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Bioclastic Sedimentary Environments 427

tom deposits. Molluscs debris dominate (mean
= 37%) but foraminifera reach their highest
percentages here (mean = 20%). Coral, calcar­
eous red algae and Halimeda fragments are
poorly represented. Locally free Iiving corals
may grow on the muddy sands, consequently
coral content may rise (mean = 21 %)), local Hal­
imeda give the same result. The occurrence of
these relatively large in situ sediment produc­
ers results in the coarsening of the sandy frac­
tion up to gravel size while sorting reaches its
poorest values. Locally (near Pamanzi islet)
sand size volcanic grains are mixed with the
bioclastic fraction.

Lagoon bottoms with coral patches and
lagoon patch reef talus. Sand sheets with
only scattered coral heads or sand pockets asso­
ciated with the coral framework are found
between - 9 to - 40 m depths. These sands have
a variable mean size but the fine fraction is low
(mean: 2%), sorting is moderate (mean = 2). As
in other lagoonal environments molluscs dom­
inate (mean = 22%)), nevertheless the other
major components, coral and Halimeda (means
are 180/0 and 17% respectively) and calcareous
red algae and foraminifera (means are 13% and
100/0 respectively) are well represented. Among
the minor components bryozoa reach their high­
est values (mean = 40/0).

DISTRIBUTION OF SEDIMENT
COMPONENTS (SANDY FRACTION)

Major Components

Molluscs. This is the most important group
for sediment production in the lagoon. The mol­
lusc content increases with increasing mud as
in the SW New Caledonia lagoon (MASSE et al.,
in press). On the flat lagoon floor bivalves dom­
inate over gastropods but the two groups are of

Figure 3 Continued.
(4a) Lagoon plain, fine-medium sandy bottoms with t ha lassinoid

mounts (small free living coral: Heteropeam mia miclielini t (15) TIl

deep, northern Pamanzi lagoon, st. I, May 198:3).
(4b) Mollusc-Halimeda sediment facies.
(Sa) Lagoon plain, sandy bottoms (h.rn, - Heteropsam m ia mich·

elini corals, g = Gobiid fish living in association with burrowing
alpheid shrimp) (20 m deep, channel between Dzaoudz i almost­
island and Mogne Amiri islet, June 1986l.

(Sb) Mollusc-Foraminifera sediment facies.
(6a) Inner coral patches in coastal bay (c.s. - Culcita sch mide­

liana starfish (9 m deep, Arise Choa in front Mamoudzou village,
st. A, May 1983),

(fib) Mollusc dominant sediment facies. (Facing Pagel

almost equal importance on lagoon bottom with
coral build-ups and lagoon patch reef talus.
Molluscs are less important on the barrier reef
although higher values are found on the outer
reef slope and in passages, the lowest values
occur on reef flat sand sheets where gastropods
dominate bivalves. The change in dominance
between the two groups reflects their relative
importance in the corresponding benthic com­
munities.

Corals. This group including both Sclerae­
tinian and Milleporid Cnidaria is the most
important on the barrier reef with a rich fauna
developing on the outer reef, the reef flat and in
passes. Free-living corals are also important
gravel size sediment producers on lagoonal
muddy-sand substrates. Significant coral debris
is produced near lagoonal patch reefs or local
minor build-ups as the result of bioerosion and
gravity displacement. On the lagoon plain coral
fragments only occur in minor quantities but
are always present. In such environments,
where living corals are absent, coral grains
might originate either from lateral transport,
from lagoonal build-ups (or even barrier reef?)
or in situ production. We favour the last
hypothesis and consider this material as partly
relict, especially on muddy substrates, as no
mechanical features are observed on particles
while microbiological alteration is important.

Calcareous red algae. The highest values
are recorded on reef flats where small branch­
ing Corallinacaea are common ("false maerl"
type in the sense used by THOMASSIN, 1971).
On the outer reef and in passes, fragments of
articulate forms are frequent whereas thin
encrusting forms are also observed in signifi­
cant amounts on coarse coral debris. True
rounded rhodolites of centimeter-size have not
been found within these zones as it was said
from many other reefs areas (WEYDERT, 1973,
1974; BATTISTINI et aI, 1976; MONTAG­
GIONI, 1979), Fragments of small articulate
calcareous red algae are frequent on lagoon bot­
toms with coral build-ups and patch reef talus,
they are rare on fiat lagoon floors.

Foraminifera. The barrier reef system is
poor in foraminifera (mean = 2 to 5%)). The
highest percentages are found in fine sands of
the outer reef and the lowest in reef flat sands.
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In the lagoon, foraminiferal contents are sig­
nificantly higher (mean 6%) especially on
muddy sand bottoms where they reach a maxi­
mum (mean = 20%) but local contents may be
up to 40%.

As mentioned by LE CALVEZ (in GUILCHER
et al., 1965) high foraminiferal contents repre­
sent a small number of genera. Operculina and
Amphistegina are particularly important.
Operculina is the most important sediment pro­
ducer on the lagoonal areas below 10m deep on
muddy or clean sands. A similar distribution
has been demonstrated in many lagoonal or pro­
tected outer reef areas (MASSE, 1970; HOT­
TINGER, 1980; DEBENAY, 1985; BOICHARD
et al., 1985; MASSE et al., in press).

A mphistegina is widespread and the highest
relative frequencies are recorded on the outer
reef as in the case of the Mascarene reef prov­
ince (MONTAGGIONI, 1978), certain atoll
lagoons (CHEVALIER et al., 1969) and various
coral reef banks (BATTISTINI et al., 1976).

Close to these genera, relative to their sedi­
ment production are Marginopora, a very com­
mon form, and Alueolinella found in lagoonal
areas, except on substrates where the mud con­
tent is high.

Halimeda. The highest values occur on
lagoon bottoms with lagoon reefs where whole
flakes dominate the coarser sand fraction of
sandy substrates. In these environments, the
Halimeda content may be up to 35(~ and seems
to be derived from hard substrate species. High
values are also observed locally on muddy sub­
strates where the algal debris seems to origi­
nate from soft bottom species.

Although there are few Halimeda fragments,
they are always present in other environments.
Significant amounts may occur locally on some
outer reef areas. GUILCHER et al, (1965) men­
tioned local Halimeda flake concentrations on
reef flats (lagoonal reef, inner barrier, fringing
reef flats and barrier reef flats from the north­
ern part of the reef rim).

Minor Components

Bryozoa. The highest values (mean = 40/0)
are found on lagoon bottoms with coral build­
ups and lagoon reef talus. Fragments are of
encrusting or branching sessile forms derived
from hard substrates. Similar forms are also

present in smaller quantities on the outer reef
zone. One some parts of the lagoon free living
forms such as Cupuladria may contribute to the
sediment coarse fraction.

Echinoderms. Fragments are widely dis­
tributed, but mean contents never exceed 3%.
These values occur on muddy and muddy-sand
bottoms from the lagoon plain where they
derive mainly from infaunal irregular echi­
noids, while hard substrate echinoderms playa
minor role.

Alcyonarian spicules. The highest con­
tents are found on outer reef areas with a rich
alcyonarian community.

EARLY DIAGENETIC ASPECTS OF THE
SANDY FRACTIONS

Early diagenetic features include grain mod­
ification prior to lithification. Grain alteration
results from microborings (made by blue-green
algae and fungac) but these frequently remain
empty (EHNY, 1987) thus true "micritisation"
(i.e. micropores filled with micritic material) is
totally absent as was observed in some reefal
systems (BOICHARD et al., 1985). Microbiolog­
ical grain modification is important, in lagoonal
areas the al teration of bioclastic particles is fre­
quently followed by the blackening and/or the
deposition of a black to green void filling. The
void filling is very similar to some chloritic
products also found on bioclastic components
(BUROLLET et al., 1979; BOICHARD et al.,
1985) or verdine facies (a chlorite family min­
eral) found in tropical coastal areas (ODIN,
1985). It must be noted that this type of authi­
genesis is mainly found on Miliolacea forami­
niferal tests, especially on M arginopora and
Alueolinella. It has not been observed on per­
forate genera such as Operculina) in the same
environments. Thus a significant "substrate
control" is involved in this black/green dia­
genesis as well as in other environmental
parameters. Further studies are needed of this
type of mineral formation (especially for the
length of time needed for its genesis, which
might be relatively important) and conse­
quently its possible "relict" significance (see
MASSE et al., in press).

Grain aggregation is common in intraskeletal
"micritic" fillings especially on coral fragments
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derived from lagoon build-ups. Some packstone­
wackestone millimeter size lithoclasts have
also been found in lagoon sediments. Their for­
aminiferal/mollusc debris content seems to
indicate that they may be derived from some
lithified lagoon deposits, but lagoonal hard­
grounds such as those in the No umea lagoon,
SW New Caledonia (THOMASSIN and COUD­
RAV, 1982), have not been recorded in the st.ud­
ied area.

DISCUSSION

An ordered arithmetic association of the five
major components: coral, molluscs, foraminif­
era, calcareous red algae and Halimeda can
lead to twenty binomial theoretical possibili­
ties, the majority of which are effectively
recorded in reef systems. Among these, only five
groups or "facies" are observed in the area
investigated, each being related to a specific
environment. These facies and their environ­
mental significance are as follows: (1) coral­
mollusc: outer reef; (2) coral-calcareous red
algae: reef flat; (3) mollusc-coral and/or; (4)

mollusc-Halimeda: lagoon bottoms with coral
build-ups or free living corals on the sediment:
and (5) mollusc-foraminifera: lagoon plain.

As in many other reef systems (MAXWELL,
1973; MAIKLEM, 1970; MASSE, 1970; MON­
TAGGIONI, 1978; GABRIE, 1982; MASSE et
al., in press) the mollusc-foraminifera sedimen­
tary assemblage and the coral-calcareous red
algal assemblage tend to be mutually exclusive.
They correspond respecti vely to extreme phys­
iographic patterns, to sediment sheets in pro­
tected areas, and to reefal build-ups in rela­
tively high energy environments. In the
Mayotte reef and lagoon system the first group
characterizes most lagoon sedimentary bottoms
and the second one the barrier reef flat. In addi­
tion to these two major groups the "coralgal"
and "forarnol" of LEES (1973, 1975), a coral!
mollusc assemblage is associated with the outer
reef slope and mollusc/algal (red calcareous
and/or Halimeda) group is mainly linked to
lagoon bottoms with coral build-ups.

Two aspects of the lagoon/reef sedimentary
composition warrant further mention. First,
most Mayotte lagoon sediments lack the large
amounts of Halimeda fragments recorded in
many atoll lagoons (EMERY et al., 1954; TUD­
HOPE et al., 1985) and in back-reef areas and

bays (GINSBURG, 1956; EBANKS and BUBB,
1975). In the Mayotte lagoon, Halimeda sand
sheet production is limited and only local. Dis­
regarding some substrate control (such as mud
content) the dominance of molluscs (mainly bi­
valves) among Halimeda may be the result of
the trophic regime: the former group is
favoured by suspended fine organic particulate
nutrients carried from the islands, as the latter
may develop in waters where only dissolved
nutrients are present ii.e, oceanic waters) as for
some atolls (TUDHOPE et al., 1985).

A second feature is the paucity of red calcar­
eous algae and foraminiferas on the outer reef.
These two components are common on many
exposed outer reefs (MONTAGGIONI, 1978;
GABRIE and MONTAGGIONI, 1982; MASSE
and FROGET, 1984) but although they increase
on the outer platform of Mayotte, they do not
reach the dominance found elsewhere. This
might be linked to the high energy resulting
from the narrowness of the pre-reef platform,
where lateral sediment transfer from the spur
and groove or reef front talus is important.

Generally, the sediment component reflects
the nature of the community living in close
vicinity to the area of deposition. Skeletal par­
ticles derived from soft bottom communities are
therefore considered as in situ. Similarly the
distribution of most foraminifera is not, as it
was thought by LE CALVEZ (in GUILCHER et
al., 1965), controlled by bottom currents, but by
the ecology of the organisms themselves.

Some components of the sandy fraction of
lagoonal areas are considered "relict", This is
the case for most of the sandy fraction of inner
lagoon "muds", but here the "relict" character
is very recent (perhaps 20 years). This probably
also applies to some black-green altered grains
from the deeper parts of the lagoon, but the age
of this material is problematic and further
study needs to be undertaken.

Textural parameters such as the fine-fraction
content are more significant in terms of envi­
ronmental discrimination, than granulometric
ones such as the mean size and sorting of the
sandy fraction. The fine fraction is absent on
the barrier reef areas. In the lagoon, mud con­
tent increases towards the island coast.

The relative importance of the terrigenous
material in the fine fraction associated with the
sandy material from lagoonal areas reminds of
many other lagoon systems in settings near to
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a land mass or an island (coastal lagoons of
Madagascar and New Caledonia for instance).
As in New Caledonia (MASSE et al., in press)
there is a possible relationship between this
terrigeneous influence and the large content of
molluscs (mainly bivalves), but this phenome­
non is also controlled by depth and littoral mor­
phology.

The mean size of the sandy fraction is
extremely variable and values are not typical of
particular environments. Variations are more
important in lagoon environments than in the
barrier reef, reflecting a higher physiographic
diversity. Sorting is significantly better on the
barrier reef (especially on the outer reef) than
in the lagoon where mean values are always
>2. These differences are linked to the relative
importance of hydrodynamic control, which is
significantly lower in the lagoon than on the
barrier reef. In the lagoon, sorting is poorer
with mean size, this phenomenon clearly
reflects the in situ origin of most of the bioclas­
tic sandy fraction. Similar conclusions concern­
ing the relationship of sorting variations
between reef and lagoon areas have also been
drawn for other reef complexes (MAIKLEM,
1970; GARRETT et «i.. 1971; BATTISTINI et
al :, 1976; MASSE et al., in press), for atolls
(STODDART, 1971; CHEVALIER et al., 1969),
and for reef/carbonate platform complexes
(GINSBURG, 1956; PURDY, 1963).

The lack of significant amounts of carbonate
mud associated with the sandy fraction of
lagoonal areas is reminiscent of many other
lagoonal systems occurring near a land mass or
an island.

CONCLUSIONS

The study of texture, grain size and compo­
nents of sediments from the barrier reef and
lagoon of Mayotte island leads to the following
concl usions:

lagoon and barrier reef sediments are clearly
separated according to the considered parame­
ters;

among the twenty possibilities of the ordered
arithmetic association of the five major compo­
nents only five are observed: (1) coral-molluses,
(2) coral-calcareous red algae, (3) mollusc-coral,
(4) mollusc-Halimeda and (5) mollusc-forami­
nifera. Each has a particular environmental
distribution: groups 1 and 2 on the outer reef

and reef fl a t respecti ve ly, groups 3 and 4 on
lagoon bottoms with coral build-ups and group
5 on the lagoon plain.

The coral-calcareous red algae and mollusc­
foraminifera groups which are respectively typ­
ical of reefal build-ups and sedimentary bot­
toms are well separated off Mayotte Island, but
the Halimeda-mollusc and Halimeda-forami­
nifera groups are absent here, while they have
been recognized in some other lagoons.

Mollusc fragments always dominate Hali­
meda as the result of a possible trophic regime
linked to lateral influence of the island. The rel­
atively high content of terrigeneous mud and
associated organic matter occurring in the
lagoon is considered to be an important factor
for moll usc development as infered for other
coastal lagoons. The outer reef mollusc-fora­
minifera facies and red calcareous algae-fora­
minifera facies are lacking due to the narrow­
ness of the outer or pre-reef platform.

The bioclastic composition of the sediments
reflects the nature of the benthic community
living on the corresponding substrate, or on
hard (bioconstructed) substrates close to the
area of deposition; moreover, especially in the
lagoon, sorting is poorer with a mean size, thus
both bioclastic composition and granulometric
parameters indicate an in situ origin for most
of the sandy fraction.

I n situ relict bioclastic grains are also found
in the lagoon. Some have very recently become
relict as the result of an increasing mud influx
in the inner lagoon, while possibly older altered
grains from the deeper parts of the lagoon are
also present.

Textural parameters such as the fine fraction
content are more significant than granulomet­
ric ones from an environmental point of view,
but sorting (of the sandy fraction) is more sig­
nificant than mean size.
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