compressional to 

extensional tectonic setting (Black, 1995).  This geochemical change is suggested to date 

the transition in which the New Caledonia Micro-Plate began to detach from the 

Australian continent and the tectonic regime changed from compression to extension 

(Nicholson et al., 2011).  Evidence of a long-lived (15 Ma) arc beneath New Caledonia 

during this time suggests a west dipping subduction zone persisted prior to 55 Ma 

(Nicholson et al., 2011; Schellart et al., 2006; Crawford et al., 2003).  
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3.2.1 Late Cretaceous Subduction Roll Back 

Extension via slab rollback is a version of subduction where the down going slab (Pacific 

Plate) subducts beneath the given plate margin (former Gondwana) so quickly that the 

subduction zone moves towards the down going slab (east).  This is accomplished by a 

zone of negative buoyancy beneath the down going slab and it allows the under ridding 

plate to fall away from the subduction (to the east) at an oblique angle to the dip of the 

subduction.  As the hinge of subduction on the down going slab (Pacific Plate) retreats, it 

forces the overriding plate (New Caledonia micro-Plate) to extend (Schellart et al., 2006).   

Schellart et al. (2006) point out that the slab rollback process is only possible with the 

correct plate motion.  In the Late Cretaceous, Australia’s absolute plate motion was 

north-northeast, sub-parallel to Australia’s eastern and northern plate boundary (Yan and 

Kronke, 1993).  Considering the absolute plate motion of Australia (although slow), it is 

safe to rule out Australia pulling away from the plate margin (Schellart et al., 2006).  To 

achieve the potential slab rollback that existed in the Pacific, a west to southwest plate 

direction of the Pacific Plate must persist.  Evidence suggests this west to southwest dip 

has persisted since 45 Ma, but it is unclear if this west dipping subduction persisted prior 

to 45 Ma (Schellart et al., 2006).  Plate tectonic models developed by many including 

Crawford et al., (2003) confirm a possible west to southwest direction of the Pacific Plate 

from the Eocene but note the region lacks evidence of an associated volcanic arc.  Given 

the current plate tectonic setting and the nature of slab rollback, extension is always 

associated with the upper plate (Crawford et al., 2003).  Thus, rollback must be west 

dipping (Crawford et al., 2003).  It is suggested that the slab rollback may have been so 
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effective that arc volcanism may have been suppressed or even shut down by active plate 

retreat (Crawford et al., 2003).  The Nouméa Basin volcanism may be the smoking gun 

that confirms the extent of the west directed subduction in the Late Cretaceous. 

3.3 Nouméa Basin Geology 

Two basins have developed along the New Caledonia Micro-Plate.  The Diahot Basin 

extends northwest from Ouégoa to the Pacific Ocean in northern New Caledonia, and the 

Nouméa Basin to the south extends northwest from Nouméa to St. Laurent.   The 

Nouméa Basin dips east and trends northwest (Tissot and Noesmoen, 1958; Lagabrielle 

and Chauvet, 2008) from the Pacific Ocean on the west to the Massif du Sud to the east.  

Several series of folded terrains have been mapped in detail are assumed the result of the 

compression stresses applied to the basin (Tissot and Noesmoen, 1958). 

The Nouméa Basin (Figure 3) extends 30 km northwest along the western coast of New 

Caledonia from the capitol city of Nouméa to St. Laurent.  The basin is approximately 8 

km wide from the Pacific coast on the southwest, to the edge of the ultra mafic complex 

mountains to the northeast.  This elongated basin has been studied in some detail for 

economic gains (Formation à Charbon), and rocks have been sampled for their 

geochemistry (Nicholson et al., 2011; Black, 1995; Tissot and Noesmoen, 1958).  The 

basin can be divided into three geographic parts: the western, central, and eastern portion.  

The western portion of the Nouméa Basin extends from the town of St. Laurent to the 

town of Paita (10 km).  The central portion stretches from Pieta to the town of Dumbea 

(9.3 km).  The eastern section runs from the town of Dumbea to the capitol of Nouméa 

(10.7 km).   
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The Nouméa Basin basement terrain is a quasi-continental crust derived from Late 

Paleozoic to Mesozoic arc systems (Black, 1995).  Throughout the basin, a complex 

series of faults can be seen dipping east and trending northwest (Tissot and Noesmoen, 

1958).  Structural evidence suggests the Nouméa Basin was a half-graben controlled by a 

NW-SE trending fault (Cluzel et al., 2011).  Anticlines and synclines, a result of the 

compression stresses applied to the basin, have been mapped in the cross-sections of 

Tissot and Noesmoen (1958).   

 3.4 Pilou Formation of New Caledonia 

The Late Cretaceous Pilou Formation is a transgressive sedimentary unit that 

unconformably overlies the lower Jurassic volcaniclastic rocks found within the basin.  

The geology of the Pilou formation can be simplified into a basal conglomerate, fine-

grained carbonates (including thin coal seams), siliceous volcanic flows, and a range of 

volcaniclastic debris.  The carbonates in this formation have been dated to the Late 

Cretaceous (88 Ma) using ammonite assemblages (Cluzel et al., 2010).   

There are two distinct sequences of lavas in the Nouméa Basin.  The geochemistry of the 

mafic lavas (Figure 3.1a) indicates a continental arc signature that was generated from an 

N-MORB like source (Nicholson et al., 2011).  The siliceous volcanic rocks (Figure 3.1b) 

seem to overlie the mafic suite in the Nouméa Basin and show signs of within plate 

characteristics with minor continental affinities and an enriched source (Nicholson et al., 

2011).  The Pilou Formation is overlain by olisthostromes exhibiting the transgressive 

period of time in which the Nouméa Basin was under water.  Paleocene-Eocene flysch 

and chert/limestone sequences can be found at the top of the basin (Black, 1995).   
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Interestingly, elongate lava flows can be seen extending lengthwise from La Concepcion 

(northeast of Nouméa) to the northwest.  These lavas appear to flow linearly through the 

basin suggesting the volcanism in the Nouméa Basin was post compression.   

 

Legend: 

 

-Dark Green 
    Oligocene peridotite nappe 

-Orange 
    Eocene flysch 

-Light Green 
    Late Cretaceous to Eocene 

mafic/siliceous                                     

volcanic terrane 

-Pink 
    Mesozoic volcaniclastic turbidites 

-Yellow 
    Paleocene sedimentary cover 

 

-    Overthrust  

 

Figure 3: Simplified geology of the Nouméa Basin, New Caledonia.  The basin begins at Nouméa 

(orange) and extends left just past Paita.  The basin is constrained to the north by the peridotite 

nappe (dark green) and the Pacific Ocean to the south indicated in white (Maurizot and Vende-

Leclerc, 2009). 

 3.5 Nouméa Basin Stratigraphy 

Within the Nouméa Basin, there are three distinct stratigraphic groups of volcanic rocks 

in the lower part of the Pilou Formation: Jacob Peak Horizon (basal), Katiramona 

Horizon (middle), and Nogouta Horizon (upper) (Tissot and Noesmoen, 1985).  

The Jacob Peak Horizon (Table 1) mostly contains thick sequences of siliceous lavas and 

tuffs.  This sequence can be seen alternating with units of sandstone and tuff.  The Jacob 

Peak volcanic rock forms a relatively thin sequence tens of meters thick.  Outcrops of the 

N 
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Jacob Peak Horizon can be located in the central geographic section extending from Paita 

to Dumbea, along the Dumbea River.   

The Katiramona Horizon (Table 1) includes a bi-modal sequence of unrelated brecciated 

lavas, volcanic debris, and tuff of mafic composition, along with voluminous siliceous 

flows, welded tuff, and tuff conglomerate units.  This horizon can be several hundred 

meters thick outcropping as brown to tan tuff along Rt. 1 near Katiramona.  This Horizon 

also includes large masses of siliceous rock that outcrop in the eastern section on the Tina 

Peninsula.  Towards Dumbea, the tuffs in the Katiramona Horizon are often interbedded 

with mudstones and carbonaceous shales (Tissot and Noesmoen, 1958).   

The Nogouta Horizon (Table 1) contains several hundred meters of siliceous dominant 

lavas, lenses of basic and intermediate volcanic debris, and mafic intrusions.  The 

Nogouta Horizon outcrops in the central and western sections at the Katirmona Quarry 

and in central and Col De la Pargue to the west.  Basic rocks in the Nogouta Horizon 

exhibit a shoshonitic chemical signature (Black, 1995).   

Table 1: Outlined Volcanic Stratigraphic Units of the Nouméa Basin 

Volcanic stratigraphic units of the Nouméa Basin. Note (*) Considered by Nicholson et al., 2010 

and Black, 1995 to be the same unit.   

Formation: Horizon: 

Lower Pilou Formation 

Nogouta Horizon* 

Katiramona Horizon* 

Jacob Peak Horizon 
 

Recently, a geochemical analysis on the Nouméa Basin lavas reveals these three 

stratigraphic groups can be combined into just two stratigraphic units.   It is reasonably 

argued that the three described formations may be more closely related in geography than 
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geochemical components (Nicholson et al., 2011).  The formations discussed above can 

geochemically be grouped into two formations, which correspond to the Pic Jacob 

Horizon and the combined Katiramona/Nogouta Horizon (Nicholson et al., 2011; Black, 

1995).  

The siliceous lava in this and previous units is often variable in composition to that of 

trachyte and trachy-andesites (Tissot and Noesmoen, 1958).  Hornblende dated from an 

andesite in the Nogouta horizon has been dated (K/Ar) at 70 ±1.6 Ma (Black, 1995).  The 

origin of the siliceous flows in the Pilou Formation has not been identified but evidence 

suggests a spreading center around the Nouméa -Paita region.  Previous research (Rickey 

et al., 2009) suggests the phenocryst alignment of the siliceous rocks indicate a 

predominant west to east flow direction, opposite to that of the mafic rocks.  This 

suggests the two lava types are independent of one another and products of separate 

volcanic origins.  Preliminary work in the Nouméa Basin by has dated a siliceous lava 

flow unit in the Pilou formation to 88.4 Ma (Nicholson et al., 2010).  
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Mafic composition sample sites Siliceous composition sample sites 
Figure 3.1a: Mafic composition outcrops sampled in this study. 3.1b: Siliceous composition 

outcrops sampled in this study 

3.1 b 
3.1 a 



 

4. Methods 

 

 

 

 4.1 Laser Ablation 

In this study, U/Pb isotope age determinations were made from zircon (ZrSiO4) grains 

crystallized in siliceous rock.  The zircons were isolated in standard petrographic thin 

sections and analyses were made using a multi-collector – inductively coupled plasma- 

mass spectrometer (MC-ICP-MS) in combination with a laser ablation system.  Whole 

rock samples were collected from 13 separate sample locations (Figure 4.2a) throughout 

the Nouméa Basin, New Caledonia from July 1 – July 28, 2010.  The samples were cut 

and polished to 30 microns at Ball State University.   The samples were mounted with 

epoxy on standard petrographic slides for analysis.  Zircons were identified in the thin 

sections using both cross-polarized light and reflected light techniques.  U/Pb isotope 

data were acquired using a Nu Plasma MC-ICP-MS (Nu Instruments, UK) with a UP213 

laser ablation system (New Wave Research, USA).  This analysis technique (Dr. Antonio 

Simonetti, Notre Dame University) utilizes in situ laser ablation analysis whereby data 

acquisition may be conducted on a standard petrographic thin section (not crushed rock) 

with minimal material loss and low relative uncertainty (compared to Isotope dilution 

thermal ionization mass spectrometry (ID-TIMS) and Sensitive High-Resolution Ion 



 

Micro-Probe (SHRIMP) (Simonetti et al, 2005).  In addition, the in situ analysis allows 

for preservation of petrographic structures and is much more cost effective than both 

previously mentioned techniques. The MC-ICP-MS is equipped with 12 Faraday multi-

collector “buckets” and three ion counters.  This arrangement allows for simultaneous ion 

signature readings of 
238

U, 
207

Pb, 
206

Pb, and 
204

Pb.  The equipment specifics (wattage, gas 

flow, laser wavelength, etc.) used for this analysis can be found in Simonetti et al., 2006.   

 
Figure 4.1: Typical laser ablation schematic indicating pathway of laser and ablation cell.  Note in 

the “Focused Laser Beam box the pathway of the carrier gas through the system to the ICP. 

Košler & Sylvester, 2003 
 

To ensure data accuracy and low relative uncertainty, an equipment calibration was done 

before and after each thin section analysis in a technique called “bracketing” using the 

widely known BR-266 international standard for U/Pb normalization.  A routine U/Pb 

analysis begins with the selection of the laser spot size.  Larger laser spot sizes increase 

the amount of material being ablated and sent to the mass spectrometer for analysis, 

increasing the accuracy of the data collection.  Based upon the small zircon size of these 

samples, a spot size of 15 microns was used for analysis.  This spot size allowed more 

4.1 
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analysis to be carried out on all samples because zircon is not known to crystallize well in 

“rhyolitic” rock.  Most zircons identified in these 13 sample locations ranged between 7-

22 microns in size.  Based on previous analysis conducted by Nicholson et al., (2010), the 

Nouméa Basin zircon population appears to be relatively quite young (as zircons go), 

bearing minimal amounts of Pb (daughter).     

The standard (Br-266) is first analyzed to equilibrate the laser ablation system.  Using the 

same laser spot size for the standard and the unknown samples, six sites are analyzed.  

Following analysis of the standard, a thin section sample of unknown age is then placed 

in the ablation cell.  As the ablation cell pressurizes, zircon grain locations are identified.  

The position of each zircon is recorded.  Each grain analysis begins with a 30-second 

blank measurement to prepare the mass spectrometer.  After this time, the laser shield is 

removed and the sample is ablated for 30 seconds.  The real time isotope read out is 

imaged and immediate U/Pb isotope ratios are able to be displayed.  As each individual 

zircon grain is ablated, the particles are carried by helium (He) gas into the plasma torch 

(7000
0
 K) and incinerated.  Then, each isotope particle can be analyzed by the mass 

spectrometer.  The sample run is finished with a final “bracketing” of the standard Br-

266. 

   
Tina Peninsula Outcrop Dumbea Subdivision Dumbea River 

Figure 4.2: Selection of siliceous outcrops sampled in this study. 



 

26 
 

4.2 Paleomagnetism 

The siliceous and mafic volcanic specimens in this study were obtained using a water 

cooled Pomeroy diamond bit rock drill loaned from the Direction de I’Industrie, des 

Mines et de I’Energie de Nouvelle-Caledonie (DIMENC) by Pierre Maurizot and Brice 

Sevin.  Rock outcrops and quarries were first identified on the generalized geologic map 

of the Nouméa Basin developed by the DIMENC.  The rock outcrops were first identified 

for their accessibility and explored for ideal sample locations.  After 6-10 locations were 

identified as being a viable rock source relatively free of weathering and fracturing, 

orientations lines were marked on the rock outcrops.  For orientation purposes following 

core extraction, a vertical line was marked on the rock outcrop (10 cm in length) with 

angled line segments on the right hand side of the vertical mark resembling an arrow 

(Figure 4.3a and 4.3b).  Each specimen was sampled (drilled) to the furthest extent of the 

paleomagnetic equipment (typically four to six inches in length) depending on the local 

geology.  Processing the results requires at minimum a length of 2.5 cm but 10 cm is 

preferred for duplicates.  Once the drill was removed, the core was examined.  If the core 

had not broken, a measurement of the intact core was taken including both the declination 

and inclination of the core.  The core was labeled with a vertical line extending down the 

length of the core marking the “top” with line segments extending out from the right side 

(Figure 4.3b), indicating the direction of core orientation (up/down).  Broken cores were 

reoriented in the drill hole using the previously drawn markers for point of reference and 

similarly labeled.  The measurements were done using a Brunton compass aligned to 0
0
 

mounted on a Pomeroy orientation table.  Six to Ten 2.54 cm diameter core samples were 

collected from each of the 15 sample sites.  Care was taken to remove any metallic 
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objects (belts, keys, watches) before measurements were taken to reduce measurement 

error.  Intense weathering and localized fracturing of the rock led to some sample sites 

with lower sample numbers.  Six siliceous and ten mafic sample sites were selected for 

paleomagnetic analysis (Figure 4.2b).  Each sample (ranging in length from 2-10 cm) was 

cut and prepared to a length of 2.2 cm for analysis.  Each sample (if possible) was cut 

into one or more specimens and labeled XXA, XXB, XXC, etc. at Ball State University. 

  
Figure 4.3a: Indicating orientation lines drawn on the rock outcrop face. 4.3b image of typical 

paleomagnetic core and orientation lines.   
 

Paleomagnetic analysis was done from October 2010 to February 2011 at the University 

of Michigan, Ann Arbor under the guidance of Dr. Fatim Hankard.  The 

paleomagnetization laboratory instruments (Figure 4.4a and b) are housed in a shielded 

room with a residual-field no greater than 200 nT.  This research was conducted using a 

three-axis 2G cryogenic magnetometer in combination with a Schonstedt spinner.  

Thermal demagnetization and alternating frequency techniques were used together in 

determining the characteristics of the dominant remnant magnetism.  An ASC model TD-

48 thermal demagnetizer and a Sapphire (SI-4) alternating field demagnetizer (peak field 

140nT, 200nT), with anhysteretic remanence imparting capabilities measured the NRM 

4.3 b 4.3 a 
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intensities of each paleomagnetic specimen.  Paleomagnetic data interpretations were 

done using Paleomac v 6.3, developed by Jean-Pascal Cogné.  

  
Figures 4.4a and 4.4b: Paleomagnetization laboratory equipment including AF demagnetization 

equipment ( Left) and cryogenic magnetometer (Right) 

Paleomagnetic study relies on the relationships of relaxation time, coercivity, and 

temperature (Table 2).  The AF (alternating frequency) demagnetization operates on the 

principle that magnetic components with a short relaxation time should also have low 

coercivity.  Coercivity by definition is the intensity of the applied magnetic field (H) 

required to reduce the magnetization of that material to zero after the magnetization of 

the sample has been driven to saturation (B).  The thermal demagnetization also relies on 

the magnetic grains having a low relative blocking temperature.   

In AF demagnetization, an alternating field is applied to the sample XX in a null 

magnetic field.  All magnetic moments with coercivities below the peak AF will track the 

fields.  As the peak field applied is reduced, the current falls back to zero.  During this 

process, the alternating nature of the field will “lock” half of the grains below the peak 

field in one magnetic direction and half in another.  This alternating process essentially 

blocks the effect either direction has on the overall magnetic signature and the net 

4.4 a 4.4 b 
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contribution of both directions will be minimal.  The process of demagnetizing the 

specimen is done along the x, y, and z axis is known as “tumbling.”  AF treatments are 

done in a stepwise fashion, slowly increasing the AF treatment.  As the magnetic strength 

of the specimen is reduced through this AF process, it is possible to identify the dominant 

magnetic carrier grain, a crucial step in paleomagnetic study.      

A routine AF magnetic analysis begins by measuring the NRM of the specimen XX.  The 

specimen is placed in a plastic tube designed to hold the specimen.  The core is oriented 

so that the base of the core (arrow pointed in Figure 4.3b) is inserted first.  The baseline 

reading of the magnetometer is recorded and the sample is pushed into the Cryogenic 

magnetometer.  The sample is initially measured (12 o’clock position), then rotated 90
0
 

within the magnetometer and measurements are taken at the 3, 6, and 9 o’clock positions. 

The specimen is removed from the magnetometer and the orientation is reversed (arrow 

pointed out Figure 4.3b) with the top of the core entering the magnetometer.  

Measurements are repeated at the 12, 3, 6, and 9 o’clock positions followed by a final 

baseline reading.  Magnetic characteristics of the core are immediately displayed 

including the sample number, current treatment (NRM, alternating step, thermal step), 

declination, inclination and CSD (circular standard deviation typically < 2).  The data 

processing software also displays the magnetic moment with associated Zijerveld and 

stereonet diagrams.  The specimen can then begin the demagnetization process.  The core 

is randomly placed upright in the AF housing and an alternating field current is applied to 

the core with a set peak field (e.g. 5, 10, 15 mT) in a step-wise fashion until the magnetic 

strength is reduced to 0 or the equipment reaches its peak limit.  The sample is 
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demagnetized on the x, y, and z-axis before being placed back into the magnetometer for 

measuring the given demagnetization treatment following the steps outlined above.  

Alternating field demagnetization steps are listed below.    

Thermal demagnetization focuses on the relationships between both relaxation time and 

temperature.  The process works by assuming there will be a temperature (X) below the 

Curie temperature at which the relaxation time is a few hundred seconds.  When the 

specimen is heated to temperature (X) for set time(X), the magnetic grains with 

relaxation times shorter than this will be in equilibrium with the current magnetic field.  

This equilibrium is known as the “unblocking temperature.”  If the thermal 

demagnetization is done in a null field (laboratory), there will be no net magnetization on 

the specimen.  Lowering the temperature (cooling) back to room temperature will result 

in the relaxation times growing exponentially until these magnetic moments are once 

again fixed in position.  In this way, a stepwise demagnetization can be attained by 

randomizing the contribution of lower stability magnetic grains relative to the NRM 

signature.  A routine thermal demagnetization analysis begins by recording the NRM of 

each specimen.  Then, the ASCI thermal oven can be heated to a specific thermal (X) 

temperature step.  Set temperatures are known for precisely when a specific magnetic 

carrier mineral grain (magnetite, maghemite, hematite, etc. Table 2) will reach its 

“unblocking temperature.”  For example, magnetite loses its magnetic strength at a 

temperature of 580
0
 C, where as hematite loses its magnetic strength at a temperature of 

675
0
C.  Multiple specimens are placed in a specially designed holder and positioned into 

the thermal oven.  The samples reach temperature (X) and remain at that temperature for 
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time (X).  The samples are then cooled for time (X) and measured using the cryogenic 

magnetometer steps outlined above until the samples have lost their magnetic strength.  

The samples in this study were stepwise heated to 580
0
 C.  Thermal demagnetization 

steps outlined below. 

Table 2: Alternating Frequency and Thermal Demagnetization Steps 

From Dr. Fatim Hankard, University of Michigan 

AF Treatment 

(2010) nT

AF Treatment 

(2011) nT

Thermal 

Treatment 
0
C

Heating Time 

(Min.)

Cooling Time 

(Min.) Mineral

NRM NRM NRM

5 5 150 22 20 goethite

10 10 250 37 35

15 15 310 45 35

20 20 340 50 45 pyrrhotite

25 25 400 60 45

30 30 450 50 50 viscous RM

40 40 500 55 60

50 50 530 37 60

60 60 545 39 60

70 70 560 40 60

80 80 580 40 60 magnetite

90 90

100 100

120 120

150 140

170

200  

 4.3 Paleomagnetic Functions and Statistics 

The Magnetic moment intensity graph shows the demagnetization in a stepwise fashion 

from Nrem to final demagnetization.  This graph makes it possible to determine the 

magnetic carrier grain in each sample.  The zijderveld diagram is a plot depicting the 

demagnetization steps paired with the measured declination and inclination for each step.  

This diagram follows the decay path of magnetization from saturation (NRM) to the x-y 

graph origin (zero net magnetism).  This graph makes it possible to determine the number 

of magnetic components that make up the magnetism and give an overview of the entire 
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magnetization of each specimen.  Lastly, the equal area stereonets make plotting each 

specimen on a spherical surface showing both declination and inclination at each 

demagnetization step.  On each stereonet, Fisher probability density functions were run 

(check for randomness of a sample) and mean inclination data statistics of McFadden and 

Reid were run for every sample location throughout the Nouméa Basin. 

Fisher probability density function (Fisher, 1953) where   is the angle between the unit 

vector and the true direction and   is a precision parameter such that as    , 

dispersion goes to zero (Tauxe, 2005) 

Eq. 1: F=
 

       
            

If we wish to identify the co-inclination (  = 90 – I) of   Fisher distributed data (    ), the 

declinations of which are unknown.  We define the estimated value of a to be   .  

Mcfadden and Reid (1982) showed that a is the solution of Eq. 2  

Eq. 2:         + (                                         =0, 

McFadden and Reid define two additional parameters S and C: 

S=                

C=                

And     of the true inclination can be defined as: 

   = 90    + 
 

 
 



 

5. Sampling 

 

 

 

5.1 Laser Ablation Sample Collection 

Thin section samples were collected from the Noumea Basin siliceous rock suites (Figure 

5.3a) for U/Pb isotope analysis.  Whole rock sections measuring 10 X 10 cm were 

collected from the outcrops by hand.  Samples were prepared in the Ball State University 

Rock Laboratory.  The samples were cut and polished to 30 microns using standard thin 

section methodology.  Images below (Figures 5.1 a, b, c) depict an example of the 

siliceous nature of the rocks with high percentages of quartz, feldspar, and very few 

auxiliary minerals present such as biotite, muscovite, and magnetite.  All images present 

were taken at 20x magnification under cross polarization light.  Typical zircons range in 

size from 10-20 microns in length.  Each red circle represents the zircon grain sampled. 

For complete list of thin sections and corresponding sample sites, see Appendix 1. 



 

   
a) TO-01_05 b) TO-01_06 c) TO-01_07 

Figures 5.1 a,b,c : Thin section Images TO-01 (Tina Peninsula).   

 

5.2 Paleomagnetic Sample Collection 

Paleomagnetic cores (specimens) and hand samples were collected from each 

paleomagnetic rock suite of the Nouméa Basin.  Hand samples were utilized to describe 

the rock outcrops.  Samples were collected from a range of localities throughout the basin 

including road cuts, former rock quarries, and currently operating quarries (Figure 5.2 a, 

b, c).  Sample composition ranged from siliceous to intermediate/mafic throughout the 

basin.  Locations of the sample sites can be found below (Figure 5.3).  For complete list 

of paleomagnetic sections and corresponding sample sites, see Appendix 2. 

   
a) Active quarry operation b) Fresh face mafic 

image 

c) Inactive quarry face 

Figure 5.2 a, b, c: a) Col de Toughoue quarry active face oriented north,  b) Paleomagnetic 

samples taken showing fresh surface, c) Paleomagnetic samples collected showing more fresh 

rock surface. 

 

20um 20um 20um 

             2 .5 cm 
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Nouméa Basin isotope outcrops sampled  

Figure 5.3 a: Isotope outcrops sampled in this study.  

 
Nouméa Basin paleomagnetic outcrops 

5.3 b: Paleomagnetic outcrops sampled in this study. . 

5.3 a  

5.3 b  



 

6. Results 

 

 

 

6.1 U/Pb Isotope Ages 

In total, 15 
206

Pb/
238

U isotope ages were collected from the Nouméa Basin samples 

(Table 3) and are outlined in Appendix 3.  These data reveal the presence of at least two 

phases of volcanism in the Late Cretaceous with ages that range both before and after the 

breakup of the eastern Gondwana margin.   

The results for each zircon analysis were plotted on Concordia plots (Figure 6.1) 

displaying the results of the isotope analyses.  The Figure 6.1 represents the cumulative 

Concordia plot for the individual outcrop/thin section TO-04.  Each circle on the 

Concordia plot is a separate zircon analysis on the same thin section mount (TO-04).  

Some figures such as TO-04 (Figure 6.1) depict several circles indicating multiple 

zircons analyzed in the same thin section.  Concordia results are plotted on the U/Pb 

isotope decay curve.  The zircon ages plotted together display a Concordia Age (dark 

circle) indicating the best age for the zircon suite (compliments of Dr. A. Simonetti, 

University of Notre Dame). 



 

 

 
Figure 6.1: Two Concordia ages of 92.3 Ma and 77.3 Ma are represented on Zircon sample TO-

04. 
 

 

Table 3: Composite Isotope Data Collected from the Nouméa Basin 

Note (Spot size references the laser ablation area in micrometers, the Pb and U are listed in counts 

per second, and the 2s refers to the 2 sigma error) 

 

Sample

Spot Size 

(um)

206Pb 

(cps)

238 U 

(cps)

207Pb/235

U 2s 206Pb/238U 2s

206Pb/238U 

Age (Ma) 2S

TO-01 15 745 31888 0.0279 0.139 0.0138 0.0018 89 11.7

TO-01 15 522 31785 - - 0.0129 0.0008 82 5

TO-02 15 1269 58006 0.109 0.053 0.0174 0.0012 111 7.6

TO-02 15 821 48031 - - 0.0131 0.0009 84 6

TO-02 15 848 48997 0.053 0.064 0.0127 0.0009 81 5.9

TO-02 15 1420 60324 0.133 0.152 0.0122 0.0014 78 8.7

TO-03 15 1625 43515 0.244 0.087 0.0299 0.0016 190 10.3

TO-04 15 2609 134744 0.152 0.313 0.0152 0.0009 97 5.9

TO-04 15 924 60553 0.137 0.061 0.012 0.0008 77 5.3

TO-04 15 1283 74479 0.069 0.032 0.0143 0.0009 91 5.7

TO-04 15 3721 194839 0.098 0.32 0.0141 0.0008 90 5.4

TO-09 25 4279 260442 0.106 0.049 0.0118 0.0006 76 4.1

TO-09 25 3549 183074 0.126 0.094 0.0135 0.0012 86 7.9

TO-09 25 2938 162701 0.113 0.1 0.0135 0.0007 87 4.8

TO-10 15 3108 124441 0.613 0.121 0.0249 0.0016 159 9.9

6.1 
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6.2 Paleomagnetic Analysis 

Paleomagnetic data were acquired from 15 sample locations throughout the Nouméa 

Basin, New Caledonia (Figure 5.3b) and outlined in Attachment 3 by outcrop and 

specimen number.  For each sample location, a series of alternating frequency 

demagnetization and thermal demagnetization measurements were run on the rock cores.  

Alternating Frequency (AF) and Thermal demagnetization techniques are used in 

conjunction to demagnetize paleomagnetic samples.  Following a series of preliminary 

tests using both techniques (AF and Thermal), it is often standard convention to choose 

the most efficient technique at demagnetizing the given sample location and carry out the 

remaining measurements using the selected (AF or Thermal) technique.  This research 

focused the use of AF demagnetization for all sample locations (Appendix IV).   

Paleomagnetism Diagrams (Figure 6.2, Stereonet, Zijderveld, and magnetic Moment) 

from left to right, top to bottom- (A) Stereonet, (B) Zijderveld Diagram, (C) Magnetic AF 

Moment (mT), (D) Thermal Magnetic Moment (
0
C).  The results of the paleomagnetic 

analysis are projected on an equal area stereonet diagrams (A).  Stereonet diagrams 

utilize 3-D spherical space to project objects in two dimensions.  It is convention to plot 

closed circles on the stereonets below as downward (lower hemisphere) projections while 

open circles represent projections on the upper hemisphere (Tauxe, 2005).  Table 4 

presents the paleomagnetic statistics of Fisher.  Table 5 depicts the results of the 

McFadden and Reid statistics.  A summary of the paleomagnetic data is presented in 

Table 6.  A complete list of the paleomagnetic diagrams is presented in Appendix IV. 
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Tina Peninsula  Siliceous 

  

  
Figure 6.2 A-D:  Paleomagnetic demagnetization figures. 
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Table 4: Paleomagnetic Site Mean Location (Fisher Statistics)  
Paloemac Fisher Statistics. Note: (n = number of specimens used for analysis, Dg = declination, 

Ig = inclination, k = precision, a95 = 95% confidence, Age = millions of years) (Tauxe, 2005). 

 

 

Table 5: Paleomagnetic Inclination Only Data (McFadden and Reid Statistics) Paleomac 

McFadden and Reid Statistics. Note: (n = number of analysis, Dg = declination, Ig = inclination, 

k = precision, a95 = 95% confidence, Age = millions of years, comp = composition, m (mafic) 

and s (siliceous) (Tauxe, 2005). 

 

Name Type 2 n Dg Ig k a95 Age Comp

Tina After Peage Stat.inc 6 76.1 72.5 9.5 16.6 100+ m

La Conception Quarry Stat.inc 8 70.4 68.4 7.4 11.5 100+ m

Dumbea River Outcrop Stat.inc 2 67.2 66.6 31.3 32.4 100+ s

Pepinire du Lac Basalt Stat.inc 5 58.9 58 11.1 12.9 83 m

Pont Des Francais Stat.inc 6 57.7 55.5 14.1 18.4 75 m

La Petroglyphs Stat.inc 2 52.1 51.9 27.3 27.8 71 s

Tina Before Peage Stat.inc 6 53 51.9 11.8 14.1 71 m

Paita Subdivision Stat.inc 5 49.9 48.8 14.7 17 68 m

Pont Des Francais Stat.inc 8 50.5 44.3 20.2 32.4 60 m

Col de Toughoue Quarry Stat.inc 8 44.1 42.2 14.1 17.9 54 m

Dumbea River Outcrop Stat.inc 6 41 40.8 6.6 7.1 50 s

Pont du Diable Stat.inc 3 36.2 35 36.8 39.3 32 m

Col De la Pirogue Basalt Stat.inc 4 33.3 33.1 11.5 11.9 24 m

La Katiramona Rhyolite Stat.inc 5 33.3 31.4 26 29.7 17 s

Col De la Pirogue Rhyolite Stat.inc     3 30.6 30.3 20.5 21.1 16 s

La Katiramona Basalt Stat.inc 11 24.9 24.2 10.2 11.5 8 m

Pepinire du Lac Basalt Stat.inc 3 22.3 22.1 19.2 19.6 0 m

Tina Peninsula Rhyolite Stat.inc 8 18 17.5 8.3 9.3 xx s

Dumbea Subdivision Stat.inc 8 15.7 15.4 10.4 11 xx s

Name Type n Dg Ig k a95

Col De la Pirogue Rhyolite site ave     3 36.3 -4.9 4.1 71.6

Col De la Pirogue Basalt site ave 4 94.4 34.1 23.6 19.3

Col de Toughoue site ave 5 42.2 -73.1 2.5 61.5

Dumbea River Outcrop site ave 6 10.8 -40.9 128.3 5.9

Dumbea River Outcrop site ave 2 295.9 66.7 118.6 23.1

Dumbea Subdivision site ave 8 6.9 -2.1 15.5 14.5

La Conception Quarry site ave 8 138.8 -85.4 11.2 17.3

La Katiramona Basalt site ave 7 51.3 -7.7 9.4 20.8

La Katiramona Basalt site ave 11 53.8 -5 3.5 28.5

La Katiramona Rhyolite site ave 5 8 -32.5 10.6 24.6

La Petroglyphs site ave 2 27.4 -52 135.8 21.6

La Petroglyphs site ave 3 7.3 -49.1 12.1 37.1

Paita Subdivision site ave 5 23.8 -58.7 6 34.1

Pepinire du Lac Basalt site ave 4 210.8 60.5 25.2 18.7

Pont Des Francais site ave 8 288.6 55.4 4.1 31.3

Pont du Diable site ave 6 338.7 53.6 6.9 27.6

Tina After Peage site ave 6 236.3 86.1 14.7 18.1

Tina Before Peage site ave 6 157.2 54.8 16.1 17.2

Tina Peninsula Rhyolite site ave 8 216.7 6.2 10.7 11.8
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Table 6: Magnetochron Correlation  
 Note: (Ig = inclination, Age = millions of years, composition, m (mafic) and s (siliceous). * 

Represent inherited zircon from Gondwana. ** (La Conception isotope study.  Rickey et al., 

2009) 

Name Ig (Only) Composition Polarity Isotope Age Magnetochron

Tina After Peage 72.5 m R

La Conception Quarry 68.4 m N 100** Ma C34n

Dumbea River Outcrop 66.6 s R

Pepinire du Lac Basalt 58 m R

Pont Des Francais 55.5 m R

La Petroglyphs 51.9 s N 159* Ma

Tina Before Peage 51.9 m R

Paita Subdivision 48.8 m N

Pont Des Francais 44.3 m R

Col de Toughoue Quarry 42.2 m N

Dumbea River Outcrop 40.8 s R

Pont du Diable 35 m R

Col De la Pirogue Basalt 33.1 m R

La Katiramona Rhyolite 31.4 s N 76 Ma C33n

Col De la Pirogue Rhyolite 30.3 s N

La Katiramona Basalt 24.2 m N

Pepinire du Lac Basalt 22.1 m R

Tina Peninsula Rhyolite 17.5 s R 78 Ma C33r

Dumbea Subdivision 15.4 s N



 

7. Discussion 

 

 

 

 7.1 U/Pb Isotope Data 

The U/Pb isotope data collected in the Nouméa Basin present a series of fundamental 

questions about the regional tectonics of the basin and about the temporal relationships of 

mineral crystallization.  1) How many phases of volcanism are represented by this data?  

2) Does the isotope data record the accurate in situ age of the Nouméa Basin siliceous 

rock? 3) Does this data fit temporally within the framework of the southwest Pacific 

region in the Late Cretaceous?   

In total, (15) 
206

Pb/
238

U isotope ages were collected from the Nouméa Basin in this study.  

These data are from a range of siliceous compositions and geographically span the entire 

length of the 30 km long basin.  Based on the isotope analysis, we can confirm the 

presence of at least three phases of volcanism in the Late Cretaceous.  The Concordia plot 

presented in Section 6 and in Appendix III in their entirety show ages that range both 

before and after the breakup of the Gondwana margin in the Late Cretaceous (~ 100 Ma).  



 

U/Pb isotope research has been conducted in the southwest Pacific region regarding the 

pre-Gondwana break-up in the Jurassic to Cretaceous, but little has been done from the 

Late Cretaceous to the Paleocene, further enhancing the significance of these data.The 

three episodes of volcanism have been grouped into two data ranges presented here and 

named the Discontinuous series (four zircon ages) from 190-97 Ma and the Continuous 

series (11 zircon ages) from 91-76 Ma.  As the names imply, the Discontinuous series of 

zircon grains represent pre-Gondwana break-up volcanism with each zircon existing in 

relative isolation from one another.  The Continuous series is a range of Late Cretaceous 

ages distributed in one million year increments from 91-76 Ma.  Previously, this Late 

Cretaceous to Eocene time interval was debated because geologists had yet to identify 

physical data (rocks).   

7.1.1 The Discontinuous Series (U/Pb Isotope Analysis) 

The Discontinuous series are hypothesized to be the product of large volume rhyolite 

follows dating before the breakup of Gondwana.  The term large volume flow (>10
3
 km

3
) 

(Riley et al., 2001), may be the result of tectonic interactions between continental 

margins, continental rifts, and continental interior associated mantle plume derived 

magmatism.  In the southwest Pacific region, siliceous magmatism associated with 

subduction at continental margins is documented from a number of environments 

including New Zealand and New Caledonia.  Presently, pre-Gondwana break-up 

evidence is recorded in the igneous rocks located in southern Africa, southeast Australia, 

New Zealand, Tasmania, and Antarctica (Figure 7.1).  New Caledonia and the Nouméa 

Basin (outlined in this study) proper are located within the core of this complex (NC in 
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bold Figure 7.1) but evidence the New Caledonia volcanism has been slow to surface and 

to date has not yielded any significant results.  The samples identified in the Nouméa 

Basin (the Discontinuous Series) may represent the first igneous byproduct (zircon 

grains) that can be correlated to the above volcanism.  The significance of this data ties in 

the paleo-position of New Caledonia to the Jurassic as directly adjacent to the Gondwana 

continent prior to basin extension and rifting in the Late Cretaceous and Paleocene. 

 
Figure 7.1: Gondwana continental assemblage prior to the break-up in the Cretaceous.  Note the 

position of Australia relative to the large volume rhyolite volcanism indicated in Antarctica and 

southern South America (Patagonia) by Riley et al., 2001. Also note in bottom right are (NC) 

New Caledonia and (NR) Norfolk Ridge.  Modified from Coney et al., 1990 
 

The major siliceous portion of this pre-break up magmatism is located in Patagonia and 

formations are collectively called the Karoo-Ferrar magmatism.  These volcanic rocks are 

predominantly pyroclastic with ignimbrites of rhyolite composition, and rhyolitic 

ignimbrite flows.  Individual units in this formation such as the Chon Aike Province can 

be up to 80 m thick and collective units can reach 1 km in thickness.  It is assumed as the 

preliminary volcanism erupted in this region a zircon grain could be transported a 

NR 7.1 
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distance away either in flight or more likely through progressive post depositional 

transport mechanisms to the Nouméa Basin.  The historic position of the Chon Aike 

Province in relation to New Caledonia make this a likely source for the upper 

discontinuous series zircon grains.  This grain (TO-03), found in a wielded green tuff 

near the town of Katiramona could represent early stages of this Karoo-Ferrar 

magmatism (Riley et al., 2001) introduced into the much younger Nouméa Basin 

volcanic unit when the terrestrial sediment eroded from Gondwana and was incorporated 

into the younger tuff.   

The Karoo-Ferrar magmatism (Antarctic Peninsula) at 188-178 Ma has been documented 

as the main stage of volcanism in the early Jurassic in the present day southwest Pacific 

region.  This volcanic complex expelled three main phases lasting nearly 30 Ma.  The 

zircon dated in this study at 190 Ma may be derived from the early stages of this flow 

identified in northeast Patagonia (Marifil Formation) and Antarctica (Brenecke and 

Mount Poster Formations) (Riley et al., 2001).  U-Pb SHRIMP ages of 189 and 188 Ma 

from the siliceous rocks (Fanning and Laudon, 1997) are of significant importance to this 

study as they directly correlate with the 190 Ma zircon.   

Two volcanic episodes are identified in the paleo-Gondwana margin from the Antarctic 

Peninsula and Patagonia.  One episode of volcanism dated to 168 Ma (Chon Aike/ Maple 

Formation) does not correlate with any of the isotope samples taken in the basin.  The 

lack of evidence within the Nouméa Basin from this time period could reveal terrestrial 

sediments shed from the continent were too distal to be reworked into the Nouméa Basin 

siliceous volcanism.   
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The youngest episode of volcanism dated from 157-153 directly correlates with sample 

(TO-10) from the lower Petroglyphs sample site near Paieta (159 Ma) outlined in section 

3.  This zircon identified in an otherwise zircon poor bearing rock at La Petroglyphs is 

likely the result of a reworked grain enveloped by the Late Cretaceous volcanism.  This 

reworked grain is likely confined to the Andean volcanic group (El Quemado Formation 

and Ibanez Formation in southern Patagonia, these smaller volcanic groups could be 

responsible for additional zircon grains identified in the basin.  The age progression from 

oldest to youngest in the Karoo-Ferrar magmatism is representative of the northeast-

southwest migration in this region away from the identified mantle plume and towards 

the proto-Pacific margin of Gondwana during rifting and break-up (Riley et al., 2001).  It 

is reasonable to assume that the source of the discontinuous series of zircon grains 

located in the Nouméa Basin is not confined to the basin but a product of the pre-

Gondwana large volume magma of the Karoo-Ferrar Province.        

Following the Cretaceous magmatism mentioned above, it has been assumed that 

extensional back-arc spreading brought about by slab rollback dominated the southwest 

Pacific tectonic setting in the Late Cretaceous (Schellart et al., 2006).  As the New 

Caledonia Micro-Plate began to detach from the Gondwana margin, the subduction along 

the margin may not have been quite as steep (Figure 7.2) initially allowing the 

dehydration melting to occur for the subduction related volcanic rock seen throughout the 

Nouméa Basin.   
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Figure 7.2: Late Cretaceous depiction of a west dipping slab (black line) and the tectonic 

interaction of the Australian continental plate (Blue block) and New Caledonia (orange 

rectangle).  

7.1.2 The Continuous Series (U/Pb Isotope Analysis) 

The Late Cretaceous (Continuous Series) exhibit signs of both incorporating previous 

volcanic material into the melt and production of new zircons within the magma chamber 

identified in this study.  It is evident that subduction related volcanic activity persisted for 

at least 15 Ma in the Late Cretaceous from 91-76 Ma along the paleo-Pacific margin.  

One K/Ar date collected from the Nouméa Basin (Black, 1995) suggests volcanic activity 

continued until at least 70 Ma. 

Due to the long-lived nature of zircons however, the U/Pb ages to not necessarily all 

correspond to a single eruption age.  Recent work by Nicholson et al., 2011 suggest this 

volcanism is the product of a volcanic arc exhibiting signs of within plate characteristics.  

The presence of crustal fragments in the detached slab provide lavas with the 

geochemical signature sampled in the basin (Nicholson et al., 2011).  Based on the 

isotope ages in the Continuous Series, it appears the zircons represent 15 Ma of active 

volcanism with the younger zircons signaling the volcanic eruptive event at 77 Ma.   

Evidence suggests extension related back-arc spreading persisted for over 50 Ma.  

Schellart et al., (2006) depict subduction in the Late Cretaceous as a west dipping slab 

rollback.  Crawford et al., (2003) suggest a west dipping back-arc basin extension (Figure 

7.2 



 

48 
 

7.3) should show signs of arc volcanism in the region.  Crawford suggests that the slab 

rollback could have happened quickly and with such efficiency to limit the regional scope 

of the subduction.  It is hypothesized that the major magmatic expression of the 

subduction was back-arc basin-type ridge-generated oceanic crust of the Tasman Sea and 

South Loyalty Basin (Crawford et al., 2003).   

Figure 7.3: Late Cretaceous and Eocene depiction of a west dipping slab rollback subduction 

zone. Pacific plate (black line) and the tectonic interaction of the Australian continental plate 

(Blue block) and New Caledonia (orange rectangle).  

The significance of the Nouméa Basin ages (Figure 7.4) presented here (15 this study and 

2 previous) cannot be disregarded.  Several of the siliceous units observed throughout the 

Nouméa Basin are zircon rich but conventional isotope analysis cannot isolate the 

parent/daughter ratio in zircons this small (<12 micron).  The zircons in these siliceous 

samples are too small to exhibit any zoning and as a result can be assumed to date the 

initial age of the volcanism.  The continuous series proves siliceous volcanism did exist 

from (91-76 Ma) in a range of rock throughout the entire basin.  The younger zircons 

sampled in this study provide a tightly constrained age dating the eruptive event for the 

Nouméa Basin in the Late Cretaceous.   

The identification of a Late Cretaceous age to these rocks provides additional data to be 

analyzed in the future that accurately fit the Late Cretaceous uncertainty.  Further 

7.3 
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examination for the isotope analysis should be directed towards correlating the 

geochemical signature of the Discontinuous series zircons to the in situ large volume 

siliceous zircons of Patagonia and Antarctica.  Physical extraction of zircon grains from 

whole rock samples collected in both locations would confirm this hypothesis, one which 

is beyond the scope of this thesis.  Additional geophysical analysis including more highly 

selective paleomagnetic sampling could determine the age of rifting and initial extent of 

the dipping subduction zone outlined by Schellart et al., (2006).   

 
Figure 7.4: Isotope locations and specific ages of each location sampled 

7.4 
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7.2 Paleomagnetic Data 

The paleomagnetic data collected in the Nouméa Basin present a series of fundamental 

questions about the regional tectonics of the Nouméa Basin and about the temporal 

relationships of mineral crystallization.  1) Does the paleomagnetic orientation of the lava 

flows record the accurate in situ location of the Nouméa Basin siliceous and mafic rock?  

2) Does the data give insight to the paleo-latitude of the Nouméa Basin and New 

Caledonia as a whole in the Late Cretaceous?  3) How does the data collected from this 

study relate to the general plate models of the southwest Pacific region?   

 7.2.1 Paleomagnetic Discussion 

It is apparent from the paleomagnetic mean site data in each of the stereonets that the 

majority of the magnetizations are not recent.  Presently, the Noumea Basin is located at 

22
0
 S latitude.  The site mean inclination data presented in Table 4 suggests, as 

hypothesized, that the volcanic rocks gained their magnetic signatures at a progressively 

lower (more southern) latitude several millions of years ago.  Paleo-latitudes sampled in 

this study range from 72
0
 S to 24

0
 S latitude.  The magnetizations measured on the 

samples do not correspond to the current geomagnetic field and further confirm that the 

magnetizations are not recent.   

Well documented evidence based on mid ocean ridge progressions show a historical 

interpretation of Earth’s magnetic polarity over the recent geologic history of the Earth.  

We know, during the Late Cretaceous to Eocene time, the Earth went through several 

magnetic reversals (Walker and Cohen, 2006) and because the data span at least 15 Ma 

we can expect both (N) and (R) polarities in the paleomagnetic results.  The 
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paleomagnetic results are displayed in terms of paleo-latitude either (+) or (-).  The 8 

samples above (Table 4) which show a positive inclination are exhibiting signs of global 

reverse polarity.   

The presence of both normal and reverse polarity in the Nouméa Basin mean inclination 

samples may suggest that the Nouméa Basin remnance is primary (Ali and Aitchison, 

2000).  Further examination of the siliceous rock shows that the magnetism may have 

been acquired at a later date.  Isotope analysis indicates the siliceous samples crystallized 

between 91 and 76 Ma.  If the siliceous samples gained their magnetization at this time, 

they would have a significantly more  (-) paleolatitude.  In fact, the paleomagnetic 

siliceous samples (Dumbea River Outcrop, La Katiramona Rhyolite, Tina Peninsula, Col 

De La Pirogue Rhyolite) indicate they have obtained their magnetic remnance since the 

Eocene (50 Ma).   

 7.2.2 Paleomagnetic Inclination 

Based on the geophysical properties of Earth’s magnetic field, inclination values are 

directly related to latitude.  Inclination only statistics calculated using Paleomac directly 

correlate to a paleo-latitude.   

Following the paleomagnetic analysis, the raw data was imported into Paleomac v. 6.3.  

A range of inclinations only statistics (Table 5) were calculated for both the siliceous and 

mafic data sets.  Based on the data, Paleomac generated a geologic age (Ma).  The three 

lowest elevation samples collected in the Nouméa Basin for the paleomagnetic study 

returned the oldest sample ages for the paleomagnetism.  Samples collected at Dumbea 
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outcrops (2) and Paita (1) at elevations of 20, 21, and 52 m returned inclination only 

values of 66
0
 S, 51

0
 S, and 40

0
 S latitude.   

The mafic suite of inclination only data range from 72.5
0
 S to 22

0
 S latitude.  The bulk of 

these values between 52
0
 S and 33

0 
S latitude are much more consistent as compared to 

the siliceous samples with current models of the SW Pacific region.  Figure 7.5 illustrates 

the results of the inclination only statistics of McFadden and Reid (Tauxe, 2005) 

calculated using Paleomac.   

 
Figure 7.5: Cumulative inclination only stratigraphy showing latitude of samples taken based on 

geologic time (Ma).  Australia (fixed position) is outlined by the (A) in blue while New 

Caledonia is shown in orange.  The location of New Caledonia at 0Ma is recent and not a result of 

any analysis collected in this study.  

7.5 

7.5 
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Based on geological evidence collected, the magnetizations should reflect a value 

somewhere between 70
0 

S - 45
0
 S latitude based on current southwest Pacific tectonic 

models.  Nearly all the siliceous samples predate the mafic samples (based on their 

isotope age) but post-date them in terms of their magnetic remnance.  The magnetization 

acquired at the time of crystallization for the mafic suite may record the original 

geomagnetic signatures imprinted upon them while the siliceous may not.  The mafic 

samples generally had lower order magnetic mineral grain carriers (primary or two-phase 

magnetism) most of which were thought to be magnetite.  The siliceous samples 

governed largely by hematite and upper level iron oxides (multi-phase magnetism) tend 

to show a magnetization mean site location with inclinations representing a more recent 

magnetic acquisition.   

 7.2.3 Paleomagnetic Declination 

It is apparent that large and small rotations are presently imprinted on the rock signatures 

as a result of the tectonic history of the southwest Pacific region.  Based on the statistics 

of Fisher (Tauxe, 2005), average declinations were calculated using Paleomac for every 

specimen (Table 4).  Using the sum total of these declinations Paleomac was used to 

determine the mean site declination (“Dg” column) for the outcrop.  These declinations 

were then compared to the Avg Nrem Dg (Average nrem Dg column) (Table 7) of the in 

situ paleomagnetic core collected in the field to determine net rotation post crystallization 

(Rotation column).  Based on the tectonic history of the region and supported evidence, 

the rotation direction is counter-clockwise and represents a (-) value.  The average Nrem 

Dg was subtracted from the “Dg” to give the total rotation (Rotation column, Table 7).  
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The “Potential” column (Table 7) of each site representing counterclockwise rotation and 

degree to which each site has been rotated was determined to either conform (y), possibly 

conform (m), or fall outside of the rotational limits (n).  It is interpreted that these 

rotations seen in the declination statistics may be a combination of complex tectonic 

relationships and local bed tilting.   

Table 7: Regional Rotational Components of the Nouméa Basin 

The regional rotational components of the Nouméa Basin have been calculated and incorporated 

into the table below.  The potential for data accuracy is listed to the left.  Note the negative 

character of the rotations representing a counter-clockwise rotation. 

 

The data interpretation was based on a counter-clockwise rotational component with net 

potential rotation approaching -90
0 

based on current southwest Pacific tectonic models.  

Outcrops were examined for their source of rotational error and as a result, several 

outcrops were plotted with more than one n value whereby extreme outliers were 

eliminated.  Several sites including the Paita Subdivision, Pont Des Francais, and the two 

Name Type n Dg Ig k a95 Avg Nrem Dg Rotation Potential

Col De la Pirogue Rhyolite site ave     3 36.3 -4.9 4.1 71.6 38.00 1.70 y

Col De la Pirogue Basalt site ave 4 94.4 34.1 23.6 19.3 65.28 -29.13 m

Col de Toughoue site ave 5 42.2 -73.1 2.5 61.5 -2.42 -44.62 m

Dumbea River Outcrop site ave 6 10.8 -40.9 128.3 5.9 -2.03 -12.83 y

Dumbea River Outcrop site ave 2 295.9 66.7 118.6 23.1 357.97 62.07 y

Dumbea Subdivision site ave 8 6.9 -2.1 15.5 14.5 6.56 -0.34 y

La Conception Quarry site ave 8 138.8 -85.4 11.2 17.3 135.41 -3.39 y

La Katiramona Basalt site ave 7 51.3 -7.7 9.4 20.8 51.02 -0.28 y

La Katiramona Basalt site ave 11 53.8 -5 3.5 28.5 51.02 -2.78 y

La Katiramona Rhyolite site ave 5 8 -32.5 10.6 24.6 9.14 1.14 y

La Petroglyphs site ave 2 27.4 -52 135.8 21.6 14.00 -13.40 y

La Petroglyphs site ave 3 7.3 -49.1 12.1 37.1 14.00 6.70 y

Paita Subdivision site ave 5 23.8 -58.7 6 34.1 258.18 234.38 n

Pepinire du Lac Basalt site ave 4 210.8 60.5 25.2 18.7 70.17 -140.63 n

Pont Des Francais site ave 8 288.6 55.4 4.1 31.3 120.65 -167.95 n

Pont du Diable site ave 6 338.7 53.6 6.9 27.6 303.84 -34.86 m

Tina After Peage site ave 6 236.3 86.1 14.7 18.1 154.64 -81.66 n

Tina Before Peage site ave 6 157.2 54.8 16.1 17.2 21.97 -135.23 n

Tina Peninsula Rhyolite site ave 8 216.7 6.2 10.7 11.8 241.80 25.10 y
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Tina Peage outcrops do not fit with the conventional rotational components, and 

represent a regional offset not seen in the other locations.  Ali and Aitchison (2000) 

observed that large and small-scale regional rotations were quite prevalent in the Mount 

Dore region of New Caledonia, just south of the Tina Peage and Pont Des Francais 

outcrops.  Lagabrielle and Chauvet, (2008) note prominent normal faulting in the Mount 

Dore region.  Table 7 shows several outcrops (primarily the siliceous compositions) 

underwent only small-scale rotations <10
0
 further supporting the notion of recent 

magnetism.   
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Figure 7.6: Site mean location image showing degree of rotation through time (Ma). Australia 

(fixed position) is outlined by the (A) in blue while New Caledonia is shown in orange.  

 

With the general location of the Nouméa Basin today occupying latitude 22
0
 S (lower 

right Figure 7.6), it is likely that the siliceous rocks have undergone alteration after 

crystallization.  Alteration was distinguishable in thin section and hand samples.  In 

addition, nearly all siliceous outcrops showed a high degree of weathering.    
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7.2.4 Magnetochron Correlation 

Based on the isotope and paleomagnetic data presented in this study, correlations were 

made between the age of each rock suite and the global magnetochron record (Table 6).  

The paleomagnetic data were sorted by decreasing paleomagnetic inclination (inclination 

only, Table 4) to show New Caledonia’s movement (continued decrease in latitude) 

through time.  Polarity of the samples (normal and reverse) was retained from the site 

mean location statistics (Table 5). U/Pb isotope data (Table 3) from this study and a 

series of K/Ar ages from La Conception Quarry (Nicholson et al., REF) in conjunction 

with the paleomagnetic polarities are used to further constrain the age of the Nouméa 

Basin volcanism.  La Conception (100 Ma) shows features consistent with the global 

magnetochron record Late Cretaceous normal polarity magnetochron (C34n).  The tightly 

constrained ages of Tina Peninsula (78 Ma) and La Katirmona rhyolite (76 Ma) 

correspond with the global magnetochron record (C33r) and (C33n) respectively.   

7.3 Paleomagnetic Model Correlations 

The tectonics of the southwest Pacific region (Figure 7.7) have been studied by many 

geologic modelers (Kamp 1986; Yan and Kroenke, 1993; Gania et al., 1998; Veevers, 

2000; Crawford et al., 2003; Sdrolias et al., 2004; Schellart et al., 2006).  Based on these 

models, the location of New Caledonia and the Nouméa Basin can often be identified 

through geologic time.  It is generally agreed that the eastern Gondwana margin began to 

breakup in the end of the Late Cretaceous, therefore; it is logical to begin all model 

correlations at 100 Ma.  For the geographic interpretation of the Nouméa Basin, 
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reconstruction models by Yan and Kroenke (1993) and Schellart et al. (2006) are 

primarily utilized.   

Interestingly, not all models start with the breakup of the Gondwana margin in the Late 

Cretaceous.  The model presented by Schellart (2006) begins at 90 Ma shortly after the 

eastern Gondwana margin breakup and the Crawford et al. (2003) model begins at 74 Ma. 

With Schellart’s model, the position of the southwest Pacific region is fixed through time 

but you can assume the position of New Caledonia at 100 Ma using indicators such as 

spreading ridges and fault lines.  Using the Crawford et al., (2003) model, it is not 

possible to identify the position of New Caledonia prior to 74 Ma. 

Figure 7.7: Late Cretaceous unzipping of the southwest Pacific region.  Plate reconstruction 

showing select magnetic anomaly lineations, in addition to bold arrows showing the general 

direction of plate motion.  Kamp, 1986   

The data presented by Yan and Kroenke (based on hot spot reference frames) have been 

constructed from 100 Ma – present at time increments presented below in Table 9 and 

7.7 
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imaged in figure 7.10.  Only the model of Yan and Kroenke, (1993) show clear paleo-

latitude reference frames, and the entire southwest Pacific region moves through time. 

Using the model of Yan and Kroenke, (1993), at 100 Ma just prior to the breakup of New 

Caledonia from the Gondwana margin, the Nouméa Basin (Norfolk Ridge) would have 

been located just off the Lord Howe Rise somewhere between 60-70
0
 S latitude.  During 

the time of emplacement of the continuous series of volcanism (91-76 Ma) this same 

region can be tracked moving northeast and located between 55-70
0
 S latitude.  Yan and 

Kroenke present a figure at 74 Ma where the Nouméa Basin area is located between 54
0
 S 

and  52
0
 S latitude.  Red circles have been placed on Figure 7.10 noting the assumed 

position of the Nouméa Basin based on the presence of the Norfolk Ridge.   

The reconstruction model by Schellart et al., (2006) (Figure 7.11) does not have 

historically accurate latitude boundaries but assumptions can be made based upon 

spreading ridges on the images presented.  Schellart et al. (2006) present a reconstruction 

at 90 Ma but do not show the location of the Norfolk ridge or the Lord Howe Rise.  

Without these two landmarks, it is difficult to surmise the placement of New Caledonia in 

Schellart et al. 2006’s model but the assumed position of the Noumea Basin at that time 

has been marked with a red circle.  The location of the red circle in Schellart is much 

further north relative to Australia than that of Yan and Kroenke.   

In Schellart, it is easy to note the northern movement and decrease in latitude as the 

spreading ridge give rise to the Norfolk Ridge from times 90 Ma to 60 Ma.  The 

significance of this spreading ridge marks the position of the New Caledonia crust and 
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provides an influential control on the unzipping of the Tasman Sea.  Schellart also 

utilized the notion that the Tasman Sea and related breakup of the eastern Gondwana 

margin is the result of subduction rollback.  Note in the diagrams the increasing distance 

between the Norfolk ridge and the Pacific Plate not present in that of Yan and Kroenke 

(1993).   

Veevers (2000) presents a complicated diagram at 99 Ma depicting a rough outline of the 

Lord Howe Rise based on a fixed Australia reference frame.  This diagram confirms the 

placement of the Lord Howe Rise just below the 60
0
 S latitude line identified by Yan and 

Kroenke (1993).  The location of New Caledonia is assumed to be submerged just east of 

the Lord Howe Rise at this time.   

Sdrolias et al., 2004 present a southwest Pacific tectonic model with a fixed Australia 

reference frame (Figure 7.8) similar to Veevers and Schellart.  This model (Sdrolias et al., 

2004) does include lines of latitude for reference.  This model uses current latitude lines 

for reference as opposed to the historic paleolatitude lines in that of Yan and Kroenke 

(1993).  In this model, New Caledonia begins in the Early Cretaceous at -28
0
S latitude (as 

opposed to -65
0
S).  Additional images from 100 Ma to 85 Ma suggest the New Caledonia 

Micro-Continent was relatively stationary only moving from 28
0
S to 27

0
S with a 

dramatic jump at 45 Ma (Sdrolias et al., 2004) presumably when New Caledonia 

contacted the Pacific Plate.  This jump at 45 Ma places New Caledonia in its current 

position roughly 22
0
S latitude.  While Sdrolias uses a fixed Australia reference, the 

figures are based on current latitudes and do not take into account the regional 

paleolatitude changes from 100 to 45 Ma.  Relative comparisons can be made based on 
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the position of the Norfolk ridge in relationship to Australia.  Sdrolias places New 

Caledonia further south than Schellart but further north than Yan and Kroenke.   

 
 

 

Figure 7.8: Early Cretaceous to Middle Eocene tectonic model of the southwest Pacific region.  

Plate reconstruction showing select features of the southwest Pacific. (Sdrolias et al., 2004) 

 7.3.1 Late Cretaceous Correlations  

The position of New Caledonia based on the model by Schellart et al., 2006 places New 

Caledonia at the time rifting begins (100 Ma) slightly further south at 62
0
S relative to the 

model by Yan and Kroenke (1993).  Data collected throughout the Nouméa Basin from 

this study show the historic paleo-latitude of New Caledonia may plot as far south 

geographically (in extreme cases) as present day Sydney, Australia prior to rifting in the 

Late Cretaceous.  The Crawford et al. (2003) model is not easily compared to the 

research presented here (Figure 8) because it does not display any latitude markers and 
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first visual representations start in the Late Cretaceous at 74 Ma.  While Sdrolias shows 

clear indications of New Caledonia (Figure 7.8), lines of latitude are recent and not easily 

compared to that of Yan and Kroenke (1993).   

Throughout the Late Cretaceous and into the Paleocene, Schellart et al., (2006) depict the 

oceanic lithosphere continuing to stretch (Figure 7.11) and the Nouméa Basin (Norfolk 

Ridge) continued northeast from -43
0
 to -28

0 
S

 
latitude based on the work of Yan and 

Kroenke (1993) (Figure 7.10).  Paleomagnetic inclination results from Table 8 confirm 

this northeast motion outlined by a progressively less negative inclination value (Figure 

7.10). As previously mentioned, Cluzel et al., (2010) assume this extension as a whole 

acted quickly and then stalled once New Caledonia contacted the Pacific Plate.  Data 

presented here does not reflect this quick movement hypothesis.  Images outlined below 

in Figure 7.9 show progressive movement through time based upon the paleomagnetic 

results above.  Furthermore, the assumption by Cluzel (2010) is not seen in the models 

presented by Yan and Kroenke (1993) or Schellart (2006).   
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Figure 7.9: Interpretation of lithospheric stretching based on paleomagnetic data collected here in 

the Nouméa Basin, New Caledonia.  The position of the Nouméa Basin is marked by the red dot 

located on the orange block. 
 

Table 8: Plate Reconstruction Age and Latitude Summary  

Collected from the Nouméa Basin, New Caledonia, 2010. 
 

Age (Ma) 100 91 85 75 55 0 

Latitude -65 -61 -58 -55 -42 -22 
 

Based on the work of this study (Table 8), it would appear that the historic motion of 

New Caledonia has been steady overtime (Figure 7.9) and supported by Sdrolias (1994) 

Figure (7.8), Yan and Kroenke (1993) Figure (7.10) and Schellart (2006) Figure (7.11).  

7.9 

N 



 

64 
 

While Yan and Kroenke (1993) do not use a fixed Australia position as Figure 7.10 

indicates, the correlation between the research presented in Figure 7.9 and Figure 7.10 

can be observed in Tables 8 and 9.   

While slight differences between the fundamentals of this data and that of Yan and 

Kroenke can be noted in the latitude of New Caledonia, a cross reference of the assumed 

placement of New Caledonia through time reveals significant historic similarities.  Data 

presented by Yan and Kroenke (1993) seem to confirm the research presented here and 

plot New Caledonia further south geospatially in the Late Cretaceous that other models 

(Veevers, 2000; Sdrolias et al., 2003; Schellart et al., 2006).  The significance of plotting 

New Caledonia further south in the Late Cretaceous changes the tectonic framework of 

the entire southwest Pacific region.  

Table 9 (below) is a table of geologic ages spanning the Late Cretaceous to the present 

with the assumed position of the Nouméa Basin based on Plate reconstructions of Yan 

and Kroenke (1993). Note the striking similarities between the data presented here (Table 

8) and that of Yan and Kroenke (1993) in Table 9 (below).   

Table 9:  

Plate reconstruction age and latitude summary interpreted from the supposed paleo-position of 

New Caledonia.  From Yan and Kroenke, 1993 
 

Age (Ma) 100 85 74 65 55 48 

Latitude -65 -60 -54 -45 -43 -39 

Age (Ma) 40 32 25 16 10 0 

Latitude -38 -35 -34 -30 -28 -22 
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Figure 7.10: Plate reconstruction and latitude of historic southwest Pacific region. Position of the 

Nouméa Basin is indicated by a red circle with a black arrow (this study) and placed on the 

geographic interpretation.  Yan and Kroenke, 1993  

7.10 
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Figure 7.11: Plate reconstruction of southwest Pacific region at times of 90-60 Ma. Note the plate 

margin changes between the Australian (left) and Pacific plate (right). Position of the Nouméa 

Basin is indicated by a red circle (this study) and placed on the geographic interpretation. 

Schellart et al., 2006 
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8. Conclusions 

 

 

 

Constraining the age of the Nouméa Basin has produced 5 new episodes of volcanism not 

previously dated in New Caledonia literature.  Evidence suggests this volcanism was 

much more widespread and long lasting that previously assumed.  Paleomagnetic results 

have added two exposures of mafic rock to the geologic timeline, one before and one 

after the breakup of the Gondwana margin (~100 Ma) further constraining the age of the 

basin (Table 6).   U/Pb isotope ages confirm at least 3 siliceous phases of volcanism.  

Two Discontinuous Series (190-97 Ma) flows are likely historic zircons incorporated into 

younger siliceous melts, a derivative of the Gondwana continent erosion.  The Late 

Cretaceous Continuous Series (91-76 Ma) in situ volcanism have produced a much more 

dramatic tectonic setting for the Late Cretaceous volcanism in New Caledonia.  The 

youngest zircons in the Continuous Series date the eruption age of the volcanism at 77 

Ma.  The presence and timing of this volcanic emplacement brought about by subduction 

rollback allows the introduction of a volcanic arc/tectonic interaction in the Late 

Cretaceous previously thought to be dominated by extensional tectonics alone.  
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Statistical analysis on the paleomagnetic rock revealed both large and small-scale 

rotations of individual rock outcrops within the Nouméa Basin.  Rotation data show the 

degree to which localized bed tilt and whole outcrop alteration have changed overtime.  

The presence of positive and negative inclination data suggests the volcanism spans 

geologic time in which both normal and reverse polarity were prevalent.  Finally, using 

both the isotope and paleomagnetic data in concert, correlations can be made with the 

global magnetochron record.  The isotope ages further constrain the paleomagnetic data 

and correlate to chrons C34n, C33r, and C33n. 

Using the paleomagnetic data collected throughout the Nouméa Basin, a tectonic 

interpretation from the Late Cretaceous to the present is formed.  This interpretation is 

compared to current southwest Pacific tectonic models to determine if spatial correlations 

can be made based on the position of New Caledonia through time.  The results from the 

Nouméa Basin closely resemble plate tectonic models presented by Schellart et al., 

(2006), Sdrolias et al., (2004) and Yan and Kroenke, (1993) tracking the changes of key 

features in the southwest Pacific region from the Late Cretaceous to the Eocene.  All data 

sets show the Nouméa Basin’s (New Caledonia) continual progression of decreased 

latitude and northeast movement due to back-arc basin extension from 91 Ma to the 

present following eastern Gondwana margin slab detachment.  Only the tectonic model 

by Schellart et al., (2006) suggests the onset of slab rollback at this time (91 Ma), which 

allowed for the extension of the Tasman Sea.   

The tectonic interpretation presented here show New Caledonia (Nouméa Basin) and 

presumably the volcanic source (subduction rollback) for the Nouméa Basin rocks, 
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placed further south relative to the current Australian coast than recent tectonic models.  

Specifically in the tectonic model presented by Schellart et al., 2006, the relocation of the 

spreading ridge responsible for the emergence of New Caledonia, changes the tectonic 

landscape of the entire southwest Pacific region.  The volcanic source (subduction 

rollback) responsible for the Nouméa Basin rocks is located at 65
0
 S latitude when rifting 

is initiated in the Late Cretaceous, further south than Schellart depicts.  Based on the 

observance of the Nouméa Basin rocks, the location of the Nouméa Basin is an 

influential control on the placement of the subduction rollback in the southwest Pacific 

region from the Late Cretaceous to the Eocene.  This significance of this change in 

position (from Schellart et al., 2006) reorganizes the geometry and breakup of the 

southeastern Gondwana margin in the Late Cretaceous with respect to the location of 

New Caledonia and the southwest Pacific tectonic setting.     
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Thin section TO-01 was collected from the Tina Peninsula SW of Normandie.  The upper section 

of this outcrop is an easily accessible road cut.  The rock outcrop is highly weathered and 

maintains a dark brown to black crust on the exterior of the rock face.  The outcrop trends 

northwest-southeast along the Baie de la Conception.  The fresh surface whole rock sample is 

white in color with few visible grains.  In thin section, the rock is very quartz rich with few large 

plagioclase grains throughout.  The rock has an aphanetic texture and appears to be slightly 

altered.  Grains maintain a subhedral to anhedral crystal shape and zircon is the only identifiable 

accessory.   

TO-01: Nine grains were selected from this thin section for analysis with 4 measurements taken 

on individual zircon grains (2, 6, 7, 9) with two ages returned.  The spot size used was 15 

microns.  



 

   
a) TO-01_05 b) TO-01_06 c) TO-01_07 

Figures AI.1 a,b,c : Thin section Images TO-01.  Each red circle represents the zircon grain 

sampled. For complete list of thin sections and corresponding sample sites, see Appendix 1.  All 

thin section images here and below were taken using a standard petrographic microscope at 20x 

ocular. 

Sample TO-02 is also located on the Tina Peninsula SW of Normandie.  The lower section of this 

outcrop is more severely weathered than the upper section and still maintains a dark brown to 

black crust on the exterior of the rock face.  The outcrop also trends northwest-southeast along 

the Baie de la Conception.  The fresh surface whole rock sample is tan to brown in color with a 

small amount of visible grains.  The visible grains are elongate tabular plagioclase crystals with a 

high groundmass concentration of small anhedral quartz grains.  This thin section appears to be 

more significantly weathered and maintains a more oxidized/altered composition. 

TO-02: Nine grains were selected from this thin section for analysis with 5 measurements taken 

on individual zircon grains (3, 4, 5, 6, 9) with four ages returned.  The spot size used was 15 

microns.   

   
a) TO-02_01 b) TO-02_02 c) TO-02_06 

Figures AI.2  a,b,c : Thin section Images TO-02.  Each red circle represents the zircon grain 

sampled.  

20um 20um 20um 

20um 20um 20um 
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Thin section sample TO-03 was collected just north of Katirmona on the Old Road just past 

Dumbea.  The outcrop lies at the top of an exposure resting above the town of Katirmona.  This 

outcrop is extremely weathered and brittle.  The weathered surface of this outcrop ranged from 

tan to brown.  Obtaining a fresh sample from this outcrop proved to be a difficult process.  The 

fresh surface color was a light green with visible orange to brown oxidation in isolated patches.  

The sample is a tuff/ignimbrite bearing some biotite and altered plagioclase grains.  Oxidation is 

present throughout the thin section and the distinct green color may come from the abundance of 

chlorite present throughout the rock as a result of low grade metamorphism (SITE).    

TO-03: Three grains were selected from this thin section for analysis with 1 measurement taken 

on an individual zircon grain (3) with one age returned.  The spot size used was 15 microns.   

   
a) TO-03_01 b) TO-03_02 c) TO-03_03 

Figures AI.3 a,b,c : Thin section Images TO-03.  Each red circle represents the zircon grain 

sampled.  

Sample TO-04 is located off the old road just southwest of the La Hermitage town.  The La 

Pepinire du Lac outcrop was quite small but weathering here was only moderate.  The selected 

sample had a fine weathering rind light brown in color.  The fresh sample surface color ranges 

from white to grey with no visible grains in hand sample.  This aphanitic sample is largely 

composed of quartz with subhedral to anhedral grains.  This sample has some small isolations of 

biotite and is zircon abundant.  Quartz grains range from glassy to microcrystalline and make up 

the large majority of the entire section.   

20um 20um 20um 
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TO-04: Eight grains were selected from this thin section for analysis with 5 measurements taken 

on individual zircon grains (1, 3, 4, 5, 7) with four ages returned.  The spot size used was 15 

microns.   

   
a) TO-04_01 b) TO-04_03 c) TO-04_07 

Figures AI.4 a,b,c : Thin section Images TO-04.  Each red circle represents the zircon grain 

sampled.  

Thin section sample TO-09 is located off the Old Road, northwest of La Katirmona in the 

southeast portion of the La Katirmona Quarry.  This quarry section was moderately sized and was 

currently operational.  The selected sample had no weathering and had been recently exposed.  

The fresh sample surface color ranges from light blue to grey with small visible indistinguishable 

white to grey grains in hand sample.  Thin section analysis revealed the large grains to be 

plagioclase.  These tabular subeuhedral grains were quite large relative to the fine grained quartz 

groundmass.  The quartz was anhedral and the entire section had been altered.  The groundmass 

has a distinctive unclarity as it seems the crystal mass has “wielded” itself together into one 

continuous mass.  This sample was zircon rich.   

TO-09: Twelve grains were selected from this thin section for analysis with 4 measurements 

taken on individual zircon grains (2, 5, 7, 9) with three ages returned.  The spot size used was 25 

microns.   

20um 20um 20um 
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a) TO-09_02 b) TO-09_06 c) TO-09_10 

Figures AI.5 a,b,c : Thin section Images TO-09.  Each red circle represents the zircon grain 

sampled.  

TO-10/12 were both collected just off the Old Road near the Petroglyphs outcrop southeast of 

Paita.  The outcrop is a steep sided, blocky, near vertical section located across the Old Road 

from the Petroglyphs viewing Gazebo.  The weathered surface of section TO-10 was dark brown 

to golden and extremely silicified.  The fresh surface was dark to medium blue in color and 

maintained veins of weathering several cm deep into the outcrop.  A sample free of oxidation 

remained difficult to obtain.  In hand sample, small sulfide grains were visible along with some 

coarser grained quartz.  This sample also had a high abundance of chlorite alteration.  The fine 

grained quartz matrix was highly oxidized and several grains appeared to be zoned.  Several small 

isotropic grains (pyrrhotite, chalcopyrite) persist throughout the sample.  Potential hydrothermal 

alteration could have silicified this sample into a singular mass.  This outcrop was resistant to 

both the diamond drill and sledgehammer.  Sample TO-12 was obtained near the top of the 

exposure where the outcrop seemed less organized and highly fractured.  This outcrop was more 

brittle and highly weathered.  The weathered surface was earthy brown to golden.  The fresh 

surface of the section was white to light grey.  Thin section TO-12 was similar to that of TO-10 

but was not as weathered.  Alteration still persisted throughout the sample but a clear lack of the 

isotropic sulfides was evident. 

20um 20um 20um 
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Col De la Pirogue basalt is located on the New Highway from Nouméa, northwest of Pieta.  This 

mafic road cut is named for the Col de la Pirogue peak indicated on topographic maps of 

Nouméa.  This mafic aphanetic basalt is homogeneous in hand sample mineral character and gray 

to dark gray in color on the fresh surface.  The weathered surface appears both dark black and 

spotted light gray in addition to small isolated quartz veins running through the rock body.   

   
a) Roadcut Col de la 

Pirogue 

b) Paleomagnetic core site c) Weathered surface  

Figure AII. 1 a, b, c: a) Road cut at Col De la Pirogue oriented south,  b) Paleomagnetic samples 

taken at Col de la Pirogue in relation to one another, c) Road cut weathered surface facing north 

at Col de la Pirogue  

 



 

Paita Subdivision whole rock samples were collected on a small exposure in northwest Pieta.  

This mafic outcrop data set exhibited clear volcaniclastic flow indicators as well as a bi-modal 

volcanic make-up.  The fresh surface matrix of this rock is ashy light to medium gray with 

interspersed dark colored angular rock fragments collected as the lava flowed.  The weathered 

surface ranged in color from light tan to medium gray over the surface of the entire outcrop.  No 

isolated minerals were identified in this aphanetic sample.    

   
a) Paita subdivision outcrop b) Sample weathered surface c) Representative fresh 

surface 

Figure AII.2 a, b, c: a) Road cut at Paita oriented northwest,  b) Paleomagnetic samples taken at 

Paita outcrop showing weathered surface, c) Paleomagnetic samples collected at Paita showing 

more fresh rock surface 

La Katirmona basalt is located off the Old Road northwest of Dumbea at the Katiramona Quarry.  

This basaltic quarry is currently active and all surfaces were collected in the open and operating 

quarry.  As a result all surfaces represent fresh surfaces.  The mafic samples here were mostly 

homogenous in crystal matrix and largely aphanetic.  No clear mineral grains were identified in 

this sample outcrop.  Small veins of quartz persisted in isolated sections of this rock quarry and 

care was taken to sample the most homogenous samples. 
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a) Quarry active face b) Fresh surface color c) Fractured quarry wall  

Figure AII.3 a, b, c: a) Katirmona quarry active face oriented north,  b) Paleomagnetic samples 

taken showing fresh surface, c) Paleomagnetic samples collected at Katirmona Quarry showing 

more fresh rock surface 

Col de Toughoue is located northwest of Nouméa off the Old Road on the ocean side of the basin.  

This mafic quarry site is currently operational and currently expanding.  Large scale prospective 

rock cores donated to this study by the quarry operator are exhibit plentiful quartz veins and small 

assemblages of dark black to dark green mafic mineral components (augite and hornblende).  

Dark gray to black aphanetic rocks persist with few distinguishable mineral phases in the open 

quarry aside from those previously mentioned.  All surfaces represent fresh surfaces and no 

indication of weathered surface is present due to active quarry operation.  

   
a) Active quarry operation b) Fresh face mafic image c) Inactive quarry face 

Figure AII.4 a, b, c: a) Col de Toughoue quarry active face oriented north,  b) Paleomagnetic 

samples taken showing fresh surface, c) Paleomagnetic samples collected showing more fresh 

rock surface 

La Pepinire du Lac mafic suite was collected just past the entrance to Tangue Quarry in Pepinire 

du Lac.  This quarry is no longer operational and has not been in operation for some time.  This 

quarry is quite small with an active face 50m x 15m.  The weathered surface of this outcrop is 

dark gray to black and the fresh surface is light gray.  The rock is an aphanetic mafic outcrop with 
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few distinguishable features.   

 

   

a) La Pepinire du Lac quarry b) Weathered surface c) Sample site 

Figure AII.5 a, b, c: a) La Pepinire du Lac quarry historic face oriented northeast,  b) 

Paleomagnetic samples taken showing weathered surface, c) Paleomagnetic samples showing 

more weathered rock surface along lower unit of historic La Pepinire du Lac quarry 

Pont Des Francais is located just south of Yahoué, north of Nouméa.  This mafic quarry is 

currently active on several levels of the operating quarry.  Surfaces here are in varying stages of 

operation and the sampled section included both fresh and mildly weathered surfaces.The 

weathered surface color is light tan to light gray with  no distinct markings.  The fresh surface is 

light gray to black aphanetic and includes small inclusions of dark mafic minerals (hornblende 

and augite).   

   

a) Open quarry operation b) Fresh surface face c) Weathered surface 

Figure AII.6 a, b, c: a) Pont Des Francais quarry current actuve face oriented southeast,  b) 

Paleomagnetic samples taken showing fresh surface, c) Paleomagnetic samples showing 

weathered rock surface along middle unit of quarry where samples were collected 

Pont du Diable is located just outside of Nouméa, northwest of Normandie on the Old Road.  This 

rock outcrop is small in scale located on the inner bend of the highway.  The rock is a mafic green 
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to black rock in hand sample with a porphyritic bimodal mineral assemblage of small visible 

green grains of possibly augite set in a fine gray to green matrix.  These grains are sub angular 

and display visible crystal structure.  The black minerals associated with this outcrop were small 

and indistinguishable but appeared to be hornblende.  This rock is extremely well crystallized and 

proved difficult for samples to be obtained.  Paleomagnetic data would reveal the samples 

collected here were sub-ultramafic and yielded the highest magnetic susceptibility. 

 
  

a) Fresh surface outcrop b) Weathered surface c) Green to black mafic color 

Figure AII.7 a, b, c: a) Pont du Diable road cut face oriented northwest,  b) Paleomagnetic sample 

taken showing weathered surface, c) Paleomagnetic sample showing more weathered rock surface 

along central unit of road cut 

Tina After Peage is located on the small Peage road toward the Tina Peninsula just past the Peage 

station out of Nouméa.  This mafic road cut is approachable on either side of the Peage road and 

the weathered surface is light tan to orange.  The weathered basalt surface maintains a thin 

CaCO3 crust over the entire surface.  Fresh samples were light gray in color and easily obtained 

from the moderately crystallized outcrop.  Samples were aphanetic and nondescript with no 

visible mineral assemblages present in hand sample.   
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a) Rock surface measurement b) Weathered rock face c) TAP outcrop surface 

Figure AII.8 a, b, c: a) Tina After Peage road cut face showing paleomagnetic core measuring 

device inserted into core hole,  b) Paleomagnetic sample taken showing weathered surface, c) 

Paleomagnetic sample showing more weathered rock surface along lower unit of road cut 

Tina Before Peage is located on the Peage road toward the Tina Peninsula just before the Peage 

station.  This mafic road cut is similar to the TAP section above but only approachable on one 

side of the Peage road.  The weathered surface is tan to gray while the fresh samples were light to 

dark gray in color and easily obtained from the moderately crystallized outcrop.  Samples were 

also aphanetic and nondescript with no visible mineral assemblages present in hand sample  

   

a) Weathered outcrop  b) Fresh surface in core c) Rock core and outcrop face 

Figure AII.9 a, b, c: a) Tina Before Peage road cut face oriented north,  b) Paleomagnetic sample 

taken showing weathered surface, c) Paleomagnetic sample showing more weathered rock surface 

along lower unit of road cut 

La Conception is located on the Baie de la Conception, south east of Normandie.  This mafic 

quarry has been studied in some detail (Rickey et al., 2009) and has been mapped as a potential 

source for the younger (30 Ma ) mafic rock in the Nouméa Basin.  The samples obtained here are 

located in a previously operating rock quarry and as a result only moderately weathered.  

Weathered surface can be tan to dark gray to black while the fresh surface ranges in color from 

dark green to light gray.  Select samples obtained show fine quartz veins running throughout.  
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Additionally, select samples here were quite brittle and contained small nondescript mafic grains.  

   
a) Paleomagnetic drill  b) Weathered rock surface  c) Outcrop face green to gray 

Figure AII.10 a, b, c: a) La Conception quarry with paleomagnetic drill in foreground,  b) 

Paleomagnetic sample taken showing weathered surface, c) Paleomagnetic sample showing more 

weathered rock surface along upper unit of quarry 
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U/Pb Isotope Data: Siliceous Volcanic Rocks of the Nouméa Basin 

 Tina Upper 

o Thin Section TO-01 

 Tina Lower 

o Thin Section TO-02 

 La Katiromona Green Rock 

o Thin Section TO-03, TO-03B 

 La Pepiniare Du Lac 1 

o Thin Section TO-04 

 La Pepinare Du Lac 2 

o Thin Section TO-05 

 Dumbae New Subdivision Outcrop 

o Thin Section TO-06 

 Dumbae Old Road (Municiple)  

o Thin Section TO-07, TO-07B 

 Dumbae River Outcrop 

o Thin Section TO-08, TO-08B 

 La Katiromona Quarry Blue Rock 

o Thin Section TO-09 

 Petroglyphs Blue Rock 

o Thin Section TO-10, TO-10B 

 Old Road La Hermitage 

o Thin Section TO-11 

 Petroglyphs Upper, White Rock 

o Thin Section TO-12 

 Sanitarium Road outcrop 

o Thin Section TO-13 



 

Paleomagnetic Specimens and Outcrops 

 Tina Peninsula Road Cut 

o NC-001-015 

 Tina After Peage 

 NC -016-020Pont du Diable Road Cut 

o NC -021-025 

 Tina Before Peage 

o NC -026-035 

 La Conception Quarry 

o NC -036-060 

 Dumbea Subdivision Outcrop 

o NC -046-065 

 Paita Subdivision 

o NC -066-075 

 La Katirmona Quarry (Mafic) 

o NC -076-088 

 La Katirmona Quarry (Siliceous) 

o NC -089-095 

 Pepinire du Lac (Mafic) 

o NC -096-105 

 La Petroglyphs 

o NC -106-107, 118 

 Dumbea River Outcrop 

o NC -108-117 

 Pont des Français 

o NC -119-128 

 Col de Toughoue Quarry 

o NC -129-135 

 Col de la Pirogue (Siliceous) 

o NC -136-137 

 Col de la Pirogue (Mafic) 

o NC -138-141 
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Zircon TO-01 

Zircon TO-01_06 yielded a 206Pb/238U age of 89 Ma with a 2σ of 11.7.  Zircon TO-01_09 

yielded a 206Pb/238U age of 82 Ma with a 2σ of 5.   

 
Figure AIII.1: Error bars for zircon TO-01_06 indicate a Concordia age of 83.3 Ma.   

 

Zircon TO-02 

 

Zircon TO-02_03 yielded a 206Pb/238U age of 111 Ma with a 2σ of 7.6.  Zircon TO-02_05 

yielded a 206Pb/238U age of 84 Ma with a 2σ of 6.  Zircon TO-02_06 yielded a 206Pb/238U age 

of 81 Ma with a 2σ of 5.9.  Zircon TO-02_09 yielded a 206Pb/238U age of 78 Ma with a 2σ of 

8.7.   

 
Figure AIII.2: This graph presents two unique Concordia ages of 111 Ma and 81.7 Ma. 

TO-01 

TO-02 
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Zircon TO-03 

Zircon TO-03_03 yielded a 206Pb/238U age of 190 Ma with a 2σ of 10.3.   

 
Figure AIII.3: Zircon TO-03_03 Concordia age 190 Ma. 

 

Zircon TO-04 

 

Zircon TO-04_01 yielded a 206Pb/238U age of 97 Ma with a 2σ of 5.9.  Zircon TO-04_03 

yielded a 206Pb/238U age of 77 Ma with a 2σ of 5.3.  Zircon TO-04_05 yielded a 206Pb/238U 

age of 91 Ma with a 2σ of 5.7.  Zircon TO-04_07 yielded a 206Pb/238U age of 90 Ma with a 2σ 

of 5.4.  

  
Figure AIII.4: Two Concordia ages of 92.3 Ma and 77.3 Ma are represented on Zircon sample 

TO-04. 

TO-03 

TO-04 
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Zircon TO-09 

 

Zircon TO-09_02 yielded a 206Pb/238U age of 76 Ma with a 2σ of 4.1.  Zircon TO-09_07 

yielded a 206Pb/238U age of 86 Ma with a 2σ of 7.9.  Zircon TO-09_09 yielded a 206Pb/238U 

age of 87 Ma with a 2σ of 4.8.   

 
Figure AIII.5: A Concordia age of 86.6 Ma is represented here on sample TO-09. 

 

Zircon TO-10/12 

Zircon TO-10_02 returned a 206Pb/238U age of 159 Ma with a 2σ of 9.9. 

 

 

TO-09 
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Figure AIII.6: Composite analysis listing a U/Pb isotope age (Ma) for each zircon grain 

(Concordia circle) listed above.  Zircons sampled in this study range in age from 190 Ma to 76 

Ma with the majority (73.3%) ranging from 91 Ma to 76 Ma.   



 

Appendix IV 

 

 

 

 Group A 

Tina Peninsula 

The Tina Peninsula paleomagnetic suite consists of 6 AF measurements and 2 Thermal 

measurements.  Analyzing the magnetic moment diagrams both the AF (C) and Thermal (D) 

graphs depict a relatively simple magnetization component.  The data reveals a significant portion 

of the magnetization removed in preliminary steps for both AF and thermal demagnetization 

techniques.  The AF demagnetization began at 0 mT (mili-tesla) and continued to 200 mT.  At 

200 mT the specimens still retained some magnetic component and based on this graph the 

magnetic carrier grain is unknown.  The thermal demagnetization steps appear to have removed 

the magnetization more efficiently.  At 580
0 

C all magnetization was lost revealing magnetite as 

the carrier grain.  The zijderveld diagrams for the Tina Peninsula (B) reveal a two component 

magnetization noted by the striking bend at 20 mT.  This bend can also be seen on the magnetic 

moment diagrams and could represent a minor phase of pyrrhotite (270-325
0
C).  The declination 

and inclination noted on the zijderveld diagram does not reach the origin because it is a 

representation of an AF demagnetization measurement and has not lost all magnetization due to 

equipment limitations. 

  



 

The equal area stereonet (A) shows all 8 Tina Peninsula measurements plotted together with 1 

open (upward) and 7 closed (downward) projections (Tauxe, 2005).  This unit had a mean site 

average with a declination of 340.8
0 

 and a mean inclination of 24.4
0 

(Table 4).  A mean 

inclination only statistic for the Tina Peninsula was calculated to be 25.2
0 
S latitude (Table 5).  

 

Tina Peninsula  Siliceous 

  

  

Figure AIV.1 A-D:  Paleomagnetic demagnetization figures. 

Pont du Diable 

Pont du Diable paleomagnetic suite consists of 5 AF measurements and 2 Thermal measurements.  

The magnetic moment diagrams for both the AF (C) and Thermal (D) graphs depict a similar 

magnetization in a single component.  The data reveals a significant portion of the magnetization 

removed in the later stages of both AF and thermal demagnetization techniques.  The AF 

demagnetization began at 0 mT and continued to 200 mT.  At 200 mT the specimens still retained 

0

90

180

270

W  Up

N

E  Down

S

01-IS Scale: 1e-3 A/m

0.0

0.5

1.0

M/Mmax Mmax = 7.18e-3 A/m

0 102030405060708090100110120130140150160170180190200

mT03

0.0

0.5

1.0

M/Mmax Mmax = 7.68e-3 A/m

0 100 200 300 400 500 600

°C15b

A B 

C D 



 

97 
 

some magnetic component but the majority of the magnetization had been lost by 150 mT.  The 

thermal demagnetization steps appear to have removed the magnetization more efficiently.  At 

580
0 

C all magnetization was lost showing magnetite as the carrier grain.  The zijderveld 

diagrams (B) for the Old Road Diable outcrop expose a single component magnetization with a 

linear trend for the declination and inclination trending toward the origin.  The declination and 

inclination noted on the zijderveld diagram does not reach the origin because it is a representation 

of an AF demagnetization measurement and has not lost all magnetization due to equipment 

limitations.  The equal area stereonet (A) shows all 7 Old Road Diable measurements plotted 

together in closed (downward) projected circles.  The site mean declination average for this group 

is 325.9
0 

with an inclination of -55.4
0 

(Table 4).  A mean inclination only statistic for the Pont du 

Diable outcrop was calculated to be 44.7
0 
S latitude (Table 5).   

Pont du Diable mafic 

  

  
Figure AIV.2 A-D:  Paleomagnetic demagnetization figures. 
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La Conception Quarry 

The La Conception Quarry paleomagnetic suite consists of 6 AF measurements (C) and 2 

Thermal (D) measurements.  The magnetic moment diagrams graphs show a similar 

magnetization in a single magnetite component.  The data show a strong initial demagnetization 

followed by a progressive removal of magnetization in the later stages of both AF and thermal 

demagnetization techniques.  The AF demagnetization began at 0 mT and continued to 120 mT.  

At 120 mT the specimens still retained some minor magnetic component but the majority of the 

magnetization had been lost.  The thermal demagnetization steps appear to have removed the 

magnetization efficiently showing magnetite as the carrier grain at 580
0 

C.  The zijderveld 

diagrams (B) for the La Conception Quarry outcrop expose a two-component magnetization with 

a primary linear trend for the declination and inclination trending toward the origin from 5mT to 

120mT.  The declination and inclination noted on the zijderveld diagram does reach the origin 

signifying a loss of all magnetic components.  The equal area stereonet (A) shows all 8 La 

Conception measurements plotted together in open (upward) projected circles.  La Conception 

Quarry had a mean site declination of 17.1
0 

and an inclination of 63.9
0
 (Table 4).  A mean 

inclination only statistic for the La Conception Quarry was calculated twice to be 53.3
0 

S latitude 

(n=8) and 36.4
0 
S latitude (n=4) respectively (Table 5).  

La Conception Quarry mafic 
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Figure AIV.3 A-D:  Paleomagnetic demagnetization figures. 

Dumbea River 

The Dumbea River outcrop paleomagnetic consists of 6 AF measurements (C) and 2 Thermal 

measurements (D).  The magnetic moment diagrams show a comparable magnetization in a single 

magnetite component never fully reaching demagnetization.  The data show weak 

demagnetization throughout in both AF and thermal demagnetization techniques.  The AF 

demagnetization began at 0 mT and continued to 140 mT.  At 140 mT the specimens still retained 

the majority of their magnetic component but the equipment limitations did now allow 

completion.  The thermal demagnetization steps appear to have removed the magnetization 

slightly more efficiently showing a potential for hematite being the main carrier grain (675
0 

C).  

The zijderveld diagrams for Dumbea River expose at minimum a three-component magnetization 

with two primary linear trends for the declination and inclination and grouping together in the 

end.  The declination and inclination noted on the zijderveld diagram (B) does not reach the 

origin signifying only a minor loss of all magnetic components.  The equal area stereonet (A) 

shows 5 measurements plotted together in open (upward) projected and 3 measurements plotted 

in closed (downward) projected circles.  Dumbea River had a mean site declination of 18.3
0 

and 

an inclination of -51
0 

(Table 4).  A mean inclination only statistic for the outcrop was calculated 

to be 48.1
0 
S latitude (n=8) (Table 5).   
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Dumbea River  siliceous 

 
 

  
Figure AIV.4 A-D:  Paleomagnetic demagnetization figures. 

Col de Toughoue Quarry 

The Col de Toughoue Quarry paleomagnetic suite consists of 6 AF measurements and 2 Thermal 

measurements.  The magnetic moment diagrams show a comparable magnetization in a single 

magnetite component nearly reaching complete demagnetization.  The data show strong initial 

demagnetization settling out over time in the AF and a strong demagnetization at 450
0
C in the 

thermal demagnetization technique.  The AF demagnetization (C) began at 0 mT and continued to 

100 mT.  At 100 mT the specimens showed signs of complete demagnetization.  The thermal 

demagnetization (D) steps appear to have removed the magnetization less efficiently but trended 

towards magnetite at (580
0 

C).  The zijderveld diagrams (B) for Col de Toughoue Quarry expose 

a single (magnetite) primary linear trends for the declination and inclination extending towards 

the origin.  The declination and inclination noted on the zijderveld diagram do not meet at a 

single point but do reach the origin signifying only a nearly complete loss of all magnetic 
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components.  The equal area stereonet (A) shows 10 measurements plotted together in 7 open 

(upward) projected and 3 closed (downward) projected circles.  Col de Toughoue Quarry had a 

mean site declination of 100.9
0 

and an inclination of -83.7
0 

(Table 4).  A mean inclination only 

statistic for the outcrop was calculated to be 43.7
0 
S latitude (n=8) (Table 5).   

Col de Toughoue mafic 

  

  
Figure AIV.5 A-D:  Paleomagnetic demagnetization figures. 
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Col de la Pirogue 

The Col de la Pirogue paleomagnetic suite consists of 3 AF measurements and 2 Thermal 

measurements.  The magnetic moment diagrams show a similar magnetization in a two-

component curving trend nearly reaching complete demagnetization.  The data show strong initial 

demagnetization curving down to nearly complete demagnetization at 90mT in the AF (C) and 

nearly complete demagnetization at 545
0
C in the thermal demagnetization technique.  The 

thermal demagnetization (D) steps appear to have removed the magnetization less efficiently but 

trended towards magnetite with complete demagnetization just before magnetite (545
0 

C).  The 

zijderveld diagrams (B) for Col de la Pirogue expose a double (magnetite) curving trend for the 

declination and inclination extending towards the origin slightly skew to the left.  The declination 

and inclination noted on the zijderveld diagram do not meet at a single point but do tend to 

represent a nearly complete loss of all magnetic components.  The equal area stereonet (A) shows 

5 measurements plotted together in closed (downward) projected circles and one open (upward) 

projected circle.  Col de la Pirogue had a mean site declination of 99.1
0 

and an inclination of -

58.7
0 

(Table 4).  A mean inclination only statistic for the outcrop was calculated to be 55
0 

S 

latitude (n=5) (Table 5).   

Col De la Pirogue mafic 
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Figure AIV.6 A-D:  Paleomagnetic demagnetization figures. 
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before 100mT.  The zijderveld (B) diagrams for the La Katiramona Quarry siliceous suite show a 

two-phase (pyrrhotite to magnetite) trend for the declination and inclination extending towards 
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has a mean site declination of 8.6
0 
and an inclination of -37.2

0
(Table 4).  A mean inclination only 

statistic for the outcrop was calculated to be 35.1
0 
S latitude (n=7) (Table 5). 

La Katiramona Quarry siliceous 

  

  
Figure AIV.7 A-D:  Paleomagnetic demagnetization figures. 
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pyrrhotite (270-325
0
C).  The zijderveld diagrams (B) for the TAP suite show a two-phase 

(pyrrhotite to greigite) trend for the declination and inclination extending towards the origin.  The 

declination and inclination noted on the zijderveld diagram meet in a messy cluster and represent 

a moderate loss of magnetic components.  The equal area stereonet (A) shows all 7 measurements 

plotted together in closed (downward) projected circles.  This group has a mean site declination 

of 325.9
0 

and an inclination of -55.4
0 

(Table 4).  A mean inclination only statistic for the outcrop 

was calculated to be 44.7
0 
S latitude (n=6) (Table 5). 

Tina After Péage mafic 

  

  
Figure AIV.8 A-D:  Paleomagnetic demagnetization figures. 
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Tina Before Peage 

The Tina Before Peage (TBP) paleomagnetic suite consists of 6 AF measurements and 2 Thermal 

measurements.  The magnetic moment diagrams both show a moderate-level magnetization in a 

two-component trend reaching near complete demagnetization.  The data show steady initial 

demagnetization becoming more “saw tooth” at 60mT in the AF.  The thermal demagnetization 

(D) component started out with moderate susceptibility and the lowest level of demagnetization 

measured occurred at 450
0
C.  At 500

0
C, the thermal demagnetization technique formulated a new 

magnetic phase and increased sharply to 7.12 e-4 A/m.  The alternating frequency (C) 

demagnetization removed the magnetization more efficiently.  The zijderveld diagrams (B) for 

the TBP suite show a multi-phase (pyrrhotite or greigite) trend for the declination and inclination 

extending towards the origin and finalizing in a complex cluster.  The equal area stereonet (A) 

shows all 9 measurements plotted in open (upward) and closed (downward) projected circles.  

This group has a mean site declination of 321
0 

and an inclination of -11.3
0 

(Table 4).  A mean 

inclination only statistic for the outcrop was calculated to be 30.5
0 
S latitude (n=8) (Table 5). 

Tina Before Péage Mafic 
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Figure AIV.9 A-D:  Paleomagnetic demagnetization figures. 

Dumbea Subdivision 

The Dumbea Subdivision paleomagnetic outcrop consists of 6 AF measurements and 2 Thermal 

measurements.  The magnetic moment diagrams both show a moderate-level magnetization in a 

multi- component trend reaching a moderate level of demagnetization.  The data show a 

consistently “saw tooth” pattern in the AF (C).  The thermal demagnetization (D) component 

started out with moderate susceptibility declines sharply at 580
0
C (magnetite).  The zijderveld 
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closed (downward) projected circles.  This group has a mean site declination of 144.7
0 

and an 

inclination of -88.2
0
(Table 4).  A mean inclination only statistic for the outcrop was calculated to 

be 47.6
0 
S latitude (n=8) (Table 8). 
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Dumbea Subdivision  siliceous 

  

  
Figure AIV.10 A-D:  Paleomagnetic demagnetization figures. 
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declination and inclination clustering back and forth near the origin.  The declination and 

inclination noted on the zijderveld diagram meet in a cluster but do tend to represent a nearly 

complete loss of all magnetic components.  The equal area stereonet (A) shows all 9 

measurements plotted together in open (upward) and closed (downward) projected circles.  This 

group has a mean site declination of 66.1
0 

and an inclination of -4.5
0 

(Table 4).  A mean 

inclination only statistic for the outcrop was calculated to be 27.61
0 
S latitude (n=9) (Table 5). 

La Katiramona Quarry mafic 

  

  
Figure AIV.11 A-D:  Paleomagnetic demagnetization figures. 
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component started out with high susceptibility (1.3 e-1 A/m) and decreased sharply from 450
0
C 

to 580
0
C.  The thermal demagnetization (D) removed the magnetization more efficiently trending 

towards a phase just before magnetite at 580
0
C.  The zijderveld diagrams (B) for Pont des Francis 

show a two-phase (goethite to magnetite) trend for the declination and inclination finishing just 

above the origin.  The declination and inclination on the zijderveld diagram tend to represent a 

nearly complete loss of all magnetic components at the magnetite level.  The equal area stereonet 

(A) shows 9 measurements plotted together with 5 open (upward) and 4 closed (downward) 

projected circles.  This group has a wide dispersal site declination of 273
0 

and an inclination of 

66.3
0 

(Table 4).  A mean inclination only statistic for the outcrop was calculated to be 41.5
0 

S 

latitude (n=8) (Table 5). 

Pont Des Francais mafic 

  

 
 

Figure AIV.12 A-D:  Paleomagnetic demagnetization figures. 
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Group C 

Petroglyphs 

The Petroglyphs paleomagnetic suite data set consists of just 2 AF measurements and 1 Thermal 

measurement.  This outcrop proved extremely difficult to obtain core specimen from due to the 

high quartz content of composition.  The magnetic moment graphs show a two-phase magnetic 

component. The AF demagnetization (C) began at 0 mT and continued to 200 mT.  At 200 mT 

the specimens still retained some minor magnetic component but the majority of the 

magnetization had been lost.  The thermal demagnetization (D) began with low magnetic strength 

and appears to have formed a new magnetic phase at 530
0 
C increasing sharply to 6 e-3 A/m.  The 

zijderveld diagrams for the Petroglyphs outcrop present a two-component magnetization with two 

primary linear trends for the declination and inclination trending from 5mT to 20mT and 50mT to 

200mT.  The declination and inclination noted on the zijderveld diagram (B) does not reach the 

origin signifying a near complete loss of all magnetic components.  The equal area stereonet (A) 

shows all 3 Petroglyph measurements plotted together in open (upward) projected circles.  This 

site had a mean site declination of 92.0
0
 and an inclination of 19.1

0
 (Table 4).  A mean inclination 

only statistic for the Petroglyphs was calculated to be 15
0 
S latitude (n=3) (Table 5).   

La Petroglyphs  siliceous 
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Figure AIV.13 A-D:  Paleomagnetic demagnetization figures. 

Col De la Pirogue 

The Col De la Pirogue siliceous outcrop data set consists of just 2 AF measurements and 1 

Thermal measurement.  This outcrop proved difficult to obtain core specimen from due to the 

extreme physical weathering of the outcrop.  Many of the cores drilled in this small exposure 

fractured in the drill bit.  The magnetic moment graphs show a multi-component magnetism. The 

AF demagnetization (C) began at 0 mT and continued to 200 mT.  At 200 mT the specimens still 

retained some minor magnetic component signifying hematite as the main carrier grain.  The 

thermal demagnetization (D) began with low magnetic strength and formed a new magnetic phase 

at 500
0 

C increasing sharply to 2.66 e-3 A/m.  The zijderveld diagrams (B) for the Col De la 

Pirogue outcrop present a multi-component magnetization with at least 3 linear trends for the 

declination and inclination trending from.  The declination and inclination noted on the zijderveld 

diagram does not reach the origin signifying a near complete loss of all magnetic components 

limited by the equipment.  The equal area stereonet (A) shows the 3 Col De la Pirogue outcrop 

measurements plotted with 3 open (upward) and 1 closed (downward) polarity circles.  This site 

had a mean site declination of 44.7
0 

and an inclination of -8
0
(Table 4).  A mean inclination only 

statistic for the Col De la Pirogue outcrop was calculated to be 29.5
0 
S latitude (n=3) (Table 5). 
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Col De la Pirogue  siliceous 

  

  
Figure AIV.14 A-D:  Paleomagnetic demagnetization figures. 

Pepinire du Lac Quarry 
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continue to gain magnetization.  As a result, the lowest measured magnetization recorded was at 
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at demagnetizing the samples and the data indicate a magnetic carrier grain of magnetite with all 

magnetization lost at 580
0
C.  The zijderveld diagrams (B) for the Pepinire du Lac Quarry present 
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(A) shows the 8 Pepinire du Lac Quarry measurements plotted with 1 open (upward) and 7 closed 

(downward) projection circles.  This site had a mean site declination of 156.1
0 

and an inclination 

of 65.9
0
(Table 4).  A mean inclination only statistic for the quarry specimens was calculated to be 

43.6
0 
S latitude (n=8) (Table 5).  

Pepinire du Lac Basalt  mafic 

  

  
Figure AIV.15 A-D:  Paleomagnetic demagnetization figures. 
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W  Up

N

E  Down

S

105-IS Scale: 1e-2 A/m

0.0

0.5

1.0

M/Mmax Mmax = 2.75e-2 A/m

0 10 20 30 40 50 60 70 80 90 100

mT103

0.0

0.5

1.0

M/Mmax Mmax = 4.19e-2 A/m

0 100 200 300 400 500 600

°C96

A B 

C 

D 



 

115 
 

demagnetizing the samples and the data indicate a low magnetic strength.  At 580
0
C, Paita 

Subdivision specimens gain a magnetic phase nearly tripling in magnetic strength to 3.52 e-4 

A/m.  The zijderveld diagrams (B) for the Paita Subdivision represent a multi-component 

magnetization with several overlapping trends known as a “spaghetti diagram.”  The declination 

and inclination noted on the zijderveld diagrams does not reach or trend to the origin.  The equal 

area stereonet (A) shows the 5 measurements plotted with 2 open (upward) and 4 closed 

(downward) polarity circles.  This site had a mean site declination of 38.7
0 

and an inclination of -

43.8
0 

(Table 4).  A mean inclination only statistic for the quarry specimens was calculated to be 

33.7
0 
S latitude (n=5) (Table 5). 

 

 

 

 

 

 

 

 

 

 



 

116 
 

Paita Subdivision  mafic 

  

 

 

Figure AIV.16 A-D:  Paleomagnetic demagnetization figures. 
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Geological Interpretation 

Pre-Late Cretaceous 

The history of the southwest Pacific tectonic setting begins with the formulation of the 

Pacific Plate between 175 and 170 Ma in the central paleo-Pacific basin following the 

initial extension in the Atlantic Mid-Ocean Ridge (Smith, 2007).  Throughout the 

Jurassic, large scale volcanism begins erupting throughout Gondwana (Riley et al, 2001).  

It is argued that isolated volcanic eruptions during this time are responsible for the 

Discontinuous series of U/Pb isotope samples identified in this study.  The long-lived 

nature of zircon allows for the grains to persist through geologic time in the eastern 

Gondwana margin and are reworked into the Late Cretaceous lava.  Plate reconstructions 

in a mantle reference frame show that from 140 to 105 Ma, Gondwana moved toward the 

Pacific Plate (Rey and Muller, 2006) in a subduction zone system.  Evidence suggests 

that at this time, the plate margin altered.  The Tasman Sea began to open from south to 

north in a relative unzipping event throughout the region.   



 

This change in Pacific Plate direction could be the result of several factors but ultimately 

led to the rifting of the eastern Gondwana margin and the onset of the earliest mafic rock 

identified in the Nouméa Basin (Tina Peage samples) around 100 Ma.  The first two units 

of the NouméaBasin are observed as the initial rifting begins (Tina Before and After 

Peage mafic samples).          

Late Cretaceous 

From 105 to 95 Ma, Gondwana remained stationary as widespread magmatism at 99 Ma 

produced siliceous A-type granite in West Antarctica, and New Zealand with additional 

rhyolite flows on the Lord Howe Rise (Veevers, 2000).  Mortimer et al., (2006), dredging 

in the southwest Pacific have identified 97 Ma A-type granites and basalts that persist on 

the easternmost Chatham Rise (east of New Zealand) and point to additional areas of post 

Gondowana subduction magmatism.   

Geophysical data suggests this volcanic suite may be even larger than previously thought.  

Magnetic anomaly patters lie symmetrically on either side of the New Caledonia Basin as 

a result of the Late Cretaceous rifting (Collet et al., 1988).  Cluzel et al., (2010) confirm 

the activity of a previously thought dormant subduction zone off the eastern coast of 

Australia from 130-95 Ma based on U/Pb zircon dating.  Additionally, Cluzel et al., 

(2010) suggest volcanism in New Zealand persisted from 110-82 Ma and in New 

Caledonia from 89 to 83 Ma responsible for large volumes of siliceous magma.  Marginal 

basins continued to open in the southwest Pacific from 89-83 Ma as the continental crust 

of the New Caledonia Micro-Plate finally broke off.  However, U/Pb isotope ages dated 

in this study can extend the age of volcanism previously mentioned in New Caledonia 
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from 91-76 Ma, 11 Ma longer than previously thought. New Caledonia became a 

marginal plateau isolated from major sources of terrigenous sedimentation (Aitchison et 

al., 1995).  This isolation cut off any additional sources of Gondwana zircon 

contamination and allow the singular development of the newly formed zircons.  

Additionally, a zircon sampled by Cluzel et al., 2010 from a meta-sandstone (PAIMB -2) 

contain zircons dating 93± 2 Ma and 86 ± 2 Ma and are likely derivatives of the 

“Continuous Series of Volcanism” presented here further solidifying the presence of this 

volcanism.   

As the lithosphere between the now open Australian Plate and New Caledonia Micro-

Plate continued to extend (upper left Figure 7.9), migration of the Lord Howe Rise begins 

what will become a 2000-3000 km eastward counter-clockwise rotation.  Evidence of this 

can be seen in spreading ridges throughout the southwest Pacific (Schellart et al., 2006).  

At this time (100 Ma), the Formation à Charbon is deposited unconformably overly the 

pre-Late Cretaceous basement ophiolite terrains.  Dating evidence suggests that extrusive 

lava both siliceous and mafic begin to erupt at this time.  Geochemically there appears to 

be two main lavas erupting throughout the basin.  This bi-modal geochemical assemblage 

proposed by Black (1995) and confirmed by Nicholson et al., (2011) suggest the mafic 

rock predates the siliceous.  The timing of these events corresponds well with the data 

presented here suggesting an early mafic phase followed by moderate siliceous lava 

phase (Table 6). 

As volcanism waned in the Late Cretaceous, the Discontinuous series of zircons worked 

their way into the siliceous melts at La Petroglyphs and La Pepinire du Lac (Figure 7.9 
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lower left and Table 6).  The exact origin of the magma is out of the scope of this 

research, but it is possible to speculate on the origins.   Possibilities of the volcanism to 

be explored further include: 1) initially slow eastward slab rollback of the Pacific plate 

(Schellart et al., 2006), 2) activation of the previously dormant subduction zone noted by 

Cluzel et al., (2010), 3) Rapid and efficient slab roll back with crustal contamination of a 

detached slab (Nicholson et al., 2011; Crawford et al., 2003), or 4) formation of an 

entirely new subduction zone not previously identified in this region.  While work by 

Nicholson et al., 2011 and Cluzel et al., 2010 is ongoing with this thought in mind, these 

proper dates can be used as a benchmark moving forward.  Crawford et al., (2003) 

suggest the identification of these Late Cretaceous lavas is a first order problem for future 

studies.       

Cluzel et al., (2010) suggest the volcanism in the Late Cretaceous show variable degrees 

of crustal contamination with a lesser subduction influence as compared to Permian-early 

Cretaceous volcanic rock.  Additionally, nearly half of the Late Cretaceous volcanic rock 

plots within the field of intraplate continental provinces, with some influence of an active 

margin signature.  It is suggested that these volcanic rocks may predate the opening of the 

marginal rift basin and parent magmas show signs of mixing of active margin and 

intraplate sources (Cluzel et al., 2010).   

Eocene  

Eastward slab rollback, most notably presented by Schellart et al., (2006), suggest this 

lithosphere continued to stretch through the Paleocene and into the Eocene where the 

New Caledonia land mass contacted the Pacific Plate.  Rey and Muller (2006) suggest the 
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slab rollback hypothesis is merely a consequence of marginal basin extension rather than 

its cause.  Plate reconstruction models presented by the above authors suggest dramatic 

changes in the southwest Pacific tectonic regime at 50 Ma.  Evidence of extensional 

normal faulting can be found throughout the southwest Pacific including ample exposure 

on New Caledonia (Lagabrielle and Chauvet, 2008) accounting for the large and small 

scale local rotations seen in the mean site declination results.  Furthermore, Schellart et 

al., (2006) and Aitchison et al., (1995) suggest that as the buoyant crustal mass of New 

Caledonia entered the extensional, slab-rollback subduction zone margin (between the 

Australian and Pacific plates) in the Eocene, the subduction system may have stalled.  It 

is argued that stalling the subduction with the Australian and Pacific plate could allow for 

the tectonic changes seen at 50 Ma.  Comparing the overall size of New Caledonia 

(18,575 km
2
) relative to the entire Pacific plate (103 million km

2
) this hypothesis seems 

questionable.  However, well documented evidence of New Caledonia entering the 

subduction zone at 50 Ma can be seen through low grade metamorphism documented in 

northern New Caledonia.  This metamorphism could have quite easily distorted the 

paleomagnetic orientations and caused the alteration seen in the siliceous samples.  As 

siliceous samples are particularly susceptible to low-grade metamorphism and 

hydrothermal alteration, the internal magnetic structure could have been affected as well. 

In the Eocene, we begin to see formation of the New Caledonia subduction zone. This 

subduction zone, which previously was thought to formulate in the Late Eocene, has been 

pushed back to the early Eocene (45 Ma).  It may be possible that this subduction zone 

which began to activate in the Eocene was present dating back to the Late Cretaceous.  If 
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this subduction zone resided at a historic position somewhat west of the current Norfolk 

Basin in the Late Cretaceous, it may be responsible for the subduction of the Nouméa 

Basin.  Followed by tectonic changes from the Paleocene to the Eocene, this subduction 

zone may have stalled before resuming activation in the Eocene.  While subduction has 

been noted from the east directed slab rollback of a west dipping plate from 82 Ma to 52 

Ma, the timing of this subduction may need to be re-evaluated. Further geochemical 

analysis could determine if the subduction noted here is similar to the subduction related 

siliceous rock identified in this study throughout the Nouméa Basin.  If it is determined 

that the geochemical signatures of both magmatic suites are not consistent, the formation 

of an entirely new subduction zone must be realized.   

In the Late Eocene, the New Caledonia continental and arc-derived basement rock was 

thrust over by the southwest ophiolite complex resulting in the closure of the widespread 

back-arc basin extension seen throughout the southwest Pacific.  Lagabrielle and Chauvet 

(2008) suggest the ultramafic nappe, trending N140
0
 may be responsible for the general 

shape of New Caledonia which in addition to normal faulting also trends N140
0
.  This 

late stage ophiolite emplacement, responsible for controlling the overall shape of the 

entire island, may account for a large portion of the rotation seen in the paleomagnetic 

data presented here as well.   

Following compression of the Nouméa Basin, younger mafic eruptions began to flow in 

the Nouméa Basin.  The younger mafic rock sampled in the numerous quarries 

throughout the Nouméa Basin include La Conception, Pepinire du Lac Basalt and Col de 

Toughoue (Table 6).     
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Further south, Gondowana subduction death models presented by Sutherland et al., 

(2010) suggest the escape of low-density material from viscous drag and downward 

advection associated with slabs descending into the lower mantle provided a conduit of 

mantle upwelling in the Late Cretaceous.  Additional studies of the effect the West 

Antarctic rift system and formation of the Trans-Antarctic Mountains (55 Ma) had in this 

region is still poorly understood but represents one of the largest continental rift systems 

on Earth.  Spreading persisted between the Pacific/Australian and Pacific/Antarctic plates 

during the Eocene and plate models imply the Antarctic plate reorganization in the 

Cenozoic may have global implications with the plate circuit linking the Antarctic to the 

Pacific.  Whittaker et al., (2007) point to the rapid subduction of the Izanagi-Pacific ridge 

creating a new ridge-push, slab pull force responsible for the changes in the Pacific at 50 

Ma. 

 


