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Abstract

Sediments of the Great Astrolabe Reef lagoon were
investigated using a Smith-McIntyre grab during the
joint Fijian-French ASTRü cruise, in april 1994.
This preliminary paper focused on carbonated
biophase, wich was studied trough skeletal
composition of 25 sediment samples regularly
spaced in the lagoon. Counting and identification of
the biogenic debris were achieved for each sample
on 13 size fractions (3.98, 3, 2, 1, 0, -l, -1.32, -2,
-2.32, -3, -3.32, -4 and -4.321}). The results indicates
that the main constituents of the carbonated
biophase of the lagoon are, in order of importance,
Halimeda plates, foraminifers an molluscs. The
lagoon as a whole, is characterized by a HALIFüR
biofacies and a HaliForPel sub-facies (Halimeda
Foraminifers-Pelecypods). Three main types of
biofacies are found Halimeda biofacies
(HALIMOL and HALIFOR), a foraminifer biofacies
(FORAMOL) and molluscs biofacies (MOLHAL
and MOLFOR). Coral reets represent only a small
part among the producers of lagoon sediments (7th
rank). The excellent state of preservation of the
bioclasts suggests a modern or recent sedimentation
and a low impact of the hydrodynamic agents at the
bottom level. The absence of lithoclasts in the sand
fraction indicate a limitcd terrigenous influence.

1. Introduction

The sediments of the Great Astrolabe Reef in Fiji
were studied dllring the joint Fijian-French cruise
"ASTRO", condllcted in April 1994 on board of
ORSTOM R.Y. "ALIS". The Great Astrolabe Reef
and Lagoon have been the subject of a baseline
study by Morrison & Naqasima (1992), but this did
not includc the study of the sediments.

The sedimentological description of the bottoms
contributes to our basic knowledge acquisition on
the environment (soft bottoms can represcnt up to 90
% of the lagoon area) and it is an important factor to
explain the distribution of the benthic species as weil
as the fishes living in tropical lagoons. lt allows also
to consider the hydrodynamic conditions that prevail
at the bottom level. Sedimentology is also a useful
tool in the management of the lagoon ressources

(close relationships between the nature of the
sedimentary environment and sorne exploitable
species, inventory of the areas favourable to the
extraction of sand and aggregates for the building
industry) and in the preservation of the environment
(impact of extractions, coastal and lagoonal
development for the tourist industry).

From a more fundamental point of view, the
identification and the characterization of the
sedimentary environments, and particularly the
skeletal composition, on one hand help to
understand the sediment genesis process, and on the
other hand allow to quantify the respective
intluences of terrigenous input, reefs, and benthic
communities on the development of the lagoon
sediments.

The preliminary results presented below thus
concern, the sedimentology and more particularly
the bioclastic composition of the sediments in the
Great Astrolabe Reet' lagoon. The same type of
sedimentological study has been conducted since
1985 in the lagoons of New Caledonia (Chevillon, in
press (a); Clavier et al., 1995) and more particularly
in the northern lagoon (Chevillon, 1992, 1990;
Chevillon & Clavier, 1988; Chevillon et af, in press
(a); Plunet & Truvant, (994), in the southern lagoon
(Adjas, 1988; Chevillon, 1986, 1985; Chevillon &
Poumarède, in press; Chevillon & Richer de Forges,
1988; Debenay, 1988a, 1988b, 1988c, 1987, 1986,
1985a, 1985b, 1985c; Dugas & Debenay, 1978,
1980, 1981, 1982; Poumarède, 1994) and the eastem
lagoon of the main island (Chevillon, 1989), as weil
as in the Ouvea (Chevillon, in press (b), 1996;
Chevillon et al., 1992) and Chesterfield atolls
(Chevillon & Clavier, 1990; Chevillon et al., in
press (b); Richer de Forges et al, 1988; Rico &
Sonnier, 1993).
ln the Great Astrolabe Reef lagoon, bio
sedimentological analysis were donc along a transect
of W-E close to Dravuni Island (Schneider et aL,
1995).

A more detailed sedimentological study of the Great
Astrolabe Reef lagoon and a comparison with the
sedimentology of New Caledonia lagoons will be
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the subject of a coming publication (Chevillon &
Yeo, in prep.).

2. Materiai & Methods

were eonverted into weight percentages according to
the amount of the considered size fraction (Table 2),
50 that the total constituent percentages couId be
ca1culated (Masse, 1970).

Twenty five samples of sediment, evenly spaced in
the Great Astrolabe Reef lagoon (Fig.1 & Table 1)
were collected from the R.Y. "Alis", using a Smith
McIntyre grab.

Table 1: Depth (m) and position of collected
samples

In the laboratory, the samples, after homogenisation,
were dried (72h à 60°C), weighed, and the mud
fraction was removed by washing through a 3.98 <jl
sieve (63 ~m). The remaining sediment - i.e. sand and
gravel fraction (coarser than 3.98 c!» - was dried and
weighed again, and dried-sieved using the following
mesh sizes : 3.98, 3, 2, 1, 0, -1, -l.32, -2, -2.32, -3, 
3.32, -4, -4.32 ~. We thus obtained 13 size fractions
which were weighed and expressed as a percentage of
the initial sample. Particle constituents were identified
and counted under a binocular microscope lIsing a
StTatmann counting dish. This dish has 45 cells of 1
cm' each. For each sample and each size fraction, a
cell is chosen at random and ail grains within it are
identified and counted; another cell is then chosen
until at least 100 grains are examined (1 300 grains
per sample), knowing that once a cell is staIted, ail the
grains it contains have to be examined. The results

1
2
3
4
5
6
7
8
9
ID
Il
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Depth

31
28
22
39
17
38
43
37
35
37
39
29
34
27
29
32
34
34
31
34
30
36
31
32
31

South Latitude

18°43.50'
18°43.49'
18"'44.68'
18°44.57'
18'°45.19'
18°46.11'
18°46.09'
18°46.97'
18°46.90'
18°46.99'
18°48.81'
18°48.80'
18°48.28'
18°49.48'
18°49.46'
18°49.48'
18"49.57'
18°50.77'
18°50.94'
18°50.71'
18°52.14'
18°5164'
18°48.43'
18°49.83'
18°42.66'

East Longitude
178°29.67'
178°31.75'
178°31.70'
178°29.46'
178°31.25'
178°29.53'
178°32.73'
178°33.84'
178°31.75'
178°29.18'
178°29.19'
178°32.10'
178°33.84'
178°34.72'
178°33.14'
178°31.83'
178°29.50'
178°26.64'
178"31.86'
178°33.85'
178°31.97'
178°29.50'
178°30.84'
178°30.50'
178"'30.97'

Figure 1: Locations of sampling stations

A biofacies (or facies biogen) name is then
attributed to caen sample according to an ordered bi
nominal or tri-nominal classification of the main
constituents. For instance, if the first three bioclastic
constituents are, in order of importance, molluscs,
calcareous algaes and foraminifers, the biofacies
name wou Id be "MOLALGFÜR". In the case of a
bi-nominal classification (i.e. MüLALG), a sub
facies can be determined by involving the third
constituent and the distinction between the various
groups of molluscs, betwcen the Halimeda plates
and the red ca1careous algaes within the ca1careous
algaes, or between the ostracodes and the other
crustaceans (macrofonns). For intance, the
MOLALG biofacies (molluscs-ca1careous algaes)
eould present a "GastHalFor" (Gastropods
Halimeda-Foraminifers) or a "PeIRedFor"
(Pelecypods-Red calcareous algaes-Foram in ifers)
sub-facies.
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3.1 Overall skeletal composition

Table 2: Skeletal composition calculation
processes

The main producers of sediment in the Great
Astrolabe Reef lagoon are, in order of importance,
Halimeda (Halimeda plates can represent up to 86 %
of the sediment constituents), foraminifers and
molluscs (pelecypods and gastropods essentially and
in equal proportion) (Fig. 2). Other groups of
organisms take part, in a more Iimited way, in the
production of the lagoon sediment : crustaceans
(macroform), madreporians (coral), calcareous tubes
(vermetid molluscs or serpulid worm tubes),
echinoderms, bryozoans, scaphopods molluscs,
sponges (spicules), alcyonarians (spicules),
ostracods and red calcareous algaes (Table 3). In
addition there are a certain number of reduced debris
(identified or non-identified grey grains), natural
agregates and undetermined fragments (generally
small grains - <0,5 mm - altered by abrasion,
microperforation or diagenesis).

A%,B%,C%
(L = 100%)

Total:

Skeletal constituents A, B, C...

weighcd numerical % wcighed %
0/0

PI AI,B:,CI·· PIA" PIB:, PIC I··

Pz A" 8 z, C2.. P2A" P,8" PzCz..2

Size fractions

13

3. Results
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Figure 2 : Mean skeletal composition (n=25) of the sediments of the Great Astrolabe Reef lagoon (Mol:
Molluscs, Other Mol. ; Scaphopods and Pteropods, Indet. : indeterminates, For; Foraminifers, Cor; COI'als,

Bryo : Bryozoans, Hal; Halimeda plates, Rea: Red Calcareous Aigaes, Ech : Echinoderms, Crus; Crustaceans,
Alcyo ; Alcyonarian spicules, Spon : Sponge spicules, Others : serpulid worm tubes, altered grains, grain

aggregates, Iithoclasts)

The small amount of undetemlined fragments (an
average of 1.65 %) reveals that the bioclasts are in
an excellent state of preservation. lt may be
concluded on one hand that the production of
sediments is modem or reeent (no relict biophase)
and on the other hand, that the hydrodynamic on the
bottom is light (no abrasion, little transfer).

Finally, it should be underlined that the absence of
lithoclasts (minerai elements of terrestrial origin)
indicates a very low telTigenous influence in the
sand fraction. The presence of high islands in the
lagoon, suggests that terrigenous input exist, but that
their influence may be probably detected only on the
fine fraction of the sediments « 63 flm).

3.2 Biogenous facies

The quantitative ordered classification of the
biophase main constituents, reveal an important
variability of the sediment composition since, not
less than 5 biofacies and 10 sub-facies have been
counted (i.e. nearly one sub-facies every 2 samples)
(Fig. 3 & Table 4). Every sub-facies involves the
three main constituents (Halimeda, foraminifers and
molluscs) and shows hereby, the obvious supremacy
of these three groups in the constitution of the
sediment biophase, Still, two exceptions stand out;
the GasHalCor sub-facies (Gastropod-Halimeda
Corals, station 5) and the ForPelCru (Foraminifers
Pelecypods-Crustaceans, station 22).
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Table 3: Skeletal composition of samples (%)

1.6

Lagoon
10.6

8.8

0.3

0.004

0.9

22.4

2.4

0.8

0.16

40.6

1.1

0.02

2.4

0.1

0.2

1.7

3.2

0.01

2.8

2.8

0.2 1.6

1.4

0.4 1.6

24-23

2.9 23.0

2.7 16.2

0.0 0.8

0.6

0.3

0.2 0.4

0.2

0.2 0.6

7.0 4.1 13.1

0.1 1.3 1.2

1.4 1.2

0.1 2.1

1.2 86.6 82.3 35.5

0.2 0.3

0.2

3.2 3.4 2.4 4.2 2,4 4.4 1.6 4.2 0.4 1.2 1.3

1.7

0.5

2.0 0.5 0.5 15 0.8 0.8 25.6 0.4

6.8 0.7 4.4 0.9 2.3 1.8 0.4

0.3 1.5 1.4 4.8 3.2 5.4 1.6 3.5

0.3

0.6 1.0 1.2

0.1 1.4

9.8 11.0

0.6 0.3

2.1 0.2

1.0 0.2

0.6

0.1

0.5 1.7 07 0.3 0.3 1.0 1,4 0.1

6.5 16.823.3 7.4 17.6 62.6 26.1 3.741.1

1.4 0.1 4.4 3.6 0.1 1.7 15

0.9 1.0 1.0 1.1 2.5 0.2 0.9 0.7 0.2

~7 ~1 ~7 0.1

4.2 10.1 58.0 17.5 25.2 78.8 74.4 57.0 57.7 49.0 58.1 36.6 11.3 41.2 83.3

1.1 1.9 0.1 3.1 3.6 0.5 0.3 1.5 0.5 1.3 1.2 0.5 0.8

3.4 1.1 0.7 0.5 0.3

9.0 42.3 28.3 23.0 36.2 20.9

6.4 0.9 0.5 3.0

1.5 0.4

1.8 1.2

9.5 10.7

4.7 20.5

2.1

0.3

0.3

0,4 1.9 1.3 0.9 0.7 0.3 0.1

3.6 4.9 8.4 3.3 9.5 0.2 8.1 15.5

35.8

3.5 07 2.2

8.9

5.4

0.1

0.2

5.3 24.2 48.1 26.5 40.1

0.4 0.6 2.0 0.8 5.1

0.9

Station
-1---- 2--3-4 5 6 7--~'--9--'1"0---'1'1---;1"'2 13 141S-f6T7 18 19 20 21 -22"---23

----------Pelecypoas--9.1163··-8.9-ij~61J.2---f9 28.6 22.4 6.7 6.6 7.6 2.9 6.1-13.6 4.4-10~O--8:6·-1O'5-U)T9T3JiI8.o2."9

Gastropods 9.6 11.2 8.9 7.8 1J.6 10.8 8.9 15.6 5.6 15.9 12.3 2.4 4.7 11.7 6.4 5.3 6.6 16.7 5.6 7.5 4.2 7.5 2.7

Scaphopods 1.7 0.9 0.3 0.7 0.6 0.6 1.3

Pteropods

Indet. Molluscs 07

Foraminfers 64.2 56.0

Corals 0.4 0.8

Bryozoans 0.6 1.0

Red Ca1careous Aigae

Halimeda 3.1

Echinoderms 1.3

Ostracods

Crustaceans 1.2 18 20 3.5 1.3 1.6 3.4 5.2 0.7 15 3.2 1.8 0.3 2.9

Alcyonarians 1.1

Sponges

Serpulid worm tubes

Reduced grains 5.2 1.5

Oxidized grains 0.4

Aggregates 2.6 1.5 1.1 1.9 3.3 3.5 6.9 5.4 2.6 9.2 8.1

Lithoclasts

Indeterminate
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FORA MOL
24%

MOLFOR
4%

MOLHAL
8%

f-1ALlMOL
36%

Figure 3: Pie chan showing the proportions of main biofacies

15

Table 4: Composition and abundance of the sub

facies

l1lree types of main biofacies stand out : the
Hofimeda biofacies, which represents 64 % of the
samples (HA L1MOL : 36 % and HALIFOR : 28%),
one foraminifer biofacies (FORAMOL : 24%) and
the mollusc biofacies (12% of the samples among
which: MOLHAL '" 8% and MOLFOR '"' 4%).

SUB·FACIES
HalPelFor
HalGasFor
HalForPel
HalForGas
ForGasHal
ForPelHal
ForPelCm
PeJForHal
GasHalCor
PelHalFor

Abundance
24%
12%
20%
8%
8%
12%
4%
4%
4%
4%

Stations
3,4,13,14,17,24
6, 18,21
9, 12, 16,20,23
Il, 15
l, 10
2, 7, 19
22
8
5
25

indetennined debris and by the excellent state of
preservation of the bioclaSIS observed From the
binocular microscope examination. The absence of
Iithoclasrs (minerai clements of terrestrial origins)
reveals, despite the presence of high islands in the
lagoon, a weak tcrrigenous influence. Even though
the GreaI Astrolabe Reef lagoon can be
charactcrized by three rypes of main biofacies - the
Halimeda facies (HA L1MOL and HALlFOR), the

foraminifers facies (FORAMOL) and the molluscs
facies (MOLHAL and MOLFOR) - not less than 10
sub-facies have been identified (i.e. nearly one sub
facies every 2 samples), proving hereby, an
imponant vanabiliry În the bioc1astic composition of
the samples. At a more general level, the biophase
average composition allows a description of the
Great Astrolabe Reef lagoon by the HALIFOR main
biofacles and the Haftmedo·ForamlOifers,
Pelecypods sub-facies.
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From the average composition of the biophase, the
lagoon is globally characterized by the main
HALlFOR biofacies and the association of
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