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SECTION6 

HOLOCEN:: SEDIMENTS AND COMMUNITIES 

INTRODUCTION 

The modern sediments of the study area are divided into: 

1) reef complex sediments

2) open shelf sediments

The Holocene sediments of the reef complex consist almost entirely of 

skeletal carbonates, while shelf sediments consist of skeletal carbonates with 

varying amounts of reworked carbonate (lithoskels and lithoclasts; Read, 1974) and 

· · detrital quartz. The major facies of the Holocene sediments are associated with

benthic communities that influence sedimentation through carbonate production,

stabilisation and/or reworking.

Particle composition and granulometry of fragmental reef and off-reef 

f> sediments are set out in Appendices 3 and 4. Representative photomicrographs of

the various units are shown in Plates 11 to 13. Evaluation of the granulometrics is

based on the parameters outlined by Friedman and Sanders (1978, pp. 70-81).

Benthic community descriptions are based on Western Australian Museum data,

and on representative samples and local observations.

The main coral genera are listed in Appendix 7, and other common floral 

and faunal elements in Appendix 8. For a systematic taxonomic description of the 

Abrolhos marine fauna and flora the reader is referred to Wilson et al. (1977). 

REEF COMPLEX SEDIMENTS AND COMMUNITIES 

The modern sediments of the Pelsaert Reef Complex are divided into three 

facies: 

1) Boundstone F acies

2) Framework Facies

3) Fragrr1ental Facies
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Boundstone facies sediments consist mainly of cemented or bound material 

little or no skeletal framework. Framework facies sediments are produced 
by the interlocking growth of sessile organisms with hard skeletons. Fragmental

facies are composed of detritus reworked and transported from the other main

units, plus skeletal material produced by local vagrant organisms. These basic
facies intergrade in places, with mixing of skeletal and textural elements. This 
classification follows, in part, the double-ternary scheme of Radke (1983). 

Boundstone F acies 

The boundstone facies is divided into three distinct types, corresponding to 

their competence and degree of lithification: 

· Boundstone Unit 1: This unit is composed dominantly of crustose coralline algae
and encrusting foraminifera and subordinate bryozoa. Corals, barnacles, molluscs
and segmented coralline algae are minor but become more abundant in shallower
areas. The boundstone is lithified by mutual overgrowth of the coralline algae and

i encrusting foraminifera, and is solidly cemented by micrite (Plate No. 11, 
· Photomicrograph No. 17). In places, the boundstone encloses boulders of coral and
other coarse detritus. Boring is common, with burrow fills of micrite or fine

The boundstone forms a pavement, with a commonly smooth 

This unit is composed almost entirely of mono-specific 
crustose coralline algae, with minor encrusting foraminifera and serpulids. There 

little internal cementation, although micritisation of the coralline 
microstructure is common. The boundstone is weak, and commonly breaks up to 
produce a coarse gravel, which is either re-bound, or removed. This unit forms 
thin veneers and is normally characterised by an extremely smooth surface, 
although finely humpy pavements do occur. 

13oundstone Unit 3: This unit is characterised by a weakly bound accumulation of 
Prustose and segmented coralline algae, bryozoa, serpulids, bivalves, tunicates and 
sponges. Corals occur rarely. The unit is loosely held together by surface 
�ncrustation and overgrowth, and has no internally developed cements. Biohermal 

/porosity is very high (40-60%) and is enhanced by intense boring, which further 

, weakens the fabric. The unit crumbles easily to form local accumulations of
b >oulders and gravel.



PLATE NO. 11 

Pelsaert Reef Complex Holocene Sediments 

(scale divisions = O.lmm) 

PHOTOMICROGRAPH 17 - U.W.A. TS No. 92691, Neg No. F520/31. 

Ul, +0.4m, X-nicols. Windward reef crest coral fragment with 

intraskeletal calcitic cement and associated micritic cement. 

PHOTOMICROGRAPH 18 - U.W.A. TS No. 92749, Neg No. F521/23. 

BH2, -7rn, X-nicols. Acropora skeletal structure, upper doline 

wall, southern section of blue-hole complex. 

PHOTOMICROGRAPH 19 - U.W.A. TS No. 92684, Neg No. F520/27. 

BHl, -lm, X-nicols. Buried Acropora framework, shallow sandflat, 

southern section of blue-hole complex. 

PHOTOMICROGRAPH 20 - U.W.A. TS No. 92561, Neg No. F519/30. 

G3, -I.Om, X-nicols. Windward reef crest coral frame with 

coralline algal encrustation. 

PHOTOMICROGRAPH 21 - U.W.A. TS No. 92620, Neg No. F520/12. 

U6, -3M, X-nicols. Lee gravel packstone flat east of Middle Island. 

PHOTOMICROGRAPH 22 - U.W.A. TS No. 92650, Neg No. F520/23. 

Core No. 3, -l.75m, X-nicols. Subsurface shallow lagoonal gravel 

packs tone. 

PHOTOMICROGRAPH 23 - U.W.A. TS No. 92654, Neg No. F520/24. 

Core No. 8, -l.86m, X-nicols. Pinnacle reef gravel packstone, deep 

lagoon pinnacle reef crest. 

PHOTOMICROGRAPH 24 - U.W.A. TS No. 92624, Neg No. F520/14. 

T5, -3m, X-nicols. Prograding sandsheet adjacent to deep lagoonal 

slope. Grainstone Unit l. 
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Boundstone F acies Community 

The boundstone community is characterised overall by coralline algae and 

macro-algae, with foraminifera, bryozoa and molluscs being subordinate. Each of

the boundstone units is characterised by particular assemblages.

Boundstone Unit 1 is dominated in subtidal areas by coralline algae and 
1 · macro-algae. The coralline algal component consists of a variety of crustose and

/segmented types. Although much of the algal material is generally described as 

Lithothamnium, other identified genera include Corallina, Jania, Metagoniolithon, 

.· �etamastophora and Peyssonnelia (Wilson et al., 1977). 

The macro-algal component forms dense meadows of varying thickness and 

? composition. The meadows consists of fleshy red and brown algae, with 
/Laurencia, Eucheuma, Ecklonia radiata, Sargassum and Turbinaria being common 

There is a diverse and vigorous epiphytic flora which covers hard 
and larger plants. Subordinate faunal elements of this subtidal 

assemblage include the robust encrusting foraminifera Homotrema rubens, 
bryozoa (principally of heavy framed adeonid types) and single-layered encrusting 

. types,) and scattered sparse Acropora cf. palmata which grows in small, flat 
• colonies where the macro-algal cover is less dense.

Shallow subtidal and intertidal areas of Boundstone Unit 1 has a lower 
coverage of the larger fleshy macro-algae, and is characterised by carpets of soft 
small red and brown algae, and an extensive in-fauna of molluscs and 

The molluscan component is dominated by the bivalve Septifer 
. ,bilocularis, the large archeogastropod Tectis, and the gastropod Vermetus. These 

genera can form dense populations on the boundstone surface. Echinoderms 
include various brittle-stars, and the spiny sea-urchin Echinometra mathaei, which 
becomes particularly abundant in places with 10-15 individuals/m2 • In addition to 
these large fauna! elements, there is also a population of encrusting foraminifera, 
SUch as Homotrema rubens and various miliolids, barnacles, and boring worms. 

Boundstone Unit 2 substrates are characterised by extensive crusts of 
'. !dthothamnium, with a very limited infauna of small gastropods and crustaceans. 

Meadows of Sargassum and Ecklonia radiate can cover more competent areas of 
the boundstone, with subordinate sponges, miliolid foraminifera and serpulids and
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carpets of epiphytic brown and red algae. Bcn.mdstooe Unit 3 is covered by an 
assemblage of lithothamnium, segmented coralline algae, sponges, bryozoa such 
as Adeona and Hiantopora, serpulids, large bivalves such as Ostrea, tunicates and 
varying developments of soft red and brown algae. Small colonies of Acropora, 

favia and Favites can protrude from the assemblage. Associated in-fauna include 
. ctenomate bryozoa, polychaete worms and occasional gorgonians and 

alcyonarians. Coralline algae, bryozoa and sponges appear to dominate the 
assemblage. 

The various elements of the community have distinctive roles in 

sedimentation. Coralline algae encrust and bind the substrate, stabilising fragile 

bryozoa and cementing various skeletal components into a boundstone. Bryozoa 
and encrusting foraminifera compliment this role, and provide fresh surface for 
algal encrustation. The macro-algal meadows provide a sheltering canopy which 
acts as a wave-baffle in a like manner to the seagrasses of Shark Bay (Logan et 

al., 1970) and the southern Rottnest Shelf (Searle, 1984). However, the macro
also a bioerosive agent. The meadows are normally uprooted in high

energy events, and carry away boundstone fragments on their holdfasts. The 
macro-algae also are believed to be major competitors for living space by 
overgrowing and shading coral communities (Johannes et al., 1983). This could be 
a major factor in the failure of corals to establish themselves in significant 
numbers. The minor coral element probably does not contribute to accumulation 
of the boundstones and it is thought that the colonies are mainly transported 

The various in-fauna encrust the substrates and contribute skeletal detritus 
addition to the boundstones or transport to leewards. However, these 

elements also produce detritus by boring. Dense populations of the sea-urchin, 
&chinometra mathaei can carve the boundstone surface into a honeycomb. 

Framework F acies 

The framework facies is divided into three units with differing skeletal 
.. fnorphologies; branching frameworks, domal frameworks and sheet frameworks. 

This unit varies from individual colonies 10cm to 30cm 
across to extensive frameworks covering several hectares. Low-profile 'bushy' 
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types form laterally extensive meadows extending to several hundred metres. 

targe staghorn and columnar types tend to form elongate hedges and ridges up to 

> !Om high, while massive free-standing plate varieties form sloping tiers 3m to 4m
/. high. Breakage is common, with infill of the framework with boulder and gravel

.. sized fragments. Intra-skeletal spaces are often filled by epitaxial aragonite

(Plate No. 11, Photomicrograph No. 18), and less commonly by fibrous calcite and 

· pelloidal micrite (Plate No. 11, Photomicrograph No. 19). Intertidal framework is
consolidated by pendant micritic cements and coralline algal crusts (Plate No. 11,

.· Photomicrograph No. 20). Surface encrustation by coralline algae and macro
algae is common in shallow areas. 

Domal Framework: This unit is characterised by the mutual overgrowth of domal 
corals, ranging from 30cm to 6m in diameter. The framework is massive and 
extremely competent, with little breakage. Internal cements and external 

overgrowths are uncommon. Domal framework varies from individual colonies 6m 
across to intergrowths 50m to lOOm wide, and can completely dominate the 
substrate to the exclusion of other sediment types. 

Sheet Framework: This framework is characterised by extensive lateral growth of 
thin sheet corals, forming an overlapping, tile-like pattern. The sheets are 
extremely fragile, and are often broken and compacted. Internal cements are 
absent, and surface encrustations are limited to bryozoa and serpulid worms, 
usually on the undersides of individual sheets. Sheet framework is limited in area, 
forming mounds 5m to lOm across or surface coverings 50m to lOOm in diameter. 

Framework F acies Community 

The framework facies community is divided into three assemblages, 
corresponding to the main framework morphotypes. 

Branching framework is dominated by small bushy, massive staghorn and 
5, plate varieties of Acropora. Small bushy Acropora varies from individual colonies 

30cm in diameter to extensive meadows. Plate Acropora forms massive, 
> overlapping colonies while staghorn Acropora forms dense thickets between L WL

and -7m. Associated genera include Pocillopora and Platygyra in shallow areas,
and Favia and Favites. The assemblage can be capped by crusts of
!:l.tbothamnium, and macro-algae.
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[)omal framework is characterised by Goniastrea and Montastrea colonies 

]m to 4m across, with large Favia and Favites. Other numerous genera include
.... � Lobophyllia, Goniopora, Astreopora and Montipora. Less common

associated genera include Alveopora, Plesiastrea and Cyphastrea. Staghorn
· Acropora occurs sporadically. Porites forms shallow isolated colonies lm to 6m in 
·-

diameter, and is rarely associated with the Goniastrea-Montastrea dominant
framework. Coral genera associated with Porites includes columnar Montipora 
and Hydnophora. 

Sheet coral framework is dominated by Mycedium, Merulina and foliose 

Associated genera include Echinophyllia, Oxypora, and Turbinaria. 

Less common varieties include Leptoseris, Pachyseris and rare examples of domal 

.· Goniopora and Montipora. 

Overall there is a paucity of associated fauna such as encrusters, borers 
and mobile in-fauna (molluscs, echinoderms, etc.), such as found on more tropical 
reef systems (Wilson and Marsh, 1978). Sectioning of defunct domal corals suggest 
that boring in-fauna, such as polychaete worms and sponges are rare. Similarly, 
?ooplankton-eating fish, such as the scarids, are very sparse (Johannes et al. 
1983). 

F rag mental F acies 

The fragmental facies is divided into seven units on the basis of 
composition and granulometry: 

Gravel Packstone: This unit is characterised by a coarse sand to gravel-dominated 

packstone texture. Composition varies, but is marked by high coralline algal (18-
52%) and molluscan contents (1-31 %) with locally important coral (2-48%). 

Foraminifera are generally subordinate, with minor bryozoa and echinoid 
content. Rounded and angular coral stems and boundstone fragments are common, 
With local concentrations of large coralline algal dendritic nodules. Gravel-sized 
debris is usually encrusted by coralline algae. 

The granulometry of the unit varies from a rare grainstone texture (Plate 
No. 11, Photomicrograph No. 21) to a common coarse packstone (Plate No. 11, 
Photomicrograph Nos. 22,23), with a variation in mean grainsize between 2.71� 
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· and -0.950. The unit can show vertical stratification with coarse surface gravels

overlying packstone with significant amounts of micritic fines. Overall, the unit

is very poorly sorted (S.D.=0.89-2.560), highly platykurtic to rarely leptokurtic

(Kg=l.71-3.97) and negatively skewed. Micritic material varies between l % and

34%. In places, there is minor development of point-contact ?aragonitic cements.

Grainstone Unit 1 - This unit is an homogeneous coarse grainstone dominated by 

coralline algae (31-41 %) coral (11-18%), molluscs (22-32%) and foraminifera (8-

16%), with subordinate bryozoans (1-3%) and echinoderms (1-6%). All grains are 

usually fresh and angular (Plate No. 11, Photomicrograph No. 24). Shell lags and 

stubby dendritic algal nodules can be concentrated in shallow depressions in the 

grainstone's surface. The unit commonly shows extensive rippling. 

The mean grainsize is constantly coarse (0.82-1.190), and the sediment is 

moderately sorted (S.D.=0.91-1.130), mesokurtic to moderately leptokurtic 

(Kg=3.00-5.56) and dominantly negatively skewed (Sk=0.39 to 0.85) Micritic 

particles occur only in traces (average less than l %). There is no trace of 

intergranular cements. 

2: This sediment varies from a fine sand (Plate No. 12, 

Photomicrograph No. 25) to a very poorly sorted sandy coquina (Core No. 5, 

Appendix 5). The sediments are dominated by coralline algae (14-28%), 

··•• foraminifera (12-27%) and molluscs (25-38%), with subordinate corals (10-11.7%),

bryozoa (2%) and echinoderms (3%). Sands and coquina are moderately to very

poorly sorted (S.D.=0.80-2.520), platykurtic to leptokurtic (Kg=l.62-6.00) with low 

positive and negative skewness. Silt and clay-sized particles vary from 3-4%. The 

surface is extensively reworked by burrowing organisms, and most large shelly 

fragments show pronounced surface corrosion. There is no trace of intergranular 
cements. 

The sediment of this unit varies from a rare moderately coarse 

Sand (Plate No. 12, Photomicrograph No. 26) to a dominant very fine sand (Plate 

No. 12, Photomicrograph No. 27), with the amount of micritic carbonate 
increasing with decrease in mean grain size. Skeletal components are dominated
by coralline algal fragments (26.9-43.1 %), with subordinate small foraminifera (5-
19%) and molluscs (12-34%). Carbonate particles of unknown affinity (4.9-20.3%) 
also are significant. Sponge spicules form a large proportion of the finer sediment



PLATE N0.12 

Pelsaert Reef Complex Holocene Sediment 

(scale divisions = O.lmm) 

PHOTOMICROGRAPH 25 - U.W.A. TS No. 92543, Neg No. F519/25. 

G7, -7m, X-nicols. Sheltered sandflat surface east of Gun Island. 

Grainstone Unit 2. 

PHOTOMICROGRAPH 26 - U.W.A. TS No. 92515, Neg No. F519/15. 

H3, -29m, X-nicols. Deep lagoonal, coarse shelly sand, 

deposited within complex terrain of deep lagoon pass. 

Grainstone Unit 3. 

PHOTOMICROGRAPH 27 - U.W.A. TS No. 92645, Neg No. F520/20. 

Core No. 7, -18.86m, X-nicols. Deep lagoonal sediment, dominantly 

fine sand, proximal to prograding sandsheet. Grainstone Unit 3. 

PHOTOMICROGRAPH 28 - U.W.A. TS No. 92610, Neg No. F520/7. 

N6, -22.Bm, X-nicols. Lee slope sediment, fine-grained upper section. 

Grainstone Unit 4. 

PHOTOMICROGRAPH 29 - U.W.A. TS No. 92603, Neg No. F520/6. 

Ml2, -36.Sm, X-nicols. Lee slope sediment, coarser-grained 

lower section. Grainstone Unit 4. 
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fractions, Coral, bryozoa, echinoderms and large encrusting foraminifera are low,

t>ut exhibit consistent values of 2-5%. Peloid grains average about 2%. 

The granulometry of Unit 3 sediment distinguishes it from other detrita l 

carbonates within the reef complex. It has mean grain sizes equivalent to fine 

sand (Av. Mean=2.27on, with moderate to poor sorting (S.D.=0.88-2.290) a 

significant amount of silt and clay-sized particles (1-35%), negative skewness 

(Sk::-0.05 to -2.24), and platykurtic to highly leptokurtic grain distribution 

{Kg=l.68-10.17). Grain characteristics vary from subangular and strongly 

corroded to fresh and angular. 

This unit varies from a coarse to fine sand, with coralline 

algae (17-52%), molluscs (12-57%) and non-encrusting foraminifera (6-27%) 

the most important skeletal carbonates. Echinoderms (3-19%) and 

bryozoa (trace to 11%) are subordinate, while coral particles are rare (trace to 

4%).The sediment is a moderately to poorly sorted grainstone (S.D.=0.62-1.790), 

consisting of coarse to fine grained sands (Mean = 0.92-3.060) with negative 

skewness and dominant leptokurtic character (Kg=2.12-ll.26). Finer-grained 

sediments tend to be located shallower than the coarser assemblages (compare 

Photomicrographs 28 and 29, Plate No. 12). Sorting improves with decreasing 

Clay and silt-sized particles range up to 15%, but are generally lower 

The grains and fragments are normally fresh and angular, with little 

surface encrustation or corrosion. Large skeletal detritus, such as bivalve shell 

remnants show moderate surface boring and algal micritisation. There are no 

intergranular cements. 

Boulder Unit: This unit is deposited intertidally and forms a pavement composed 
mainly of imbricated plate coral (Acropora) with associated fragments of coralline 
algal crust, staghorn and domal coral fragments and large molluscan fragments, 

principally gastropods. Fragment size varies from coarse sand infilling boulder 

interstices, to lm coral slabs. The boulder and larger gravel-sized components are 

llSUally highly rounded, and occasionally very spherical. Cementation varies 
between severe and insignificant, and is mainly pendant micrites, forming veneers 
on the underside of loose fragments. Coralline algae encrust the pavement in 
places, and consolidate it into a solid sheet. This unit is transitional to the well
cemented Boundstone Unit 1.
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Jsland Sediments: These sediments include all fragmental material forming 

islands. The sediments vary from coarse rudites in gravel ridges, through shelly

sands (of the low cays), to soil-like sediments associated with guano and phosphate

formation.

The coarse rudites occur in elongate mounds. Coral is overwhelmingly the 

dominant skeletal component, ranging in size from rounded sticks of staghorn 

_acropora 5cm long, to large plate and domal coral fragments up to 50cm across.

However, gastropod shells and echinoid calyxs can form locally significant 

deposits. All fragments in the ridges are typically very worn, with varying 

degrees of roundness. Shelly sands usually occur either with the shingle ridges, 

forming extensive areas in the lee or as small cays. These sediments are 

moderately sorted and homogeneous. In places, disarticulated bivalve shells are 

extremely abundant, forming coquina horizons. In most places, sand cays are 

heavily burrowed by birds which tends to homogenise surface sediments, and 

increase their organic and phosphatic content. Highly phosphatic soils show 

pelloidal texture and are characterised by a quartz-clay mineralogy with varying 

organic content. Skeletal carbonate fragments are heavily corroded, and show 

varying degrees of conversion to collophane. 

Fragmental Facies Community 

The fragmental facies community is dominated overall by coralline algae, 

macro-algae, molluscs and echinoderms. The community can be divided into 

separate assemblages, that correspond to a decrease in grainsize from unit to unit. 

The Gravel Packstone is dominated by coralline algae and macro-algae. 

Coralline algae, mainly Lithothamnium, encrust the larger detritus, and form 

spherical to finely dendritic nodules up to 10cm in diameter, covering the 

substrate in places (Plate No. 6, Photo No. 4). Coral fragments often form the 

centre of these nodules. Macro-algae, dominantly Sargassum and Turbinaria, form 

dense to scattered meadows, with the plants fixing their holdfasts onto the coral 

gravel and other large detritus. Holothurians are a common element with 

concentrations of 1 individual/10m2 • Echinoids are represented mainly by 

.s,chinometra mathaei, with concentrations of 1 individual/20-50m2 • Where the 

packstone is highly gravelly there are abundant populations of the 

archeogastropods Tectis and Turbo. These two genera also form the only 

significant in-fauna inhabiting the extremely coarse intertidal Boulder Unit. 
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On the finer-grained substrates of Grainstone Unit 1 the coralline algal and 

, ,nacro-algal components decline to insignificance, and the echinoid-gastropod in
!fauna gives way to an asteroid-bivalve dominant assemblage. This assemblage is 

·•·· characterised by the large asteroid Archaster angulatus which can form locally

dense populations (5-8 individuals/m2). These starfish are continually mobile,

> shifting and reworking the sands. Associated echinoderms include the small

ecJlinoid Nudechinus and the clypastroid Peronella, although these occur in much

smaller concentrations. Molluscs include bivalves Circe, Tapes and Tellina, and

small gastropods Bulla, Natica and Rhinoclavis. There is also a sparse population

· of sea-pens, c. f. Anthoptilum. Small isolated coralline algal nodules, commonly of

8 stubby, dendritic habit, occur sporadically. Below the grainstone's surface there

>is a tangled profusion of mucous-lined burrows.

On the siltier substrates of Grainstone Unit 2, echinoderms disappear, and 
the substrate is characterised by bivalves. The assemblage is dominated by the 

. cardid Fragum erugatum, which accumulates thick coquina beds (see Core No. 5, 
/Appendix 5). Associated bivalves include Cardita, Myodora, Leptomya, Corbula, 

(?Pillucina and Tellina. The unit also supports a burrowing fauna which produces 
cones. Excavations only revealed a tangled net of 

The very fine-grained substrates of Grainstone Unit J is 
'dominated by undefined burrowers and mound-builders in low concentrations. 
large cup-sponges and alcyonarians are sparsely scattered where the fine sands 
have a minor gravel component, and holothurians are rare. Soft algae and sparse 

developments of the broad-leafed temperate seagrass Halophila ovalis can occur 
in sheltered locations. 

Grainstone Unit 4 is inhabited by an asteroid-bivalve dominant assemblage 
,that is transitional to the communities of the open shelf. Archaster angulatus and 
OOmerous small bivalves (Glycymeris, Tellina, Circe, Chlamys) are the most 

.common elements. However, the fauna of this unit is poorly understood. 

Island sediments are normally devoid of fauna that affect sedimentation, 
from dune-stabilisation by halophytic land-plants. However, very sandy 

i$l'eas can support migrant populations of nesting seabirds, such as Lesser Noddies, 
Noddy Terns and Mutton Birds. These burrow into the sandier sediments, 
4:>roducing densely tunnelled areas with small excavation mounds. 



- 75 -

The Fragmental Facies community has various effects on sedimentation. 

The coralline algal and macro-algal components stabilise the substrate through

encrustation and baffling of water movement, and generate significant amounts of

carbonate. The echinoderm and molluscan components constantly rework and 

homogenise the sediments (particularly the asteroid-bivalve association) and can 

be locally important in contributing skeletal detritus, such as shelly 

concentrations of Tectis, Turbo and Fragum. In the finer-grained substrates, the 

sparse in-fauna mainly reworks the sediments, and does not add significant 

amounts of new material. 

REEF SEDIMENT DISTRIBUTION 

Holocene reef sediments are broadly distributed into algal boundstones on 

the oceanic slopes, boundstones and frameworks on the reef crests, boundstones 

and fragmental sediments with minor frameworks in the shallow and deep lagoons, 

and coral frameworks with associated detritus· on the lagoonal pinnacles and 

leeward blue-hole complex. Grainstones deposited in the immediate lee of the 

reef complex are gradational to the sediments of the more open inner shelf plain. 

The Holocene sediments are thin and discontinuous on the external oceanic 

slopes and shallow lagoon, with the pre-Holocene frequently emerging from under 

the boundstones and packstones that dominate these areas. Frameworks 

completely mantle the pre-Holocene in the blue-hole complex, but preserve its 

karstic shape. The thickest Holocene sections are confined to areally limited 

grainstone bodies that mask the pre-Holocene by infill (Fig. 32). 

Superposition of Holocene sediments is apparent along the reef margins, 

where emergent framework facies is overlain by boundstone or island sediments, 

and in the shallow lagoon where fragmental facies sediments have mantled 

degraded frameworks. The distribution of the sediment facies is shown in Figures 

33 to 35. 



FIGURE 32: Pelsaert Reef Complex: 

Holocene and pre-Holocene schematic 

topologic relationship. 
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Boundstone F acies Distribution 

9otJndstone Unit 1 covers the external oceanic slope, extending from an unknown 

lower depth to the reef crest where it forms a pavement on the emergent barrier 

(flg. 33). The boundstones' lagoonal boundary is marked by the barrier's leeward

;escarpment, over which it is normally draped. Boundstone Unit 1 also extends 

along the south-east reef crest, but grades down the slope into Grainstone Unit 5 

and inner shelf plain sediments. On the south-east reef crest Boundstone Unit 1 is 

?superseded in the intertidal zone by the imbricate Boulder Unit. The well

. preserved karren on the oceanic and south-eastern slopes indicate that the 

boundstone is thin, and pre-Holocene limestone is frequently exposed. On the 

\emergent oceanic crest the boundstone forms a thin pavement over pre-Holocene 
'. limestone, or over an in-situ framework of Acropora. The escarpment between 
;;the emergent pavement and the shallow lagoon is usually marked by a dense band 

of Echinometra mathaei, which bores the boundstone intensely. 

, Boundstone Unit 2 is restricted to low-energy locations such as the north-eastern 
· .reef crests (Fig. 33) and the oceanic re-entrants. In both these areas it forms
,·:iocrn to 20cm thick intertidal crusts lOm to 20m wide over emergent Acropora 
/framework. Boundstone Unit 2 is developed to a lesser extent on the intertidal 
)rock platforms of the shallow lagoon, where it forms a thin nodular crust of 

coralline algae and worm tubes. 

? Boundstone Unit 3 is located on subtidal rocky areas, forming 20cm to 30cm thick 
;\crusts over pre-Holocene limestone (Plate No. 7, Photo No. 12). Main locations 

include; the crests of the reefs along the lee edge of the shallow lagoon, the 
· �btidal rock platforms of the sandflat area east of Gun Island, and vertical or
.overhanging faces in the collapse dolines and deep lagoonal passes of the blue-hole
complex. In this last area the boundstone is extremely thick, but weak, and

· detached collapse blocks are common.

Framework F acies Distribution 

The Framework Facies is distributed throughout the reef complex, but 
•attains its thickest and most extensive developments on the pinnacle reefs and
Clolines of the blue-hole complex (Plate No. 7, Photo No. 9). Each of the principal

1

frarnework morphotypes is located in specific areas and depth-ranges (Fig. 34).



FIGURE 33: Pelsaert Reef Complex: 

Holocene sediment distribution. 

1. Boundstone F acies.
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FIGURE 34: Pelsaert Reef Complex: 

Holocene sediment distribution. 

2. Framework Facies.
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Branching Framework dominated by small ''bushy" Acropora extends between high

·jntertidal levels and -2m. This framework is distributed along the oceanic, south-
i�astern and north-eastern crests where it underlies the boundstone surface of the

;;:emergent barrier, and the fragmental sediments of the composite islands (Fig. 34;

see Plate No. 6, Photo No. 3). In this location it appears to straddle the high

/peripheral watershed of the pre-Holocene surface, and is often well cemented.

The fine, branching Acropora also forms an emergent, largely defunct 'hedge' 

along the rims of the dolines in the blue-hole complex. Degraded framework of 
i)his type covers the tips of some of the emergent pinnacle reefs of the deep

•..• · ... lagoon. Living bushy Acropora and associated Pocillopora forms a 50m to lOOm

wide zone of clumps in the shallow lagoon in the immediate lee of the emergent 
Away from the crest 'bushy' Acropora frameworks form 

'. extensive meadows that narrow and disappear lagoonwards. These are largely 
defunct and covered with coralline algae and macro-algae. Their tips emerge 
10cm to 15cm during low tides. This framework also occurs sporadically in the 
subsurface of the shallow lagoonal shelf, and the sand flats of the blue-hole 
complex, where it is mantled by gravelly packstones. 

Branching Framework dominated by massive staghorn and plate Acropora forms 
distinct band between LWL and -7m. Framework of this type is located on the 
spurs and grooves of the oceanic re-entrants, along the edges of the peritidal and 
subtidal rock platforms of the shallow lagoon, and as discontinuous fringes around 

· the large, emergent pinnacles and marginal reefs of the deep lagoon (Fig. 34). The
.· tips of deeper pinnacles can be completely mantled by the staghorn-plate

.�cropora association. Mounds of broken, degraded staghorn framework equivalent 
in area and depth to the deep lagoon pinnacle reef tips dot the surface of the 

·. shallow lagoonal sandsheet. It occurs as isolated clumps on the south-eastern reef
\ slope, and these increase in thickness and extent towards the lee of the reef. The

staghorn-plate Acropora branching framework is thickest and most widespread in 
the blue-hole complex and the adjacent external reef slopes. In this area it forms 

(dense thickets that completely mantle the substrate between LWL and -7m, 
·; extending to -12m in places, and only being restricted by vertical or overhanging
. reef faces. In this area it is commonly capped by Boundstone Unit 2 coralline

>algal crusts in the intertidal zone. This framework type also mantles the
.. submerged northern reef margin.
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bomal Framework forms a distinct band between -5m and -15m, with its most 

"profuse development occurring in depths of -lOm to -12m. This framework type is 

restricted to the deeper slopes of pinnacle reefs and dolines in the deep lagoon and 

blue-hole complex (Fig. 34) and thins out where gravelly sediments cover the 

It is rarely found in collapse dolines, with silty floors and vertical 
.walls, Domal porites occurs in the shallow lagoon, where it forms a 50m to lOOm

wide band of individual colonies on the inner edge of the lagoonal shelf. The 

Porites band marks the boundary between gravel packstones to windward and 
'';....,... 

xgrainstones to leeward, and is associated with the edge of the pre-Holocene 

>platform where it dips into the deep lagoon •

. Sheet framework occurs between 15m and +3Dm, and is restricted to the deeper

conical dolines of the blue-hole complex where there is little fragmental sediment

It is rarely found in the deep lagoon as an extensive unit, being

represented in this area by isolated colonies of Turbinaria between 12m and 25m.

The framework facies is thickest and most widespread in the blue-hole 
·· complex, but its maximum thickness in this area is unknown. The preservation of

" the karstic topology of the area suggests a potential maximum thickness of 5m to

, 6m (Backshall et al., 1979).

Fragmental Facies Distribution

The Fragmental Facies sediments discontinuously cover the pre-Holocene 

substrate of the shallow lagoon, but are thicker and more continuous in the deep 

lagoon and shallow parts of the blue-hole complex. On the lee side of the reef 

complex they grade into the grainstones of the inner shelf plain. 

This unit partly covers the shallow lagoonal shelf and the 

shallow sandflats of the blue-hole complex and extends from the oceanic rim to 

/he sandsheet and sandflat substrates (Fig. 35). It either forms a discontinuous 

.series of elongate gravel mounds orientated normally to the reef margin, or 
Shallow sheets of gravelly sands. The maximum thickness of the packstone on the 

hallow lagoonal shelf is unknown, but cannot be more than a few metres as 
Elyidenced by the common appearance of pre-Holocene limestone from beneath 
It. Coring and excavation indicates that the packstone on the lagoonal shelf and 



FIGURE 35: Pelsaert Reef Complex: 

Holocene sediment distribution. 

3. Fragmental Facies.
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in the blue-hole complex has commonly covered Acropora framework with O.Sm to

lm of sediment. More limited developments of the gravelly packstone occur on

the tips of the large emergent pinnacle reefs of the deep lagoon and blue-hole

complex. The thickness of these reef cap sediments may exceed 2m, but the 

stellate form of the pinnacle reefs (see Fig. 29) indicates that extreme thicknesses 
are improbable. In places the packstones of the pinnacle reef tips overflows the 
edges to extend down the slopes and grade with the deeper lagoonal sediments. 
Elsewhere, narrow zones of the packstone are associated with the various local 
developments of Boundstone and Framework Facies in the shallow lagoon (lee 
margin reefs, peritidal and subtidal rock platforms), and in the oceanic re
entrants, where it fills the channels between the coral spurs with coralline algal 
nodule pavements or shelly sands. 

Grainstone Unit 1: This sediment unit corresponds to the shallow lagoonal 
sandsheet that lies between the shallow lagoonal shelf and the deep lagoon (Fig. 
35). This grainstone may wedge out onto the lagoonal shelf in parts, grading with 
the more windward gravel packstones, but commonly shows a sharp dividing line 
with sediment of the deep lagoon at the 12m deep base of its lagoonal slope. 

The absolute thickness of the sandsheet is unknown. Probes driven 7 .5m 
10.Sm into the sandsheet halfway across and on its deep lagoonal edge

respectively did not contact any resistive surface (further penetration was stopped 
by increasing friction). However, its relative position adjacent to the deep lagoon 
suggests that total thicknesses of lSm+ are possible. 

Grainstone Unit 2: This unit is confined to the sandflats in the northern part of 
the shallow lagoon. The grainstones wedge out against the surrounding peritidal 
and subtidal rock platforms (Fig. 35) and grade into the gravel packstone to 
windward. Although the thickness of sediment in the sandflats is unknown, the 
topographic interpretation of the pre-Holocene in this areas suggests inf illed 
dolines. Under this model maximum thicknesses of lOm to 30m+ are possible. 

This grainstone forms a continuous drape over the deeper 
Substrates of the deep lagoon and wedges up onto the pinnacle reefs and marginal 
reefs, where it grades with the more gravelly sediments of the reef's crests (Fig • 

. 35). This intermixing of the two units can cause the deep lagoonal drape sediment 
to be somewhat coarse in places. Grainstone Unit 3 material also occurs in
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i"
(loHnes of the blue-hole complex with flat, silty floors. In these locations it can

rbe very fine-grained, with extremely high proportions of silt and clay-sized

material. 

The thickness of the deep lagoonal sediment drape probably varies 

considerably, from relatively thick fans abutting the larger pinnacle reefs, to 

potentially thin blankets set distally to these structures. Probing of a 16m deep 
surface constantly produced a thickness of 4m over an impenetrable surface (?pre
Holocene). This value may be indicative of minimum Holocene sediment 
thicknesses in the deep lagoon, but definitive data are lacking. 

Grainstone Unit 4: This sediment unit is distributed over the lower section of the 
northern slope of the reef complex, in depths of 25m to 50m where it forms a belt 
2. km to 3 km wide (see Table 9, Appendices 3 and 4). The unit also occurs on the

··• south-eastern reef slope, although its extent in this area is unknown, being
represented by only a single sample. The unit forms the surface of the detrital
wedge that abuts the steep upper slopes of the Pelsaert Reef Complex's lee
margin, and which deepens onto the inner shelf plain, where it grades into shelf
sediment facies (Fig. 35).

The thickness and volume of the unit is unknown, as no data is available on 
the depth of the pre-Holocene surface in this area. Possibilities range from a thin 
sheet mantling and completely masking shallow basement sloping to leewards, to a 
.thick wedge emplaced against an originally steep to vertical northern reef slope. 
The smoothness of the slope and its spread from the reef complex's emergent lee 
margin would tend to support a strong sedimentary input. On this basis, and 
noting the average shelf depth of 50m, it is possible that the sediments of the 
slope may average !Om to 15m thickness, ranging up to 25m thick in places. This 
implies that a considerable volume of detrital sediment has been deposited in the 
near lee of the reef complex. 

This unit is distributed along the south-east and north-east reef 
crests, where it forms a characteristically imbricate coral pavement in the 
intertidal zone (Fig. 35). The unit is narrower at the southern end of Pelsaert 
Island (lOm to 20m), but broadens to the north, reaching widths of 50m to 80m on 
the northern side of the blue-hole complex. This boulder unit is often found 
Placed between emergent framework and island sediments in the composite islands 
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/of the south-east and north-east reef margins. At these locations the Boulder

J.ktit is exposed on the lagoonal sides of the islands, where it forms a band 20cm to

i,ocm thick up to 1.5m above MSL.

,Jsland Sediments: The coral gravels of the composite islands and 'low' cays are 

concentrated on the south-east and north-east reef crests, where they are 
commonly superimposed on emergent Acropora framework. The location of the 
islands appears to closely correspond to the high peripheral watershed of the pre
Holocene surface, where this is observable. The coral gravels vary in thickness, 

.put their height above MSL indicates maximum thicknesses of 4m to 5m. Coral 
gravels and shelly sands are occasionally perched atop the pre-Holocene 'high' 

'islands, where they form discontinuous ramparts along the islands' edges. 

St-ELF SEDIMENTS AND COMMUNITIES 

The sediments of the Abrolhos Shelf are divided into: 

1) Packs tone F acies
2) Packstone/Boundstone Facies

3) Grainstone F acies

Divisions within the grainstone facies is based mainly on the relative 
proportions of skeletal carbonate, reworked carbonate and detrital quartz. These 
also indirectly encompass textural and granulometric variations. 

The shelf sediments are dominated overall by a mixture of skeletal and 
allochthonous carbonates. However, there is a shorewards increase in the 
proportion of terriginous particles, reaching +50% within 10 km of the mainland. 
There is a similar shorewards increase in the proportion of allochthonous 
carbonate grains. 

Each facies is inhabited by a benthic community that affects sedimentation 
through production of detritus, binding, trapping and reworking. 
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Packstone F acies 

The packstone facies is characterised by bryozoan material in excess of 

}0% with varying amounts of coralline algae, molluscs and benthic foraminifera. 

Sediment texture varies from subordinate grainstone (Plate No. 13,

Photomicrograph No. 30) to dominant packstone, with limited binding by bryozoa, 

foraminifera and serpulid worms. Much of the skeletal material is fragmented and

angular, with varying degrees of surface corrosion (?algal boring) and

encrustation. Large molluscan fragments often shown severe surface corrosion 

and destruction by boring. The sediments are medium to coarse grained (Mean = 

O.J-0.680) moderately to poorly sorted (S.D. = 0.99-1.650) with a normal to slightly

>platykurtic distribution (Kg = 3.01-2.24) and insignificant skewness (Sk = -0.24 to

+0.14). Finer fractions are dominated by sponge spicules and pelagic

foraminifera. Coarse sand and gravel fractions become more dominant in

shallower areas and are characterised by loosely bound aggregates of fragile

bryozoan framework with various bryozoan, serpulid, foraminiferal and coralline

algal bindings.

Pack stone F acies Community 

The community is dominated by a diverse assemblage of bryozoa which 

exhibit varying morphologies, from dominant free-standing framework types, to 

encrusting types. Free-standing bryozoans are commonly 

cheilostomates represented by the coarse, mesh-like adeonids Adeona and 
Adeonellopsis, and the similar petraliid Petralia. Other important frame-formers 

lnclude a range of fine, lace-like sertellids ("reteporids") and various fine, 

. branching genera such as Spiroporina, Porina and c.f. Cabera. Less common forms 

include cup-like colonies of Tubiporella, and indeterminate fragments of 

i cyclindrical Cyclostomates. Encrusting these frame-builders are a variety of 
cyclindrical celleporids, and single-layered flat encrusters such as Hiantopora, 
!;.ribulina, Ascophora and Mucropetraliella. Ctenostomate bryozoa commonly 
form non-calcareous black, thread-like bindings over the calcareous frame
forming and encrusting bryozoa. The bryozoan framework is loosely encrusted and 
bound by various organisms such as Homotrema, coralline algae and serpulid 

. 
worms. In-fauna include rare bivalves such as Glycymeris, occasional scaphopods
(c.f. Laevidentalium) and crustaceans, such as the crab Thalamita.



PLATE N0.13 

Abrolhos Shelf Holocene Sediments 

(scale divisions = O.lmm) 

PHOTOMICROGRAPH 30 - U.W.A. TS No. 92479, Neg No. F519/5. 

Bl, -139m, X-nicols. Packstone facies. 

PHOTOMICROGRAPH 31 - U.W.A. TS No. 92596, Neg No. F520/4. 

P3, -80.5m, X-nicols. Packstone/Boundstone facies. (boundstone fabric). 

PHOTOMICROGRAPH 32 - U.W.A. TS No. 92526, Neg No. F519/20. 

J9, -38m, X-nicols. Grainstone Unit 5. 

PHOTOMICROGRAPH 33 - U.W.A. TS No. 92613, Neg No. F520/B. 

N3, -4lm, X-nicols. Grainstone Unit 6. 

PHOTOMICROGRAPH 34 - U.W.A. TS No. 92481, Neg No. F519/6. 

B4, -38m, X-nicols. Grainstone Unit 7. 

PHOTOMICROGRAPH 35 - U.W.A. TS No. 92518, Neg No. F519/17. 

Jl, -5lm, X-nicols. Grainstone Unit 8. 

PHOTOMICROGRAPH 36 - U.W.A. TS No. 92478, Neg No. F519/4. 

AB, -44m, X-nicols. Grainstone Unit 9. 
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Where bryozoan colonies form a loose framework, they stabiiise the 

substrate and act as a sediment baffle (Cuffey, 1974). Sediment movement is

restricted, and most skeletal detritus is deposited within the bryozoan framework

to build the loose packstone texture.

Packstone/Boundstone F acies 

This facies is characterised by coralline algae, foraminifera (particularly 

encrusting types such as Homotrema and bryozoa. Molluscs are significant, but 

subordinate, with echinoderms and other skeletal debris being very low. 

Allochthonous carbonate and quartz is generally low, but can be locally significant 

on the facies' leeward margins. The texture varies from grainstone to packstone, 

with large boundstone nodules and crusts of coralline algae, encrusting 

foraminifera and bryozoa (Plate No. 13, Photomicrograph No. 31). Grainstones 

are moderately sorted (S.D. = 0.5-0.800) while packstones are generally less well 

sorted. Mean grainsize of the non-nodular material varies from 0.4mm to 1.0mm, 

and the sediments usually show a strong negative skewness. Individual carbonate 

grains vary from fresh and angular, to being rounded and corroded, particularly in 

the finer fractions. Surface encrustation by coralline algae, serpulids and 

foraminifera is common in the coarser grains. Micritic envelopes (Bathurst, 1975), 

nearly ubiquitous. Within nodules, interstices are usually filled by massive to 

pelloidal micrite, or (partly) by fibrous calcite. Similar fibrous calcite cement 

bind some of the grainstones at point contacts in rare instances. 

Packstone/Boundstone Facies Community 

The common calcifying organisms are coralline algae c.f. Lithothamnium, 

encrusting foraminifera Homotrema rubens and Marginopora, and various bryozoa, 

particularly heavy-framed adeonids (Adeona, Adeonellopsis) and surface 

such as Hiantopora and Cribulina. In-fauna include the ubiquitous 

serpulids, ctenostomate bryozoa, and various boring organisms, such as 

polychaetes and sponges. 

This assemblage generates a surface encrustation with concomitant 

formation of boundstone nodules and subordinate skeletal detritus. This 

encrustation binds the surface and prevents major transport. 
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Grains tone F acies 

The shelf grainstone facies is subdivided into five units on the basis of 

composition and granulometry: 

.Grainstone Unit 5: The unit is characterised by roughly equivalent proportions of 

coralline algae and molluscs (25-35%), subordinate foraminifera of various types 

(10-20%), and minor amounts of bryozoa and echinoderms (2-10%). Quartz, 

allochthonous carbonate and coral grains occur in traces (l.t. 2%). The sediment is 

>. typically medium-grained sand (Mean = 1.23-2.110), with grainstone texture (Plate 

No. 13, Photomicrograph No. 32) and moderate to poor sorting (S.D. = 0.74-
1.65,). The grain-size distribution is near-normal, with slight leptokurtic values 

and constant negative skewness (Sk = -0.56 to -1.27). Skeletal carbonate grains 
vary from angular to subrounded, with low, varying degrees of algal boring and 
micritisation. Minor algal gravel commonly shows a dendritic habit. There is no 
evidence of encrustation or algal binding to produce composite grains. Cements 
are uncommon, and are confined to sporadic micritic infills of skeletal interstices. 

The unit is characterised by a preponderance of coralline 
f!lgal gravel (ca. 70-100%), consisting of stubby dendritic nodules or oncoliths lcm 
to 4cm across. Where the amount of coralline algae declines, encrusting bryozoa 

, and foraminifera assume significant proportions, and the sediment becomes finer 
\ (Plate No. 13, Photomicrograph No. 33). Mean grain size exceeds 4mm and there 

is extreme positive skewness. Individual nodules show little mechanical or 
biological erosion, and sand-sized skeletal debris is mainly angular. In places, 

. coralline algae have encrusted and joined sand-sized carbonate grains to produce
Ccomposite types. The fine-grained fractions are characterised by a mixture of 

(echinoderm, molluscan, bryozoan and foraminiferal debris, which is usually 
!subangular to subrounded.

The sediment is characterised by roughly equivalent amounts 
Of coralline algae, molluscs and foraminifera with a significant proportion of 
bryozoa (3-24%) and subordinate echinoderms. The sediments contain moderate 

/Proportions of lithoskels, lithoclasts and detrital quartz. 

The grainstone texture is moderately well sorted to poorly sorted (Plate 
13, Photomicrograph No. 34). The unit is medium-grained (Mean = 0.39-
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2•44�), exhibits grain-size distributions between normal (Kg = 2.72-3.45) and highly

leptokurtic (Kg = 6.65-7 .92), and shows a constant negative skewness (Sk = -0.08 to 

· ... i.14). Carbonate grains vary from angular to subrounded. Gravel-sized detritus

Js sporadic, and consists mainly of angular molluscan fragments and boundstone

fragments of coralline algae, bryozoa and encrusting foraminifera (see Appendix l

and Section 4). Skeletal interstices are commonly filled by a dark micrite which

rnay be a cement. More rarely, skeletal interstices are lined by rims of isopachous

fibrous calcite.

The detrital quartz and allochthonous carbonate grains are dominantly 

. rounded. The quartz is divided into two distinct populations; a common coarse 

•· well-rounded fraction with frosted and pitted surfaces, and subordinate fine

\grained, angular type with glassy surfaces. Allochthonous carbonate grains are
.dominantly skeletal fragments enclosed in an amorphous micritic matrix, with

'. equant calcite spar being a subordinate grain component.

Grainstone Unit 8: The composition characteristics of this unit are similar to 
· Grainstone Unit 7, with dominance of the skeletal components by coralline algae
".(8-37%), molluscs (10-29%) and foraminifera (5-22%). Bryozoa (3-12%) and
echinoderms (1-9%) tend to be less significant. The proportion of quartz is
markedly high (3-15%), and allochthonous carbonate (lithoskels and lithoclasts)
.tends to be slightly higher overall, and locally very high (up to 34%). The facies is
.dominated by moderately to poorly sorted coarse to medium-grained sands with
mean grain sizes of -0.03 to 2.810 and standard deviations of 0.85-1.560 (Plate No. 

\D, Photomicrograph No. 35). Grain size distributions vary from slightly 
1platykurtic (Kg = 2.12) to highly leptokurtic (Kg up to 12.40), with variation in 
.· skewness from slightly positive in the coarser-grained areas (Sk = 0.24-0.30) to 
negative in other areas (Sk = -0.22 to -2.23). Grains are subangular to subrounded

•. in the skeletal fractions, to well-rounded in the quartz and allochthonous
Micritic algal envelopes on the carbonate grains are 

l'noderately common, with severe corrosion of gravel-sized fractions. Micritic and 
.'fibrous calcite cements within skeletal interstices are common, and most 
pronounced in foraminiferal chambers. Less commonly, intraparticle porosity is 
occluded by pyrite. The quartz fraction is dominated by coarse, well-rounded 

;grains with subordinate finer-grained, angular population. Allochthonous
· carbonates are well-rounded and moderately spherical.
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· Grainstone Unit 9: This sediment is characterised by an average quartz content of

approximately 50%. Coralline algae form the most important skeletal carbonate

(4-26%), with subordinate molluscs (4-18%) and foraminifera (3-17%), and minor

other material. Allochthonous carbonate (mainly lithoclasts) and terrigenous

· components are locally important. The dominant texture is a moderately sorted

grainstone (S.D. = -0.5_8 - 1.390), which is medium to coarse-grained (Mean = 0.2-
3.3,), with a normal to highly leptokurtic distribution (Kg = 3.01-13.13) (Plate No.
13, Photomicrograph No. 36). Carbonate grains are dominantly well-rounded to

subangular, although angularity increases with increasing grain-size. The quartz

fraction is strongly biomodal, with a dominant coarse to very coarse, well-rounded

population, and a medium to fine-grained, sub-angular to angular group. Feldspar

and terrigenous components (quartzite, granite, siltstone, claystone, etc.) are
usually well-rounded and subspherical.

Grainstone Facies Community 

This community consists of a sparse vagrant population of molluscs and 
echinoderms with minor bryozoa, foraminifera and coralline algae. The dominant 

· · molluscan fauna is characterised by a diversity of bivalves, consisting mainly of
small, thin-walled types. The most common varieties are: Placamen, Venus,
Circe, Tellina spp. and Glycymeris spp. This bivalve fauna is ubiquitous to the
entire grainstone facies and only appears to be limited by depths in excess of 50m
· to 60m, and by the packstone/boundstone communities. Gastropods are a much

.Jess common fauna! element, and appear to be largely confined to water depths of
fess than 35m. The most common types are the large archeogastropods 
Pseudostomatella, Monodonta zeus, Monilea, Calliostoma, Turbo and Phasianella. 
Small cerithiid gastropods such as Bittium appear less common, and are confined 
to very shallow water. The most common echinoderms are the asteroid Archaster 
angulatus, the clypastroid Peronella lesueuri, a variety of echinoids including 
frionocidaris bispinosa, Temnopleurus alexandri, Echinocardium cordatum and 

. f!reynia sp., plus local concentrations of uni den ti fied holothurians. 

Bryozoa are confined to the deeper inner shelf substrates below 45m, and 
consist mainly of heavy-framed adeonids and lacy 'reteporids'. As most specimens 
Of these were fragmented and worn, there is some doubt as to their local origin. 
l'he most common foraminifera are Spiroloculina, Quinqueloculina, Triloculina, 
�' and Marginopora, as well as the textularids Textularia and Gaudryina, 
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and the rotaliids Nodosaria. Lenticulina. Rotalia and Elphidium. Planktonic

Joraminifera, such as Orbulina and Globorotalia, are relatively uncommon. Corals

. are extremely sparse, being limited to the unattached 'button-coral' Diaseris, and

the small dendrophyllids Turbinaria and Tubastrea. Living coralline algae (c.f. 

Lithothamnium) form local gravel accumulations and occasional grain coatings.
-

The grainstone facies community adds skeletal detritus to the sediment 
and in the case of the holothurians and asteroids, reworks and further 

fragments the material. This community has no ability to stabilise the substrate, 

and as a consequence the grainstone sediments are constantly transported and 

reworked. 

St-ELF SEDIMENT DISTRIBUTION 

The shelf sediments are distributed into deep-water boundstone/packstones 
dominated by frame-building and encrusting organisms, and inner-shelf grainstones 
sparsely inhabited by a non-stabilising biota. Significantly, the main reef 
complexes are positioned on the gradational boundary between these basic 

The long lee sediment tail of the Pelsaert Reef Complex is 
granulometrically and compositionally indistinguishable from the surrounding 
shelf. The distribution of the sediment units across the Abrolhos Shelf is shown 
schematically in Figure 36. 

The packstone facies is confined to the lower outer shelf slope in depths of 
lOOm+. The packstone/boundstone facies is gradational to the packstone facies 
and extends over the edge of the inner shelf plain to the oceanic slopes of the 
Pelsaert Reef Complex, and partly around the reef to interfinger with more 
leeward sediments in depths of 50m to 60m. The grainstone facies extends across 
the inner shelf plain from the lee of the reef complex to the mainland coast, and 
surrounds the inner shelf reef knolls (Fig. 36). Unit 5 of the shelf grainstone 
facies is confined to 40m deep areas of the shelf in the immediate lee of the 
Pelsaert Reef Complex, extending away from the reef's lee slopes, and 
interfingering with other sediments on the open shelf (Fig. 36). This unit is 
transitional between deeper shelf sediments and material deposited on the reef 

complex's lee slopes. Unit 6 is an areally limited but distinct sediment type, 
seemingly confined to the deep lee sediment slopes of the main reef complexes, in 
depths of 30m to 50m. 



FIGURE 36: Abrolhos Shelf 

- Off-reef sediment facies.
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FIGURE }6: Abrolhos Shelf 

- Off-reef sediment facies.
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Units 7-9 form broad, gradational bands parallel to the inner shelf edge and 

mainland coast (Fig. 36). The most seaward is Unit 7 which occurs in depths of

40m to 60m. It is positioned in a broad band in the lee of the reef complexes,

interfingering with the more restricted sediment units in the immediate lee of the

reefs, those of the inner shelf break, and more quartzose sediment units closer to

the mainland. Unit 8 is positioned on the inner shelf plain to leewards of Unit 7,

and occurs in depths of 35m to 55m. The unit interfingers with the more seaward

sediments over a broad zone, with its landward limits being possibly defined by the 

coastal rise into depths of less than 30m. The quartzose Unit 9 is the innermost of 

the shelf sediments, occurring at depths of 40m or less within 10 km to 15 km of 

the mainland coast. 

DISCUSSION 

The Pelsaert Reef Complex sits on a boundary zone between deepwater 

algal-bryozoan boundstones/packstones to windward on the outer shelf slope edge, 

and molluscan-algal grainstones to leeward on the inner shelf plain. Terrigeneous 

sedimentation in the overall sediment scheme is limited to forming a quartz

dominant grainstone band close to the mainland. Mudstones are absent from the 

reef and the surrounding shelf. 

The sediments of the Abrolhos Shelf are similar to those of the southern 

Rottnest Shelf (Collins, 1983; Searle, 1984), with a mutual prevalence of shelf

edge biostromal hardgrounds, grainstone lithologies, a foramol sediment 

association (Lees and Buller, 1972) and near-shore sediments characterised by 

relative increases in quartz and allochthonous carbonate. Parallels can also be 

drawn between the sediments of the Abrolhos Shelf and those of the east 

Australian shelf south of 24°5, as described by Marshall and Davies (1978). Again, 

the most notable features common to parts of both are the dominance of outer 

shelf sediments by bryozoa, the formation of algal boundstones on the outer shelf 

in depths of 50m to lOOm, the foramol sediment assocation, and the widespread 

occurrence of grainstone lithologies in shallow areas. Marshall and Davies (1978) 

place the boundary between the foramol (temperate) and chlorozoan (tropical) 

carbonate assemblages on the east Australian margin at 24°5, corresponding to

the southerly termination of surface reefs on the outer shelf, with a consequent 

loss of coral and Halimeda particles from the skeletal carbonates further south. 
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Because of the sedimentary and biotic similarities noted above, it is postulated 
·· that the Abrolhos Shelf at 28°-29.S0S is essentially a 'temperate' carbonate

st,elf. The absence of Halimeda from the Abrolhos Shelf carbonates is considered

particularly diagnostic in this respect.

However, the Holocene sediments of the Pelsaert Reef Complex are 

chlorozoan in their affinity (Lees and Buller, 1972). Coral plays an important, 
albeit reduced, role in the formation of classic reef features such as the emergent 
oceanic crest, coral-capped lagoonal pinnacle reefs, and islands composed mainly 

of coral debris. Such features clearly divide the Pelsaert Reef Complex from 
other coral-bearing high latitude structures, like the eolianite reefs of the 
southern Rottnest Shelf's coastal margin, where depauperate coral communities 
form thin, limited crusts over non-coralline basements (France, 1977). 

It is also apparent that the Pelsaert Reef Complex is not totally analogous 
to a typical low-latitude coral reef. The structure is positioned on a carbonate 
shelf that is temperate in its affinities (foramol) and, in addition to not having a 
complex coral ecosystem, lacks an input of codiacean material. Codiacean algae 
are an important part of the chlorozoan association, and have been used to define 
its extent in areas such as the Great Barrier Reef (Marshall and Davies, 1978). 
Moreover, corals are limited by the presence of temperate macro-algae (Johannes 
et al, 1983), which dominate much of the reef complex's windward areas. 

Despite these differences, the Pelsaert Reef Complex is topologically and 
sedimentologically similar to classic low-latitude coral reefs. Comparisons can be 
made between the Pelsaert Reef Complex and the Alacran Reef Complex on the 
Campeche Bank in the Carribean (the two are remarkably similar in size and 
shape, and share the common feature of a shallow lagoon with a complex 
reticulate-pinnacle reef system). Alacran sedimentation is marked by the 
formation of rigid frames, lagoonal Lithothamnium nodules, and loose grainstone 
bodies prograding lagoonwards, in which mud-size material is a minor constituent 
(Kornicker and Boyd, 1962). The same gross scheme can be used to characterise 
the Pelsaert Reef Complex. The major differences are the dominance of 
Alacran's windward slopes by corals, and that Alacran has the thickest recorded 
Holocene reef section of 33.5m (Macintyre et al., 1977), which contrasts with the 
Pelsaert Reef Complex's thin and discontinuous modern section. 
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Similarities can also be noted in sedimentation style between the Peisaert 

Reef Complex and that described for Lady Musgrave Reef in the Great Barrier

Reef by Orme et al. (1974). In both cases coarse sand and gravel dominate the

shallow lagoon, grading to fine sand in the deep lagoon, with a change from 

platykurtic to leptokurtic character in the same direction. As in the Pelsaert

Reef Complex, the transition from the shallow lagoon to the deep lagoon is often 

marked by a steep sandy face on the windward side of the reef. Orme et al. (1974) 

consider that the physical transport and the differing response of the skeletal 

components to this regime is the principal control over the distribution of 

sediment sizes and components in the lagoon. Frith (nee Ludington)(l983) noted 

similar sediment distributions at One Tree Reef in the southern Great Barrier, and 

considered that periodic high energy events are the primary cause. 

These comparisons suggest that the Holocene sediments of the Peisaert 

Reef Complex are being formed through similar processes of leeward distribution, 

and imply that the lack of a normal coral reef community (Halimeda, scarids, 

borers, etc) has little or no influence in the setting up of this system. 
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SECTION 7 

MAJOR SEDIMENT ARV PROCESSES 

INTRODUCTION 

The interaction of the reef complex and the prevailing wind/wave regime 

sets up pathways of sediment movement, which are variously modified by benthic 

communities and syndepositional stabilization. The major processes are: 

1) Maintenance of high-energy wave impact on the oceanic reef margin,

and lateral transport along the south-east reef margin to the northern

lee area.

2) Generation of a powerful, continual water flow across the shallow

lagoon, with entrainment of coarse fragmental material.

3) Northward wind-shear in shallow areas, with periodic entrainment of

fine sediment.

4) Accumulation of loose high-energy boulder pavements and gravel

ridges on the south-eastern and north-eastern reef crests.

5) Refraction of the prevailing swells and windwaves to produce a zone

of wave-crossover in the northern lee of the reef. Open-shelf

grainstones are transported into this zone and accumulate on the

elongate NNE 'tail'.

6) Syndepositional cementation of the boundstones and frameworks on

the oceanic and south-eastern reef margins.

These processes control the distribution of Holocene sediments across the 

pre-Holocene surface, and are important in the interpretation of the reef 

cornplex's Holocene history. Transport of sediment occurs mainly during the

seasonal winter storms, with overall movement to the northern and north-eastern

lee areas.
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EXTERNAL SLOPE TRANSPORT 

Under prevailing swell/wave impact patterns the oceanic reef front 

undergoes continual, high energy impact; the southeast margin is a secondary 

impact front undergoing seasonally higher energy influence from the summer

southerlies; and the northern margin is a lee edge, with low average impact (Fig. 
25). Loose sediment on the oceanic and south-eastern slopes is either transported 

leewards over the reef crest, or moved laterally to the north/north-east, due to 
refraction of swells and waves (Fig. 25). The northern slope is an area of nett 
deposition, due to swell attenuation and opposition of refracted wave trains (Fig. 

All sizes of detritus are removed from the oceanic slope, except for very 
coarse gravels in depressions. The macro-algal meadows protect the boundstone 
substrate by acting as an energy baffle, but also erode the surface by retaining 
chips on their holdfasts when uprooted by storm events. The apparent thinness of 
the oceanic slope boundstones, as suggested by the karren grooves, indicates that 
the rate of boundstone accretion is balanced by loss of material to leewards. The 
south-eastern slope is a source of gravel and boulder-sized detritus for the reef 
crest during storm events, but finer fractions are either removed to leewards by 
wave refraction, or are deposited at the slope's base as a narrow development of 
Grainstone Unit 4. Pelsaert Island acts as a barrier to lagoonwards transportation 
of fragments from the south-east slope. 

LAGOONAL THROUGI-FLOW 

Under normal conditions of swell and wind, a continual throughflow of 
water sweeps the shallow lagoon, to exit via the northern margin or deep lagoon 
entrance (Fig. 27). Sediment entrained by this throughflow is impelled towards 
the north and north-east. Current speed varies from 2ms-1 near the rim to 0.25
ms-l or less near the outlets, with a consequent decrease in the grainsize of
entrained sediment from coarse sand and gravel to fine sand and silt (Sunborg, 
1956). 

Over the lagoonal shelf gravel packstone, the through flow is modified by 
the baffling and binding activities of the macro-algal and coralline algal floras. 
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However, this protection is limited, as observation shows a continuai leewards 

traction of fine detritus. Periodic higher wave surges over the emergent crest

increase current velocity up to lms-1, which travels over the shallow lagoon as a

'pUlse'. Each 'pulse' causes brief saltation of some of the coarse traction load and 

may rock or overturn loose plate Acropora. Under these conditions the surface 

sediment retained on the lagoonal shelf is extremely coarse, with little fine sand 

or smaller grain fractions. Transport of the coarsest coral gravel (20cm+) is not 

thought likely, even under storm conditions. This material is therefore 

interpreted to be locally generated, despite a paucity of living coral on the shelf 

away from the rim. 

The sands of the sandsheet and sandflat terrains are stable under normal 

throughflow, although silt-sized material does move. The high coral and algal 

content of these bodies indicates significant influx from the more windward 

substrates of the lagoonal shelf. 

As the lagoonal throughflow increases the coarse sands of the grainstone 

bodies move by traction, while finer sizes move by saltation or suspension. On the 

sandsheet, particles are moved across the surface to the deep lagoonal edge, and 

deposited on the steep leading face. Fine particles in suspension are carried 

further and deposited in the deep lagoon's Grainstone Unit 3. The constant 3m 

depth of the sandsheet marks the upper limit of coarse sand deposition, with 

erosion by the lagoonal throughflow occurring above this level. The sandflat 

sediments are deeper, and partially protected by surrounding peritidal rock 

As a consequence they are finer-grained and are only affected 

significantly by storm-events, when reworking of the surface and loss of fine 

material occurs. 

During storm events the lagoonal through flow increases markedly, as 

greater volumes of water are 'pumped' over the emergent oceanic crest. These 

events speed up leewards transport of all grain sizes, and are accompanied by a 

considerable increase in water turbidity. Where very strong flows persist for long 

periods, such as during the winter gales, the initially high turbidity declines, so 
that after several days or more, water clarity is similar to that of calm 

conditions. This suggests that the finer sediment fractions are progressively 
flushed away from the Pelsaert Reef Complex by the enhanced water throughflow, 
until the available fines "reservoir" is exhausted. 
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Lagoonal storm waves generated during these high-energy events aid in the 

traction and resuspension of sediments by increasing bottom turbulence. This role

is suggested by the fact that lagoonal turbidity does not appreciably increase with

faster water inflow unassociated with stronger winds, such as caused by increasing

swell on the oceanic margin. 

LAGOONAL WINDSl-£AR 

The passage of winter storms and summer cyclones can generate surface 

currents of 0.6ms-1 (Steedman et al., 1977), which can theoretically entrain

sediment up to lmm to 2mm diameter (Sunborg, 1956). These currents are most 

significant on the peritidal rock platforms and the blue-hole complex sandflats, 

which the lagoonal throughflow bypasses (Fig. 27). Due to attenuation of the 

windshear below the surface, and the baffling and binding effect of the macro

algal and coralline algal flora inhabiting the rock platforms, sediment actually 

entrained appears to be fine sand or smaller. Sediment transported from the rock 

platforms is deposited in the adjacent Sm to 7m deep sandflats, where further 

transport can be caused by lagoonal throughflow. Sediment derived from the lm 

deep sandflats of the blue-hole complex is either swept off the lee of the reef, for 

redeposition on the lee slope, or is permanently deposited in nearby blue-holes. 

This sediment buildup is most advanced in depressions close to or within the 

sandflats. These are commonly the vertical-sided collapse type of doline (Fig. 11). 

FORMATION OF BOLLDER PAVEMENTS AND GRAVEL RIDGES 

Extensive boulder pavements and supratidal gravel ridges occur on the 

south-east and north-east reef margins. Here, periodic storm events such as 

summer cyclones, break up framework facies confined to the adjacent external 

slopes, and deposit the debris in the intertidal to supratidal zones on the reef 

crest. Similar accumulations of boulder and gravels do not occur on the oceanic 

margin. Here there is no framework facies community to provide the source of 

detritus (being excluded by macro-algae; Johannes et al., 1983), and wave impact 

is too continual and powerful to allow the formation of a 'reservoir' of gravel

forming material. 
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The highest and widest accumulations of boulder pavements and coral 

gravel ridges are located on the north-eastern lee apex of the reef, and can be 

related to the luxuriance of the external slope frameworks, and the infrequency of 

high-energy events. This relationship has been noted by Baines et al. (1974) at 

Funafuti Atoll, and by Hernandez-Avila et al. (1977) in the Carribean. 

SI-ELF SEDitvENT MOVEMENT 

The sediments of the outer shelf slope and inner shelf plain are dominantly 

entrained by prevailing swell and storm waves, with little influence by tides, 

ocean currents or wind shear. 

Wave equations set out by Komar (1976), with shallow-water corrections as 

applied by the U.S. Army Coastal Engineering Research Center Shore Protection 

Manual (1973), shows that an "average" Abrolhos wave of 3m height and 10 sec. 

period (Steedman et al., 1977) is capable of moving sediment 0.35mm in diameter, 

at 50m depth on the inner shelf plain. On the outer shelf slope in depths of lOOm 

or more the same wave regime would have little or no effect. Under more 

extreme conditions, such as winter gales, waves with values of 7m and 13 secs 

(Steedman et al., 1977) will move sediment of 7mm and 0.5mm diameters at 

depths of 50m and lOOm, respectively. The entire Abrolhos Shelf, to at least 

lOOm depth, is subject to wave-induced currents which are strong enough at some 

stage of the climatic cycle to entrain sediment of coarse sand size. The same 

conclusion applies to gravel sized material on the 50m inner shelf plain. Komar's 

(1976) equations and their treatment are set out in Appendix 1. 

. The tidal-component of bottom movement is insignificant due to low 

diurnal range and lack of choke-points (Steedman et al., 1977). The Leeuwin 

Current flows at ca. lms1, but is positioned too far seawards to affect the

shallower shelf substrates (Cresswell and Golding, 1980). Summer cyclones can 

generate surface currents of 2.2 km hr-1 (Steedman et al., 1977), but this reduces

to 0.02ms-1 at 50m depth (Cresswell, 1972), which is only a fraction of wave

generated velocities under the same conditions (about lms-1, see Appendix 1).

Prevailing swell, winter storm waves and long-period southerly wind-waves 
are refracted around the Pelsaert Reef Complex, to produce a zone of wave-
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crossover in the reefls NE lee area (Fig. 25). Searle (1984) and France (1977) show 

that wave-crossover zones are loci of accretion, where sediment is stabilized 

between two opposing wave-trains of equal strength. Sediment build-up occurs, 

and produces a bank structure that elongates along the crossover zone (Searle, 

1984). 

On the Abrolhos Shelf all sediment fractions of the grainstone facies are 

available for transport by the wave regime, and are moved to the north-east of 

the reef complex. The molluscan-dominant fauna of the inner shelf substrates has 

no ability to bind the sediment against this movement. The elongate 'tail' 

extending NNE from the reef complex (Fig. 1) has been constructed by the wave

piling of grainstone sediments. As noted, the 'tail' is compositionally and 

granulometrically indistinguishable from the surrounding shelf sediments. 

The impingement of the prevailing swell also has restricted the deposition 

of fine sediments (4</, or less) to the immediate lee of the reef, in Grainstone Units 

4 and 5 (see Appendix 4). The sheltering effect of the reef, and extreme 

refractive attenuation of swells and storm-waves in this area, drops bottom 

velocities below the entrainment threshold for fine debris. 

N-NW storm waves generated by summer cyclones are too short-term (36-

48 hrs) and too infrequent (average of 1 event/3 years) to significantly affect this 

process of NNE 'tail' elongation. 

MARD'E CEMENT A TION 

Marine cementation of the Holocene reefal sediments is most advanced in 

the bouridstones and frameworks of the oceanic slope and emergent crest, where 

pelloidal Mg-calcite and epitaxial aragonitic cements have consolidated the 

substrates. Cementation is less well developed on the more leeward margins. 

Similar patterns of lithification were noted by Marshall (1983a) in the Great 

Barrier Reef. 

The windward slopes and margins are subject to continual wave impact, 
(Plate No. 6, Photo No. 2) falling within the Active Marine Phreatic Zone of
Longman (1981), where cementation is essentially syndepositional (Schroeder,
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, Friedman et al., 1974; Ginsburg and James, 1976; James et al., 1976;

tyre, 1977). The rate of cementation is governed by the amount of seawater

ed through the sediment's interstices, and is directly related to the

diture of wave energy on the substrate. Cementation is enhanced where

re is biotic stabilization (Longman, 1980).

The oceanic boundstones are hard, dense and competent, while the boulder 

and coralline algal crusts of the more sheltered margins are easily 

gmented. The pendant micritic cements that are common within the boulder 

ments are probably caused by vadose diagenesis, rather than phreatic marine 

asses (Longman, 1981). Sediment facies within the reef margins show little or 

Stabilization in those areas occurs through overgrowth and 

Sediment failure, such as detachment of large boulders of 

ework, is common in the oceanic re-entrants, the deep lagoon, pinnacle reefs, 

the blue-holes. Lack of cementation is thought to be the main cause of this. 

SUMMATION AND DISCUSIDON 

Under the prevailing physical regime the following trends in transport and 

sition control sediment distribution on and around the Pelsaert Reef Complex: 

On the windward oceanic and south-eastern reef slopes and crests 

skeletal carbonate is either bound into the sediments by encrustation and 

syndepositional cementation, or is transported to leewards over the reef 

crest or around the reef margins. On less exposed reef margins, gravel 

and boulders are deposited on the reef crest. 

Lagoonal throughflow and windshear sweeps the shallow pre-Holocene 

surfaces of the lagoonal shelf and peritidal rock platforms, removing all 

but the coarsest surface sediments. The presence of silt and mud-sized 

material in the subsurface of the lagoonal shelf gravel packstones is at 

variance with this process. 

Coarse sand and finer detritus is swept leewards to form the grainstone 

bodies of the sandsheet, sandflat and deep lagoonal drape. Grainsize in 

these units is a function of water depths and lagoonal throughflow 
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current speed. The thickness of the sandsheet and sandflat sediments 

indicates leewards progradation and inundation of lows in the pre

Holocene karstic surface. 

4) During storm events there is little deposition of silt and mud-sized

material in the shallow lagoon, and only minor deposition in the deep

lagoon. Very fine detritus is reworked from the various substrates and

flushed out of the reef complex, causing a paucity of those grain sizes in

the grainstone sediment bodies.

5) Wave refraction around the reef is causing the buildup of a sediment

wedge in the reef's northern lee, utilising material derived from the reef

and surrounding shelf surfaces.

6) Apart from windshear, the lee blue-hole complex is sheltered from most

processes of sediment transport and deposition. This area supports the

most profuse coral growth in the reef complex, which may be a result of

its sheltered location with low sediment influx.
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SECTION 8 

TI-£ HOLOCE� HISTORY OF TI-£ PELSAERT REEF COMPLEX

INTRODUCTION 

The Holocene evolution of the Pelsaert Reef Complex is considered in six 

stages of unequal duration, each representing a discrete phase or event. These are 

in turn: 

Stage 1 

Stage 2 

Stage 3 

Stage 4 

Stage 5 

Stage 6 

The pre-Holocene ancestral topography. 

ca. 17-18,000 yrs B.P. 

The early Holocene post-glacial transgression. 

ca. 9,000 yrs B.P. 

Overtopping of the reef complex. 

ca. 6,000 yrs B.P. 

The mid-Holocene sea-level high. 

ca. 4,500 yrs B.P. 

The late-Holocene sea-level fall. 

ca. 2,000 yrs B.P. 

The present. 

ca. 1950 A.O. (post-mining) 

Progressive formation of the various Holocene sediment bodies has been 

controlled by interaction between the regional physical environment (waves, 

currents, storms), the pre-Holocene topography, the major benthic communities, 

and a fluctuating sea-level. Figures 37 to 42 and accompanying notes show the 

Phases in turn, with schematic representations of sediment accretion. 

Conclusions and implications arising from the interpreted history are set 

out at the end of the chapter. 
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STAGES OF DEVELOPMENT 

The Pre-Holocene Ancestral T opoqraphy 

ca. 17-18,000 Years B.P. 

The pre-Holocene reef topography is shown in Figure 37, as it is interpreted 

to have appeared during the late Pleistocene glacial maximum ca. 17-18,000 yrs 

B.P. (Prell et al., 1980). At this time the Pelsaert Reef Complex was subaerially 

exposed as a dissected tabular plateau that reared 50m to 60m above the Abrolhos 

Shelf's inner plain. The late Pleistocene sea-level low of -130m (Milliman and 

Emery, 1968) placed the shoreline approximately 5 km SW of the complex's 

external oceanic slope. 

Eustatic sea-level data (Harmon et al., 1978; Thurber et al., 1965), indicate 

that the pre-Holocene reef complex was partly or completely emergent for 

100,000 yrs (approx.), prior to the glacial maximum of 17-18,000 yrs B.P. U-Th 

dates from Rottnest Island 375 km to the south (Szabo, 1978) and from Shark Bay 

470 km to the north (Veeh et al., 1979) show that coral reef development was 

widespread along the Western Australian coast at 120,000-130,000 yrs. B.P. The 

Pelsaert Reef Complex is also composed, at least in part, of reefal sediment 

deposited during this interglacial period (H. Veeh, pers. comm.) This age does not 

preclude the possibility that the Pelsaert Reef Complex, like Bermuda (Bretz, 

1960), contains older marine carbonates and subaerial sediments that have 

undergone a longer history of periodic subaerial exposure, the effects of which 

may be preserved in the pre-Holocene topology. 

Prolonged karstic weathering on the reef massif produced the karreli 

grooves on the external slopes, the topographically high crestal divide on the 

peripheral rim of the complex, and the basinal interior, with its rugged terrain and 

lapies surfaces (Fig. 37). Subaerial solutioning caused widespread development of 

conical dolines, particularly in the central and leeward areas. Multiple doline 

overlaps and the subsequent general lowering of the reef surface led to the 

formation of the deep central depression and the smaller uvalas of the north-east 

area, leaving only a few remnant pinnacles. The less common collapse dolines 

formed on the edge of the conical doline field, where subsurface solutioning had 

formed large cavernous porosity. Solutioning and/or collapse across the reef edge 

produced deeply incised ravines along the north and north-east margins, and broad, 



FIGURE 37: Holocene history of the Pelsaert Reef Complex (schernatiti

Stage l - Pre-Holocene ancestral topography �· 17-18,0 
yrs. B.P., sea-level lDDm+ below datum. 

The coastline lies approximately 5 km from the SW slopes 
the ancestral Pelsaert Reef Complex. Subaerial weatheri 
of the massif has produced karren-grooving of the exter 
slopes, and an interior solution basin with a high periphe 
rim. The basin has an intricate terrain of lapies surfac 

doline fields (solutional and collapse) and large solution 

depressions with remnant pinnacles and ridges. Notches an 

benches 2Dm and lDm below datum and at datum have be 
superimposed by previous marine transgressions. The inn� 
Abro!hos Shelf is a level plain stretching away to the nort 

east, with a cover of quartzose sediments. 
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grooved guilies on the south-west margin. Several of the deep ravines connected

the interior solution basins with the exterior plain, and may have acted as

drainage channels. 

The bathymetry of the inner Abrolhos Shelf plain suggests that the pre

Holocene surface in this area was flat and, with the exceptions of the isolated 

reef massifs and smaller knolls, essentially featureless. The nature of this surface 

is surmised to have been similar to the present coastal plain with seasonal low

discharge rivers crossing a quartz sand plain. 

During the pre-Holocene stage of subaerial exposure oceanographic 

conditions appear to have been colder than the present. Prell et al. (1980) notes 

that the West Australian Current was more intense during the glacial maximum at 

18,000 yrs B.P ., bringing sub-Antarctic water to the Abrolhos region year-round, 

possibly lowering annual average water temperatures by up to 4°C (Webster and 

Streten, 1978). Coral reef development seems unlikely under these conditions, and 

strongly suggests that the extensive ridge positioned 80-lDOm below present sea

level is not due to coral growth during the earliest part of the Holocene 

transgression. Wilson and Marsh (1978), citing the work of Van Ardel et al. (1967) 

and Be and Duplessey (1976) also concluded that corals were absent from the 

Abrolhos at this time. 

The Early-Holocene Post-Glacial Transgression 

ca. 9,000 Years B.P. 

After 18,000 yrs. B.P. sea-level rose from its lowstand of -130m and, as 

shown by Milliman and Emery's (1968) curve, passed -50m around 10,000-120,000 

yrs. B.P.. By 9,000 yrs. B.P., the sea had reached -20m according to Thom and 

Chappell's (1975) eustatic sea-level curve for eastern Australia. This timetable 

indicates that over 9,000 years the sea rapidly rose llOm past the general level of 

the inner Abrolhos Shelf, isolated the reef complex and minor knolls from the 

mainland, and surrounded them with water up to 30m deep (Fig. 38). 

This early phase of the transgression started three major processes on and 

around the Pelsaert Reef Complex; generation of marine carbonates, guano

deposition and swell/wave impingement. These are considered in turn. 



FIGURE 38: Holocene history of the Pelsaert Reef Complex (schemau6

Stage 2 - Early Holocene post-glacial transgression. 
£g_. 9 ,000 yrs. B.P ., sea-level 20m below datum. 

The rising sea-level of the early Holocene has turned i 
ancestral Pelsaert Reef Complex into an island, wi

flooding of the deeper do lines and depressions. Sea-b ·· 
populations concentrate on the shrinking highs, 
subaerial phosphatic sediments associated with 
activities infill the lapies landscapes. Submerged 
substrates of the reef are 
algae and coralline algae. 
Shelf has been inundated and colonised 
foraminiferal-molluscan communities. The pre-existl 
quartzose veneer has been reworked and admixed into t 
thickening carbonate sediments generated by 
communities. Refraction of the 5-SW prevailing 
around the Pelsaert Reef Complex initiates the buildup of 
sediment tail along the wave cross-over zone in the ree 
lee. 
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Colonisation of the inner and outer shelfs by benthic communities caused 

supplantation of the ?quartzose sandplain sediments by skeletal marine

carbonates. Present shelf sediment distribution suggests that the shellowest

sediment-producing pioneer community was dominated by coralline algae and

molluscs, grading into a mixed algal-molluscan-foraminiferal-bryozoan assemblage 

as the water depth increased to 40m to 60m, and giving way to an encrusting

algal-foraminiferal-bryozoan community in depths of 60m to 80m. Below 80m to 

lOOm, the shallower communities were replaced by a diverse bryozoan fauna 

extending to an unknown lower limit. This zonation indicates that at 9,000 yrs. 

B.P. the inner shelf was probably dominated by algal-molluscan faunas, only giving 

way to the deeper communities at the inner shelf break. Pre-Holocene shelf 

sediments were admixed into the marine carbonates, and steadily diluted as more 

skeletal material was deposited with time. 

A similar consideration of present faunal/floral distributions infers that the 

substrates of the reef complex's lower slopes were colonised by an 

encrusting coralline-macro algal assemblage, similar to that presently found on 

the reef's oceanic slopes and on the shallow eolianite reefs of the mainland coastal 

rise. Whether a coral component was present is problematic. 

The modern Abrolhos temperature regime, with an annual low limit of 

about 17°-18°C, is marginal for coral reef growth. Roberts et al. (1983) noted 

that temperatures below 16°C are lethal to most reef-building corals. It 

therefore seems unlikely that conditions at 9,000 yrs B.P. would have been 

conducive to successful coral colonisation and reef growth. The eventual 

attainment of sufficiently high temperatures would have been dependent on the 

sustained penetration of an ancestral Leewuin Current to the Abrolhos area. 

However, theoretical considerations based on Davies and Hopley's (1983) 

method involving the known times of sea-level rise across significant datum 

levels, are useful in evaluating the possible extent of coral growth on the Pelsaert 

Reef Complex during the early Holocene transgression. A convenient datum 

exists at 20m to 25m below present sea-level, occurring as a bench on the external 

oceanic reef slopes, and as a common depth attained by many of the conic dolines 

and micro-lagoons of the blue-hole complex. The external 20m to 25rn bench 

Would have been transgressed ca. 9,000 yrs B.P. (Fig. 38). Allowing for a lag in the

time of coral colonisation, such as recognised by Davies and Hopley O 983) for
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Pleistocene surfaces in the central Great Barrier Reef, this surface should have 

been available for coral growth by B,000-7 ,000 yrs B.P ., when water depth over 

the bench would have been Sm to lOm. Given a potential growth rate of 4-

6m/1000 yrs for a windward margin (Davies and Hopley, 1983), which is reasonble 

for the Abrolhos with measured community calcification rates up to 1 2kg 

caco3/m2 /yr (Johannes et al., 1983), then a coral reef growing off the 20m to

25m bench theoretically should have reached present sea-level around 4,000-1,000 

yrs B.P. There is no sign of any type of build-up on this bench, suggesting it was 

too deeply submerged for colonisation when corals become established on the 

reef. However, the modern paucity of coral coverage on the windward slopes in 

depths of 15m or less, when coral growth is quite active in other parts of the reef 

complex, throws considerable doubt on the conclusiveness of the observation. 

The conic do lines offer a more convincing proof. Had coral growth 

commenced in these areas shortly after 9 ,ODO yrs B.P ., the growth rates outlined 

above would have been sufficient to completely fill those dolines 20m to 25m deep 

by the present. However, these dolines, many with 100% living coral cover, have 

retained sharp karstic outlines, with probable framework thicknesses of only a few 

metres. Coral colonisation must have occurred considerably later than 9,000 yrs 

B.P ., even if very low framework accumulation rates are considered. It is

thought, therefore that there was no active coral reef growth in the Abrolhos area

during the early post-glacial transgression.

The second major event associated with the early Holocene sea-level rise 

was the increasing constriction of the local sea-bird colonies' resting and nesting 

areas. Prior to the transgression, these sites were probably located close to the 

old shoreline 5 km south-west of the Pelsaert Reef Complex. The rapid sea-level 

rise forced the colonies onto the shrinking pre-Holocene high of the reef complex, 

and the mainland shore. This steady constriction concentrated the deposition of 

guano and associated phosphatic sediments atop the reef complex (Fig. 38), 

infilling the lapies surfaces and penetrating deep into the pre-Holocene by 

perculation down solution pipes and fissures. 

Lastly, the transgression enabled prevailing oceanic swell and waves to 

Penetrate across the inner shelf plain, and impinge on the Pelsaert Reef 

Complex. Hassell and Kneebone (1959) showed that dune structures in the late 

Pleistocene Coastal Limestone on Rottnest Island 375 km south of the Abrolhos 
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were formed in a wind system similar to that of the present. Seddon (1972) 

showed that extensive middle-late Holocene beach-ridge systems in the same 

· general area indicate a northward longshore current, in turn implying a maximum

wave approach direction from south of west. These observations suggest that the

Rottnest Shelf has been subject to a wave regime similar to that of the present

since at least the late Pleistocene. It is therefore postulated that the modern

wave regime, and its interaction with the Pelsaert Reef Complex, is applicable for

the entire Holocene, including the early transgression.

As water depth increased, the swells and waves retained more of their 

deep-water power and impinged on the reef complex with mounting strength. 

Impingement caused refraction around the reef, with wave trains travelling up the 

south-west and south-east margins, and crossing each other to the north-east of 

the reef complex. Sediment generated on the oceanic reef slope was removed by 

the refracted swells and wind waves to the lee of the reef, leaving the windward 

slopes relatively bare, except for bound sediment. As set out in Appendix 1, all 

but the very coarsest grain fractions on the inner shelf plain can be transported by 

wave action at some stage of the prevailing wave climate. 

Wave refraction around high points causes sediment deposition in the lee 

wave cross-over zones. The permanent nature of the refractions controls 

subsequent localisation and leewards growth of extensive sandbars along the axis 

of wave crossover, which, over the course of the Holocene transgression, can lead 

to the formation of laterally and vertically extensive carbonate banks (Searle, 

1984). The transport of sediment to the cross-over zone in the lee of the Pelsaert 

Reef Complex (see Fig. 25) also led to the localisation of a sediment spit in this 

area. 

In addition to these major events, the sea-level rise to -20m by 9,000 yrs. 

B.P. also caused the inundation of the Pelsaert Reef Complex's deep central basin 

and deeper dolines, producing an island with an unusually intricate shape. Within 

the interior flooded areas there was probably little water movement, except that 

associated with tidal flow. It is not likely that significant modification of the 

interior pre-Holocene topography occurred, either by the in-situ growth of 

organisms or by the deposition of detrital sediment. Cored sediment in the deep 

modern lagoon shows no significant fauna! or textual differences between surface 

material at -16m and that thought to directly overlie the pre-Holocene surface at 
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.19m (see Table 4, Appendix 3 and Core No. 7, Appendix 5). This suggests that the 

deep sediments have been deposited in depths and conditions similar to the

present, and that a notable shallow-water transg:essional facies is not present at 

the base. 

Overtopping of the Reef Complex 

ca. 6,000 Years B.P. 

According to Thom and Chappell's (1975) eustatic curve for eastern 

Australia, sea-level was at or near datum by 6,000 yrs. B.P., inundating the entire 

Pelsaert Reef Complex, with the exception of a few remaining "high" islands on 

the internal windward platform. Significantly, the rising sea overtopped the high 

peripheral pre-Holocene rim, allowing wave-pumped water to enter the lagoon 

from the windward side for the first time during the Holocene (Fig. 39). The pre

Holocene rim probably constrained these wave-pumped waters to some degree, 

and caused them to mainly drain off the reef complex to leewards, setting up a 

lagoonal throughflow. 

A number of events accompanied the sea-level rise and the submergence of 

the high karstic rim. Firstly, sea-bird colonies were further restricted to a few 

''high" rock islands remaining above water, where generation of guano and related 

phosphatic material continued unabated, adding to a thickening subaerial sediment 

pile. Elsewhere, the rising sea onlapped previously deposited phosphatic sediment 

which, owing to its softness, was stripped away from the pre-Holocene surface, 

leaving remnant pods within solution pipes and fissures (Fig. 39). 

Secondly, the set-up of a lagoonal through flow commenced the transport of 

detrital sediment across the reef complex. Freshly formed skeletal material was 

probably removed from the windward reef crests and interior platform to the deep 

lagoon and northern reef slope. Allied with the wave refractions around the reef 

complex� this internal current set-up ensured that sediment movement along the 

external reef slopes and across the internal substrates was dominantly leewards. 

Thirdly, the increase in water depth caused the open-shelf benthic 
communities to migrate into their modern positions. By 6,000 yrs. B.P. the outer

shelf slope was fully colonised by the packstone and packstone/boundstone 

communities, with the shallower association extending over the inner shelf plain 



FIGURE 39: Holocene history of the Pelsaert Reef Complex (schemati 

Stage 3 - Overtopping of the reef complex. 

ca. 6,000 yrs. B.P ., sea-level at datum. 

Sea-level rises to the present datum, flooding the entir 
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populations are concentrated on to these remaining hi 
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the Pelsaert Reef Complex's external windward slopes. These communities

crusted the outer shelf substrates, stabilising and consolidating older sediments,
t d forming a deep-water biostrome with variable amounts of loose sediment. 
-

The inner shelf plain in the near lee of the reef complex supported a mixed

algal-molluscan-foraminiferal-bryozoa benthos, grading into algal-molluscan

,)iorninant faunas nearer the mainland coast. Skeletal grainstones generated by the
: various shelf faunas further diluted the original subaerial shelf sediments. Close

inshore, seasonal fluvial outflow, longshore drift and erosion of the coastal
. eolianites ensured that quartz and other allochthonous particles remained
significant components of the sediments.

On the Pelsaert Reef Complex the encrusting boundstone community

extended up the external windward slopes and over the reef crest into the lagoon,

to colonise rocky surfaces. A variety of molluscan-echinoderm faunas settled on
various lagoonal substrates, with gastropod-echinoid assemblages

characterising hardgrounds, and asteroid-bivalve assemblages colonising the
limited areas of detrital sediment.

There are no direct indications for Holocene coral colonisation of the
Pelsaert Reef Complex ca. 6,000 yrs B.P. However, coral growth was possible for

· the following hypothetical reasons. With the attainment of present sea-level, it is
reasonable to expect that general oceanic circulation patterns similar to the
present also existed. Gentilli (1972) associates the origin of the Leewuin Current
with the Pacific South Equatorial Current flowing through the Indonesian
archipelago and, given that the latter was flowing normally at 6,000 yrs B.P ., then
its southern offshoot may have also existed. Penetration of the Leewuin Current
to the Abrolhos would have raised sea temperatures above the minimum level of
16°-11°c necessary for successful reef growth (Roberts et al., 1983), and aided
the recruitment of coral larvae from lower latitude reefs northwest of Australia
(Wilson and Marsh, 1980). It is postulated that by 6,000 yrs. B.P. regional
oceanographic temperatures and current directions around the Abrolhos had
attained, or were near to those conditions conducive to the initiation of coral reef
growth.

Evidence for placing initial coral development ca. 6,000 yrs B.P. is found in
the deepest lagoonal sediment samples (see Table 4, Appendix 3 and Core No. 7,
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.Appendix 5). These sediments, postulated to overlie the pre-Holocene surface at 
.19m below present sea-level, may date from the time that significant deposition 

in the central basin commenced, which, as outlined above, is thought to be

associated with the overtopping of the reef complex's high margin. These deepest 

sediments contain approximately 2.5% coral carbonate, suggesting that some coral 

growth was underway in areas upcurrent from the deep lagoon sediment sink. 

Present coral distributions suggest that branching genera, such as Acropora 

and Pocillopora, would have been the dominant corals of the shallow lagoon, and 

external lee reef slopes. Domal corals such as Favia, Favites, Platyqyra, 

Qoniopora etc. would have been confined to the deeper slopes and pinnicles of the 

central lagoon and blue-hole complex, with the very deep sheet-coral dominated 
by Mycedium, Merulina and tabular Montipora being restricted to areas of the lee 
doline complex with excellent water conditions and little sediment input. These 

zonations are shown in Figure 39. 

The Mid-Holocene Sea-Level High 

ca. 4,500 Years B.P. 

There has been widespread evidence that sea-level rose above its present 
level after 6,000 yrs. B.P •• Estimations of the maximum height of this rise range 
between lm and 4m. Hopley (1980) interpreted several mangrove 14

c and coral
age-dates as indications of a mid-Holocene sea-level high along the northern 
Queensland coast between 5,500 and 3,200 yrs. B.P. Buddemeir et al. (1975), and 
Tracey and Ladd (1974) both postulated a relative sea-level high of at least lm on 
Enewetok and Bikini atolls in the western Pacific around 3,500-2,000 yrs. B.P. 
Burne (1982) used .14

c dates to suggest a +2m sea-level high in peritidal sediments
in the north-eastern part of Spencer Gulf, South Australia at about 6,000-4,000 
yrs. B.P •• Patterson and Kinsman (1981) equate a seawards incline of sabkha 
sediments in the Persian Gulf with sea-level fall from a mid-Holocene high-point 
at 5,000-4,000 yrs. B.P. These examples underline the global nature of evidence 
for a mid-Holocene sea-level high. 

Along the Western Australian margin there have been similar indications of 
a Holocene high-stand. Logan et al. (1970) documented sedimentary evidence 
from Shark Bay to support a high sea-level stand of +2-3m at about 4,500 yrs. B.P. 

Fairbridge (1954) thought that notching in the Cape Peron area to indicate higher 
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stands of the sea at 5,000, 4,000 and 2,000 yrs. B.P. Passmore (1967), in a study

of a Holocene beach-ridge plain 40 km south of Perth, noted that a conspicuous 

boundary between peritidal and subtidal sediments ranged from +3m to -3m, and

considered it to be caused by sea-level fall from a mid-Holocene high. Searle

(1984) came to a similar conclusion, based on 14c age-dates.

Three theories can be used to explain the various indications of a Holocene 

high-stand. The simplest model is a world-wide eustatic sea-level high, possibly 

corresponding to a "climatic optimum" around 8,000-5,000 yrs. B.P. (Bowler et al., 

1976). Height variation in datums, such as in the northern Great Barrier Reef 

(Chappell et al., 1983), make such a mechanism difficult to prove, and indeed, may 

be used to argue against this model. 

Secondly, tectonic uplift, can be used to explain emerged coral reefs of 

Holocene age (Cook and Mayo, 1978). However, no evidence has been put forward, 

to date, to suggest tectonic changes of sea-level along the Rottnest Shelf 

following the culmination of continental break-up in the late Cretaceous-early 

Tertiary. Veeh et al. (1979) expressed reservations on the tectonic stability of the 

Western Australian margin due to post-depositional warping of Miocene marine 

terraces in the Carnarvon Basin, but there is no evidence to extend the area of 

this activity south to the Perth Basin. Shelf margin subsidence due to deep crustal 

cooling (Falvey, 1974) was complete by the Miocene (Quilty, 1975), and is 

therefore not considered to play a role in Holocene sea-level variations. 

Finally, the mechanism of hydro-isostasy has been advanced by Chappell et 

al. (1982, 1983) to explain differences in coral micro-atoll emergence in the 

northern Great Barrier Reef. This model involves ocean basin subsidence under 

increased post-glacial water load, and a compensating rise of the continents, 

through mantle convection. It allows for local differences in height datums across 

a continental shelf, depending on their relative position to the hinge-line between 

subsidence and rise. Degrees of subsidence and emergence can vary from shelf to 

shelf, and along the same shelf, according to local conditions of shelf structure. 

The hydro-isostasy model dictates that correlating undated sea-level features over 
long distances is highly uncertain. 

Indications of a mid-Holocene sea-level high in the Abrolhos area are 

examined here as a local relative change, due to the possibility of hydro-isostatic 

variation. 
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The most prominent evidence of a Holocene sea-level high-stand in the 

Pelsaert Reef Complex is widespread emergence of in situ Acropora-dominant

framework along the reef margins. This framework underlies the composite 

islands (see Plate No. 6, Photo No. 3), forms isolated islets scattered through the 

blue-hole complex and occurs in the emergent oceanic crest where it has been 

roofed over by a coralline algal pavement (see Plate No. 6, Photo No. 1). These 

frameworks are clearly emergent, being exposed over most of the tidal cycle, and 

standing up to 50cm above average lagoonal water levels. Artificially elevated 

Iagoonal W8ter levels, due to moating by algal or coral debris ramparts (Hopley, 

1980; Chappell et al. 1982) is not applicable to the Pelsaert Reef Complex, where 

free interchange of water between the lagoon and open ocean occurs during the 

entire tidal cycle. 

An absolute U-Th age of 4,700 ±. 500 yrs. B.P. (H. Veeh, pers. comm.) was 

obtained for an Acropora stem extracted from a landlocked peritidal pond on 

Pelsaert Island, where in-situ framework stood exposed in the midst of a marsh of 

halophytic land plants (B. Hatcher, pers. comm.). The site was surveyed and found 

to be 0.08m above Australian Height Datum (B. Hatcher, pers. comm.), placing the 

framework about 0.33m above MLL W at Geraldton, and 0.9m above MLL W in the 

Pelsaert Reef Complex, as suggested by the figures of Steedman et al. (1977) (see 

Fig. 22). Hopley (1980) places ML WS as the maximum growth level of corals in 

open water. No evidence was seen to suggest that this coral grew in a moated 

position at 4,700 .:!:. 5000 yrs. B.P ., although moating could only be provided by 

earlier coral frameworks, again implying a higher sea-level. 

The emergent Acropora-dominant frameworks do not provide clear 

indications of the maximum mid-Holocene high-stand level, although 50cm 

appears to be a constant upper value. However, perched coral and shell ridges 

occur on the pre-Holocene "high" rock islands throughout the Abrolhos, at heights 

of 2-3m above sea-level. The most extreme example is a +lOOOkg (est.) 4m head 

of Astreopora positioned 3..:t_0.5m above sea-level atop a pre-Holocene platform in 

the Wallabi Reef Complex (Teichert, 1947). This block is placed about lOOm from 

the nearest island margin, and nearly 200m from the nearest deep water ( +5m). 

Hernandez-Avila et al. (1977) showed that hurricane-generated waves with a 

breaker height of lDm could lift 2.5m coral fragments out of depths of -12m, to be 

re-deposited up to 1.5m above mean tide level on a reef flat. Similar waves in the 

Abroihos (see Section 4) could have lifted the 4m Astreopora boulder out of the 
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subtidal zone onto the intertidal shelf surrounding the 3+0.5m pre-Holocene

platform. However, to then raise this mass a further 3m over the island's

rn:::cginal cliff and transport it lOOm inland does not appear to be possible with 

waves of this size. Sea-level needed to be significantly higher for this to occur. 

Teichert (1947) came to a similar conclusion. 

The same argument is applied to the perched shell beds on Middle and Gun 

Islands in the Pelsaert Reef Complex, which are several kilometres from the 

nearest deep open shelf water. It is postulated here that a minimum sea-level rise 

of lm to 2m would be required to deposit these perched deposits during the 

Holocene, despite reservations like those expressed by Hopley (1980) on the use of 

such ephemeral depositional events as sea-level indicators. An upper limit of +3-

4m should be set on the sea-level rise, due to the presence of small reptiles, such 

as lizards, on many of the pre-Holocene islands (Burbridge, 1984). Within these 

constraints, an absolute maximum limit of +2m is tentatively set for the mid

Holocene relative sea-level in the Pelsaert Reef Complex. 

As shown in Figure 40, sea-level is placed at +2m by 4,500 yrs. B.P., nearly 

overtopping the remaining pre-Holocene islands. By 5,000-4,000 yrs. B.P. coral 

reef building was well established on the Pelsaert Reef Complex. Widespread coral 

colonisation possibly occurred sometime between 6,000 yrs. B.P ., when the reef 

margins were inundated by the post-glacial rising sea, and 5,000-4,000 yrs. B.P. 

This time-range is similar to the lag-time postulated by Davies and Hopley (1983) 

to occur between inundation and reef growth initiation. The shallow reef margins 

were extensively overgrown by a mantle of Acropora-dominant branching 

framework, superposed in most places on the original high karstic rim of the pre

Holocene surface, and extending back into the shallow lagoon. Domal corals and 

deep-water sheet corals were established before or concurrently with the 

_8cropora communities, and encrusted the substrates of the deep lagoon and blue

hole complex (Fig. 40). 

A variety of corals co-existing in the Abrolhos at this initial stage of reef 

growth can be inferred from the present distribution of Acropora and other coral 

genera along the Western Australian coast .(Appendix 7). Branched, domal and

sheet corals exist at Fremantle, 375 km south of the Abrolhos, where Acropora 

has not been recorded (Wilson and Marsh, 1978). Some of these persist tc 

Geographe Bay, 550 km south of the Abrolhos, where conditions are extremely 



FIGURE 40: Holocene history of the Pelsaert Reef Complex (schematic 

Stage 4 - Mid-Holocene sea-level high. 
ca. 4,500 yrs. B.P ., sea-level 2m above datum (?).

Sea-level rises to a mid-Holocene high-point, almoa£ 
overtopping the remaining rock islets. Acropora generat�� 
widespread framework in the shallow areas of the re 
complex's margin, and on the remnant highs of the interio� 
Domal and sheet corals cover the deeper slopes of th� 
pinnacles and dolines with a framework veneer. 
processes of sub marine reef infill, island 
formation, and generation of open shelf carbonat�� 
continue. The reef complex's sediment tail steadil 
increases in thickness and length as the refracted prevailing 
swell adds freshly formed sediment to the pile. 
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unfavourable for reef development. Given the apparently greater tolerance of 

these genera for adverse conditions, compared with Acropora, it is surmised that 

when Acropora was established on the Pelsaert Reef Complex at 6,000-4,000 yrs. 

B.P ., many other genera were probably already flourishing in the area. 

Commencement of coral framework development around 6,000-4,000 yrs. 

B.P. has implications for the subsequent buildup of Holocene reef section. Davies 

and Hopley (1983) noted that coral communities in the Great Barrier Reef are 

capable of lm to 16m vertical growth/1000 yrs. By applying the lowest of these 

values and assuming a starting time of 4,500 yrs. B.P ., then 4.5m of Holocene 

frame could have been developed in the Pelsaert Reef Complex by the present. 

Smith's (1981) community calcification rates of 12kg CaC03
/m2yr. for a coral

dominant lagoonal mound in the Easter Reef Complex, produces a vertical 

accretion potential of 36m since 4,500 yrs. B.P. Davies and Hopley (1983) note 

that the assumptions of porosity and grain density made in converting 

calcification rates to accretion rates often vary widely from the actual values. 

The sea-level high led to an easing of the topographic constraint on wave

pumped waters entering over the oceanic rim, with a lessening of the 

unidirectional water throughflow to leewards. As a result there was a decline in 

the rate of sediment removal from the shallow lagoon to the deep central basin, 

with greater retention of freshly generated skeletal carbonate in the shallow 

windward lagoon. This conclusion is supported by sediments cored in the shallow 

windward lagoon where algal-molluscan packstone underlies a surficial cover of 

algal-encrusted gravel (see Core No. 3, Appendix 5). These lower sediments, 

which overlie possible Acropora-like framework at their base, contain up to 34% 

silt and finer-sized carbonate particles. Sediment of this type can not be 

deposited under the present conditions of water throughflow, particularly 

considering the periodic wave-reworking that occurs in the shallow lagoonal 

substrates several times each winter. It is postulated that these silty sediments 

mark a period of low lagoon currents associated with the mid-Holocene sea-level 

high. 

The mid-Holocene sea-level high is thought to have had no significant 

influence on wave refraction patterns around the Pelsaert Reef Complex. These 

refractions continued to move sediment north and east along the reef margins to 

the north-eastern lee area, building up the lee sediment slopes, and controlling the 
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pregressive growth of the lee sediment "tail" north-eastwards across the inner

shelf plain. Where the lee slopes became shallow enough (30m to 40m), the 

bryozoan-echinoderm fraction of the benthic fauna tended to decline, with the 

algal-foraminiferal-molluscan elements assuming greater prominance. 

Finally, the sea-bird colonies inhabiting the remaining pre-Holocene islands 

on the Pelsaert Reef Complex continued to produce guano with subsequent 

generation of phosphates. Prolonged constriction of the area available for sea

bird colonies caused thick accumulations. 

The Late-Holocene Sea-Level Fall 

ca 2,000 Years B.P.

Between 4,500 yrs. B.P. and the present, sea-level fell from its mid

Holocene high-point to the current level. Chappell et al. (1983) sets out data for 

north Queensland to show that, under the hydro-isostatic model, the curve of 

relative sea-level fall is fairly smooth, without sudden jumps or stillstands. In the 

absence of suitable data for the Pelsaert Reef Complex, a straight line is drawn 

between the presumed maximum mid-Holocene high of ?+2m and the present, to 

produce a relative sea-level position of ?+lm at about 2,000 yrs. B.P. (Fig. 41). 

The most important result of the late-Holocene sea-level fall was the 

emergence of the Acropora-dominant frameworks on the reef crests. This 

framework came under increasing mechanical and chemical attack but, depending 

on it's location in relation to the wave regime, resisted complete destruction to 

varying degrees. On the oceanic and south-eastern margins the framework was 

subject to vigorous wave impact, with pumping of water through the frame 

interstices. Marshall (1983a) described extensive cementation that occurs in reef 

margin sediments, but noted that for cementation to occur outside intraskeletal 

pores, consolidation of the framework with detrital infill is necessary. Presence 

of coralline algae is thought by Marshall to facilitate the cementation process. 

This model is applicable to the emergent Acropora framework of the Pelsaert 

Reef Complex's oceanic crest. It is postulated that the initial stage of wave 

impact tended to break down the upper part of the framework, with compaction of 

the fragments and other biota. This fragmentary surface was progressively 

cemented by the continual wave-forced perculation of seawater, and consolidated 

by coralline algae to produce the dense boundstone that characterises the upper 

surface of the emergent oceanic rim (Fig. 41). 
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FIGURE 41: Holocene history of the Pelsaert Reef Complex (schernat( 

Stage 5 - Late Holocene sea-level fall. 
ca. 2,000 yrs. B.P ., sea-level lm above datum (?).

With the fall in sea-level the shallow Acropora-clornina 
framework is exposed on the edge of the reef comp 
where the pre-Holocene basement is shallowest. Along t 
oceanic margin, where wave impact is greatest, the expo$ 
framework is consolidated by marine cementation 
roofed over by a coralline algal pavement. On lower enef 
margins the framework is less cemented, and 
broken down, or forms remnant islets. As 
continues to fall the increasing exposure 
provides a source of sediment for the deposition of stor:rtt; 
ridges placed atop the peripheries of the high pre-Holocen� 
islands or on exposed framework. The emerging wind 
margin framework constrains the seaward return flow 
swell-piled water, setting up a lagoonward throughflow. T 
Acropora-c:lominant coral association of the sham, 
windward lagoon declines with the change of 
regime, and is progressively superseded by an 
molluscan-algal assemblage. Sediment swept off t 
shallow lagoonal substrates is deposited in the deep centf 
lagoon as a rapidly prograding wedge, where it fills J
karstic lows and inundates remnant pinnacles. 
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However, the boundstone is a rind over mechanically weak Acropora 

framework. This is evident along the inner margin of the emergent crest where 

undercutting has revealed the old mid-Holocene framework in situ, from where it 

can be easily removed. An unusual example of the rind effect is at the "Windsor" 

"wreck-site", approximately 3.5 km west of the southern tip of Pelsaert Island, 

where two large iron boilers have been thrown up onto the reef crest. They have 

ground their way through the surface boundstone and into the underlying 

framework, to become permanently anchored in niches of their own diameter. 

On the south-eastern reef margin, and along the perimeter of the north

eastern blue-hole complex, the emergent Acropora framework was cemented in a 

similar fashion but, at these sites there is no evidence for an emergent coralline 

algal pavement. It's place is taken by an imbricate coral slab horizon that slopes 

towards the reef margin, reflecting the fall in sea-level (Fig. 41). Away from the 

reef margins, emergent Acropora framework was not well cemented, and was 

either completely broken down and encrusted by various biota, or left standing in 

very shallow areas as small islets, which were progressively notched in the 

intertidal zone (Fig. 41). 

The emergent framework, superposed on · the high karstic rim, was a 

topologic constraint on the seawards return of wave-pumped waters primarily 

entering the lagoon over the oceanic margin, and to a lesser extent across the 

south-east margin. As the crestal frameworks and their pre-Holocene foundations 

progressively emerged, unidirectional throughflow of water to the lee of the reef 

complex came to dominate the lagoonal circulation pattern (Fig. 41). 

The increase in throughflow had a profound impact on the shallow lagoonal 

substrates, where the current was strongest (see Section 4). The major result was 

the massive removal of skeletal detritus to leewards, over the margins of the deep 

central depression and northern reef edge. Along the southern margin of the deep 

central lagoon, where it is closest to the oceanic reef crest, a sand wedge rapidly 

prograded into the deep lagoon, inundating lagoonal pinnacles in its path (Fig. 

41). Similar leewards-prograding sand bodies have been noted elsewhere by 

Kornicker and Boyd (1962) Orme et al. (1974), Davies (1977) and Davies and Kinsey 
(1977). 
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The leewards transport of sediment infilled topographic lows in the shallow 

tagoon's pre-Holocene surface, smoothing the terrain. Pichon (1981) considered 

that this stage of detrital inf ill of the reef topology can be regarded as a mature 

phase of reef growth. Fine sediment fractions (silt and clay-sized) were mostly 

flushed off the reef complex and lost to the sedimentary system. In the sediments 

of the deep lagoon, where these particles would tend to accumulate, there is an 

overall dearth of this material (see Table 4, Appendix 4). Core No. 7 in the deep 

lagoon shows an increasing paucity in fine sediment fractions up the section. This 

trend reflects a steadily strengthening lagoonal throughflow during the late 

Holocene sea-level fall. 

With the change from relatively quiescent conditions during the mid

Holocene highstand to a state of continual water throughflow, the corals of the 

shallow windward lagoon (dominantly Acropora sp.) went into decline unrelated to 

emergence. Macro-algae and coralline algae became the dominant encrusters 

(Plate No. 6, Photo Nos. 5,6), with a significant in-fauna of echinoids and 

gastropods. The coral framework was slowly broken down into gravel mounds, 

usually elongate in the direction of water flow, or reduced to sand-sized particles 

or smaller and removed to leewards. Coral growth continued in the immediate lee 

of the oceanic crest, where Acropora and Pocillopora formed discontinuous 

colonies, or fringes around areas of algal-encrusted defunct framework. Vigorous 
coral growth on the oceanic margin became increasingly restricted to the spur and 

groove terrain of the re-entrants. On the inner margin of the shallow lagoon plate 

Acropora buildups also became defunct and encrusted. Porites colonies alone 

were able to continue vigorous development in the shallow lagoon (Fig. 41). 

In the north-east blue-hole complex and on the pinnacles of the deep 
lagoon, coral framework buildup proceeded. This area of vigorous coral growth 
was unaffected by the increase in lagoonal currents, and was protected from the 

associated leewards sediment movement by the intermediate sink of the deep 
central lagoon and the northern embayment. Detrital sediments accumulated in 
§itu, causing gradual shoaling of the blue-hole complex's sandflat areas and the
peaks of the larger pinnacles. Corals retreated from these areas to the adjacent
dolines and micro-lagoons. Sediment movement was limited to wave resuspension
of silt and clay-sized particles with subsequent re-deposition in nearby dolines
(usually of the collapse type), or on the slopes of the pinnacles. In this manner the
only extensive very fine-grained sediment bodies in the Pelsaert Reef Complex
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were gradually built up, forming saucer-shaped floors in those dolines susceptible 

by proximity to this influx. 

The other major development associated with the late-Holocene sea-level 

fall was the formation of supratidal coral gravel ridges along the south-eastern 

and north-eastern reef crests. The role of extreme stormwaves generated by 

cyclonic conditions in building such ridges has been well documented elsewhere 

(McKee, 1959; Baines et al., 1974; Rigby and Roberts, 1976; Hernandez-Avila et 

al., 1977; Stoddart and Steers, 1977), although disagreement occurs over the role

of sea-level change in the successive formation of such ridges. Baines et al. 

(1974) and Hernandez-Avila et al. (1977) draw attention to the need for a reservoir 

of gravel-forming biota in the zone of wave-impact adjacent to the areas of ridge 

formation. 

Supratidal ridge formation was restricted to the south-east and north-east 

reef margins, where the reef crest was becoming emergent, and where some 

degree of coral frame buildup was occurring on the adjacent reef slope. The 

oceanic reef margin, although emergent, lacked a source of gravel on the adjacent 

reef slope and there is no evidence to suggest that storm ridges have formed along 

this crest during the Holocene. The northern lee margin, west of the embayment, 

supports a flourishing branching Acropora framework, but has a too-deeply 

submerged crest along most of its length for the formation of gravel ridges. 

Two aspects of the supratidal gravel ridges need to be considered; their 

nearly ubiquitous superposition on the emergent mid-Holocene coral framework, 

and the trend for the older ridges to be somewhat larger and higher than the 

younger ridges. Gravel-ridge patterns on Pelsaert Island (see Fig. 13, A-C) show 

that the earliest ridges were re-curved, and were emplaced on emergent Acropora 

framework. Subsequent ridges nucleated around these early structures and 

onlapped towards the north-east, in the direction of wave propagation. This 

relationship implies that emergent framework was necessary for successful ridge 

formation to begin, possibly by protecting the ridges from intertidal wave 

reworking and breakdown between storm events. Later shingle ridges were 

deposited on the margins of these elevated structures but, as indicated by 

numerous truncations, were subject to extensive modification by the normal wave 

regime. 
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The tendency for the older ridges to be higher than those closer to the reef 

margin cannot be easily explained. The late-Holocene sea-level fall appears to 

play a role, as the boundary between the ridges and underlying framework is 

marked by a sloping horizon of imbricated Acropora plates. This horizon, standing 

up to lm to 1.5m above MSL on the lagoonal side of the islands, slopes towards the 

oceanic side (see Fig. 41), where it is contiguous with the modern intertidal zone. 

Thus, the ''baseline" of ridge growth is highest under the oldest ridges. However, 

ridge height above this datum appears to be greater in the older ridges. It is 

postulated that sea-level fall increased gravel generation as framework on the 

reef slopes was increasingly subjected to wave stress. Storms had a greater 

reservoir of material to draw upon, than would be the case under a stable sea

level. Exhaustion of this reservoir saw ridge formation decrease in volume. 

Baines et al. (1974) postulate a similar mechanism of reservoir over-accumulation 

associated with sea-level fall on Funafuti Atoll in the Pacific. 

On Pelsaert Island, the formation of gravel ridges anchored to the "high" 

rock island "head" allowed to the buildup of a large shell and sand area on the 

shallow lagoon in their lee. The two areas of ''high" island rock at the southern tip 

of Pelsaert Island (Fig. 13, A) possibly acted as groynes, causing the current 

flowing through the lagoon to deposit sand on their up-current side. This sandy 

area was capped by low sand dunes and colonised by sea-birds, with consequent 

extensive surface burrowing and phosphatisation. 

The age and rate of gravel-ridge formation in the Pelsaert Reef Complex is 

unknown. Coral from a ridge perched about 3m above A.H.D. (B. Hatcher, pers. 

comm.) on the "high" rock island "head" of Pelsaert Island gave a U-Th age of 

1,800+200 yrs. B.P. (H. Veeh, pers, comm.). Considering the allochthonous nature 

of the sample, and the poor resolution of the U-Th dating method with young 

material (H. Veeh, pers. comm.), little can be inferred from the result. Baines et 

al., (1974) suggests that ridge formation is comparatively rare, occurring once or 

twice a century, and is dependent on the combination of an exceptionally strong 

cyclonic event with a sufficient off-shore reservoir of new coral framework to 

provide gravel. It is significant that the reef margins with ridges are only subject 

to extreme weather conditions during tropical cyclones, allowing several years for 

an offshore supply of gravel-forming material to be generated before an event of 

exceptional wave impact affected it. No new ridges have been formed on the 

Pelsaert Reef Complex since the one of indefinite age noted by Teichert (194 7), 

and this one has now largely disappeared. 
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On the adjacent continental shelf the processes of wave refraction and lee 

sediment accumulation continued. The rate of sediment deposition in this area 

possibly increased slightly, as the unidirectional current regime was set up across 

the Pelsaert Reef Complex, with movement of detritus towards the lee of the 

structure. Compositionally, the lee slope and shelf sediments are difficult to 

differentiate, apart from consistently less bryozoan material on the slopes. The 

relative amount of reef-derived sediment cannot be determined and, may only be 

locally important in the immediate lee of the reef. 

The Present 

ca. 1950 A.O. (Post-Mining) 

Between 2,000 yrs. B.P. and the present (ca. 1950 A.D.) sea-level fell to its 

present position and stabilized. With the stabilization of sea-level, the processes 

of sediment transport, deposition and faunal-floral activity reached a point of 

equilibrium. Descriptions of the Pelsaert Reef Complex's present bathymetry, 

physical environment, sediment distribution and benthic communities have been 

set out elsewhere. However, consideration is given to those processes and 

features that were paramount in achieving the present balance of communities, 

sediments, topology and kinetics (Fig. 42). 

The most important feature was the emergence of the oceanic crest to its 

present height. This rim is now emergent during the entire tidal cycle, with the 

possible exception of extreme astronomic tides combined with extreme 

barometric tides. The crest is not high enough to prevent wave-pumped water 

from surging over it and into the lagoon during a normal sea-state. Water 

continually flows away from the crest, crosses the lagoon and exits over the 

northern lee reef margin. The crest is covered by a variety of macro-algae, 

coralline algae and encrusting fauna, with few corals. There has been no 

significant coral accumulation on the oceanic reef slopes in front of the crest. In 

the oceanic re-entrants coral frame development has continued, building many of 

the spurs into the intertidal zone where they have been capped by thick coralline 

algal crusts similar to those described by Marshall (1983a). The composition and 

mode of formation of the oceanic crest and its south-eastern equivalent appears 

to be very similar to the emergent algal rim of Redbill Reef in the central Great 

Barrier Reef, as described by Hopley et al. (1981). 



FIGURE 42: Holocene history of the Pelsaert Reef Complex (schematic) 

Stage 6 - The present ca. 1950 A.O. (post-mining), sea-lev�l 
at datum. 

Sea-level falls to its present datum and ?stabilizes. Algal-/ 
bound Acropora framework on the oceanic margin forms�:. 
pronounced rim, exposed over the entire tidal cycle, but nof\ 
high enough to prevent wave-pumped water from entering). 
the lagoon during a normal sea-state. Decline of the? 
Acropora-dominant coral community in the shallow 
windward lagoon has continued, with increasing replacement? 
by an algal-dominant community. The increased lagoona( 
throughflow of water has removed much of the earlier 
Holocene sediments, exposing the pre-Holocene surface with ' 
its phosphatic pods. Progradational infill of the deep lagoon ·· 
continues with sediment supplied by the shallow lagoon.i. 
lnundated lagoonal pinnacles are either completely buried, · 
or remain with their peaks exposed as algal-encrusted < 
mounds of coral gravel. Deeper 
lagoonward continue their growth to the surface. Multiple 
deposition of storm ridges along the low energy reef margins / 
has continued at a progressively slower rate. With intertidal ·; 
exposure, the framework islands are notched, completely 
cutting through their bases in some cases. The composite 
islands are colonised by mangrove and sea-bird communities 
where a new cycle of intertidal and subaerial sediment.. 
formation is commenced. Due to the 
throughflow, overall sediment accretion has become 
lateral, to the extent that the finer silt and clay-sized 

fractions are generally flushed off the reef complex and lost 

to the system. 
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The continual surging of water over the crest has hollowed out a moat 

behind the crest in places, and undercut the algal pavement where underlain by 

the mid-Holocene Acropora framework (Fig. 42). This process of undercutting 

may lead to the eventual destruction of the emergent crest in places, with an 

enervation of its ability to prevent the backflow of wave-pumped water to the 

ocean. 

In the shallow windward lagoon coral decline has continued, leaving large 

areas covered by coral gravel encrusted by coralline algae and macro-algae. The 

powerful throughflow of water continually removed freshly generated sediment 

from the shallow lagoon into the deep central lagoon and further leewards. In 

places removal of sediment has been extensive enough to expose the pre-Holocene 

surface with its characteristic "marker pods" of subaerial phosphatic material 

(Fig. 42). 

Sediment moved across the shallow windward lagoon has infilled and 

masked most karstic features on the platform itself. The only areas of the 

shallow lagoon that exhibit deep pre-Holocene hollows, such as gullies and small 

dolines, are located immediately to the leewards of the oceanic re-entrants, 

where lagoonal currents are weakest (see Plate No. 1). Infill has been more 

complete to the east of Gun Island, but here also the patterns of sandflats and 

subtidal pre-Holocene rock platforms are suggestive of a doline field (see Plate 

No. 3). 

The most marked infill has been the large sandsheet prograding into the 

deep lagoon (Plate No. 4). This sand sheet is over SOOm wide in places and up to 

+12m thick on its leading edge. It is compositionally dominated by coral and

coralline algal material (averaging 50% of the total), which illustrates the origin

of much of its sediment on the shallow lagoonal shelf. As it advanced out over the

deep lagoon substrates, the sandsheet inundated lagoonal pinnacles (Fig. 42),

either completely burying them, or rarely leaving the tips of the higher ones

exposed which now appear as isolated mounds of algal-encrusted gravel on the

sandsheet surface (Plate No. 6, Photo No. 8).

Finer sand fractions moved over the sandsheet to be re-deposited over the 

rugged floor of the deep lagoon as a relatively thin layer 3m to 4m(?) thick. In 

more sheltered locations, such as to the east of Middle and Gun Islands, finer sand 
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fractions have been retained in the sheltered sandflats seen in those areas (see 

Table 3, Appendix 4). Very fine sediment fractions have been completely removed 

from the reef complex, causing a paucity of those sizes (Lt. 4,/J) in the shallow 

windward lagoon and deep lagoonal sediment facies (see Tables 2,3 and 4, 

Appendix 4). 

Vigorous upwards coral growth continued unabated on the deep lagoonal 

pinnacles and in the north-east blue-hole complex. Deeper pinnacles are still 

building towards the surface, and coral assemblages in the dolines have not 

produced enough section to disguise the karstic origins of the underlying pre

Holocene basement. In marked contrast to the shallow windward lagoon, sediment 

accretion in these areas is dominantly vertical, with a subordinate amount of 

lateral slope development, such as allowed for by Davies and Hopley (1983) in 

their estimation of vertical growth potential. 

Formation of gravel ridges continued along the north-eastern and south

eastern reef margins. On Pelsaert Island, this process linked several independent 

islets to produce the remarkable 11 km long "tail". Dutch maps indicate that this 

linkage was complete by 1727 A.O. (Ingleman-Sundberg, 1978, pp.4). 

The mid-Holocene framework exposed in the composite islands and as free

standing islets has been extensively notched in the intertidal zone, leading to 

complete cut-through in some instances. The establishment of mangroves on some 

of the composite islands has commenced a new cycle of sedimentation. Due to a 

lack of suitable sediment influx, this community is unlikely to produce significant 

accumulations of peritidal sediments (Fig. 42). 

Within the last 100 years, the phosphatic sediments of the "high" rock 

islands and the broad sandy section of Pelsaert Island have been mined out, leaving 

the pre-Holocene bedrock exposed, and probably appearing much as it did before 

the post-glacial rise in sea-level commenced ca. 18,000 yrs. B.P. (Fig. 42). 

The continuous refraction of the prevailing swell and windwaves around the 

Pelsaert Reef Complex since 10,000-9,000 yrs. B.P. has produced a remarkable 

sediment "tail" in the lee of the complex. Close to the reef complex this quite 

distinct topographic feature is clearly related to sediment deposition in the 

crossover zone of opposing refracted wave-trains. 
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DISCUSSION 

A number of important conclusions can be drawn from the interpreted 

Holocene history of the Pelsaert Reef Complex: 

a) The growth of the Holocene section has not significantly modified the

karstic nature of the bathymetry. Barring the limited areas of thick

detrital infill, all of the major geomorphic features of the modern

reef surface directly owe their gross shape and location to the

basement topology. The most significant of these are the high

peripheral rim on the windward margins, the shallow lagoon, the deep

central lagoon with its remnant pinnacles, the very complex north

east blue-hole area, and the external grooving, which is most evident

on the oceanic and south-eastern windward slopes. The Pelsaert Reef

Complex is an archetypal example of MacNeil's (1954) and Purdy's

(1974a) hypothesis that all the classic geomorphic zonations of an

atoll can be caused by subaerial solutioning. The overall shallowness

of the pre-Holocene surface has been important in making this last

point manifest.

b) Coral frame development, where not constrained by sea-level, is

dominantly vertical and perpetuates the gross topography of the

underlying pre-Holocene surface. The only instances of significant

basement masking occur in areas of lateral sediment progradation,

where coral development has declined or never existed. In these

areas the reef complex is actively growing backwards, in an analogus

manner to that postulated by Frith (nee Leedington) (1983) and Davies

(1977) for One Tree Reef in the Great Barrier Reef.

c) Despite a vertical growth estimation of 4m to 36m, most areas of the

Pelsaert Reef Complex do not support Holocene framework with

anything like these thicknesses. The oceanic reef slopes, including

the 20m and lDm benches, are devoid of coral frame buildup, and only

support the most surficial and scattered coral growth. The Acropora

dominant framework of the reef complex's hig'o rnarginal rim is only

lm to 2m thick, where it overlies the pre-Holocene, although there is
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obvious sea-level constraint at this location. There is a lack of 

framework, living or defunct, over most of the shallow lagoon's pre

Holocene limestone surface where it is exposed in depths of 2m to 

5m. In the blue-hole complex the extremely good preservation of the 

pre-Holocene doline-pinnacle topology strongly suggests that the 

luxuriant coral framework may only be a few metres thick, thus 

falling into the lowest part of the potential vertical growth range. 

d) No significant sediment buildup has occurred on the oceanic margin to

enable the reef to build forwards. Detritus produced on the oceanic

crest is swept leewards by wave surge into the shallow lagoon, and

loose sediment on the deeper oceanic slopes is removed laterally to

the lee of the reef complex by refracted wave-trains. The

preservation of the karren grooves indicates that the boundstone

community on the oceanic slope has been incapable of producing a

substantially thick Holocene section in +6,000 yrs. As noted by

Johannes et al. (1983), the lack of a coral framework means that

other calcifiers are removed by currents after they die, rather than

contributing to a reef build-up.

e) In addition to the reef growing backwards through internal sediment

infill, the refracted wave transport of sediment to the north-east of

the complex is another means by which the reef massif is extending to

leewards. The sediment "tail" is correctly defined as a bank, and is

genetically related to the spectrum of bank and platform structures

described by Davies (1970) and Read (1974) in Shark Bay, Western

Australia, as well as those of the inner Rottnest Shelf (Searle, 1984;

France, 1977).

Three major problems arise from the interpreted history of Holocene reef 

development, and the above points: 

l. Why have the coral communities of the Pelsaert Reef Complex

accumulated so little vertical section in those areas where it is

possible, despite s Accretion pote,,Ual of up to 36m in 4,500

years?
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2. Why has there been no coral reef development on the oceanic

reef slopes and various parts of the shallow windward lagoon,

where pre-Holocene surfaces are exposed and apparently

suitable for coral settlement?

3. How does the sediment-producing potential of the shallow

windward lagoon and crestal communities compare with the

sediment actually generated and deposited in the leewards

karstic sinks?

Coral Growth Suppression 

The first two problems are inter-related. In the Pelsaert Reef Complex a 

combination of factors slows coral accretion to approximately lm/1000 yrs. or 

completely prevents it occurring. Temperature, light intensity and turbidity have 

been recognised as controls on coral growth (Roberts et al., 1983; Veron, 1974; 

Houck et al., 1977). Johannes et al. (1983) recognised that fleshy benthic algae 

are a major brake on coral growth through overgrowth, shading, competition for 

substrates, current-induced abrasion, and baffling of sediment to produce a 

surface unsuitable for coral settlement. To this list the author proposes to add 

the factor of unremitting heavy wave impact which, allied with various of the 

other factors, is a major agent for supressing coral accretion in some areas. Each 

these factors is examined in turn. 

The Pelsaert Reef Complex is located in an oceanic temperature regime 

that is marginal for coral growth. With a decline in the annual minimum of 2°C 

widespread coral death might be expected (Roberts et al., 1983). Johannes et al. 

(1983) stated that the community calcification rate of 12 kg/m2 /yr reported by 

(1981) is mainly due to coralline algae, foraminiferas, bryozoans, 

echinoderms and molluscs, and that corals make a minor contribution. · They 

considered low annual temperature to be the main cause of coral calcification 

suppression. Results by Houck et al. (1977) indicated that a variety of coral 

genera respond to lower temperatures by reduc:ed skeletal growth, and Crossland 

(1981) showed that coral skeleton growth rates in the Abrolhos corresponded more 

closely to sea-temperature variations than other environmental parameters. 
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The effect of lower light intensity is not well understood, due to variables 

the differential absorption of certain wavelengths by seawater, and 

responses by various gener8 (Houck et al., 1977). Veron (1974), in a 

of the Solitary Islands, and the adjacent east Australian coast at a latitude 

comparable with the Pelsaert Reef Complex, regarded the role of light intensity 

in supressing coral growth to be related to increasing turbidity close inshore, 

rather than a function of decreasing incident light intensity. Crossland (1981) 

noted that macro-algal shading caused 20-40% decrease in coral growth rates in 

the Abrolhos during the optimal summer-autumn growth period. 

It is postulated here that the thin Holocene frameworks in the Pelsaert 

Reef Complex are the result of low calcification rates caused by low annual sea 

temperatures, and possibly lower light intensity, and that these rates are on the 

scale of lm/1000 yrs. or less. It is also possible that fluctuations in the strength 

of the Leewuin Current could have caused periodic cold-water conditions, like 

those reported by Roberts et al. (1983) for the Florida Reef Tract. Such events 

would have killed many of the coral assemblages and caused depositional breaks, 

until larval restocking could get reef growth underway again. Similar periodic 

denudations are suggested by Veron and Done (1979) for the coral reefs of lord 

Howe Island, the southernmost in the world. 

Although this model may explain the thin Holocene frameworks, it does not 

account for the complete lack of coral growth on the oceanic reef slope, and in 

the shallow lagoon. It is postulated here that corals cannot become established on 

the oceanic slope in sufficient numbers to start reef building, due to competition 

from the macro-algae and coralline algae (Johannes et al., 1983), and because the 

powerful seasonal sea-state (unrefracted swells and storm-waves) physically 

removes any colonies that do become established, once they are large enough to 

cause sufficient bottom-drag. Coral growth on the oceanic margin is only 

vigorous in the re-entrants where wave-action is damped down. Crossland (1981) 

notes that Abrolhos corals, especially Acroporids, have brittle, low-density 

skeletons, which would make them particularly susceptible to wave damage. The 

problem of coralline/macro-algal competition plus heavy wave impact appears to 

be insurmountable for corals debilitated by low temperatures. 

Within the shallow lagoon, it is thought that severe sediment flux is the 

main cause of coral suppression, with the macro-algae and coralline algae filling 
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vacuum created. Coral growth in the shallow lagoon is limited to the zone 

immediately in lee of the reef crest, where water quality is relatively good. 

Conditions decline across the shallow lagoon as the amount of detritus that can be 

entrained increases. Sediment pressure was responsible for the death of those 

coral assemblages on the tips of lagoonal pinnacles that stood above the 

prograding sandsheet. Notably, Porites is the only coral to have built significant 

colonies in the shallow windward lagoon and, as reported by Ladd (1977), this 

genera is more capable than most of withstanding sediment influx. Sediment stress 

is postulated to be the reason for the lack of coral framework on many areas of 

exposed pre-Holocene limestone in the shallow lagoon. This mechanism explains 

the brief period of increased coral growth in the shallow lagoon during the mid

Holocene high. A submerged oceanic crest caused a slackening of the throughflow 

and its attendent sediment load. 

Only on the lagoonal pinnacles and in the north-east blue-hole area do the 

corals have calm conditions and protection from sediment influx (excepting those 

dolines surrounded by shallow sandflats) necessary for successful colonisation and 

growth, and attain their maximum development potential. Johannes et al. (1983) 

note that turbulence is conducive to macro-algal growth. It is probable that the 

calm conditions of the deep lagoon and blue-hole complex suppress macro-algal 

growth and thereby remove the coral's main benthic competitor. 

In conclusion, it is proposed that coral growth in the Pelsaert Reef 

Complex is dependent on temperature, light intensity, algal competition, sediment 

flux and wave impact. The first two factors control frame calcification rates, and 

various combinations of the other three control the distribution of active 

framebuilding across the reef complex. 

Holocene Sediment Budget 

The problem of a sediment budget for the shallow lagoon and karstic sinks 

is not easily resolved. Potential calcification rates for the shallow benthic 

communities can range up to l2kg/m2/yr (Johannes et al., 1983). However, this 

may be an optimum rate, confined to small areas of high productivity. In 

considering the potential area of sediment production, it is necessary to estimate 

the importance of areas of low productivity, such as bare limestone surfaces. 

Further complications arise in estimating the volume of sediment dumped in the 
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karstic sinks, and deducting the skeletal contribution of the molluscan

echninoderm fauna that inhabit these depositional areas. 

Assumptions need to be made, in the absence of quantitative data, to 

produce a conservative estimate of the potential discrepancy that may exist 

between the volume of sediment generated and locally deposited on the Pelsaert 

Reef Complex. The pre-Holocene geomorphic zones shown in Figure 30 are used 

to estimate the areas of production and deposition. Calcification rates are based 

the figures given by Davies and Kinsey (1977) for the various reef zones at One 

Tree Island. These rates will be conservative, taking into account the high 

calcification values measured in the Abrolhos by Smith (1981), and noting that 

Davies and Hopley (1983) consider that these figures, on average, may be too 

low. It is assumed that no major error arises out of using community calcification 

rates derived from One Tree Island at 23°30'S, for the Pelsaert Reef Complex at 

z9os. Kinsey (1979) supports such an assumption by asserting that modern reef

growth shows very little latitudinal variation. A standard assumption of 50% 

porosity is made and total production is regarded to be aragonite, as a further 

conservative control on the estimated volume of sediment produced. Sediment 

contribution from the oceanic reef slope is disregarded as calcification rates in 

these areas is not well understood. Other assumptions are noted where made in 

the budget calculations. 

It is estimated by square-counting method that the area of the shallow 

windward plat form (Fig. 30) is 70x106m2 • The emergent crest, and the zone of 

high coralline algal productivity behind it (as evidenced by ubiquitous 

encrustation) is approximately 500m wide along the reef front, giving a total area 

of 10x106m2 ; A calcification rate of 4kg/m2 /yr equates to 2 .Bm/1000 yrs., which 

is equivalent to 16.Bm of growth since the reef complex was overtopped at 6,000 

yrs. B.P ., with a total sediment volume of 168xl06xm3. Of the remaining area, it 

is estimated that 45x106xm2 is covered by sand and rubble surfaces and rock 

platforms, and that l':>x106m2 is taken up by smooth limestone surfaces and the 

emergent islands. The intertidal rock platforms support an encrusting biota, and 

are assumed here to have the same sediment production potential as a sandflat. 

Using a calcification potential of 0.3kg/m2/yr (Davies and Kinsey, 1977) gives an 

accretion rate of O.Zm/1000 yrs., a total vertical accretion of 1.2m over 6 ,000 

yrs., and a total sediment volume of 54xl06 m3 . Finally, it is estimated that the 

average Holocene sediment thickness on the pre-Holocene platform (Fig. 30) is 
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about lm. Deducting this amount over the 55x1D6 m2 of Holocene sediment

surface leaves 165x106m3 available for re-deposition to leewards. With the

assumptions made above, this is believed to be a conservative figure, and could 

vary significantly. An increase of lkg/m2/yr in the calcification rate of the

windward margin would ultimately mean an additional 35x106m3 of sediment

available for transport off the shallow lagoon. Again, noting the calcification 

data of Smith (1981), this is entirely possible. 

The main intra-reef sediment sinks are the prograding sand sheet, the deep 

lagoon and the area of possible doline development east of Gun Island (Fig. 30). 

The prograding sand sheet has an area of 4x106 m2 , and a thickness at its leading

edge of at least 12m (9m face plus 3m to 4m of underlying deep lagoonal 

sediment). If the sand sheet is regarded as a wedge, then an average thickness of 

6m can be presumed. Deducting l.2m of the vertical section as being due to 

sandflat calcification over 6,000 yrs., gives a transported thickness of 

approximately 5m, which is equivalent to a total sediment volume of 20x106m3 .

The deep lagoon has an area of 1Dxl06m2 , of which at least 75% or more is taken

up by the remnant pinnacles and their attendant sediment slopes, assumed here to 

be locally generated. This leaves 2.5x106m2 to be infilled by re-deposited

sediment. The deep lagoonal drape is assumed to be 4m thick, as suggested by 

probes, giving a total sediment volume of 10xl06m3 . No local sediment

production is allowed for. 

The potential doline area east of Gun Island is the most problematic (Fig. 

30). This zone has an area of approximately 16 x106m2 , and lies at an average

depth of 3m to 4m. Assuming a conic doline field with 75% coverage, as suggested 

by the north-east blue-hole complex, with individual dolines extending 15m below 

the general level of the reef surface, produces a sediment volume of 

approximately 90xl06m3 • A local sandflat calcification rate of 0.3kg/m2 /yr gives

a total sediment volume of 19x106m3 to be deducted from this infill, leaving

7lx106m3 (rounded off to 70x106m3) to be supplied by the windward areas.

The total volume of the main areas of infill is 100x106 m3 • It is thought

that this figure is probably on the high side, particularly in view of the 

uncertainties in calculating the volume of the potential doline sinks (coverage, 

depth, angle of slope etc.). Comparing this 100xl06m3 with the 165xl06m3 

presumed to t,e available for re-deposition from the shallow windward areas, 
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suggests a substantial oversupply of sediment. It is believed that the assumptions 

made would tend to diminish, rather than inflate the difference between intra

reef production and re-deposition, particularly as the sediment production 

potential of the oceanic reef slope has been totally ignored in making this 

equation. It is postulated, therefore, that the Pelsaert Reef Complex has 

exported a substantial amount of sediment over its leeward margin, to be re

deposited on the lee slopes, or completely lost to the system, if of a particularly 

fine-grained nature. 

It is revealing to estimate the volume of sediment emplaced in the Pelsaert 

' Reef Complex's lee sediment slopes. Using a baseline of -50m as the general level 

of the surrounding shelf, and an area of 70x106m2 in the reef's immediate lee, 

produces a sediment wedge of approximately 1000x106m3. This is an order of 

magnitude greater than the potential sediment that could be exported off the top 

of the Pelsaert Reef Complex. To assume such an origin would require a 

calcification rate of +16kg/m2 /yr for the entire 90x106m2 of the shallow 

windward lagoon, which appears unreasonable. Obviously, sediment derived from 

the Pelsaert Reef Complex's shallow substrates cannot begin to account for the 

sediment "tail" that stretches 60 km to the north-east. As previously interpreted, 

this sediment body owes its origin to refracted wave transport of material to the 

reef's lee. The Abrolhos wave climate is capable of entraining medium-sized sand 

in depths of lOOm during high-energy events, and of transporting similar material 

across the inner shelf plain during normal weather conditions. A wide area of the 

Abrolhos Shelf has contributed to the formation of the Pe!saert Reef Complex's 

tail, which is therefore mainly the product of interference between the reef and 

regional wave climate. 
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SECTION 9 

.CONCLUSIONS 

The Holocene development of the Pelsaert Reef Complex is the result of a 

•nnno'lex balance between the karstic basement topography, community zonations,

sediment transport, both across and around the reef massif. The classification 

of the Pelsaert Reef Complex, and its relevance to general coral reef studies must 

take into account the following characteristics: 

Reef development has occurred on a tectonically stable shelf, which is 

dominated by temperate carbonate sedimentation. There is only minor 

terrigenous influx onto this shelf. 

The shelf is wave-dominated, being subject to a continual impingement of 

powerful swells generated by the sub-Antarctic Westerley Wind Drift. 

High-energy events are common. Winter storms ("gales") occur 4-10 times 

each year, and sub-tropical cyclones affect the reef approximately once 

every three years. 

The Pelsaert Reef Complex is positioned in a marginal temperature regime 

for coral growth, particularly for the Acroporids which are dominant 

framework builders elsewhere. Framework accretion rates are low, possibly 

on the order of lm/1000 yrs. or less. 

Carbonate production is dominated by non-framework forming organisms, 

such as coralline algae and benthic in-fauna. In the absence of a stabilising 

framework, much of this production is reduced to detritus, and is available 

for transport and re-deposition. 

Growth of the reef complex is dominantly lateral and leewards. 

Combination of a powerful wave regime with the dominantly detrital nature 

of sediments generated on the reef and adjacent continental shelf has caused 

this expansion to be mainly physically-related, so that reef expansion is as 

much due to detrital accumulation as biohermal buildup. 
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Intra-reef morphology is a result of subaerial karstic solutioning, exhibiting 

the atollic topologic features found in many oceanic and continental shcl f 

reefs. 

Masking of the karstic terrain occurs by leewards progradation of detrital 

sediment bodies. In-situ accumulation of biohermal sediment, such as coral 

framework, perpetuates the karstic terrain rather than obscuring it. This is 

a reflection of low coral growth rates in the area, and the possiblity that 

corals did not re-colonise the Pelsaert Reef Complex until late in the 

Holocene, when sea-level was at or near its present position. 

The reef substrates are presently dominated by macro-algae and coralline 

algae, and associated in-fauna. Corals are restricted by sediment flux and 

wave energy, and reach their greatest development in the sheltered leeward 

areas of the reef complex. 

Leeward sediment progradation and community zonation has been made 

conspicuous by the late Holocene emergence of the reef crests and the 

resulting constraint to drainage of wave-pumped waters out of the lagoon. 

This extremely specific, possibly unique combination of characteristics 

makes it difficult to designate the Pelsaert Reef Complex a position in a genetic 

sequence of reef growth. Maxwell (1976), Stearns (1946) and Stanton (1967) warn 

against too-enthusiastic world-wide applications of locally-derived hypotheses, 

without reference to local peculiarities of physical environment, geological 

history, benthic communities and relative sea-level fluctuations. Each of these has 

the capacity to indelibly influence the evolution of reef buildups. Stearns (1946) is 

particularly conscious of the effect of regional variation, noting that "while 

almost everyone is right at some time and in some places, no reef theory is all

embracing". This comment is applicable to the Pelsaert Reef Complex which is 

very much a product of its environment - geological, physical and biological. 

Despite these limitations, some aspects of the geology of the Pelsaert Reef 

Complex may have wider application. Firstly, the Pelsaert Reef Complex is a 

clear, unambiguous example that Purdy's (1974a) hypothesis of karst controlled 

reef morphology does work. Further, the reef reverses the karstic process by 

infilling with detrital sediments. 
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Secondly, the Pelsaert Reef Complex is a example of the idea that 

continental reefs grow backwards, as espoused by Davies and Kinsey (1977), 

Davies et al. (1977a) and Davies (1977). However, the Pelsaert Reef Complex's 

lee sediment wedge suggests that, with the right wave climate, leeward 

accumulation can begin when the reef is shallow enough to interact with the 

regional swell and does not necessarily only occur when the reef reaches sea-level 

and intra-reef infill commences. 

Finally, in addition to the idea that leewards progradation is aided by 

greater carbonate production on the leeward margins (Davies and Hopley, 1983), 

the Pelsaert Reef Complex also suggests that physical pile-up of detritus can be a 

significant factor. The Pelsaert Reef Complex indicates that a reef can sequester 

sediment from the surrounding continental shelf to implement its leewards 

expansion. 
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APPENDIX I 

Tl-£0RETICAL SWELL/WAVE INDUCED CURRENTS 

ON THE ABROLHOS SHELF 

Swell/wave heights and periods representative of "normal" and 
"extreme" sea conditions in the Abrolhos area are set at 3m, 10 secs. and 
7m, 13 secs. respectively. These figures are suggested by tables and values 
in Steedman et al. (1977). 

To calculate bottom velocities and attendent grain movements, the 
wavelength (L) must be known. This value is not available from the 
literature, but, according to Komar (1976), can be obtained through the 
relationship: 

L= 
gT2.tanh (2 h/L) 

2 ······••&>•--- (1) 

where g = gravitational acceleration, T = wave period and h =

water depth. 

For very deep water, where h/L is greater than !, tanh(2 h/L) = 1 
(Komar, 1976), and the relationship for deepwater wavelength (L

0
) reduces 

to: 

(2) 

Through equation (2), wave periods of 10 secs. and 13 secs. correspond 
to deepwater wavelengths of 156m and 264m, respectively. 

Bottom velocity (ut) and orbital diameter (d0) of the wave motion is
then calculated by: 

do 

---y-
=

T .sinh� h/L)··············· (3) 

where H = wave height and L = shallow-water wavelength 
(Komar, 1976). Sinh(2 h/L) is obtained through tables in 
volume 3 of the U.S. Army Coastal Engineering Research Center 
Shore Protection Manual. By using the relevant values of L0 and
h, a figure for sinh(2 h/L) is given. Thus for L

0 
= 156m and h =

50m (the depth of the Abrolhos shelf) then: 

do - .3 ms-1. 
Ut = ---iif- 10.(3.919) 

i.e. ut - 0.24ms-1 and do - 0.77m.

These values are then entered in one of the equations given by Komar 
(1976) to obtain the maximum grain diameter (D) that will be entrained by 
the wave motion. 
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if D is less than 0.5mm then the relationship is: 
p(ut)2 

(ps-p)gD 

If D is greater than 0.5mm then: 
p(uJ2 

! (ps-p)gD = 0.46 (do.D) ................ 

(4) 

(5) 

where p = water density and Ps = grain density
5 

Density values 
are set at p = lgm.cm-3 and p3 = 2.7lgm.cm- (calcite), which
will give conservative values of D. This is due to the density of 
seawater being greater than 1, and to the fact that carbonate 
grains are rarely the solid spheres that the equations imply. 
More often they are irregular or skeletal in shape, causing 
greater friction with the moving water and leading to lower 
threshold velocities of entrainment. 

By e�tering ut = 0.24ms-1, dB = 0.77m, p = lgm.cm-3 and Ps =

2.7lgm.cm- in equation (4) then D = .35mm. That is, given wave height =
3m, wave period = 10 secs. and depth = 50m, grains up to 0.35mm in 
diameter will be moved. 

In the same way it can be shown that: 

(1) For H = 3m, T = 10 secs. and h = lOOm then D = 0.9microns
(effectively no influence).

(2) For H = 7m, T = 13 secs. (extreme conditions for the Abrolhos),
and h = 50m then D = 7.4mm (using equation 5). Similarly if h =
lOOm, D = 0.5mm.
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APPENDIX 2 

XRF ANALYSES OF SELECTED PHOSPHA TIC 

AND NON-PHOSPHA TIC SEDIMENT U\IITS 

OF Tl-£ PELSAERT REEF COMPLEX 

Contents 

TABLE 1 - Percentage of Major Oxides 

TABLE 2 - Trace Elements (ppm) 

TABLE 3 - Averages - Major Oxides 

TABLE 4 - Averages - Trace Elements 

Explanatory Notes on Tables 1-4 

The following abbreviations have been used in TABLES 1-4.: 

TS 92648 

(G6) 

(C-5) 

co2 calc. Loss

= U. W .A. Thin-section No. 

= Sample Station No. 

= Core Sample and No. 

= Calculated Weight of co2 lost by CaO +
MgO on ignition of sample. 

Page 

152 

153 

154 

155 

Total = Theoretical Total of Measured and Calculated 
Oxide Percentages. 

(See Core Logs, APPENDIX 5, for location of core thin-sections) 



TABLE l 

XRF ANALYSES - MAJOR OXIDES (%) 

TSNO. STATION Na70 � Al?O:,. 
Si Oz Pz05 KzO CaO Ti Oz MnO Fe2o3 COz Loss Total 

Cale. 

f-lolocene Reef Carbonate: 

92648 (C-4) 0.69 3.14 0.07 O. l7 0.17 0.03 50.94 0.01 0.34 43.41 99.36 
92662 (C-2) 0.59 4.09 0.09 0.17 Q.03 48.08 0.02 0.37 42.20 95.93 

Pm-Holocene Reef Carbonate: 

92553 (G6) 2.77 O.l! 0.28 a.DI 52.51 0.01 0.004 0.93 44.22 100.97 
92695 (R2) 4.05 0.09 0.15 0.28 0.02 51.38 0.01 0.35 44.74 101.24 
92696 (R2) 4.95 0.11 0.19 0.27 0.02 50.22 0.01 0.003 0.33 44.81 101.13 
92700 (R2) 3.58 0.17 0.61 0.28 0.03 50.29 0.01 0.001 0.41 43.38 98.96 
92799-801 (Pl6) 6.43 0.09 0.01 0.22 0.02 49.94 0.01 0.002 0.36 46.21 103.43 

Phos�atic Paleosols: � 
u, 

92725 (52) 1.07 4.23 5.78 8.38 2.12 0.54 31.70 0.32 0.013 2.03 29.49 85.86 N 

92728-29 (52) 1.52 2.66 5.28 0.99 0.45 45.87 0.15 0.013 1.41 37.67 96.15 
92730-31 (52) 0.14 1.77 4.68 8.83 1.72 0.75 36.34 0.26 0.011 2.04 32.02 90,74 
92753-57 (GO 1.40 1.70 2.85 4.57 0.28 49.74 0.10 0.025 1.35 40.57 102.72 
92768-69 (GI) 1.04 3.00 2.78 3.65 7.39 0.44 42.13 0.15 0.014 1.52 36.29 98.61 
92770 (GS) 0.58 1.46 2.65 5.22 0.17 0.26 43.85 0.17 0.004 1.17 36.01 92.10 
92773-74 (PIS) 0.72 2.63 5.57 9.52 l.48 0.99 36.07 0.30 0.010 2.42 31.18 91.10 
92775 (Pl3) 0.54 2.26 3.63 4.96 2.66 a.so 42.40 0.22 0.018 1.92 35.74 95.05 
92778-80 (Pl3) 0.40 2.16 3.98 S.80 3.28 0.50 42.67 0.23 0.011 1.96 36.07 97.39 
92784-85 (Pl3) 0.33 2.19 2.83 !1.40 2.16 0.50 45.64 0.16 0.009 1.59 38.21 98.16 

Modem Soil: 

92682 (Mil) 1.14 13.03 22.30 10.57 1.19 11.18 0.80 0.036 5.25 10.02 76.03 

Ore-Grade Phos�te: 

92758·59 (GI) a.so 1.12 0.08 28.37 0.04 45.04 0.01 0.35 36.56 112.JJ 
92760-61 (GI) 0.51 4.26 1.93 0.80 18.40 0.13 44.60 0.09 0.010 0.92 39.66 lll.56
92762-63 (GI) 0.65 1. 77 0.18 36.42 0.04 44.90 0.01 0.015 0.67 37.18 122.09
92764-67 (GI) 0.65 0.96 0.27 35.58 0.04 47.53 0.02 0.003 0.49 38.37 124.12 
92781-83 (PI4) 0.16 1.33 0.12 25.04 0.04 47.86 0.01 0.40 39.02 114.39



TABLE 2 

XRF ANAL VSES - TRACE ELEMENTS (PPM) 

TSNO. STATION Ba '!_ Pb Zr y Sr Rb Zn Cu Ni 

.Holocene Reef Carbonate: 

92648 (C-4) 10 251 3745 5 48 21 20 
92662 (C-2) 50 186 2677 1, 3 13 

Pre-Holocene Reef Carbonate: 

92553 (G6) 2 4 73 4 1204 77 131 17 
92695 (R2) 4 15 101 1593 5 60 39 16 
92696 (R2) 3 50 113 1669 7 313 165 11 
92700 (R2) 3 128 1934 9 15 
92799-801 (Pl6) 90 6 1355 26 12 

Phos�tic PaJeo1ols: 

92725 (52) 119 61 10 209 25 1623 11 12 31 31 -

92728-29 (52) 49 126 9 1331 25 31 19 28 
92730-31 (52) 111 20 15 166 20 1495 29 35 31 28 
92753-57 (GD 40 11 84 4 1182 12 7 17 27 
92768-69 (GI) 59 2 - 161 8 1713 11 38 134 2) 
92770 (GB) 55 48 150 29) 8 3618 15 8)0 698 28 
92773-74 (Pl5) 105 14 20 192 21 1668 35 32 11 l 24 
92775 (Pll) 72 6 5 123 15 939 21 17 99 699 
92778-80 (Pl)) 78 18 5 104 14 llOO 20 26 17 29 
92784-85 (Pl)) 60 6 10 120 5 1325 24 9 9 18 

Modem Soil: 

92682 (Mil) )09 49 15 519 49 4046 63 266 44 )) 

Ore-Grade Phosphate: 

92758-59 (GI) 11 162 2357 6 5 9 17 
92760-61 (GI) 59 185 9 2288 11 86 )9 23 
92762-63 (GI) JO 15 149 2346 R 129 )9 20 
92764-67 (GI) 11 29 - 1)2 2036 8 62 20 23 
92781-83 (Pl4) 14 246 3858 11 45 65 18 



Na70 

0.64 

0.48 

0.49 

� � 

f-blocene Reef Carbonate: 

3.62 0.08 

Pre-Holocene Reef Carbonate: 

4.36 0.11 

Phosphatlc Paleosols, 

2.29 3.63 

Mooem Soil: 

1.14 13.03 

Ore-Grade Phoeohete: 

1.99 0.52 

Si0
2 

O.Q9 

0.19 

5.99 

22.30 

0.16 

TABLE J 

XRF ANALYSES 

A VER AGES • MAJOR OXIDES 

� K70 CaO Ti0
7 MnO Fe2o

:, 

0.17 0.03 49.51 0.015 0.36 

0.27 0.02 50.87 0.010 0.002 0.48 

2.65 0.52 41.84 0.210 0.013 1,74 

� 
10.57 l.19 11.19 0.900 0.036 5.25 

_.,,. 

28.76 0.06 45.99 0.030 0.006 0.57 



TABLE4 

XRF ANALYSES 

AVERAGES-TRACE ELEMENTS 

Ba '!. Pb u Y.. Sr Rb Zn Cu Ni 

l-lolocene Reef Carbonate: 

)0 219 3211 5 15 10 17 

Pre-Holocene Reef Carbonate: 

2 I 15 101 2 1551 4 90 72 14 

Pho91!!!tic Paleosols: 

75 19 20 158 13 1599 20 104 117 94 

Modern Soll: 

)09 49 15 Sl9 49 4046 6) 266 44 )J (}' 
u, 

Ore-Grade Phosphate: 

25 9 175 2577 9 65 34 20 
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APPENDIX 3 

COMPOI\ENT PERCENTAGES OF: 

A) FRAGMENT AL HOLOCEI\E SEDIMENTS OF
THE PERSAERT REEF COMPLEX 

B) HOLOCEI\E SEDIMENTS
OF THE ABROLHOS SHELF 

(see Figures 2-4 for sample-station locations) 
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Pelsaert Reef Complex Sediments 

TABLE l - Gravel Packstone. 

TABLE 2 - Grainstone Unit l. 

TABLE 3 - Grains tone Unit 2. 

TABLE 4 - Grainstone Unit 3. 

TABLE 5 - Grainstone Unit 4. 

Abrolhos Shelf Sediments 

TABLE 6 - Packstone Facies. 

TABLE 7 - Packstone/Boundstone Facies. 

TABLE 8 - Grainstone Unit 5. 

TABLE 9 - Grainstone Unit 6. 

TABLE 10 - Grainstone Unit 7. 

TABLE 11 - Grainstone Unit 8. 

TABLE 12 - Grainstone Unit 9. 
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Explanatory Notes on Tables 1-12 

following abbreviations have been used in TABLES 1-12: 

TS 92747 
(S-AB) 
(C-5) 
Co 
Al 
Ef 
Bf 
Sf 
Bi 
Ga 
Um 
By 
Ee 
Ot 

Pe 
Mi 
Ls 
Le 
Uc 
Qz 
Fd 
Tf 
Dept. 

= U.W.A. Thin-section No. 
= Surface sample - station no. 
= Core sample - core no. 
= Coral. 
= Coralline algae. 
= Encrusting foraminifera (mainly Homotrema). 
= Large benthic foraminifera. 
= Small foraminifera. 
= Bivalves. 
= Gastropods. 
= Unidentified molluscan fragments. 
= Bryozoans. 
= Echinoderms. 
= Other skeletal fragaments (sponge spicules, 

ostracods, crustacea etc). 
= Pelloids. 
= Micritic carbonate. 
= Lithoskels. 
= Lithoclasts. 
= Unidentified carbonate fragments. 
= Quartz. 
= Feldspar. 
= Terrigenous lithic fragments. 
= Depth of the substrate sampled. 

(See Core Logs, APPENDIX 5, for location of core thin-sections) 



TABLE! 

GRAVEL PAa<STQl,E 

TS NO. STATION . Co Al Ef Bf Sf Bi Ga Um � Ee Ot Pe Mi Ls Le Uc Qz Fd Tf Tot. 9!h 

92620 (S-U6) 16.1 32.7 3.3 3.3 1.9 9.9 14.4 8.5 4.0 0.7 1.9 3.3 - 100 -3.0m 

92627 (S-V3) 11.2 41.8 2.4 1.5 3.0 10.1 5.6 7.8 8.4 1.7 0.9 0.2 5.4 100 -3.5m 

92628 (S-V2) 14.9 39.4 0.9 0.6 3.7 16.3 6.7 7.6 2.1 1.8 2.1 0.9 - 3.0 - 100 -2.5m 

92631 (S-G5) 7.5 49.4 4.6 6.8 5.9 8.6 5.1 4.2 1.8 1.5 0.9 0.9 2.6 0.2 100 -1.5m

92634 (S-Tl) 8.6 44.4 14.0 1.6 0.2 10.1 3.8 4.3 2.7 2.7 1.1 1.8 4.7 100 -I.Om 

92649 (C-3) 1.7 31.6 5.1 3.0 8.1 3.4 4.7 6.7 1.5 4.3 16.4 13.5 100 -I.Om

92650 (C-3) 5.8 31.2 3.1 2.2 8.7 6.3 2.7 6.5 4.3 4.0 11.7 - 13.5 - 100 -I.Om 

92651 (C-3) 10.1 32.5 1.1 2.9 5.1 11.4 5.1 4.9 1.1 1.6 0.2 - 9.9 0.4 13.7 - 100 -1.0m 

92654 (C-8) 18.2 20.6 0.9 3.6 9.0 0.5 6.7 0.5 1.3 0.4 2.0 19.7 16.6 - 100 -l.5m 

92656 (C-8) 37.5 15.7 1.6 2.1 1.2 2.8 5.6 0.5 0.5 0.7 21.5 10.3 - 100 -1.5m 

92657 (C-8) 48.2 20.5 20.3 0.8 1.2 0.4 5.8 2.8 100 -l.5m 

92661 (C-2) 5.2 50.4 7.2 4.6 5.8 9.8 6.4 6.0 0.4 1.4 0.2 2.6 100 -l.5m 

92662 (C-2) 33.1 52.5 5.2 0.8 1.6 4.0 2.0 0.4 0.4 - 100 -l.5m 

' 

TABLE 2 
� 

GRAJNSTQl,E lNT 1 

TS t-0. STATION Co Al Ef Bf Sf Bi Ga Um � Ee Ot Pe Mi Ls Le Uc Qz Fd Tf Tot. 9!h 

92623 (S-T5) 14.5 32.7 3.1 2.9 9.9 8.5 6.1 6.0 2.2 5.6 0.2 0.3 8.0 - 100 -7.5m 

92624 (S-T5) 17 .7 33.7 3.6 2.1 5.1 7.7 11.3 7.3 2.1 3.2 0.8 0.3 0.8 4.3 - 100 -3.0m 

92625 (S-T4) 17.2 32.0 3.4 2.0 4.2 13.6 6.2 3.6 3.2 3.2 0.3 0.6 0.8 9.7 100 -3.0m

926li6 (C-4) 15.8 31.1 2.0 1.2 5.1 13.8 11.2 7.5 1.6 2.2 0.4 1.2 6.9 100 -3.0m

92647 (C-4) 11.2 40.9 6;5 3.6 4.9 9.1 6.6 11.0 1.5 1.2 0.2 0.1 0.1 3.1 100 -3.0m 

92648 (C-4) 15.6 37.8 1.8 1.8 6.0 11.4 8.1 7.4 3.2 3.0 0.2 0.2 0.2 3.2 100 -3.0m 



GRAINSTOl'E UNIT 2 

TS NO. STATION Co Al El Bf Sf Bi Ga Um � Ee Ot Pe Mi Ls Le u, � Fd Tf Tot. !)e!,_ 

92543 (S-G7) 3.2 16.8 0.6 4.2 19.7 7.7 a.a 9.3 2.3 3.5 - 12.5 - 12.2 - 100 -7.0m

92609 (S-N7) 11.7 21.0 0.7 5.4 5.6 11.5 22.1 11.5 0.5 0.2 - - 1.5 0.5 7.8 100 -7.0m 

92633 (S-G7) 1.3 14.3 0.8 10.9 15.4 10.6 5.0 9.8 - 1.6 17.0 13.3 - 100 -8.0m

92635 (C-5) 1.9 21.2 1.4 14.0 11.3 23.4 3.3 5.8 1.4 0.3 - 6.6 9.4 - 100 -2.0m

92636 (C-5) 2.8 27.6 0.8 7.5 8.8 26.4 3.5 5.0 - 0.3 8.8 8.5 - 100 -2.0m

92637 (C-5) 1.6 25.1 0.4 8.9 11.3 20.2 13.5 4.2 0.2 1.6 0.4 6.1 6.5 - 100 -2.0m

TABLE4 

GRAINSTOl'E UNIT 3 

TS NO. STATION Co Al El Bf Sf Bi Ga Um � Ee Ot Pe Ml Ls Le u, Qz Fd Tf Tot. !)e!,_ 

92515 (S-H3) 7.0 26.9 2.7 5.7 7.2 6.5 19.7 7.0 2.5 0.7 1.2 5.5 2.2 5.2 - - 100 -29.0
92619 (S-U7) 2.9 36.7 0.8 2.0 16.3 7.5 10.6 13.8 1.2 3.5 0.8 0.2 - 3.7 - 100 -8.0m

92621 (S-T6) 1.0 43.1 0.8 7.5 17.5 5.7 1.5 11.3 0.5 2.3 0.3 3.6 - 4.9 - 100 -16.0m

92622 (S-T5) 9.9 31.5 4.2 3.8 19.2 4.9 4.9 6.4 1.3 4.4 0.9 - 0.4 8.2 - 100 -12.0m co 

92626 (S-V4) 8.7 35.9 0.2 0.4 5.1 14.9 6.5 11.7 5.1 0.9 0.4 - 4.0 - 6.0 0.2 - 100 -ZS.Om

92632 (S-V5) 31.5 1.1 6.4 4.4 1.1 6.4 - 1.9 6.1 2.2 20.6 18.3 - - 100 -15.0m

92639 (C-¢) 4.4 38.4 3.3 4.6 13.4 5.7 12.6 8.2 1.0 2.9 0.2 1.3 2.3 - 1.7 - 100 -8.0m

92640 (C-6) 7.1 34.8 1.4 3.5 9.6 8.5 14.9 7.8 4.3 5.3 0.7 - 2.1 100 --8.0m

92641 (C-¢) 5.7 27.5 5.3 3.0 13.8 3.7 8.9 9.9 1.6 0.7 0.4 0.2 8.3 11.0 - 100 -8.0m

92643 (C-7) 3.0 37.7 0.8 5.7 14.7 7.5 3.4 9.9 1.2 3.2 0.4 1.6 2.6 7.9 0.4 100 -16.0m

92644 (C-7) 0.9 32.1 0.3 3.8 10.5 3.5 2.3 9.6 0.3 2.9 0.3 1.7 12.8 18.7 0.3 100 -16.0m

92645 (C-7) 2.6 26.9 3.1 8.8 6.6 3.1 8.8 - 4.8 15.0 20.3 0.5 1[10 -16.0m



TS r,o. STATION Co Al Ef Bf Sf Bi Ga 

92494 (S-04) 0.9 26.6 4.6 7.3 8.9 5.3 10.3 
92516 (5-H6) 0.4 16.9 5.0 10.8 9.0 14.4 
92529 (S-Jl2) 1.9 32.4 0.3 5.4 5.2 16.9 15.0 
92530 (S-Jl3) 3.3 17.3 1.5 3.9 21.2 26.0 
92531 (5-Jl4) 3.4 21.6 1.9 9.9 16.6 5.5 13.0 
92539 (5-KB) 50.3 1.4 6.2 13.4 2.7 5.5 
92602 (5-Ml3) 0.9 26.4 0.2 14.0 12.l 9.7 11.l 
92603 (S-Ml2) 1.7 24.2 0.3 7.0 6.6 15.7 18.3 
92610 (S-N6) 0.3 28.8 1.1 4.6 11.1 4.3 3.B 
92611 (S-N5) 0.6 29.8 1.8 7.9 14.8 9.1 11.2 
92612 (S-N4) 0.2 40.1 3.3 8.4 6.3 7.5 6.3 
92614 (S-N2) 1.1 52.4 2.0 4.4 7.7 3.3 10.8 
92615 (S-N2) 4.0 51.3 2.7 5.7 8.1 4.7 7.7 

GRAINSTOl>E lNT 4 

Um .!!l'.. Ee Ot Pe Mi 

11.2 11.4 4.3 0.5 2.3 
7.6 2.9 18.7 4.3 
6.3 0.5 8.7 1.1 - 2.2

10.1 0.6 8.7 - 1.5
12.0 0.2 2.9 0.6 4.B
3.8 4.1 3.1 - 5.8
8.1 1.2 5.5 - 0.7
9.8 1.0 6.3 -

10.6 1.9 3.3 1.9 - 9.0
10.6 1.2 4.2 1.2 0.9 
11.7 2.6 6.6 1.6 1.2 

4.6 7.7 2.0 0.7 - 0.4
1.7 8.4 1.0 0.7 - 0.3 

Lo le lk Qz 

6.4 
10.l

0.3 3.8 
5.1 
6.7 

- 0.3 2.7 -

0.9 - 9.2 -

0.7 8.4 
- - 19.3 -

- - 6.4 0.3 
4.2 

- 2.9 
1.0 - 2.7 -

Fd Tf Tot. 

100 
- 100

100 
100 

- 100
100 
100 
100 

- 100
- - 100

- 100 
100

- 100

� 

-26.0m 

-37.0m 

-37.0m 

-33.0m 

-26.0m 

-47.0m 

-34.5m 

-36.5m 

-22.Bm 

-36.5m 

-38.0m 

-47.5m 

-47.5m 

� 
a, 
0 



TS NO. 

92472 
92479 

TS NO. 

92473 
92474 
92486 
92493 
92502 
921)09

92)32

92533 
92616 
92617 
92618 

STATION 

(S-A2) 
(S-Bl) 

STATION 

(S-A3) 
(S-A4) 
(S-C2) 
(S-03) 
(S-E3) 
(S-F3) 
(S-Kl) 
(S-K2) 
(S-Nl) 
(S-05) 
(S-P3) 

a, 

1.8 
10.4 

a, 

1.8 
0.5 
1.1 
0.5 
0.8 
0.5 
-

0.5 
1.9 
0.5 

PACKSTQI\E F ACIES 

Al Ef Bf Sf Bi Ga Um !h'._ Ee Ot Pe Mi Ls le Uc Qz Fd Tf Tot. .!:£!,_ 

14.9 5.8 2.2 4.7 1.1 4.0 3.6 32.5 2.9 1.1 
9J 2s 1n 1s o� 8.7 2� ».J 32 1.3 

TABLE 7 

PACKSTOI\E/BOl,JNl)STONE FACIES 

Al Ef Bf Sf Bi Ga Um !h'.. Ee Ot Pe 

24.0 3.7 21.7 3.9 3.7 3.7 7.4 15.5 u 

21.2 1.0 2.5 6.3 3.5 4.3 8.6 9.7 4.1 
33.8 7.3 16.5 4.6 2.4 3.8 1.9 21.6 1.9 0.5 
29.2 13.5 10.6 4.1 1.0 8.4 4.6 18.3 3.1 -

40.5 0.8 13.7 11.1 1.2 6.0 2.0 4.7 2.7 -

32.4 4.6 14.9 10.3 1.4 7.1 5.3 14.4 3.4 
13.l 6.7 2.8 3.9 0.8 4.9 3.1 28.9 1.3 0.5 -

27.9 1.0 6.9 6.9 3.0 5.7 3.2 14.4 2.2 0.5 
22.4 5.3 18.4 12.2 8.1 9.7 6.1 13.0 1.3 
51.3 2.5 13.2 5.4 4.6 4.8 3.3 6.0 1.2 0.2 
20.6 7.6 5.9 13.3 3.B 3.3 5.5 22.7 2.1 2.2 -

2.9 10.5 7 .6 4.4 
0.3 15.5 4.9 2.3 

Mi Ls le Uc 

6.0 0.5 1.4 5.1 
5.6 11.4 16.3 4.0 
0.8 3.8 
2.6 0.5 0.5 3.1 
1.8 10.9 2.2 1.3 
1.8 0.2 3.7 

3.4 7.5 14.9 4.4 
9.2 5.7 6.7 5.2 
- 0.5 0.5 2.0 

3.3 0.2 2.1 
4.0 - B.5 

Qz Fd 

-

-

2.8 1.0 
1.5 
- -

-

-

100 -154.0m 

100 -139.0m 

Tf Tot. .!:£!,_ 

100 -65.0m

100 -65.0m

100 -44.0m

1[10 -22.0m

l!J() -62.0m

J.(l() -60.0m

100 -58.0m

100 -57.0m
- 100 -SO.Om

100 -55.0m

100 -BO.Sm 

� 

,a 



GRAINSTOr-E UNIT 5 

TS NO. STATION Co Al Ef Bf Sf Bl Ga Um fu:. Ee Ot 

92517 (S-H7) 24.6 6.4 3.6 10.2 25.4 8.9 2.8 6.1 0.3 
92526 (S-J9) 36.} 1.8 3.4 3.0 15.1 7.6 8.5 2.5 3.2 0.2 
92527 (S-JlO) 0.8 24.0 0.3 5.0 6.7 11.5 16.5 13.4 2.0 10.6 -

92528 (S-Jll) 0.2 24.1 1.0 9.7 8.3 14.8 15.1 8.8 1.2 9.5 -

92538 (S-K7) 0.9 53.5 0.5 5.3 3.9 2.1 9.2 3.9 3.0 9.0 1.6 
92604 (S-Mll) 1.5 23.2 0.2 5.3 8.5 11.6 17.2 11.4 2.2 7.5 -

92605 (S-M9) 0.4 33.2 0.7 4.2 9.9 11.5 6.5 10.1 2.1 7.4 0.4 

TABLE 9 

GRAINSTOr-E UNIT 6 

TS NO. STATION Co Al Ef Bf Sf Bi Ga Um fu:. Ee Ot 
--- - - - - - - - - - -

92487 (S-C3) 99.0 0.4 0.1 - 0.5 -

92606 (S-M7) 90.0 4.0 1.0 - 5.0 -

92613 (S-N3) 0.8 66.7 6.1 5.1 1.9 0.8 4.0 2.1 10.7 0.5 0.8 

Pe Ml LB Le Lle 

4.7 6.4 
4.4 0.5 3.4 6.4 

- 2.8 - 5.6 
2.7 - 3.9 
7.6 4.2 0.9 2.5 
0.5 4.4 0.2 4.8 
2.1 - 0.9 9.4 

Pe Mi LB Le Lle - - - - -

- - 0.5 

Qz Fd 

0.6 
3.7 -

0.8 
0.7 -

-

1.5 
1.2 

Qz Fd 
- -

- -

-

- -

Tf Tot. 

100 
100 
100 

- 100
100 
100 
100 

Tf Tot. 
- --

100 
100 
100 

9!h 

-37.0m 

-38.0m 

-37.0m
-37 .Om 

-49.0m 

-36.0m 

-36.0m 

9!h � 

-48.0m 
CT) 

N 

-38.0m 

-41,0m 



GRAINSTQl'E UNIT 7 

TSNO. STATION Co AI Ef Bf Sf Bi Ga Um fu'.. Ee Ot Pe Mi Ls le u, Qz Fd Tf Tot. .9!h 

92475 (S-A5) 17.0 0.4 2.3 11.9 3.3 7.8 12.7 8.2 1.6 6.2 7.6 9.7 7.6 3.7 - 100 -59.0m 
92480 (S-83) 4.6 28.6 2.0 D.l 7.2 3.5 5.9 12.9 7.8 3.1 - 2.2 0.4 2.2 6.5 - 100 -46.0m
92481 (S-84) 2.3 20.B 0.3 1.8 3.3 3.8 9.7 15.l 4.4 5.9 10.l 1.1 6.1 12.3 3.1 100 -38.0m
92482 (S-85) 1.7 D.2 - 5.0 8.3 2.0 7.5 13.l 5.9 9.0 0.2 - 11.0 0.2 2.0 15.7 5.0 0.2 100 -46.0m
92488 (S-C4) 1.0 21.5 0.2 3.6 2.9 6.2 9.8 12.4 7.6 9.8 0.5 - 9.8 1.4 12.4 0.7 0.2 100 -42.0m 
92495 (S-05) 2.3 11.0 7.5 9.9 7.0 3.8 8.7 5.9 24.1 6.6 0.5 - 0.7 5.2 2.3 4.5 - 100 -37.0m
92496 (S-06) - 9.0 1.9 2.4 5.3 13.5 26.2 5.6 10.6 14.6 - 0.5 4.5 2.4 3.2 0.3 100 -40.0m
92497 (S-07) - 14.l 4.0 5.5 4.4 15.5 10.7 11.5 5.2 - 8.0 0.4 11.9 8.4 0.4 100 -48.0m
92(198 (S-08) 1.0 20.6 - 6.1 7.4 4.6 9.2 5.9 5.9 7.7 6.6 1.0 6.9 12.2 4.6 0.3 10'1 -30.0m
92'103 (5-[4) 0.3 26.0 7..7 12.7 9.1 3.0 11.B 9.7 9.7 4.8 3.3 0.9 0.6 5.1 0.3 iOU -51.0m 
92504 (S-E5) - 28.5 1.5 7.0 7.8 2.4 23.5 4.6 7.9 3.5 0.2 3.7 1.1 3.9 4.4 - 100 -48.0m 
92505 (S-E6) 27.4 - 9.0 4.2 3.4 9.0 7.2 5.3 4.0 0.3 12.7 1.6 5.0 10.6 0.3 100 -44.0m 
92510 (S-F4) 19.8 1.8 13.7 16.2 3.7 2.6 8.9 6.3 7.0 7.4 1.1 4.1 7.4 - 100 -53.0m
92511 (S-F5) 26.7 1.3 8.4 9.1 4.9 4.9 7.8 8.1 4.2 - 7.4 3.6 4.9 8.7 - 100 -51.0m 
92512 (S-F6) - 24.0 0.2 16.5 7.0 2.9 8.6 4.8 7.9 3.4 0.5 6.5 4.8 4.3 8.6 - 100 -48.0m 
92519 (S-J2) - 27.6 5.5 8.9 9.2 2.0 12.4 8.6 2.3 5.8 - 6.9 0.6 0.9 5.5 3.5 0.3 100 -51.0m 
92520 (S-J3) 34.6 2.6 7.4 15.3 2.6 8.3 5.0 3.7 3.3 5.7 1.3 1.5 6.5 2.2 100 -51.0m

� 92521 (S-J4) 0.7 18.7 2.2 5.8 6.4 2.4 12.9 5.8 18.4 2.4 0.2 5.1 2.2 a.a 3.3 5.5 100 -51.0m 
92522 (S-J5) 2.5 26.2 1.2 3.4 4.4 11.2 9.9 4.4 0.2 2.7 0.1 - 1.5 9.5 2.2 3.1 7.5 100 -49.0m co 

92523 (S-J6) a.a 31.7 a.a 3.5 11.5 3.8 5.3 9.3 3.0 5.0 a.a 6.5 0.3 11.7 5.5 0.5 - 100 -47.0m 
92535 (S-K4) 1.1 25.3 1.1 7.9 3.6 3.0 8.7 4.4 9.8 1.6 1.1 3.6 12.6 7.7 2.2 6.3 100 -55.Dm 
92536 (S-K5) 0.9 37.5 3.5 26.1 1.9 1.6 6.5 5.8 7.7 1.2 0.5 - 0.7 3.5 0.5 2.1 - - 100 -55.0m
92537 (S-K6) 0.6 39.3 1.9 6.1 6.4 4.5 6.1 7.0 8.9 3.2 1.3 - 9.3 1.0 0.6 3.8 - - - 100 -51.0m 
92599 (S-L5) 1.2 25.l 0.6 6.4 9.3 5.2 5.0 8.3 6.1 2.8 2.3 - 7.6 7.3 1.7 8.2 2.9 - 100 -49.0m
92600 (S-U) 1.1 25.B 1.5 4.6 12.9 9.8 4.8 7.2 11.3 2.4 0.7 - 5.2 3.5 0.9 7.0 1.3 - - 100 -55.0m
92601 (S-L2) 1.1 16.9 2.9 9.1 7.5 12.l 5.1 5.9 11.3 5.1 2.4 - 5.6 3.2 7.0 4.8 - 100 -53.0m
92607 (S-M6) 0.3 14.7 - 4.8 7.2 13.3 11.3 9.2 3.4 19.7 - 5.5 2.4 6.5 1.7 - 100 -40.0m 
92608 (S-M5) 2.0 18.5 1.7 6.7 7.7 10.7 9.1 11.7 3.4 8.4 0.3 7.0 0.7 9.4 2.7 - 100 -40.0m 



TABLE 11 

GRAINSTOl'E UNIT 8 

TS NO. STATION Co Al Ef Bf Sf Bi Ga Um � Ee Ot Pe Mi Ls Le u, Qz Fd Tf Tot. � 

92476 (S-A6) 2.9 8.5 2.9 4.0 0.4 4.0 6.2 8.9 1.0 0.2 0.2 6.9 11.0 22.9 7.9 12.l 100 -55.0m 
92477 (S-A7) 0.8 14.2 0.8 1.6 7.3 11.2 5.9 8.3 12.3 2.2 0.4 0.4 8.9 5.9 10.5 5.9 3.4 100 -48.0m
921c93 (S-86) 0.8 24.4 1.5 6.3 4.2 2.3 5.0 8.5 8.2 2.8 4.0 9.5 8.7 10.2 3.3 0.3 lCO -46.0m
92r'-18f+ (S-87) 11.8 0.5 4.6 5.3 6.0 2.9 16.l 11.8 1.9 0.7 3.9 19.8 9.6 5.1 1cn -51.0m
92489 (S-C5) 0.2 23.7 0.2 4.3 3.4 5,5 12.3 10.8 2.9 4.6 4.8 0.7 5.1 6.5 14.5 0.5 100 -40.0m 
92490 (S-C6) 0.4 19.0 0.1 10.7 4.3 5.7 15.7 8.8 2.5 4.1 10.4 1.3 6.2 4.5 5.7 0.6 100 -37.0m
92491 (S-C7) 1.0 37.l 2.2 2.7 4.4 7.1 7.5 3.4 6.3 10.2 0.1 5.6 5.4 6.1 100 -40.0m 
92492 (S-C9) 17.4 2.1 6.2 8.0 1.0 10.8 7.8 4.4 4.0 7.0 0.5 8.3 7.5 15.0 100 -40.0m 
92499 (S-09) 22.3 3.6 5.8 6.0 9.4 8.2 3.1 7.2 12.1 0.2 4.8 6.5 10.8 100 -38.0m 
92500 (S-010) 26.0 4.3 7.4 7.4 5.5 7.9 2.8 9.4 0.5 6.9 0.3 5.1 8.4 8.1 100 -37.0m
92506 (S-E7) 20.8 5.3 9.8 5.3 11.8 6.5 4.8 3.0 0.3 2.3 0.5 5.0 9.0 15.3 0.3 100 -40.0m 
92518 (S-Jl) 35.7 0.6 10.l 11.0 3.2 10.4 4.6 3.2 2.9 5.5 0.9 0.9 3.2 7.8 100 -51.0m 
92534 (S-K3) 31.0 0.3 2.6 2.6 1.5 6.5 2.9 6.2 0.6 6.5 20.5 7.3 1.2 10.3 100 -57.0m

TABLE 12 ,_, 

0-, 
.,:, 

GRAINSTOl'E UNIT 9 

TS NO. STATION Co Al Ef Bf Sf Bi Ga Um � Ee Ot Pe Mi Ls Le u, Qz Fd Tf Tot. � 

92478 (S-A8) 1.1 3.7 1.8 1.8 0.4 0.9 1.3 2.2 1.1 5.3 7.5 17.6 1.3 50.2 3.1 0.7 100 -44.0m 
92485 (S-88) 7.3 0.9 2.5 4.8 2.3 3.9 5.7 10.0 0.9 0.5 4.8 4.3 7.3 43.0 0.7 1.1 100 -33.0m
92501 (S-011) 16.2 1.2 3.3 3.3 2.7 6.8 2.5 1.5 1.2 0.4 1.0 1.9 6.0 1.9 47.6 2.5 100 -37 .Om 
92507 (S-E8) 9.5 0.3 1.1 1.1 4.0 2.6 3.4 2.3 0.9 0.9 1.1 0.3 70.8 1.7 100 -33.0m
92508 (S-E9) 18.l 2.2 3.3 4.7 1.6 1.1 2.5 1.9 5.5 0.8 56.1 2.2 100 -24.0m
92513 (S-F7) 25.2 1.7 1.3 5.9 0.8 5.9 1.3 1.3 0.8 5.5 0.4 4.6 44.5 0.8 100 -42.0m 
92514 (S-FB) 25.9 4.7 11.9 1.4 9.0 7.2 1.4 5.0 0.4 6.1 0.4 7.9 18.0 0.7 100 -35.Dm 
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APPENDIX4 

SENE ANAL VSES OF: 

A) FRAGMENT AL HOLOCENE SEDIMENTS OF
Tl-£ PELSAERT REEF COMPLEX 

B) HOLOCENE SEDIMENTS OF
Tl-£ ABROLHOS SI-ELF 

(see Figures 2-4 for sample-station locations) 
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Explanatory Notes on Tables 1-12 

The following abbreviations have been used in TABLES 1-12: 

TS 92747 
(S-AB) 

(C-5) 
-2rJ

-2/-lrJ
-1/0rJ
0/lrJ
1/ZrJ
Z/3rJ
3 /4rJ

4rJ 
M 
S.D.
Sk. 
Kg. 
Dpt. 

= U. W .A. Thin-section No.
= Surface sample - station no. 
= Core sample - core no. 
= Percentage of sample coarser than -ZrJ. 
= Percentage of sample between -ZrJ and -lrJ. 
= Percentage of sample between -lrJ and Or}. 
= Percentage of sample between Or} and lrJ. 
= Percentage of sample between lrJ and Z(J. 
= Percentage of sample between Zr} and 3(J. 
= Percentage of sample between 3rJ and 4rJ. 
= Percentage of sample finer than 4rJ. 
= Mean sediment size. 
= Standard deviation of sediment size. 
= Skewness of sediment size distribution. 
= Kurtosis of the sample. 
= Depth of the substrate sampled. 

(See Core Logs, APPENDIX 5, for location of core thin
sections). 



TABLE! 

GRAVEL PAa<STONc 

TS NO. STATION -2� -2/-1� ::!{!}fl 0/1� 1/2� 2/J� 3/411. 411 M 5.0. 5k � !£!,_ 

92620 (S-U6) 25.79 8.49 7.14 32.90 18.94 4.97 1.12 0.64 -0.17 1.70 -0.07 2.05 -3.0m

92627 (S-V3) 7.92 15.77 17.51 21.93 17.31 11.34 4.91 3.31 0.45 1.76 0.26 2.45 -3.5m

92628 (S-V2) 12.23 11.51 9.81 15.16 14.86 16.80 13.13 6.50 0.94 2.12 -0.13 1.91 -2.5m

92631 (S-G5) 0.71 3.73 13.68 46.45 23.73 9.76 1.73 0.21 0.76 1.05 0.10 3.70 -l.5m 
92634 (S-Tl) 2.18 5.59 30.25 48.71 11.88 1.33 0.03 0.02 0.17 0.89 -0.38 3.97 -1.0m 

92649 (C-3) 1.96 6.02 12.23 13.78 14.89 17.31 33.81 2.71 1.72 -0.58 2.19 -1.0m
92650 (C-3) 12.99 5.44 8.69 16.39 13.58 11.08 10.80 21.03 1.44 2.35 -0.23 1.88 -I.Om
92651 (C-3) 0.93 3.81 6.34 12.39 12.84 14.12 15.73 33.84 2.57 1.88 -0.64 2.35 -I.Om 

92654 (C-13) 8.58 3.77 8.58 13.71 13.43 15.18 15.06 21.69 1.84 2.19 -0.48 2.19 -l.5m 

92656 (C-8) 20.34 3.03 8.81 11.97 12.08 12.74 9.65 21.37 1.26 2.53 -0.21 1.71 -l.5n1

92657 (C-13) 55.76 3.26 5.39 7.64 6.55 5.60 5.35 10.45 -0.54 2.56 0.88 2.22 -l.5m

92661 (C-2) 39.20 11.30 14.75 14.45 10.82 6.72 2.19 0.56 -0.72 1.82 0.64 2.31 -I.Om
92662 (C-2) 54.65 7.31 7.11 10.41 8.30 6.47 3.64 2.11 -0.95 2.05 1.03 2.78 -I.Om

TABLE 2 
,-, 

GRAINSTONc UNIT 1 a, 
___., 

TS NO. STATION -2� -2{-l� -1/0II Ql!ll 1/2� 2/J� 3/411 411 M s.o. 5k � !£!,_ 

92623 (S-T5) 0.69 1.18 13.97 24.69 34.80 22.10 2.20 0.36 1.19 1.13 -0.29 3.00 -7.5m

92624 (S-T5) 0.39 0.83 16.15 37.42 38.27 6.27 0.46 0.20 0.84 0.91 -0.10 3.56 -3.0m

92625 (S-T4) 1.52 0.88 8.18 34.23 46.73 7.98 0.34 0.14 1.00 o.92 -0.85 5.36 -3.0m

92646 (C-4) 5.30 3.91 15.70 25.33 33.27 14.61 1.29 0.59 0.79 1.35 -0.53 3.24 -3.0m

92647 (C-4) 1.32 1.47 16.69 38.41 32.01 7.82 1.17 1.10 0.82 1.08 0.15 4.38 -}.Om 

92648 (C-4) 0.73 1.32 14.99 40.96 30.10 8.90 1.74 1.26 0.88 1.07 0.39 4.31 -3.0m 



TAB
L

E3 

GRAINSTOI£ lN1T 2 

TS NO. STATION -2� -2/-19 ::11!!'1.. !![!! YJ!l 2/3� 3/'4 "" M fil Sk J$g_ .9!h 

92543 (S-G7) 0.02 0,15 0.37 2.57 6.09 43.30 44.95 2.55 2.87 0.80 -1.16 6.00 -7.0m 

92609 (S-N7) 2.62 2.32 5.01 25.78 36.36 19.89 5.81 2.20 1.35 1.30 -0.42 4.10 -7.0m 
92633 (S-G7) 1.09 2.85 5.43 8.58 10.86 15.54 46.46 9.09 2.54 1.58 -1.15 3.62 -8.0m 

92635 (C-5) 24,64 12.81 11.64 11.55 9,69 12.54 13.67 3.46 0.28 2.28 0.22 1.67 -2.0m
92636 (C-5) 35,11 9.92 7,87 8.49 7.23 11.28 13.01 7.09 0.14 2.52 0,35 1.59 -2.0m 
92637 (C-5) 36.74 8.52 8,61 8.87 7.66 11.42 13.13 5,06 0.04 2.46 0.37 1.62 -2.0m 

TABLE 4 

GRAJNSTOI£ lN1T 3 

TS NO. STATION -2� -2/-19 -1/W !![!! 1/2� 2� 3/'4 "" M 5.0. Sk J$g_ .9!h 

92515 (S-H3) 6,72 14.81 15.09 24.84 24,72 10,03 2.91 0.89 0.42 1.55 -0,05 2.50 -29.0m 
92619 (S-U7) 0.02 0.17 6.01 16,68 45.41 28.93 2.79 2.55 0.91 -0.43 3.10 -8.0m
92621 (S· T6) 0.09 0.26 0.32 0.84 7.84 41.20 39.74 9,72 2.97 0,88 -0.79 6.09 -16.0m 

..... 

92622 (S-T5) 1.63 0.55 1.01 4.99 33.63 47.55 9.93 0.71 2.04 1.02 -1.62 8.54 -12.0m ry:, 

92626 (S-V4) 4.60 13.06 11.55 12.66 10,23 9.62 15.54 22.76 1.66 2.29 -0.21 1.68 -ZS.Om

92632 (S-V5) 1.09 2.85 5.43 8.58 10,86 15.54 46.56 9.09 2.54 1.58 -1.15 3.62 -15.0m 
92639 (C-6) 1.08 3.40 7.88 14,19 15.62 29.02 22.44 6.36 1.98 1.57 -0.59 2.78 ..a.om
92640 (C-6) 5.29 6.53 9.63 11.53 11.78 23.66 23.95 7.64 1.73 1.94 -0.61 2.37 -8.0m 

92641 (C-6) 6.99 9.25 8.55 10,29 10.18 17.04 27.39 10.31 1.70 2.13 -0.55 2.o7 -8.0m 

92643 (C-7) O.o7 0.02 0.13 0.87 8.44 37.65 39.35 13.47 3.05 0.88 -0.40 4.04 -16.0m 
92644 (C-7) 0.40 0.37 0,68 1,53 7,63 29.78 36.70 22.90 3.16 1.10 -1.21 6.39 -16.0m 
92645 (C-7) 1.25 1.16 0,42 1,35 2.04 21.07 37.75 34.96 3.41 1.25 -2.24 10.17 -16.0m 



GRAINSTDl'E U\IIT 4 

TS NO. STATION .'}_� -2/-19 ::1J!lfl.. Q/J!l 1/2� 2/3� 3/� � M S.D. Sic 159. �

92494 (S-04) 0.26 0.60 5.78 62.94 29.56 0.00 0.06 1.74 0.62 -0.35 5.36 -26.0m

92516 (S-H6) 4.23 0.82 8.51 13.34 18.92 23.22 25.81 5.14 1.91 1.67 -0.75 3.14 -37.0m
92529 (S-Jl2) 0.99 3.64 9.34 17.62 27.96 27.49 11.07 1.89 1.54 1.39 -0.42 2.95 -37.0m

92530 (S-J13) 0.54 2.46 8.78 17.37 27.16 25.35 15.78 2.56 1.70 1.38 -0.32 2.75 -33.0m

92531 (S-Jl4) 1.30 6.89 15.02 21.38 18.32 13.28 14.48 9.33 1.43 1.79 0.07 2.12 -26.0m

92539 (S-K8) 4.02 13.18 9.58 14.36 32.39 21.48 4.91 0.00 0.92 1.56 -0.52 2.J7 -47.0m

92602 (S-Ml3) 0.85 3.16 8.28 14.14 19.02 17.95 24.01 12.59 2.10 1.67 -0.42 2.41 -34.5m

92603 (S-M12) 3.56 2.72 3.28 9.17 26.70 39.10 13.39 2.08 1.84 1.43 -1.19 4.69 -36.5m 

92610 (5-N6) 0.46 0.85 2.62 4.32 7.32 13.41 56.35 14.67 3.06 1.25 -1.70 6.21 -22.Sm 
92611 (S-N5) 0.26 0.64 1.82 5.58 12.07 52.20 26.21 1.22 2.46 0.99 -1.35 6.19 -36.Sm 

92612 (S-N4) 0.61 1.04 2.11 4.39 26.60 54.15 9.42 1.68 2.14 0.99 -1.31 7.15 -38.0m

92614 (5-N2) 0.93 0.72 0.98 20.27 69.64 7.18 0.25 0.04 1.30 0.71 -1.86 11.26 -47.5m 

92615 (S-N2) 0.72 0.48 0.97 18.33 70.30 8.72 0.45 0.04 1.35 0.68 -1.59 10.98 -47.5m 



TABL.£6 

PAO<STONE FACIES 

TS NO. STATION .zq -2/-lq -1/0fl QM 112q 213q 3/411 411 M S.D. Sk � � 

92472 (S-A2) 0.59 9.72 24.33 43.74 17.78 3.60 0.23 0.30 0.99 .0.06 3.01 -154.0m 
92479 (S-Bl) 0.99 9.25 21.99 40.56 23.19 3.91 0.11 0.38 1.03 ..0.24 2.86 -139.0m 

(S-02) 3,38 14.04 19.63 21.66 17.26 14.72 7.95 1.35 0.68 1.65 0.14 2.24 -146.0m 
(S-F2) 5.31 16.71 19.32 23.00 20.10 12.66 2.42 0.48 0.36 1.52 0.06 2.30 -119.Dm

TABLE 7 

PAO<STOr-E/Bou-IDSTa-£ F ACIES 

TS NO. STATION .2q -2/-lq -1/0q QM 112q 213q 3/411 411 M s.o. Sk � � 

92473 (S-A3) 0.10 0.89 17.74 72.44 8.35 0.46 0.02 0.39 0.56 ..0,28 5.37 -65.0m � 
" 92474 (S-A4) 2.02 1.97 6.45 64.94 20.57 3.81 0.24 0.62 0.83 .0.79 6.70 ..65.0m 

(S-82) 4.82 28.24 56.24 9,29 0.94 0.35 0.12 0.25 0.77 0.29 5.09 -62.0m 

92486 (S-C2) 4.27 6.94 22.34 31.95 29.53 4.57 0.38 0.02 0.41 1.18 ..0.47 3.00 -44.0m 

92493 (S-03) 0.45 0.23 1.04 22.60 71.95 3.29 0.23 0.23 1.27 0.61 -1.25 11.71 -22.0m 

92502 (S-E3) 0.15 0.27 2.38 62.43 8.88 21.79 4.08 0.02 1.11 1.00 .0.78 2.77 -62.0m 
92509 (S-F3) 4.12 6.16 8.80 31.42 35.83 12.35 1.25 0.06 0.81 1.26 ..0.74 3.52 -60.0m 

92532 (S-Kl) 4.67 4.29 14.79 48.45 14.65 12.35 0.79 0.02 0.54 1.21 .0.33 3.56 -58.0m 
92533 (S-K2) 0.11 0.91 1.74 21.24 52.46 22.27 1.22 0.05 1.47 0.81 ..0.51 4.48 -57 .Om 
92616 (5-Nl) 0.15 0.28 1.80 35.00 51.25 10.80 0.67 0.06 1.22 0.73 ..0.06 4.31 -50.0m 
92617 (5-05) 0.81 5.51 48.87 34.51 4.79 5.51 1.03 0.91 0.79 4.24 -55.0m 
92618 (S-P3) 18.84 17.53 21.56 15.45 9.22 11.43 4.73 1.24 ..0.12 1.84 0.47 2.29 -80.5m 



TABLE B 

GRAINSTONE UNIT 5 

TSNO. STATION -2a -21-1a -1/0JI QM 112a 2/"311 J/4!1 411 M s.o. Sk � 9!h 

92517 (S-H7) 0.90 J.04 5.37 13.10 26.64 35.53 14.66 0.77 1.81 l.JO -0.82 J.65 -37.0m 
92526 (S-J9) 2.60 12.78 9.44 13.07 16.93 36.88 7.77 0.53 1.23 1.65 -0.59 2.24 -38.0m 
92527 (S-JlO) 0.66 1.59 3.92 12.82 25.23 29.60 22.79 J.40 2.07 l.Jl -0.62 J.44 -37.0m
92528 (S-Jll) 0.50 5.52 4.96 9.15 18.92 33.24 24.55 3.16 2.04 1.47 -0.89 J.JJ -37.0m 
92538 (S-K7) 0.63 0.40 1.12 16.45 65.55 14.42 1.38 0.06 1.45 0.74 -1.01 8.64 -49.0m 
92604 (S-Mll) 1.08 J.95 8.11 15.18 21.95 27.54 19.87 2.32 1.77 1.49 -0.56 2.82 -36JJm
92605 (S-M9) 0.64 2.14 4.25 8.40 16.88 49.23 17.95 0.51 2.11 1.20 -1.27 4.81 -36.0m 

TABLE9 

GRAINSTONE UNIT 6 

...... 
TSl'-0. STATION -2a -2/-1� ::!l!!l Mr! 1/2� 21,a 3/411 4!J M 5.0. Sk � � 

"
...... 

92487 (S-C3) 74.79 10.46 6.26 4.77 2.75 0.96 0.21 -1.96 1.12 2.25 7.55 --40.0m 
92606 (S-M7) 84.39 9.48 1.52 1.06 0.66 1.13 1.54 0.22 -2.15 1.09 4.01 19.49 -JS.Om 
92613 (S-N3) 42.lJ 17.35 11.53 13.24 10.05 4.67 0.61 0.43 -1.00 1.66 0.83 2.62 -41.0m 



TABLE 10 

GRAINSTOI\£ UNIT 7 

TSNO. STATION -2� -2/-1� -I/Oil 0/1� 1/2� 2/Jfl J/4/J "" M 5.0. Sk � B!h 

92475 (S-A5) 0.35 0.77 1.63 14.02 51.46 30.03 1.73 0.02 1.63 0.83 --0.91 5.74 -59.0m 
92480 (S-83) 0.19 0.71 1.51 27.BO 51.20 15.38 3.19 0.02 1.38 0,84 --0.08 4.42 -46.0m
92481 (S-84) 0.27 1.39 2.26 6.58 18.48 55.05 15.96 2.21 1.01 -1.44 6.04 -38.0m
92482 (S-85) 1.29 2.56 4.26 12.53 28.48 39.76 10.64 0.46 1.79 1.23 -1.03 4.40 -46.0m
92488 (S-C4) 1.93 1.17 1.70 3.99 20.06 60.54 10.33 0.27 2.13 I.OB -2.14 9.26 -42.0m 
92495 (S-05) 1.05 6.10 17.97 42.78 24.46 6.94 0.46 0.25 0.57 1.06 --0.10 3.50 -37.0m
92496 (S-06) 9.03 11.27 8.41 13.13 13.79 24.90 19.26 0.21 1.14 1.96 --0.48 1.98 -40.0m
92497 (S-07) 2.07 6,18 8.26 22.99 44.56 13.75 1.90 0.29 1.02 1.21 --0.74 3.75 -48.0m
92498 (S-DB) 1.37 3.23 B.75 23.17 32.49 30.45 0,54 2.26 1.17 --0,84 3.45 -38.0m
92503 (S-E4) 0.32 0.24 0.58 5.76 61.72 30,80 0.56 0.02 1.73 0,66 -1.15 9.29 -51.0m
92504 (S-E5) 8,97 1.28 1.50 B.72 50.35 26.69 2.31 0.19 1,30 1.43 -1.58 5.08 -48.0m 
92505 (S-E6) 0.20 0.48 0,58 6.54 46.41 41.85 3,75 0.20 1.90 0.77 --0.81 6.42 -44.0m 
92510 (S-F4) 0.26 2.23 5.10 23.86 59.30 8.93 0.32 2.18 0.83 -1.07 5.24 -53.0m
92511 (S-F5) 0.16 0.62 1,55 20.84 47.82 27.23 1.74 0,04 1.54 0.83 --0.47 4.13 -51.0m
92512 (S-F6) 0.04 0.18 0.24 13.02 53.86 31.39 1.20 0.06 1.70 0.70 --0.28 3.88 -48.0m
92519 (S-J2) o.oz 0.32 1,21 7.55 28.59 57.55 4.72 0,04 2.06 0,78 -1.07 4.94 -51.0m
92520 (S-J3) 0.22 0.42 1.05 7.24 45.11 44.45 1.46 0.04 1.86 0.75 -1.17 6,65 -51.0m
92521 (S-J4) 13.27 8.40 10.31 17.10 28.02 21.96 0.92 0.01 0.58 1.69 --0.56 2.13 -51.0m
92522 (S-JS) 2.02 4.83 7.55 22.96 40.57 21.22 0,84 0.02 1.12 1.18 --0.92 3.80 -49,0m 

...., 

--..J 
92523 (S.J6) 4,33 1.38 3.62 11.18 36.53 41.05 1.92 I.SS 1.25 -1.65 5.86 -47.0m N 

92535 (S-K4) 3.75 5.79 11.43 34.49 37.31 6.85 0.38 0.68 1.15 --0.84 3.67 -SS.Om 
92536 (S-K5) 10.14 2.93 7.25 55.48 16.77 6.14 1.23 0.06 0.39 1.27 --0.72 3.91 -55.0m
92537 (S-K6) 0.08 0.02 0.81 11.46 70.46 16.35 0.80 0.02 1.55 0.60 --0.23 6.04 -51.0m
92599 (S-L5) 0.31 0,38 1-03 9.92 63.16 23.66 1.39 0.15 l.63 0.72 --0.78 7.72 -49.0m 
92600 (S-L3) 10.04 8.67 4.84 6.29 34.03 34.10 I.Bl 0.22 1.06 1.70 --0.98 2.72 -55.0m 
92601 (S-L2) 6.00 2.44 2.73 17.75 43.33 26.16 1.50 0,09 1.25 1.32 -1.39 4.89 -53.0m
92607 (S-M6) 2.68 2.47 4.24 8.01 13.70 48.30 20.36 0.23 2.05 1.38 -1.49 5.09 -40.0m 
92608 (S-M5) 0.23 0.45 1.72 4,07 10,78 62.05 20.17 0.53 2.44 0.88 -1.60 7.92 -40.0m



TABLE 11 

GRAINST01'£ lMT 8 

TS NO. STATION -2� -2/-1� -1/0II 0/1" 112.a 2/311 3/14 14 M S.D. Sk � 91!,_ 

92476 (S-A6) 3.17 1.90 2.92 29.69 53.46 8.22 0.64 1.06 1.00 -1.51 6.65 -55.0m

92477 (S-A7) 9.82 20.89 24.28 16.94 14.56 12.11 1.35 0.04 -0.03 1.56 0.24 2.12 -48.0m

92483 (S-86) 0.88 2.18 28.99 39.63 17.35 10.36 0.57 0.04 0.54 1.05 0.30 3.04 -46.0m

92484 (S-87) 1.76 2.13 1.40 18.40 64.93 10.69 0.61 O.Q9 1.28 0.90 -1.76 8.60 -51.0m

92489 (S-C5) 4.50 1.45 2.35 10.93 29.74 26.78 23.61 0.63 1.88 1.48 -1.17 4.54 -40.0m 

92490 (S-C6) 0.33 1.27 3.73 33.54 48.15 7.98 4.87 0.14 1.22 0.93 0.08 4.64 -37.0m
92491 (S-C7) 0.04 0.32 1.26 7.74 18.07 52.60 19.61 0.36 2.32 0.92 -0.90 4.34 -40.0m

92492 (S-C9) 1.57 4.44 14.07 38.12 27.59 12.19 1.97 0.06 a.so 1.15 -0.22 3.32 -40.0m

92499 (S-09) 0.49 1.69 4.22 8.07 30.53 54.98 0.02 2.81 0.97 -1.72 6.13 -38.0m 
92500 (S-010) 0.09 0.82 1.51 8.60 24.37 36.10 28.20 0.30 2.29 1.06 -0.79 3.72 -37 .Om

92506 (S-E7) 0.51 1.73 4.07 11.91 39.31 30.36 11.38 0.73 1.78 1.12 -0.64 4.14 -40.0m

92518 (S-Jl) 1.25 o.oz 1.15 2.83 26.25 61.60 6.59 0.30 2.16 0.87 -2.23 12.40 -51.0m

92534 (S-K3) 1.45 1.32 5.58 59.93 25.64 4.85 1.23 0.76 0.85 -0.28 6.27 -57.0m

TABLE 12 
� 

GRAINSTOI'£ lMT 9 --.., 
w 

TS NO. STATION -2a .21-1a -1/0II QM !/!fl. 2/311 3/14 14 M s.o. Sk � 91!,_ 

92478 (S-AB) 0.55 4.43 52.80 32.13 5.63 3.54 0.65 0.27 0.02 0.91 1.26 6.06 -44.0m 

92485 (S-88) 0.79 2.25 8.28 22.30 40.11 24.29 1.85 0.13 1.30 1.08 -0.67 3.69 -33.0m
92501 (S-011) 0.52 3.87 12.51 28.93 36.38 16.36 1.42 1.02 1.10 -0.39 3.01 -37.0m 
92507 (S-E8) 0.31 0.75 3.17 34.06 48.69 10.26 2.64 0.13 1.22 0.85 -0.02 4.77 -33.0m
92508 (S-E9) 0.27 1.47 4.12 26.74 36.28 28.55 2.38 0.18 1.43 1.00 -0.44 3.47 -24.0m

92513 (S-F7) 4.88 3.58 5.39 15.72 32.54 34.87 2.98 0.05 1.34 1.39 -1.19 4.05 -42.0m 

92514 (S-FB) 0.07 0.13 0.62 3.69 11.70 81.78 1.99 3.30 0.58 -2.64 13.13 -35.0m



-174 -

APPENDIX 5 

CORE LOGS 1-8 

(see Figure 4 for core locations) 

Emergent Reef Crest 

Core No. 1, Field No. F279017C 
Length 0.47m, Substrate Depth +10cm. 

0-20cm Poorly cemented packstone/boundstone assemblage of 
coral fragments, nodular algal crusts, encrusted 
skeletel-clastic material and fresh shells. Grains range 
from O.lmm to greater than 5cm. Crumbles easily. 

20-47cm Similar lithology to the above section, but more strongly 
indurated, mainly through algal binding. 
Boundstone/packstone texture. 

Core Thin-sections: 92658 - surface 
92659 - 20cm. 
92660 - 47cm. 

Reef Crest - Shallow Lagoonal Shelf 

Core No. 2, Field No. F279018C. 
Length 0.54m, Substrate Depth -lm. 

0-54cm Grainstone/packstone assemblage dominated by algal 
and coral fragments. Poorly sorted mixture of rounded 
to angular grains. Grain size ranges between O.lmm to 
30mm. Low molluscan and foraminiferal content and no 
allochthonous grains. Homogeneous texture throughout 
core and little or no cementation. 

Core Thin-sections: 92661 - surface 
92662 - 27cm. 
92663 - 54cm. 

Central Shallow Lagoonal Shelf 

Core No. 3, Field No. F279007C. 
Length 1.5m, Substrate depth -lm. 

0.15cm 

15-BOcm

Angular, well-sorted carbonate grainstone packed 
around coral sticks. No fines and no allochthonous 
grains. Algal dominant. Less well-sorted and increasing 
fines content towards the interfingering contact with 
next section. 

Wackestone/packstone assemblage with lmm to 0.5mm 
white, angular skeletal and elastic grains in a grey, silt
size matrix. Minor stratification and few complet� 
shells. Grades down into a less stratified and coarser 
assemblage. Bottom of the section is marked by an 
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angular coral-molluscan pebble horizon, with low matrix 
content. 

80-150cm A repeat of the above section, but generally coarser and
with isolated, floating coral pebbles. Stratified with 
minor indications of burrowing. Coral skeletons are 
infilled by fine matrix. Base of the core stops in an 
horizon of angular coral "pebbles", seemingly from a 
buried Acropora colony. 

Core Thin-sections: 92653 - surface 
92649 - 30-35cm. 
92650 - 75cm. 
72651 - 100cm. 
92652 - 150cm. 

Prograding Laqoonal Sandsheet 

Core No. 4, Field No. F279009C. 
Length 2.15cm, Substrate Depth 3m. 

0-215cm Clean, coarse carbonate grainstone. Average grainsize 
l-2mm. Moderately well-sorted; most grains angular,
some well-rounded. Dominated by algal and molluscan
material with subordinate coral, echinoid and
foraminiferal grains. Minor molluscan fragments l-2cm
across, all with corroded surfaces. No apparent
allochthonous material. No cementation or
stratification. Core shows homogeneity in texture,
grainsize and gross component content throughout.

Core Thin-sections: 92646 - 36cm. 
92647 - 144cm. 
92648 - 215cm. 

Sheltered Leeward Sandflats (associated with Pre-Holocene islands and 
subtidal rock platforms) 

Core No. 5, Field No. F279003C. 
Length 1.2m, Substrate Depth 3m. 

0-50cm Poorly sorted shelly packstone with 50% 2-3cm 
fragmented and unfragmented bivalve shells. All shell 
surfaces are corroded. 50% angular grains with minor 
fine carbonate. No cementation and no stratification 
apart from isolated lenses of fragmented shelly 
material. Grains are algal-molluscan dominant with 
minor coral and foraminifera. Scattered dark grains of 
carbonate - possibly allochthonous. 

50-12Dcm Increase in amount of bivalve shells, less fragmented
but with no preferred orientation. Surfaces are less 
corroded and fines content increases towards base. 
Assemblage more closely packed downwards with fewer 
void spaces. Grain components similar to top section. 
Possible minor cementation on grain contacts. At the 



Core Thin-sections: 
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base there are no voids and more bivalves orientated 
concave-down. Within 20cm of the base there are 
numerous scattered lithi fied fragments, either rounded 
or irregular and up to 3cm in diameter. Irregular shape 
appears due to differential cementation of layering 
within the fragment. Lithified fragments show algal (?) 
boring and are probably allochthonous. 

92635 - 30cm 
92636 - 95cm 
92637 - 120cm 
92638 - 120cm Oithi fied fragment). 

Laqoonal/Sheltered Off Lee-reef Sediment 

Core No. 6, Field No. F279001C. 
Length 1.5m, Substrate Depth -8m. 

0-150cm Homogenous core of poorly sorted 
grainstone/packstone. Grainsize varies from 1-0.lmm 
at the surface to O.l-0.2mm at the base. Minor silt
sized material increases downwards. Bioclastic grains 
dominate over complete shells. Mainly molluscan-algal 
with subordinate coral, echinoid, foraminiferal and 
sponge (spicular) grains. No obvious allochthonous 
material. Scattered micro-bivalves and micro
gastropods. No lithification or stratification. 

Core Thin-sections: 92639 - 40-45cm. 
92640 - 90-95cm. 
92641 - 150cm. 

Deep Lagoonal Sediment 

Core No. 7, Field No. F279004C. 
Length 2.86m, Substrate Depth -16m. 

0-286cm Homogenous core of fine grainstone/packstone. Grains 
generally angular with an average size of 0.2mm. Minor 
clay-sized material. Mainly fragmented bioclastic 
grains with significant amounts of foraminifera, sponge 
spicules, and local concentrations of micro-gastropods, 
echinoid plates and spines. No obvious allochthonous 
grains. Unstratified and no cementation. 

Core Thin-sections: 92643 - 40cm. 
92644 - 160cm. 
92645 - 286cm. 

�anal Pinnacle Reef Sediment Cap 

Core No. 8, Field No. F279013C. 
Length l.45m, Substrate Depth -1.4m. 

0-145cm Homogenous coral packstone/wackestone throughout. 
Combination of rounded coral sticks, angular skeletal 



Core Thin-sections: 
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grains 0.6-0.5mm and variable amounts of silt to clay
sized fines. No stratification or lithification and no 
allochthonous material. Coral sticks randomly 
orientated and vary from a floating position in the upper 
sections to a self supporting mesh at the base. 
Interstitial spaces in the coral fragments are partially 
filled with fine fragmentary carbonates. Assemblage 
dominantly coral, with subordinate algal and molluscan 
material. Core bottoms in an algal boundstone. Some 
of the coral sticks and larger molluscan fragments 
(Tectis) are coated with algal encrustations. 

92654 - 36cm. 
92665 - 60cm. 
92655 - 72cm. 
92666 - 100cm. 
92656 - 100-105cm. 
92657 - 140-145cm. 
92629 - 145cm. (bit sample). 
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APPENDIX6 

AAS ANALYSES FDR Ca, Mg AND Sr DN SELECTED HOLOCEl'E 

AND PREHOLOCEl'E REEF CARBONATES 

AND DEEPWATER CARBONATES 

(see Figures 2-4 for sample-station locations) 

CONTENTS Page 

TABLE 1 - Pre-Holocene Coral 

TABLE 2 - Pre-Holocene Reef Carbonates 

TABLE 3 - Holocene Coral 

TABLE 4 - Holocene Shallow Lagoon and 
Sandflat Carbonates 

TABLE 5 - Holocene Deep Lagoon al and Lee 
Slopes Carbonates 

TABLE 6 - Holocene Shelf Carbonates 

TS 92546

(*) 

AB 

C-5

Explanatory Notes on Tables 1-11 

- U.W.A. Thin-section No.

- Analysis of finer than 4i;l fraction only.

- Station No.

- Core sample - core no.

179 

179 

179 

180 

180 

181 

Elev. - Sample height above (+) or below (-) Mean Sea
Level (approximate) 

(See Core Logs, APPENDIX 5, for location of core thin-sections). 
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TABLE l 

Pre-Holocene Coral 

TS No. Station Ca Mg Sr Mg/Ca Sr/Ca Elev. 

92707 52 47.70 0.08 0.85 0.0017 0.018 -lm
92808-09 PI4 38.87 0.31 0.46 0.0080 0.012 +2m
Average 43.28 0.20 0.65 0.0048 0.015 

TABLE 2 

Pre-Holocene Reef Carbonates 

TS No. Station Ca Mg Sr Mg/Ca Sr/Ca Elev. 

92462 G.I.No.l 47.51 0.49 0.06 0.0100 0.001 -36.Gm
92466 G.I.No.l 26.70 14.08 0.02 0.5270 0.001 -72m
92685 Q2 36.00 2.26 0.02 0.0630 0.001 -1.5m
92687-88 MI2 39.09 1.23 0.06 0.0310 0.002 +1.5m
92689-90 Ml2 35.42 1.28 0.09 0.0360 0.003 +1.5m
92695 R2 34.83 0.82 0.04 0.0230 0.001 -1.5m
92698 R2 37.64 0.94 0.02 0.0250 0.001 -1.5m
92708 52 40.28 0.73 0.19 0.0181 0.005 -1.0m
92799-801 PIG 34.11 3.67 0.06 0.1080 0.002 +0.5m
92802-03 PIG 37.82 3.11 0.07 0.0820 0.002 +3m
Average: 36.94 2.86 0.06 0.0923 0.002 
(excluding 92466) 

TABLE3 

Holocene Coral 

TS No. Station Ca Mg Sr Mg/Ca Sr/Ca Elev. 

92587 CB 44.82 0.21 0.74 0.005 0.017 -26m
92744 NE7 42.55 0.15 0.69 0.004 0.016 O.Om
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TABL£4 

Holocene Shallow Lagoon and Sandflat Carbonates 

TS No. Station Ca Mg Sr Mg/Ca Sr/Ca Elev. 

92543(*) G7 36.08 1.08 0.22 0.030 0.006 -7m

92620(*) U6 36.87 1.13 0.25 0.031 0.007 -3m

92625 T4 37.56 1.01 0.23 0.027 0.006 -3m

92631 G5 34.81 2.16 0.13 0.062 0.004 -1.5m

92633 G7 37 .85 1.30 0.16 0.034 0.004 -Bm

92634 Tl 41.35 1.33 0.14 0.032 0.003 -lm
92635(*) C-5 38.13 1.37 0.16 0.036 0.004 -2m
92637 C-5 37 .71 0.58 0.07 0.015 0.002 -2m
92648 C-4 43.25 1.01 0.35 0.023 0.008 -3m

92649 C-3 34.53 1.36 0.07 0.039 0.002 -lm

92652(*) C-3 38.91 1.23 0.21 0.032 0.005 -lm
92662(*) C-2 34.76 2.11 0.17 0.061 0.005 -lm

Average: 37.65 1.31 0.18 0.035 0.005 

TABLE 5 

Holocene DeeQ Lagoonal and Lee SlQQeS Carbonates 

TS No. Station Ca Mg Sr Mg/Ca Sr/Ca Elev. 

92515(*) H3 37.00 1.19 0.24 0.032 0.006 -29m

92516 1--16 38.91 0.96 0.14 0.025 0.004 -37m

92516(*) H6 38.61 0.57 0.14 0.015 0.004 -37m

92610(*) N6 29.23 0.89 0.23 0.030 0.008 -22.8m

92619(*) U7 35.77 1.16 0.26 0.032 0.007 -Bm

92626(*) V4 35.72 1.09 0.22 0.031 0.006 -25m

92632 vs 37.35 1.03 0.22 0.028 0.006 -15m

92639 C-6 37.15 0.97 0.15 0.026 0.004 -Bm

92645 C-7 34.93 1.25 0.17 0.036 0.005 -16m

Average: 36.07 1.01 0.20 0.028 0.0050 
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TABLE 6 

Holocene Shelf Carbonates 

TS No. Station Ca Mg Sr Mg/Ca Sr/Ca Elev. 

92472 A2 35.07 1.90 0.14 0.054 0.004 -154m
92483 86 36.49 1.59 0.13 0.044 0.004 -46m
92494 D4 35.22 1.66 0.18 0.047 0.005 -26m
92512 F6 35.73 1.13 0.13 0.030 0.004 -48m
92533 K2 34.49 1.61 0.06 0.047 0.002 -57m
92599 L5 37.79 3.19 0.23 0.084 0.006 -49m

Ml 31.10 0.81 0.06 0.026 0.002 -44m
92604 Mll 37.13 1.17 0.19 0.032 0.005 -36m
92604(*) Mll 36.28 1.00 0.13 0.028 0.004 -36m
Average: 35.48 1.56 0.14 0.044 0.004 
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APPENDIX 7 

1-ERMATYPIC CORALS OF Tl-£ HOUTMAN ABROLHOS 

AND SOUTI-ERN ROTTNEST SI-ELF 

Listing is based on Wilson and Marsh (1978), and Western Australian Museum data. 

N.B. BOLD = important framebuilder in the Pelsaert Reef Complex. 

X = Southern Rottnest Shelf occurence between Fremantle and Cape 

Naturaliste 

Abrolhos Genera/Species 

Psammocora profundacella 

Pocillopora damicomis 

Pocillopora verrucosa 

Acropora spp. 

(tabular, fine tabular, coarse tabular, 

small clumps, fine bushy, coarse bushy, 

fine staghorn, mauve staghom; brown 

staghorn, large smooth staghorn, large 

knobby staghorn) 

Montipora spp. 

(encrusting and turreted, branching, 

flat fronds, foliose) 

Astreopora sp. 

Leptoseris sp. 

Pachyseris cf. speciosa 

Pavona decussata 

Pavona cf. minuta sp. 

Southern Rottnest Shelf 

x 

x 

(M. cf. multiformis) 



Coscinaraea sp. 

A!veopora c. daedalea 

Alveopora sp. (large corallites) 

Goniopora sp. 

Porites australiensis 

Cyphastrea chalcidium 

Cyphastrea microphtalma 

Cyphastrea serailia 

Favia spp.

Favia cf. favus 
--- ---

Favia cf. amicorum 
---

Favia cf. matthai 
---

Favia cf. pallid a 

Favites cf. abdita 

Favites cf. halicora 

Favites cf. rotundata 

Goniastrea aspera 

Goniastrea australensis 

Goniastreas pectinata 

Hydnophora exesa 

Mor.tastrea sp. 

Moseleya latistellata 

Ou:ophyllia crispa 

Platygyra Jamellina 
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x 

x 

x 

x 

x 

x 

x 

x 

x 



Plesiastrea versipora 

Galaxea fascicularis 

Merulina ampliata 

Acanthastrea sp. 

Blastomussa merleti 

Lobophyllia corymbosa 

Lobophyllia cf. hemprichii 

Echinophy Ilia sp. 

Mycedium sp. (rough) 
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Mycedium sp. (smooth, large corallites) 

Oxypora sp. 

Euphy Ilia cf. fimbriata 

Euphyllia sp. (solitary) 

Duncanopsammia sp. 

Turbinaria cf. frondens 

Turbinaria cf. crater 

Turbinaria peltata 

Cyc loseris sp. 

Diaseris sp. 

Leptastrea sp. 

Stylocoeniella sp. 

x 

x 

x 

---------------------------------------------------------------------------------------
---

37 genera, +70 species, 
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APPENDIX B 

MAJOR FLORAL AND FAUNAL ELEMENTS 

(EXCLUDING CORALS) 

PLANTS: 

Sea-grasses 

Amphibolus antarctica 

Halophila ovalis 

ANIMALS: 

Bivalves: 

Placamen sp. 

Ca!lista spp. 

Venus sp. 

Loconcha sp. 

Gomphina sp. 

Paphia sp. 

Sunetta sp. 

Dosinia sp. 

Timoclea sp. 

Irus sp. 

Circe sp. 

Tapes sp. 

Glycymeritus spp. 

Coralline Algae 

Lithothamnium spp. 

Corallina sp. 

Jania sp. 

Metagoniolithon sp. 

Peyssonnelia sp. 

Tellina spp. 

Exotica sp. 

Macoma sp, 

Limopsis sp. 

Mactra sp. 

Linga sp. 

Epicodakia sp. 

Callucina sp. 

Acrosterigma 

Fragum erugatum 

Fragum spp. 

Hernindonax sp. 

Numella sp. 

Macro-algae 

Laurene ia sp. 

Eucheuma sp. 

Ecklonia radiata 

Sargassum sp. 

Cardita sp. 

Glans sp. 

Cyclocardia sp. 

Venericardia sp. 

Corlula sp, 

Chlamys sp. 

Semipallium sp. 

Pecten sp. 

Hemipecten sp. 

Amusium sp. 

Ostrea sp. 

Leptomya sp. 

Septifer bilocularis 



Gastropods: 

Pseudostomatel!a sp. 

Monodonta zeus 

Monilea sp. 

Callistostoma sp. 

Turbo sp. 

Phasionella sp. 

Bittium sp. 

Echinoids: 

Prionocidaris bispina 

Temnoplsutus alexandri 

Echinocard!um cordatum 

Breynia sp. 

Echinometra mathaei 

Nudechinus sp. 

Bryozoa: 

Adeonia spp. 

Adeonellopsis sp. 

Petralia sp. 

Spiroporina sp. 

Porina sp. 

cf. Cabera 
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Tectis sp. 

Vermetus sp. 

Bulla sp. 

Natica sp. 

Thinoclavis sp. 

Asteroids 

Archaster anqulatus 

C!ypastroids: 

Peronella lesueuri 

Tubiporella sp. 

Hiantopora sp. 

Cribulina sp. 

Ascophora sp. 

Mucropetra!iella sp. 

also unidentified sertellids, cyclostomates, cellepoids, 

and ctenostomates 

F oraminifera: 

Homotrema rubens 

Spiroluculina sp. 

Quingue!oculina sp. 

Triloculina sp. 

Marqinpora sp. 

Peneroplis sp. 

Elphidium sp. 

Textularia sp. 

Gaudryina sp. 

Nodosaria sp. 

Lenticulina sp. 

Rotalia sp. 

Orbu lina sp. 

Globorotalia sp. 
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APPENDIX 9 

U-Th SERIES AGES FOR CORALS 

PELSAERT REEF COMPLEX 

The samples below were collected by B.G. Hatcher of the C.S.I.R.O. and C. Veron 
of AIMS, using field guide notes supplied by the author. These samples were 
passed onto Dr. H. Veeh of Flinders University, South Australia, who provided age 
estimations, using U-Th series dating techniques. 

Sample 1: (Field No. 3a) 

Sample and Site Descriptions: 

Elevation: 

Results 

Age (yrs): 

Recrystallized and partially recrystallized upright pedestals 
(eroded branches) of Acropora, confirmed by C. Veron as being 
in growth position. Located on Pelsaert Island, 500m SE of old 
Guano jetty in a shallow, brackish lagoon in central part of the 
island (approximate co-ords - 788E, 6791N). 

Top of stump at 0.08m above Aust. Height Datum. Equivalent 
to 0.327m above MLLW at Geraldton, and 0.127m above MHHW 
at the Easter Group. Possibly about 0.8m above MLLW in the 
Pelsaert Reef Complex. 

u(ppm) 
4.15 

4,700 t 500 

Th(ppm) 
l.t. 0.01

234uf23Bu 
1.12 t .02 

230Thf234u 
0.042 t .004 

Sample 2: (Field No. 4A) 

Sample and Site Description: 

Elevation: 

Results: 

Unrecrystallized fragments of eroded coral rock, broken from 
lOkg coral head. Located on Pelsaert Island, 50m S of 
lighthouse on southern tip of island. Taken from top of 
apparent wave washed ridge of coral rubble. (approximate co
ords - 788.5E, 6789.75N) 

Top of ridge approximately 3.75m above Chart Datum, 
equivalent to 2.25m above Highest Astronomical Tide at 
Geraldton. 

u(ppm) 
3.10 

Th(ppm) 
l.t./ t 0.01

234uJ238u

1.08 t .03 

230Th/234u 
0.016 t .002 

Age (yrs): 1,800 t 200 

Note by H. Veeh: If correction for non-radiogenic 230Th is made, sample age 
4A is lowered toli600 yrs. This correction would be based
on an assumed 30Th/232Th activity ratio of 1.5 for 
environmental Th in the area concerned. 
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Sample 3: (Field No. 6a) 

Sample and Site Description: 

Elevation: 

Results: 

Age (yrs): 

Note by H. Veeh: 

Unrecrystallized Lobophyllia in growth position, buried in 
calcrete matrix. Located on south Pelsaart Island in 
centre of mined-out area atop high rock platform 
(approximate co-ords - 788.45E, 6790N). 

Top of raised reef platform 2.40m above Australian Height 
Datum, equivalent to l.75m above Highest Astronomical 
Tide at Geraldton. 

U(ppm) Th(ppm)
3.09 0.07 

120,000 ± 7000 

234u;238u 

1.10 ± 0.1 

230Thf234u
0.68 ± 0.2 

Coral contained less than 2% calcite by XRD. 




