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Abstract

A transect was run across the Great Astrolabe Reef and Lagoon at Dravuni by the

research vessel "APHAREUS" , USP, Suva.
This bio-sedimentological study focuses on the subdivision of facies types in
diverse sedimentary environments as well as on early diagenetic processes in reefal
framestones and beachrocks.
The applied methods comprise reef mapping, grain size analysis, gasometric
analysis of total carbonate content, x-ray diffractometry, microscopy of grain
mounts and stained thinsections, micropaleontology, scanning microscopy as well
as carbon and oxygen isotopes analysis.

The data provide characteristic facies patterns across the study area and pat terns
emphasize the value of using beachrocks to interpret Quaternary sea level change.
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1. Introduction

A transect was run a cross the Great Astrolabe Reef and Lagoon at Dravuni in 1992 
(Schneider 1993). The research vessel "APHAREUS" of the Institute of Marine 
Resources (IMR), University of the South Pacific (USP), Suva and two punts served for 
recovering surface samples (Fig.1). The aim of the bio-sediment logical analysis focuses 
on recognizing   the facies distribution pattern of the diverse sedimentary environments, 
and to demonstrate early diagenetic processes affecting the recent and sub recent 
carbonate sediments of the study area . Some chemical and mineralogical data on the 
sediments of the study were already published by Morrison an d Naidu (1992). As an 
international meeting point of biologists and environmentalists (MORRISON and 
NAQASIMA 1992), the field station of IMR at Dravuni village provided some basic 
facilities for field work. 

The Great Astrolabe Reef is located some 70 kilometres south of Fiji's capital Suva  
(Fig. 2). With a length of 22.5 kilometres, a width of 12.5 kilometres, at an average water 
depth of 30 metres, the Astrolabe Lagoon covers 210 square kilometres (NAQASIMA et 
al. 1992). The climate is humid tropical with a moderate dry season . The prevailing 
winds come from the south - east, but north- easterlies are common in the wet season. 
The barrier reef steeply slopes down to the Kadavu Basin in the west and to the Astrolabe 
Trough in the east. 

2. Geological setting

The volcanic basement of the Astrolabe Reef is part of the Kadavu Ridge (Fig.2 and3) 
that, through Lower Eocene to Upper Miocene, belonged, as the whole of the Fiji 
Archipelago, to the outer part of the Melanesian Arc (FALVEY et a l. 1991). 
Subduction of the Pacific Plate occurred contemporaneously with the eastward movement 
of the arc system located east of Kadavu (WESSEL 1986). The South Fiji Basin opened 
as a back arc basin 36-25 Ma ago (MALAHOFF et a l. 1982). 10- 5 Ma ago the Fiji 
Island Group and Vanuatu formed the Vitiaz Arc which is built  up by calcalkalic and 
tholeiiticande sites (RODDA and LUM 1990, STACKELBERG VON and RAD VON 
1990).

Both uplifting and erosion, accompanied by postorogenic alkali - basaltic volcanism, 
transferred the Vitiaz Arc into a faulted ancient island arc 5 Ma ago. During the period of 
Upper Miocene to Pliocene the North Fiji Basin originated as a back arc basin by south 
ward shifting of the subduction zone to the Vanuatu Trench (FALVEY 1978, BROCHER 
a n d HOLMES 1985). 



Dravuni Island (Fig.4 and 5) is dominated by three volcanic rock types. A columnar 
jointed olivine basalt dyke builds up the northernmost part, a basalt flow outcrops at the 
north-eastern side, and a biotite-andesite plug is encountered in the southern part of the 
Island (Howorth and Carman 1992). 

3. Methods

As shown in Fig. 6 "APHAREUS" ran a western (Dr-3 to Dr-19) and an eastern part-
transect (Dr-22 to Dr-30) through the Astrolabe Lagoon to recover unconsolidated 
carbonate sediments by using a piston corer (Fig. 7) and a grab (2 litres). Coordinates and 
water depth are listed up in Table 1. Sites Dr-3,-4,-5 resp -21 are from both reef slopes 
(fore reef). A bathymetric map (scale 1:142000) was used for locating the sites along the 
fixed transect. 

Reef samples (framestones) were taken from the barrier reef (Dr-21, resp. -36 to -38), 
from the fringing reef off Dravuni village (Dr-31 to -32), and from the Diamond Patch 
Reef (Dr-33 to -35) by diving operations conducted by Fiu Manueli and Juergen 
WURERTZ. 

Beachrock samples were recovered from north-west Dravuni (Dr-39 to -44), and from the 
islands of Qasibale (Qa-1 to -2) and Yaukuvelevu (Yau-1 to-3). Echo sounding profiles 
were measured along the eastern part-transect and from Dravuni village to the Herald 
Passage (Fig. 8). 

Laboratory methods comprise the spectrum which is generally used in the field of 
sedimentary geology: Grain size analysis after FOLK and WARD(1957) is expected 
to provide some idea on energy distribution (waves, currents). The gasometric analysis of 
total carbonate content (MUELLER 1967) gives the ratio of autochthonous carbonates 
and siliciclastic (volcanic) input from the Island. Microscopy of stained thinsections1 and 
grainmounts provide data on the biological and mineralogical composition as well as 
pattern of early diagenesis (cements etc.) 

1 Staining instructions (Evamy & Shearman 1962, modified by Dickson 1996):  
(A)  dissolve 1g potassium ferricyanid in 100ccm of n/8 HCl . This solution is not stable
       and new  solutions must be prepared frequently. 
(B)  dissolve 0.1g alizarin-red S in 100ccm of n/8 HCl. Mix 40ccm of solution (A) with  
       60ccm of solution (B). 

Rinse the thin section in this solution for about 45 sec, afterwards in solution B for 
another 15sec. Wash off carefully. By this procedure calcite is stained red, iron-
containing calcite (beginning from about 1%Fe) violet-blue, iron-containing dolomite 
blue-green, whereas dolomite, siderite, magnesite, and rhodochrosite remain unstained. If 
iron is present in the rock not as carbonate, but in another mineral unstable in HCl only 
the simple alizarin-red S staining can be applied. The above staining is weak enough to 
allow the observation of the rock fabric. For quantitative interpretation see LINDHOLM 
& FINKELMAN (1972). 
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The carbonate clastic particles of the lagoon are skeletal fragments of scleractinian corals 
(31%, green algae (20%), gastropods (13%), benthic and planctic foraminifera (17%) and 
others like bryozoans, sponge scleres etc. (comp. NAQASIMA and BANDY 1992). 

The lack of significant grain size distribution pattern within the lagoon tells that the reefs 
around Dravuni provide the calcarenitic to calciruditic bioclastics. Wave energy and tidal 
currents are the dominant controlling factors (MACLEOD 1992). 

By comparing the almost pure carbonate elastics of the Astrolabe Lagoon with the river-
dominated lagoonal sediments of the Laucala Bay, off Suva (Fig. 14), the discrimination 
of river- and reef-dominated sediments displays the different energy levels of both 
sedimentary environments. 

4.12 Carbonate mineralogy relating to the faunal groups 

X-ray diffractograms (Fig. 15) give rapid and precise information about the qualitative 
and semi-quantitative carbonate mineral paragenesis of the analyzed sediments. 
Literature data and our own x-ray diffractograms reveal the carbonate mineral 
composition of the sediment-forming biomorpha (MILLIMAN 1974). 
Thus, aragonite builds up the skeletons of the scleractinian corals, gastropods, and green 
algae; high Mg-calcite is the basic carbonate mineral of foraminifera, bryozoans and red 
algae; calcite dominates the skeletons of planctic foraminifera and nannoplancton. 

The aragonite - high Mg-calcite - calcite ternary diagram discriminates the sedimentary 
environments (Fig. 16). The calcarenites and calcirudites of the Astrolabe Lagoon are 
characterized by high content of both aragonite and high Mg-calcite, and less calcite 
which has to be related to the presence of the according faunal groups above mentioned. 
Even within the lagoon aragonite significantly decreases with increasing water depth 
(Fig. 17) indicating higher portions of foraminifera. Two varieties of high Mg-calcite 
were found (Ca83Mg17 and Ca88Mg12) showing that two high Mg-calcite builders 
(green algae, foraminifera) differ slightly in their skeletal MgC03 content. It should be 
noted that the amount of Mg-carbonate within the lattice correlates positively with the 
temperature (MILLIMAN 1974, SCHLAGER and JAMES 1978). The same trend 
concerns aragonite enrichment with increasing temperature in shallow water 
(MILLIMAN 1974). 
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4.2 Fore-reef sediments

Like direct clastic and high energy derivates of barrier reefs, proximal fore-reef 
sediments are in general coarse grained, block-bearing talus formations 
(SELLWOOD 1986). 

In case of the Astrolabe Reef the slope in between Usborne Passage and Herald 
Passage (Fig. 5) reveals calcisiltites indicating a low energy environment although 
this slope is very steep, as the bathymetric map shows. These sediments are 
positively skewed (Fig. 9) and show total carbonate contents comparable with the 
lagoonal sediments. They have a higher content of calcite and high Mg-calcite 
which can be explained by the increase of planctic foraminifera (Elphidium,
Globigerina, Globigerinoides, Orbulina). The low non-carbonate portion is mainly 
due to clay minerals (Ca-montmorillonite, kaolinite, chlorite), gibbsite, quartz, and 
feldspars.

4.3 Reef mapping and faunal distribution 

The base line study on the reefs around Dravuni conducted by NAQASIMA and 
BANDY (1992) provides a useful framework for carbonate sedimentological 
investigations. The paper deals with visual examination and statistical analysis of 

monitoring the biota of both reefs and lagoon. It tries a model of zonation pattern 
for the fringing reef off Dravuni village. For a survey on Fijian reefs see RYLAND 
(1979).

Using a similar coral reef monitoring sheet (Appendix), FIU MANUELI and 
JUERWUERTZ mapped the barrier reef at Usborne Passage and east of Dravuni 
village, the fringing reef off Dravuni village, and the Diamond Patch Reef close to 
the Herald Passage outlet (Fig. 6). They took samples from different water depths 
down to 30 metres. The four sites are described below (comp. Appendix A - D). 
Great Astrolabe reef, reef slope north-east of the Usborne passage (Dr-36 to -38) 

This part of the reef is characterized by an almost vertical slope, starting at 10 m 
depth and descending to 50 m. The substratum is solid rock with little rubble. At 
10 m there is a region with little slope but some canyons and turrets which nearly 
reach the surface. 

The flat area at 10 m depth exhibits greater coral variety and cover than the 

deeper sites. The tabulate Acropora species predominate over branching and 

massive forms. Staghorn, mushroom corals, and encrusting types are present. In 
contrast to the deeper sites, the massive soft corals predominate over fan shaped 

species. The flora at this site consists of thick turf and Halimeda sp 

The upper slope shows less variety of coral growth forms and a covering of hard 

and soft corals. Compared to the deepest site, the size of the colonies increases 



A complex beachrock sequence was analyzed north-west of Dravuni village (Figs. 19 and 
20). Lithologically the rocks are poorly sorted biocalcarenites and biocalcirudites whose 
particles are angular to subrounded. Their skeletal components of molluscs, corals, green 
algae (Halimeda), red algae (Lithothamnium), bryozoans, and benthic foraminifera 
dominate volcanoclastics (rock fragments, pyroxenes, feldspars) and some intraclasts 
(reworked elder beachrocks) by far. Clearly showing that their source is the adjacent 
lagoonal sediment. Some six step-like “layers” seem to exist, each of 15 to 40 centimeters 
thick.  According to NUNN (1992) their appearance relates to the erosion of formerly 
overlying beach sands by cyclones and not to the emergence of Dravuni Island. What 
makes them extraordinary is that they extend seaward down to some 3 meters below low 
water level, where they are overgrown by recent corals. 

Taking into account the deep position of the lowermost beachrock occurrences compared 
with the overall appearance of recent beachrocks within the intertidal, it can be concluded 
that the lower portions of the Dravuni beachrocks have either undergone subsidence 
starting from the intertidal or, which is more likely, global glacio-eustatic sea level rise 
has occurred as it is found world-wide, and has also been proved from Laucala Bay off 
Suva (SHORTEN 1992). The Dravuni beachrock complex can be structurally subdivided 
(Fig. 20). As the deepest part, zone I reveals unconsolidated calcarenites and calcirudites 
with growing seaweed at the water depth of some three meters below low water level. 

Without seaweed zone II shows reworked beachrock boulders from zone III embedded 
and overlying the same carbonate elastics like in zone I. Recent corals of diverse growth 
types cover the top and the edge of the massive beachrock of zone III which is at some 
places eroded. Finally, zone IV occupies the upper portion of the subtidal as well as the 
whole intertidal slope. At some places the uppermost and youngest portions cemented 
comprise items of the period of World War II (pers. comm. HOWORTH 1992). 

5. Early diagenetic processes

Early diagenesis affects carbonate elastics, framestones, and beachrocks of the study area 
rather little. Useful criteria generally focus on micritization (ALEXANDERSSON 1972, 
BATHURST 1976), rim cements (MILLIMAN 1974, SCHROEDER 1979) as well as C- 
and O-isotopes (ANDERSON and ARTHUR 1983, VEIZER 1983, TUCKER and 
WRIGHT 1990). They serve for evaluating salinity and temperature of the diverse 
diagenetic environments. 
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Micritization of biomorpha and bioclastics produced by boring organisms (mostly 
algae) and following infill of borings was rarely encountered. That indicates the 
very recent character of the sediments and their continous reworking by waves. 

In the upper portions of the reefs where aragonite-secreting scleractinian corals 

dominate over red algae (high Mg-calcite), the early rim cementation starts with 
radial fibrous aragonite needles (Fig. 21). With increasing water depth the corals 
become overwhelmed by red algae, resulting in a lower aragonite/high Mg-calcite-
ratio.

Similiarly, the beachrocks reveal, as the first rim cement, radial fibrous aragonite 
(Fig. 22). In most cases, at their basal parts the aragonite needles are associated 
with cloudy, black, structure-less masses of organic matter irregularly 
disseminated around the grains with varying thickness. As microscopic studies 
reveal, the cement crystals caught the organic matter primarily fine-dispersed in 
the water column. This black material represents neither high Mg-calcite rim 
cement as described by DAVIES and KINSEY (1973) from the Great Barrier Reef, 
nor micritic envelopes produced by boring organisms. 

Furthermore, it should be stressed that the absence of calcite definitely indicates 
the absence of vadose and phreatic fresh water influence on the carbonates (comp. 

SCHROEDER 1979) in the study area. 

Carbon and oxygen isotopic data (Table 3, Fig. 23) analyzed from skeletons 

(corals, red algae, green algae) and beachrocks as well, indicate no remarkable 
fractionation. That means that biospecific features are still preserved. Slightly 
higher 618 0-values of both red algae and scleractinian corals could be explained, 
in comparison with literature data, by additionally precipitated aragonite cement 
and/or by metabolic characteristics relating to carbonate production (WEFER and 

BERGER 1981). Nutritious and oxygen-enriched deep water ascending in the fore 
reef from adjacent basins might be a primary cause of slight fractionation of 

oxygen isotopes being temperature-dependant (FLUGEL 1978). 

Thus, rim cements as well as carbon and oxygen isotopic data indicate that the 
surface carbonate sediments of the Astrolabe Reef and Lagoon are in a very early 
stage of diagenesis where fresh water or other changing factors do not play a 

distinct role. 

6. Sedimentary environments and relating facies types

The bio-sedimentological data allow for the subdivision of the study area into four 
sedimentary environments, by the occurrence of diverse facies types as shown in 
Fig. 24 for the western part-transect through the Astrolabe Reef and Lagoon. 



Fore reef:

Although steeply dipping toward the Suva Basin in between the Usborne and 
Herald Passage, the fore reef sediments there are represented by low energy 
calcisiltites. They are dominated by pelagic faunal elements which is, in closeness 
of the high energy edge of the barrier reef, rather surprising. Nevertheless, it must 
be assumed that, at other sites, a proximal talus of coarse grained calcirudites and 
blocks covers the fore reef slope as it is typical of both modern and ancient barrier 
fore reef environments worldwide. 

The high energy zone of the barrier reef core is dominated by a broad spectrum of 
reef builders (NAQASIMA and BANDY 1992, comp. 4.3) forming massive frame-
stones and calcirudites as reef debris. The aragonite/high Mg-calcite-ratio 

correlates with the interplay of corals and red algae whose ratio, in turn, depends 
on water depth. Early diagenetic processes are rare. They include boring activities, 
internal sediments and a radial fibrous aragonite cement. 

Through our survey no universally valid zonation pattern of Fijian reefs was 
found. Each site had its own pattern, resulting from physical and biological 

influences. It could be that some metres next to one site at the same depth the 
coral community was completely different. As the priority of this survey was a 

geological study, the biological part should be seen as a preliminary study. It 
would be desirable to spend more time and have a closer look at these reefs, 
especially at the shallower parts. 

The poorly sorted calcarenites and calcirudites of the lagoon are mainly reworked 
derivates of the adjacent reefs and of the autochthonous lagoonal biomorpha. 
Wave activity and tidal currents produce an rather insignificant distribution 
pattern of grain size within the lagoon. Recent beachrocks to some degree cover 
intertidal environments, whereas their subtidal representatives give indication of 
sea level rise or on subsidence in the Holocene time. 
Dravuni Island: 

As a small fragment of an ancient volcanic arc, the volcanics of Dravuni Island 

along the beach are surrounded by a blanket of unconsolidated beach sands that 

will become beachrocks in relevant of further sea level rise or from local 
subsidence.

Barrier reef core:

Lagoon:



7. Conc lus ions

Bio-sedimentological studies like this emphasize the value of interdisciplinary 
cooperation between biologists and geoscientists, similar to that of by CHEVILLON 

(1992) on New Caledonia. Such studies of modern carbonate shallow water 
sediments contribute to the models sedimentary geologists need for analyzing and 
interpreting ancient reef complexes in their paleogeographic position (WILSON 

1975).

Notches as well as beachrocks are useful for recognizing former high sea water 
levels respectively intertidal environments. MIATA et al. (1990) found evidence for 
a Holocene high sea level stand by studying emerged notches and associated corals 
and beachrocks, without discussing local tectonics along the southern coast of 

Vanua Levu. In contrast, subtidal beachrocks on Dravuni indicate a modern sea 
level rise or local subsidence of the volcanic basement as shown in Fig. 20. Such 

case studies must consider global sea level rise, as convincingly applied to the 
floor of the Suva Harbour (SHORTEN 1992). 

Although the diagenesis of the carbonate sediments analyzed is at an early stage, 
the methodological spectrum is to be applied to other Cenozoic carbonate 
sediments of higher age as it is done for Tertiary carbonate rocks of the Yasawa 

Island group (SCHNEIDER et al. 1995). Such studies are relevant to the evaluation 
of the reservoir properties with regard to hydrocarbons in certain basin/platform 
positions (RODD 1993). 
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Fig. 2:
Plate-tectonic position of Fiji as part of an ancient Island-arc (after V O N STACKELBERG and
V O N R A D 1990). 1 Suva, Laucala Bay, 2 Great Astrolabe Reef.

•

•

Fig. 3:

North/south cross-section across the Fiji platform (after R O D D 1993).

Fig. 4:

Dravuni Island with village and field station of the USP (L).
A olivine basalt dyke, B basalt flow, C biotite-andesite, D beachrock, E fringing reef and
seaweed zones, F lagoon, G barrier reef, H Yaukuvelevu, I Yaukuvelailai, J Buliya, K Ono
(after Astrolabe Inc.).
Fig. 5:
Geology of Dravuni Island (after Ho WORTH and C A R M A N 1992).

Fig. 6:
Great Astrolabe Reef and Lagoon based on the bathymetric map scale 1:142000. Western part-
transect (Dr-6 to Dr-44), eastern part-transect (Dr-21 to Dr-30). Echo sounding profiles A and B.

Fig. 7:
Piston corer (0.8 m) recovering samples at the western slope of the Astrolabe Reef in between
Usborne and Herald Passage.

Fig. 8:
Echosounding profiles across the Astrolabe Lagoon at Dravuni.

Fig. 9:
Histograms of grain size distribution of lagoonal sediments.

Fig. 10:
Cumulative curves of diverse sediments of both Dravuni lagoon and Laucala Bay sediments.

Fig. 11:
Correlation diagram skewness vs. median of carbonate elastics around Dravuni.



Fig. 12:
Correlation diagram standard deviation vs. median of carbonate elastics around Dravuni.

Fig. 13:

Median, standard deviation, and skewness of lagoonal calcarenites, Dravuni.

Fig. 14:

Ternary diagram of grain size fractions displays varying energy by grain size distribution in
the Astrolabe Lagoon and in the Laucala Bay.
Fig. 15:
X-ray diffractograms of a beachrock (Qasibale) and a coral-algal framestone (Suva reef)-

Fig. 16:
Ternary diagram of the dominant carbonate minerals discriminating facies types by the
carbonate minerals'ratio.

Fig. 17:
Semi-quantitative carbonate mineral composition of lagoonal calcarenites.

Fig. 18:
Fringing reef off Yaukuvelevu at low tide.

Fig. 19:
Beachrock complex at low tide extending into the subtidal. North-west Dravuni.

Fig. 20:
Schematic cross-section of the beachrock complex at the north-west beach of Dravuni showing
five facies zones and lateral younging.

Fig. 21
Radial fibrous aragonite rim cement growing up within intraskeletal pores of scleractinian
corals. A Thinsection (Dr-32), B SEM (Dr-34).

Fig. 22:
Radial fibrous aragonite rim cement growing up on well rounded fragments of corals and
green algae. At the base of the cement organic matter (black) can be seen. Beachrock. A 
Thinsection (Dr-39), B SEM (Dr-42).
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