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Abstract — In New Caledonia, core data indicate that the fringing reefs grew during the last interglacial and the Holocene,
while the barrier reefs developed during several high sea level stands of the Quaternary. These growth periods are archived
in a 128-m-long core from llot Amédée, offshore of Nouméa. Directly upon the peridotitic substrate (reached at 126.50 m),
a basal unit comprising abundant rhodoliths, molluscs and rare corals is characteristic of the pioneer stage of barrier reef
development. Above it, a severely calcitized unit contains corals, molluscs and abundant micritic levels: Then, a sequence
punctuated by several minor discontinuities and by a downward increase in diagenetic alteration is found. At 47 m core
depth, a unit, which is thought to be related to isotopic stages 7 and 9, contains thin beds of coralgal frameworks and
muddy detritus. The 125 ka-old reef, from 14 to 37 m core deep, is predominantly composed of biocalcarenites and rare
coral colonies. Finally, the Holocene reef is composed of sands and scarce coral buildups. Drilling results indicate that the
distributional patterns of the 125-ka-old reef bodies around New Caledonia express an increasing tendency of island
subsidence northward, southwestward and more markedly seaward, mainly controlled by isostatic readjustments and
margin collapse. © 1999 Ifremer / CNRS / IRD / Editions scientifiques et médicales Elsevier SAS
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Résumé — Mode d’édification des récifs frangeants et barriéres de Nouvelle-Calédonie (Sud-Ouest Pacifique). En
Nouvelle-Calédonie, I'étude de 39 forages carottés prélevés sur les récifs frangeants, et l'analyse de forages plus profonds
réalisés sur le récif barriére, ou a proximité, apportent de nombreuses données sur 1a constitution et 1'édification des récifs
modernes et du Quaternaire terminal ainsi que sur le comportement tectonique récent de 1'ile principale ou « Grande Terre ».
Les données fournies par ces forages indiquent que les récifs frangeants se sont édifiés en deux phases, il y a 125 000 ans

" (stade isotopique 5°) et au cours de la période moderne, alors que le récif barridre s'est édifi€ au cours de plusieurs hauts

niveaux marins successifs du Quaternaire terminal, comme l'indique un forage de 128 m sur le récif de I'ilot Amédée situé
juste en arriére du récif barriere, a 30 km au large de Nouméa, le long de la c6te sud-ouest. La séquence suivante y est
observée : de 116 a 126,50 m, sur le substrat de péridotites, un assemblage pionnier d'organismes caractérisé par d'abon-
dants rhodolithes (corallinacées) et mollusques ; de 69,50 2 116 m, de nombreux niveaux riches en algues, foraminiféres
benthiques et mollusques et quelques niveaux bioconstruits & scléractiniaires et algnes encrofitantes ; de 47 2 69,50 m, plu-
sieurs unités composées de niveaux bioclastiques riches en foraminiferes benthiques, algues et mollusques caractérisant des
environnements sub-récifaux ; de 37 & 47 m, des unités constituées de niveaux riches en débris algaires, de mollusques et de
foraminiféres benthiques alternant avec des bioconstructions coralliennies. Ces unités sont aitribuées aux stades
isotopiques 7 (210 ka) et 9 (330 ka) sur la base de la succession stratigraphique ; de 14 2 37 m, une unité récifale, datée de
125 ka par U/Th, principalement composée de biocalcarénites et de constructions coralliennes et algaires. Enfin au sommet,
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le récif holocéne composé de sables bioclastiques et de constructions coralliennes éparses. Dans cette séquence récifale de
126,50 m, on observe, de la base vers le sommet, un appauvrissement des niveaux riches en foraminiféres benthigues,
mollusques et atgues et corrélativement un enrichissement en niveaux bioconstruits 4 coraux et algues rouges encrotitantes ;
ceci traduit une nette évolution de milieux sub-récifaux vers des milieux récifaux sensu stricto. Du point de vue tectonique,
la morphologie des récifs modernes et la disposition générale du récif 125 ka autour de la Nouvelle-Calédonie traduisent la
tendance a 'augmentation de la subsidence des marges vers le nord et le sud-ouest 2 partir d'une zone centrale relativement
stable. © 1999 Ifremer / CNRS / IRD / Editions scientifiques et médicales Elsevier SAS

croissance récifale / néotectonique / Nouvelle-Calédonie / Quaternaire

1. INTRODUCTION

Located in the southwest Pacific (figure I), the Territory
of New Caledonia extends along two NW-SE parallel
ridges (N150° E): the New Caledonia ridge (the northern
portion of the Norfolk ridge which is a major lineament
of the Australian plate), and the Loyalty ridge (figure I).
Nearby, the Australian plate is subducting underneath the
Pacific plate to form the New Hebrides Island Arc. This
subduction induces a bulge of the Australian plate, that
culminates in the Loyalty islands [20, 21]. The New
Caledonia ridge, on top of which lies the main island of
New Caledonia, or Grande Terre (between 19° and 23° S),
extends some 400 km, bounded by the New Caledonia
basin to the southwest and the Loyalty basin to the north-
east (figure 1). The ridge forms a narrow strip of conti-
nental margin separated from the Australian mainland in
Late Cretaceous times [29].

The structure of the Grande Terre comprises three sub-
parallel units overlapped in the Late Eocene by a peridot-
itic sheet thrust from north to south [13, 14, 37]. These
are: 1) a central Permo—Triassic chain, 2) to the northeast,
Permo-Paleogene sediments, metamorphosed during the
Eocene obduction, and 3) along the west coast, a basaltic
complex ranging in age from Cretaceous to Eocene.
Since the obduction, the erosion of the peridotitic sheet
has been continuous and the resulting sediments have
filled the two adjacent basins [17, 39] and induced some
isostatic readjustments [21].

The Grande Terre is surrounded by one of the largest reef
systems in the world [12]. A barrier reef, which locally
splits into two or even three distinct reefs, encloses the
island along some 1 000 km of coastline (figure 2). The
reefs stretch northward, bounding the extensive Northern
Lagoon, and southward, enclosing the Noumea Lagoon.
Inner reefs are scattered throughout the lagoonal areas,
locally as linear tracts parallel to the shorelines [41].
Fringing reefs are common features in nearshore areas
where shallow-water hard substrates are present, espe-
cially along the eastern coast.

Here, we present an overview of the mode of edification
of the New Caledonian fringing and barrier reefs, based
on the analysis of 39 cores recovered from fringing reefs
and of four cores from Amédée Ilot, which is situated just
behind the barrier reef.

2. MATERIAL AND METHODS

Cores were recovered using various coring systems. The
core diameter ranges from 4.6 to 3.5 cm, and the depth of
the boreholes varies from 4 to 128 m. Recovery, depend-
ing on consolidation and porosity, ranged from 10 to
80 %. Sections with poor recovery are related to intervals
of unconsolidated material and to cavities or caverns
(figure 3). The core depths are given in meters with the
reef surface as the reference point. Analyses, including
faunal and floral identifications were performed using
standard optical microscopy, SEM (Scanning Electron
Microscopy) X-ray diffraction and specific staining tech-
niques. Coral samples, containing more than 98 % arago-
nite and showing minimal evidence of aragonitic cement
or dissolution, were dated using both conventional and
AMS (Accelerator Mass Spectrometry) “C, and TIMS
(thermal ionisation mass spectrometry) U/Th methods
[42]. C dates were converted to calendar years BP
according to the calibration by Stuiver and Reimer [40].

3. THE INTERNAL STRUCTURE
OF THE FRINGING AND BARRIER REEFS

3.1. The modern reef

The Holocene reef unit, which has been growing for the

“past 8.5 ka, settled upon an old reef flat, slightly or

severely karstified, in the southeastern and southwestern
areas, and directly upon metamorphic or peridotitic sub-
strates in the western, eastern and northern areas
(figure 3) {7-9].
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Figure 1. Geodynamical setting of the southwest Pacific (A) and bathymetry in km of the Pacific Ocean in the vicinity of New Caledonia (B).
Au: Australia; PNG: Papua New Guinea; S: Solomon Islands; F: Fiji; NZ: New Zealand; TT: Tonga-Kermadec trench; NHT: New Hebrides

trench.

The fringing reefs generally consist of two units. The
lower unit mainly exhibits fine- to coarse-grained skeletal
detritus and branching coral assemblages, including vari-
ous acroporids, generally typical of low to medium water
energy conditions [19, 25]. The upper unit is typified by
corals mainly consisting of in situ massive Porifes or
faviid colonies with subordinate acroporids, typical of

medium to high water energy conditions. A coral rubble
facies, consisting of pieces of massive or branching cor-
als bound by coralline algal crusts, is widely distributed
in the reef unit (figure 3). Here, the upward replacement
of coral facies from branching to massive forms clearly
reflects a caich-up style of reef growth in the sense of

Neumann and Maclntyre [35].
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Figure 2. Location of the investigated fringing and barrier reef sites.

Within the barrier reef zone, the internal structure pat-
terns are poorly documented, except in a few areas: at Ilot
Ténia, the Holocene reefal unit displays bioclastic back-
reef deposits [19]; at Ilot Vert, near Bourail, the Holocene
reef flat is juxtaposed to the emergent 125-ka-old reef [7,
18]. On Amédée, all four cores (figure 4) penetrated a
Holocene unit which is composed of frameworks consist-
ing mainly of coral colonies in growth position (generally
acroporids) and encrusted by coralline algal (Hydroli-

thon onkodes) and vermetid veneers. Detrital beds are
encountered occasionally (figure 4). By analogies with
their modem counterparts, these assemblages are
regarded as characterizing reef edges and upper reef
slopes exposed to strong wave action, in waters less than
6 m deep [11, 34]. It is noteworthy that at 3 m above the
Holocene / 125 ka Pleistocene unconformity, a coral, in
growth position, has been dated by U/Th TIMS to 8.235
+ 190 yr [42].
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Figure 3. Core logs of some typical fringing reefs. '*C dates are given in calendar years BP.

The ages of the earlier Holocene reef settlements in New
Caledonia do not extend beyond 8.5 ka. The most likely
explanation, supported by results from Australia [31, 33}
and Vanuatu [2, 3], is that sea surface temperatures (SST)
around New Caledonia (19-23° S) were too cold prior to
8.5 ka to promote significant reef development. In addi-
tion, two categories of reefs can be distinguished according
to their age of settlement. The earliest settled prior to 5 ka,
preferentially in the south of the Grande Terre overtop-
ping karstified substrates. A second phase of settlement
occurred later than 4 ka, especially in the north of the
Grande Terre, and generally over non-carbonate rocks
(figure 3). This offset in fringing reef initiation seems to be
linked to the nature of the substrate and also, to a lesser
extent, to the local hydrodynamic regime. The roughness
of karst surfaces may have facilitated recruitment and
attachment of coral larvae and successfully catalyzed coral
growth [8]. This assumption is in agreement with observa-
tions from the Australian Great Barrier Reef [16, 271.

3.2. The 125-ka-old reef

Underneath the fringing and barrier reefs, the 125-ka-old
unit is generally capped by calcretes resulting from a rel-
atively long period of emergence. Locally, it is affected
by freshwater alteration and, in this situation, no suitable
samples are available for dating., However, the barrier
reef is frequently unaltered, and several alpha counting
U/Th dates have been obtained: 125 + 20 ka at Ténia
[15], 135 + 12.8 ka at Ilot Vert [18] and 125 + 1 ka and
131 + 1 ka at Jlot Amédée respectively in cores Amédée 1
and 2 [9]. Additional dates ranging from 115 to 144 ka
were also obtained by the TIMS method on corals from
cores 4 and 5 at Ilot Amédée [42].

iJnderneath the fringing reefs, the 125 ka unit is predom-
inantly composed of biocalcarenites rich in articulated
and branched coralline algae, Halimeda, molluscs, echin-

- ids and foraminiferids, associated with scattered encrust-

ing algal and coral buildups. The 125-ka-old fringing reef
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Figure 6. Neotectonic behaviour (uplift and subsidence motions) of the margins of the Grande Terre, New Caledonia.

is absent in cores from the eastern and northern coasts
probably due to active subsidence. This contention is sup-
ported by the morphology of the reef system. However
the 125-ka-old reef was reached by drilling at d'Entrecas-
teaux reefs, offshore of the northern end of the Grande
Terre [18]. Therefore, in the eastern and northern part of
the Grande Terre, the 125-ka-old reefs are probably sub-
merged offshore [9].

Underneath the barrier reef, at Ilot Ténia, the 125-ka-old
unit consists of a framework of corals, bryozoans and
coralline algae trapped in bioclastic products rich in bry-
ozoans, coralline algae, Halimeda, molluscs and echin-

ids, typical of reef flat facies {15]. Similarly, at Ilot
Amédée, the 125-ka-old reef consists of a framework of
corals and coralline algae with a few bioclastic beds, typ-
ical of reef flat facies. At Ilot Vert, skeletal deposits (cor-
alline algae, molluscs and foraminifera) and scarce coral
forms are typical of back reef zones [7, 18].

. The 125-ka-old reef units are markedly enriched in

Halimeda beds. Such a richness was previously reported
from the 125-ka-old reefs cored on the Australian Great
Barrier Reef [28, 32]. This abundance in Halimeda
could be linked to a nutrient enrichment of the waters
[16, 26].
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3.3. The older Pleistocene units underneath
the modern barrier reef system

Older Pleistocene reef units were only encountered in the
barrier reefs. This is consistent with what was previously
reported from Ilot Ténia [15]. More recently, coring on
Lot Amédée brought evidence for successive reef stages
of Pleistocene age, particularly well documented in core
Amédée 4 (figure 4).

The substrate, composed of peridotite, was reached at
126.50 m depth at Amédée. Each overlying reef unit is
capped by unconformities identifiable by calcareous
crusts or paleosoils and dissolution features reflecting
subaerial phases. The unconformity at 14 m core depth
occurs in the form of fragments of a mm-thick calcareous
crust induced by emergence. The Pleistocene 125-ka-old
reef is found from 14 to 37 m depth. TIMS dates yield
ages ranging from 144 ka at the top to 116 ka at the bot-
tom of the unit. The apparent inversion of these ages,
already recognized elsewhere [24], is linked to #°Th and
24 mobility, related to the occurrence of a microporous
network reflecting slight freshwater dissolution of corals
during emergence [42]. A unit composed of coralgal
framework, mudstones and skeletal detritus mainly made
of foraminiferids and algae, is found from 37 m to 47 m
depth, and characterizes sub-reefal environments. This
unit is dated by TIMS at about 260 ka. This unrealistic
date probably results from the diagenetic mobility of U
and Th isotopes which in this case yield dates too old
[42]. On the basis of stratigraphical succession, this unit
probably corresponds to the isotopic stage 7 (210 ka). At
around 41 m core deep, an unconformity may indicate the
transition to the isotopic stage 9 (330 ka); unfortunately
this assumption cannot be supported by U/Th dates. At
47 m core deep, a sharp change occurs in the reef growth
pattern. From 47 to 69.50 m depth, the reef sequence is
punctuated by several minor discontinuities and displays
an increase of diagenetic alteration downward. From 47
_to 52 m core deep, coral assemblages are scarce; muddy
beds dominate the facies, trapping molluscs, echinids,
foraminifera, Halimeda, coralline algae and rare corals.
At 52 m core deep, subaerial alteration expressed by mol-
dic and solution features associated to terrigeneous mate-
rial indicates the occurrence of another diagenetic
unconformity. From 52 to 60 m core deep, the sedimen-
tary unit is composed of muddy beds which include
scarce molluscs and silt-grained detritus. An unconfor-
mity, similar in nature to the 52 m unconformity is recog-
nized at 60 m core deep. From 60 to 69.50 m core deep,

molluscs are abundant while coral elements are rare. At
69.50 m, the reef material is severely calcitized. From
69.50 to 116 m depth, the sequence exhibits recrystal-
lized corals, molluscs and abundant micritic deposits.
Dissolution and calcitization features indicate a long
period of emergence. From 116 to 126.50 m depth, a
clear change in deposition is observed, characterized by
the abundance of rhodoliths and molluscs and a relative
scarcity of corals.

The successive reef units recognized in core Amédée 4
developed during high sea-stands from the mid-Quater-
nary to the Holocene. In tropical areas, few data are avail-
able on the stratigraphy of barrier and atoll reefs. In
Mururoa atoll (French Polynesia), several unconformi-
ties were recognized and partly identified [6, 23]: during
the isotopic stage 7 (210 ka) the sea probably reached its
present level, while during the isotopic stages 9 (330 ka)
and 11 (430 ka), the sea could have been at -25 to -30 m
lower than present. These results are at odds with those
obtained from emerged reef terraces: on the reef terraces
from Indonesia [38], it is assumed that during interglacial
isotopic stages 5, 9 and 11, the sea reached its present
level and that during isotopic stage 7, the sea was —12 &
12 m lower than present. These results are based on the
assumption that the uplift rate has remained constant.
However, it appears that such a rate could vary through
time, as observed in Papua New Guinea [36] or in Van-

“uatu, [10]. Benthic foraminifera 8'%0 isotopic values

indicate that during the last interglacial isotopic stages
(from 5 to 11) the sea level was similar or maybe slightly
higher than at present [1]. By comparison with these val-
ues, and considering the subsidence rate of 0.14 mm yr~,
the location of the interglacial isotopic stages 7 and 9 in
core Amédée 4 are in agreement with interglacial high
stands at a level close to the present one.

The lack of suitable foundations for reef colonization (i.e.
peridotite), presumably combined to a period unfavour-
able to reef development, may explain the paucity of cor-
als in this early ‘reefal’ community. After a period of
emergence, the flooding of the newly formed carbonate
surface (at 116 m depth in core Amédée 4), proved more
suitable for the recruitment and attachment of coral lar-
vae and stimulated coral reef growth. This interpretation
still remains speculative and further work is needed to
reach a definite conclusion. Examination of the succes-
sion of the biological assemblages gives additional infor-
mation on development of the barrier reef. The basal unit
from 116 to 126.50 m is rich in rhodoliths, often poorly
preserved, which hampers identification at the specific
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level. At present, environments rich in rhodoliths can be
observed at the rear of the modern barrier reef (C. Payri
and M. Pichon, pers. comm.) in relatively quiet settings.
In tropical areas, the rhodoliths are encountered at depths
of 20 to 60 m on the fore-reef and back-reef slopes [4].
The occurrence of rhodoliths in the basal unit is character-
istic of the pioneer stage of barrier reef development. Such
an occurrence indicates that the barrier reef settled on a
shallow carbonate platform. In Australia, a similar deposit
of rhodoliths was recognized in the pioneer stages of the
Great Barrier reef formation, upon a platform at depths
ranging from 30 to 80 m [5]. In New Caledonia, the sedi-
mentary units which immediately followed the rhodoliths
are mainly composed of molluscs and algae accompanied
by corals, indicating sub-reefal environments (e.g. core
Ténia [15]). The corals and encrusting algae become
abundant in the upper part of the reef sequence and char-
acterize the most recent interglacial stages.

The nature of unconformities provides valuable informa-
tion on climatic conditions during the period of exposure
(figure 4). The 125-ka-old reef, topped by a thin calcare-
ous crust on the western and southwestern coasts, reveals
slight dissolution of carbonates and poorly developed
cementations (low-magnesian calcite). Such an alteration
reflects dry climatic conditions when the reef was
exposed. This suggests that the top of the 125-ka-old reef
unit approximately corresponds to the original reef flat;
hence, it can be used as an accurate reference level. In
contrast, in core Amédée 4, at 52 and 60 m depth, the
unconformities which are underlined by paleosoils of
several tens of centimeters in thickness, are representative
of a wet climate (figure 4). The severely calcitized reef
sequence from 69.50 to 126.50 m indicates a long period
of emergence.

4. TECTONIC MOVEMENTS REVEALED
BY THE ANALYSIS OF REEF UNIT DISTRIBUTION

The distribution of Holocene and 125-ka-0ld reefal units
reflects the subsiding behaviour of the New Caledonian
ridge margins (figure 5): the existence of submerged and
superimposed reefs indicate relatively. high subsidence
rates (> 0.1 mm yr™'), whereas juxtaposed units (occa-
sionally, forming step-like reef terraces) indicates low
subsidence rates (< 0.05 mm yr!) and sometimes even
slow uplifts.

Relics of the 125-ka-old fringing reef are exposed in
three main places: in the Tara/Yaté and Hienghéne areas
(eastern coast) and in the Bourail region (western coast)

(figure 2). In the Yaté area, in the southeast of the island,
the last interglacial reef is uplifted along some 30 km of
coastline, reaching a maximum elevation of 10 m. This is
higher than is generally admitted (i.e. + 6 m) for the sea
level position at 125 ka. On the east coast, near Hiengéne,
the relics of the last interglacial reef are less extensive
than in Yaté, but have been uplifted to +13 m above sea
level. Offshore of Hiengheéne and Yaté, the barrier reef is
submerged down to 15 to 20 m water-depth and is subdi-
vided into two or three distinct reefs, due to tectonic col-
lapse. This illustrates particularly well the effects of the
fault-flexure system which controls the margins [22]. In
Bourail on the western coast, the 125-ka-old reef is lower
than + 6 m and reflects a slight subsidence of the area
(0.03 mm yr ). Elsewhere, the 125-ka-old fringing reef
lies under the Holocene reef or is submerged offshore: in
the southwest of the island, the Holocene—Pleistocene
(125 ka) unconformity is at =3 m [7, 30]. In areas of rel-
atively high subsidence rates, such as in the northwest or
northeast of the island, the 125-ka-old fringing reef has
subsided so much that the Holocene reef rests directly on
a metamorphic or old sedimentary substratum. Finally,
within the barrier reef build-up, the 125-ka-old reef flat is
overlain by a Holocene formation, the thickness of which
depends on local subsidence.

The overall setting of the 125-ka-old reef around New
Caledonia is the result of the irregular subsidence having
affected the island northward and southwestward from a
relatively stable central zone including the Bourail area to
the west and Yaté/Tara and Hienghéne areas to the east
(figure 6). Subsidence rates markedly increase seaward
as, for instance, in the Nouméa lagoon and the Yaté bar-
rier reef. The New Caledonian ridge seems to have under-
gone a continuous double warping during the past 125 ka.
This longitudinal and transversal warping is characteristic
of the vertical tectonic behaviour of the ridge since
Miocene times: the continuous subaerial erosion of the
peridotitic sheet induced isostatic vertical readjustments
of the Grande Terre, accompanied by filling of the two
adjacent basins and collapse of the margins due to gravity.

5. SUMMARY AND CONCLUSION

In New Caledonia, the settlement of the Holocene reefs
took place no more than 8.5 ka ago, suggesting that prior
to this time, SST were too cold for the establishment of
reefs. The earliest stages of reef initiation seem to be
linked to the availability of karstified limestone founda-
tions, since the roughness of the substrate has facilitated
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recruitment and attachment of coral larvae. Generally, the
biofacies of the fringing reefs are distributed within two
units. A basal unit, typical of low to medium water
energy conditions, and an upper unit of medium to high
water energy conditions, reflecting a catch-up style of
reef growth. Although internal structures within the bar-
rier reef zone are poorly understood due to a lack of
cores, a preliminary scheme can be presented. The
Holocene reef units from Ténia and Amédée are com-
posed respectively of bioclastic products typical of back-
reef deposits, and framework characteristic of reef edges
and upper reef slopes exposed to strong wave action.
Below the fringing reefs, the Pleistocene material is only
represented by the 125-ka-old unit while within the bar-
rier reef it is characterized by a succession of reef units
separated by more or less conspicuous unconformities.
Within the 128-m-long core Amédée 4, a series of Pleis-
tocene units have been identified. U/Th dates obtained
by TIMS indicate the occurrence of isotopic stage 5
(125 ka) and possibly of isotopic stages 7 (210 ka) and 9
(330 ka). Below, several reef units can be distinguished
down to 126.5 m depth. All these units were probably
built up during high sea-stands in the mid to Late Quater-
nary. Concerning the initiation of the barrier reefs, a sim-
ilar scheme is observed in Australia and New Caledonia.
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