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FORESCRIPT 

"The corals upon the Abrolhos reefs and within their contained 

lagoons attain to a luxuriance of growth that is not surpassed even upon the 

Great Barrier of Queensland ••••• At some future date, when the colony of 

Western Australia shall have passed its present lusty adolescence, and 

arrived at that maturer age when it shall possess its own University and 

Chairs of Natural History, it may be safely prophesied that these Abrolhos 

reefs ••••• will constitute one of the happiest and most productive hunting 

grounds and fields for biological investigation to the associated students of 

and graduates in Natural Science" 

W. Saville-Kent, 1897

"The Naturalist in Australia". 
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ABSTRACT 

The Pelsaert Reef Complex is an emergent
1 shelf reef positioned at 29°5 on 

the edge of the inner continental shelf cif Western Australia. The reef's 
modern biohermal communities comprise coralline algal and macro-algal 
floras with subordinate coral on the windward margins, and high diversity 
coral assemblages in lee areas. Grainstone and packstone derived from the 
biohermal substrates are reworked by lagoonal echinoderm-molluscan in
fauna, which add skeletal detritus. Surrounding shelf sediments are bryozoan 
packstone on the outer shelf slope grading through algal-foraminiferal 
packstone/boundstone on the outer shelf slope/inner shelf plain boundary to 
molluscan-lithoskel/lithoclast grainstone on the inner shelf plain. 

Reef topology strongly reflects a pre-Holocene karst, over which the 
Holocene is a thin, discontinuous drape, with local thick infills. The pre
Holocene topography is divided into: a) exterior windward slopes with karren 
grooving, b) a semi-emergent high rim along the reef margins, c) an interior 
windward dissected platform, with island outcrops, d) a central solution basin 
with remnant pinnacles and a deep pass, and, e) a lee complex of dolines and 
pinnacles, with deep passes opening onto the lee shelf. Karst is not evident 
on the adjacent continental shelf. 

Holocene sedimentation has been controlled by interaction between the karst 
and regional S-SW swells/winds, and exhibits features diagnostic of a 
Holocene sea-level rise to a high of +l-2m .£!!.· 6000-4000 yrs BP, and of the 
subsequent fall to present sea-level. The early Holocene sea-level rise saw 
colonisation of shelf and reef substrates by pioneer molluscan-algal-bryozoan 
communities. Coral colonisation of the reef complex's windward margin is 
thought to have occurred after 6000 yrs BP, when the high karstic rim was 
overtopped by the rising sea. 

By the Holocene sea-level high, Acropora-dominant coral thickets cloaked 
the marginal crests. Initial mantling of the lagoonal pinnacles and lee 
doline terrain by a diverse coral fauna, probably dates from this period. Sea
level fall exposed the early Holocene Acropora thickets, forming an 
emergent rim along the windward crests, and small islets in the lee areas. 
The emergent barrier was bound by marine cement and roofed over by
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coralline algae to build a resistant rampart, which then acted as a barrier to 

windward off-reef drainage of wave-piled waters. The islets were either 

undercut and destroyed by intertidal notching, or acted as nuclei for 

accumulation of coral-gravel storm ridges along low energy margins of the 

reef. 

Emergence of the windward barrier has produced a strong continual leeward 

flow of waters "pumped" over the crest by the prevailing S-SW swell. This 

throughflow has led to: a) decline of the windward lagoonal coral meadows 

and supplantation by coralline and macro-algal communities, b) infill of 

windward karst lows, and progradation of a sand wedge into the central 

lagoon, and c) continual flushing of silt and clay-sized particles out of the 

reef complex, causing a relative paucity of those fractions in the windward 

and central lagoonal sediments. The coral communities of the lee 

doline/pinnacle field have been sheltered from sediment inundation by the 

intervening sink of the central deep lagoon and have built upwards, 

maintaining the topology of the underlying karst. 
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SECTION 1 

INTRODUCTION 

AREA DESCRIPTION AND STUDY OUTLINE 

The Pelsaert Reef Complex is the southernmost of a line of semi-emergent 

limestone reef complexes, the Houtman Abrolhos, which are located 60 km to 70 

km off the central west coast of Western Australia, on the south-eastern margin 

of the Indian Ocean. The island groups and reefs form a NW-SE chain 172 km

long, that extends from 28°04'5 to 29°27'5. This chain parallels the mainland 

coast, and the continental shelf-break that lies 8 km to 9 km seaward of the 

oceanic reef margins (Fig. 1). 

The Houtman Abrolhos chain consists of: four central reef complexes, an 

un-named reef that marks the northern end, and a group of three reef knolls at the 

southern end (Fig. 1). From north to south the main reef complexes are: North 

Island, the Wallabi Reef Complex, the Easter Reef Complex and the Pelsaert Reef 

Complex (Fig. 1). The southern reefs, known as Turtle Dove Shoal, Clio Reef and 

Pelsart Bank, are completely submergent and have not previously been included as 

part of the Houtman Abrolhos, being separated from them by a 39 km gap. 

However, they have a similar topology and are positioned on the same NW-SE 

trend. It is most probable that they are an integral part of the Houtman Abrolhos 

chain, with a shared geologic history. In addition to the islands and reefs of the 

main chain there are numerous minor reefs and pinnacles of varying sizes and 

depths scattered across the inner continental shelf. These are concentrated 

mainly in the lee of the Pelsaert Reef Complex (Fig. 1). Due to their 

characteristically abrupt topology and attendant coral communities, these inner 

pinnacle reefs are considered here to be elements of the Houtman Abrolhos coral 

province. 

The Pelsaert Reef Complex and other structures are unique for the 

following reasons; 1) they are the southernmost recognised coral-related 

structures in the Indian Ocean, and 2) they are anomalously situated on the 

eastern side of a major ocean basin. No comparable features are known from 

anywhere along the eastern margins of the Pacific and Atlantic Oceans. It has 



FIGURE I: Houtman Abrolhos and Pelsaert Reef Complex: 

Location and regional bathymetry. 
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been axiomatic in coral reef theory that well-developed coral structures are

largely restricted by favourable oceanic temperature regimes to the equatorial

and subequatorial zones on the western sides of major oceans (Ladd, 1950; Emery

et al,, 1954; Wells, 1957).
-

Previous geological research in the Houtman Abrolhos has been limited to 

surveys of the various islands that dot the emergent reef complexes. These 

studies verified their coralline nature and suggested that subaerial erosion is 

evident in much of the reefs' present submarine morphology. No reported 

research has been carried out on the local processes of sediment formation, 

transportation and deposition on and around the reef structures. 

This project had the following inter-related objectives: 

(1) documentation of the geomorphic and sedimentary divisions of the

Pelsaert Reef Complex and surrounding continental shelf.

(2) documentation of benthic communities involved in sediment

generation on the Pelsaert Reef Complex.

(3) documentation of the physical environment and its relation to

sediment distribution and reef morphology.

(4) delineation of pre-Holocene topology and investigation of its

influence on contemporary geomorphic and biologic zonations.

(5) interpretation of the history of reef growth and development of

associated sediment bodies during Holocene time.

In formulating the research objectives, attention was addressed to three 

basic groups of questions; firstly, considering the positioning of the Pelsaert Reef 

Complex in an area that may be marginal for coral growth, what calcifying biota 

are responsible for the Holocene reefal sediments, and what role do corals play in 

the system? 

Secondly, research on Holocene sedimentation along the mainland coast of 

Western Australia by various workers (Logan et al. 1970; Passmore, 1967; Searle 

1984) suggest that the Holocene transgression in this region was marked by a +2m 
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to +3m sea-level high at about 4,500 years B.P. Fairbridge (1948) attributed 

notches, raised shell beds and exposed in situ Acropora in the Pelsaert Group to a 

Holocene sea-level stand of +3m. These researches raised the questions of 

whether a sea-level high could be documented in the Pelsaert Reef Complex's 

Holocene section, and what effects the proposed subsequent sea-level fall may 

have had on sedimentation. 

Lastly, Fairbridge's (1948) report on the Pelsaert Reef Complex suggests 

pre-Holocene ''basement" is widely exposed. These observations led to the 

questions of to what degree is the present submarine topography an inherited 

subaerial form, and how the Holocene sediments have been distributed over this 

terrain. The importance of the foundation in relation to reef growth has been 

recognised since the earliest workers. Darwin's Subsidence Theory (1842), Daly's 

Glacial Control Theory (1910) and Hoffmeister and Ladd's Antecedent Platform 

Theory (1944) differed in their causative mechanisms (subsidence, sea-level rise, 

climatic control), but were basically similar in regarding the foundation as a 

passive platform, on which the reef buildup was superimposed. 

Recent researches (e.g. Emery et al., 1954; Shepard, 1970; Gareau and 

Burke, 1966) have shown that the foundation may greatly influence growth and 

surface topology. Numerous reports of karstic features in modern reefs imply 

that the shape of the basement may be reflected in the overlying reef (Stoddart, 

1962; Bloom, 1974). Purdy (1974a) suggested that the physiographic features of a 

coral reef can be assigned to a pre-reef karst topology, and that subsequent reef 

growth perpetuates this terrain. He demonstrated how subaerial solution can 

erode a smooth block into an atoll, and provided several examples of reefs in the 

Pacific and Atlantic Oceans where such a process could have occurred. Bloom 

(1974) concluded that "many, perhaps most modern reef complexes are only thin 

veneers of late Pleistocene and Holocene limestone deposited on surfaces that 

were exposed to subaerial weathering during the low sea level of the Wisconsin 

glaciation". From this he inferred that "the morphology of modern reefs probably 

is not a simple expression" but "more likely it represents a complex of modern and 

inherited forms". This concept suggests that the initiation of a reef, its growth, 

and sediment shedding from it can be very dependent on the pre-Holocene surface, 

particularly when viewed against a rising post-glacial sealevel (Davies et al., 

1977a). 
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Maxwell (1976) disagreed with Purdy's and Bloom's conclusions stating that 

"solution control •• should be accepted as another mechanism in the plexus of reef

development, but not as the only one or the dominant one" (my emphasis).

Maxwell (1976) stated also that "once reefs are submerged the organisms and the 

currents, waves and tides which nurture them provide the primary control on reef 

growth. Given the appropriate environment and sufficient time (my emphasis) 

reef growth will proceed and ultimately mask the effects of previous erosion". 

Maxwell (1968) had previously proposed a multi-vectored model of reef growth, 

development and decline, in a single marine cycle, to explain varying 

configurations seen in the Great Barrier Reef. Basement influence plays no part 

in this model. Clearly, the basis of disagreement is in the interpretation of intra

reef morphology (faros, lagoonal pinnacles, lagoonal depression, lagoonal passes, 

the high rim along the edge of the reef) and the process by which various reef 

"morphotypes" may evolve. Shallow seismic work by Davies (1974), Davies et al. 

(1977b), Harvey (1977), Harvey et al. (1979), Hopley et al. (1978), Harvey and 

Hopley (1981), and other authors has shown the basement under several reefs of 

the Great Barrier is very shallow, over which the Holocene section is no more than 

a veneer. Further work by Davies and Marshall (1979), and Davies and Kinsey 

(1977) provided a hypothesis of how the Holocene reef built up over the shallow 

basement, preserving positive basement features in so doing. 

The Pelsaert Reef Complex was selected as the most suitable structure in 

the Abrolhos for study, for the following reasons: 

(1) the Pelsaert Reef Complex most nearly conforms to a classic atoll

shape, with clearly definable geomorphic zonations.

(2) Teichert (1947) and Fairbridge (1948) showed that all the variations in

island structure and geology are present in the Pelsaert Group, with

the sole exception of interbedded dunal sands and nodular calcretes,

presently confined to the Wallabi Group (Fig. 1).

(3) the Pelsaert Reef Complex is the most windward of the emergent

reef structures in relation to prevailing wind and swell and, thus being

relatively free of interference, is the best placed for a wave impact

and refraction analysis.



- 5 -

(4) preliminary investigation suggested that, due to its simple shape and

topographic constraints, the Pelsaert Reef Complex's internal

circulation pattern would be the most straightforward of the various

complexes.

(5) Royal Australian Navy hydrographic surveys have provided detailed

bathymetric charts of the Pelsaert Reef Complex's external slopes

and deeper internal areas, as well as the continental shelf to

windward and leeward of the reef.

NOMENQ_ATURE 

The Houtman Abrolhos are commonly called "the Abrolhos", and this 

simpler name is used hereafter in this thesis. The reefs are positioned on the 

northern end of the "Rottnest Shelf", as defined by Carrigy and Fairbridge 

(1954). The common characteristics of this shelf are: (1) a constant shelf break of 

about 20Dm, (2) sedimentation dominated by elastic carbonate deposition, (3) inner 

and outer shelf levels, with a series of superimposed terraces related to sealevel 

changes, and (4) narrow eolianite ridges deposited along pre-Holocene shorelines. 

'Abrolhos Shelf' is an informal term used within this thesis to denote the part of 

the Rottnest Shelf with coral reefs between 28°5 and 29.5°5. 

"Pelsaert Group" is a geographic term and refers to the small numerous 

islands scattered across the reef, rather than the supporting structure. The term 

"Pelsaert Reef Complex" is used to denote the 3-dirnensional reef with its 

topology of slopes, flats, lagoon, ''blue-holes" and islands, and follows Henson's 

(1950, p.215) use of the term. The terms "Wallabi Reef Complex" and "Easter 

Reef Complex" are used in the same fashion. The use of "reef complex" follows in 

part the suggestion of Wilson (1975) that "reef" (originally a navigational word) has 

too many connotations and should be discouraged as a geological term. "Pelsaert 

Bioherm" is used to denote the reef's sediment mass, this being a related group of 

sediment facies sited within the Abrohos Shelf's stratigraphic sequence. This use 

differs from Cumings (1932) who only used the term to divide organic reefs from 

other submarine prominences. 

Islands within the reef complex are divided into "high", "low" and 

"composite" types. this classification makes a distinction between elevated reef 
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limestone (11high11) and islands formed by the accumulation of loose skeletal debris 

("low") and is based on the terminology of Stoddart and Steers (1977). Thus the

terms "high" and "low" refer to a genetic origin, and do not take topographic

expression into account. "Composite" types consist of combinations of the other

two. 

a-lRONOLOGY OF ABROLHOS RESEARQ-1 

Pre-1950 

The first scienti fie investigators were Cap ts. Wickham and Stokes on 

H.M.S. "Beagle". Wickham (1841) described the Abrolhos' coralline nature, and

Stokes (1846) gave some generalised descriptions of, many of the islands, noting

the luxurient growth of coral. Darwin (1842), drawing on data and samples

supplied by Wickham, hesitated to describe the reefs as atolls and left their

classification in doubt. Saville-Kent (1897) made observations on the reefs' fauna

and stated that plutonic rocks cropped out in the Wallabi Reef Complex. Helms

(1902) described the guano deposits of Rat, Pelsaert and Gun Islands and compared

the coralline rock with the 'Coastal Limestone' near Perth. He noted that, due to

the presence of macropods and snakes, the Abrolhos must have been connected to

the mainland. Dakin (1919) dispelled the myth of plutonic rocks occurring

anywhere in the Abrolhos. He outlined the physiography of the major islands and

smaller islets and reefs, made collections of the faunas, and noted the abnormally

high temperatures of the surrounding ocean. Dakin regarded the Pelsaert Reef

Complex as an atoll, and the Easter and Wallabi Reef Complexes as less mature

stages in atoll formation.

Teichert (1947) described the surface geology of Pelsaert, West Wallabi and 

East Wallabi Islands, and sub-divided the rocks of the islands into "reefal" and 

"lagoonal" units. Fairbridge (1948), in his report on the Pelsaert Group, described 

several of its smaller islands and intertidal areas and suggested that the complex 

bathymetry was a result of subaerial karsting during glacial maxima. He 

described the Pelsaert Reef Complex as a compound atoll and suggested that it 

had evolved to its present stage from an initial ribbon reef, via a long and complex 
history. F airbridge thought that the deposition of the reefal and lagoon al
limestones occurred during the Riss-Wurm interglacial sea-level high.
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Post-1950 

The Western Australian Museum carried out collecting trips in the Abrolhos 

from 1958 onwards. The first major field trip was in 1977, when extensive

collecting and classifying were done. Substantial lists of benthic and pelagic

organisms were built up from this and succeeding trips, and revealed the 

abnormally high generic diversity of the Abrolhos coral community in relation to 

its extreme southerly location. 

During 1969-1976 the CSIRO Division of Fisheries and Oceanography 

(Cronulla, N.S. W .) carried out ship-borne and drogue research on circulation 

patterns in the eastern Indian Ocean, adjacent to the Western Australian coast. 

This work did much to delineate and explain the unusual currents and sea 

temperatures noted around the Abrolhos. CSIRO also has engaged in biological 

research in the Abrolhos. This work includes studies of: reef nutrients, primary 

production, coral calcification and skeleton-building, the distribution and grazing 

effects of a large gastropod, macro-algal taxonomy and biomass production, the 

role of some algal-grazing fish, the comparative genetics of Abrolhos and 

mainland crayfish larvae, and research into the competition between macro-algae 

and corals for living space. 

Wildcat wells drilled on Gun Island in 1968, and to seawards of the Easter 

Reef Complex and in the Geelvink Channel in 1979, have provided valuable 

stratigraphic data. All available meteorologic and oceanographic data were 

collated and summarised by Steedman et al. (1977) as a preliminary to the 1979 

drilling programme, and remains the most up-to-date reference on weather 

conditions. Over the same period the R.A.N carried out a detailed survey of the 

bathymetry around the reefs and the inner shelf. 

METHODOLOGY 

Field Methods 

Field-work was spread over 7 fieldtrips during 1978-1981, and conducted in 

two phases. The initial phase was a deep-water survey of the continental shelf
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from seawards of the Abrolhos reefs, through to the mainland. The objectives of 

this survey were to sample and document the off-reef shelf sediments and 
communities, to investigate the importance of reef sediments shed onto the 

surrounding shelf and to reveal possible deep-water structures that may be related 

to the early stages of the Holocene transgression. Eighty-three stations were 
sampled in an E-W regional grid, and in concentrated lines centred on the Pelsaert 
Reef Complex (Figs. 2,3). At each station a van Veen grab was employed to 

obtain a sediment sample, sea temperature was noted on a continual ship's 

recorder, and a water aliquot taken 2m below the surface for salinity 

measurements. Continual bottom profiles were recorded with a straight-line 

echo-sounder between the stations and on all cruising legs. 

The detailed underwater mapping and sampling of the Pelsaert Reef 

Complex were the objectives of the second and more important phase. Transects 
were run from the reef's oceanic rim to the deep lagoon (Fig. 4), and aerial 

photographs used to extrapolate between the transects. Underwater work 

involved the documentation and sampling of surface sediments and communities, 

photography, depth measurements, dye-tracking of current speed and direction, 
and mapping of terrain profiles. Vibro and sliphammer cores were taken in several 

locations (cores 1-8) and large sediment bodies were probed for thickness with 

steel rods. An underwater rock drill was unavailable for the study, but surface 

samples were taken of submarine hardgrounds by means of a sledgehammer and 
crowbar. Erosion stations were set up in intertidal notches on Pelsaert, Middle 

and Gun Islands, using Searle's (1984) marine screw/micrometer method. 

Persistent heavy wave action prevented examination of the reef's windward 

margin beyond the breaker and surge zone. Slide views from the Western 

Australian Museum's operations on the "Zeewyck" and "Batavia" wrecksites have 
been utilised to partially fill this data gap. 

Laboratory tv1ethods

Thin-sections were made of all rock, loose sediment and core samples, and 
of a series of cuttings from the top 80m of Gun Island No. 1. A total of 400 thin
sections (U. W .A. Nos. 92422-92821) were examined for petrography, and the 
components of Holocene slides identified according to criteria set out by Bathurst 

(1975), Horowitz and Potter (1971) and Majewske (1969). Component percentages 



FIGURE 2: Houtman Abrolhos regional shelf survey: 

Sampling and echo-profiling lines A-F. 
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FIGURE 3: Pelsaert Reef Complex: 

External sampling and echo-profiling lines H-P. 
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FIGURE 4: Pelsaert Reef Complex: 

Internal transect lines G and Q-V; 

core locations 1-8; 

spot dive groups BH and NE; 

island sample locations MI, GI and PI. 
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were determined by a point-count method, with an average of 500 points counted 

for each slide. These data are set out in Appendix 3. Photomicrographs were 

taken of representative thin sections and are set out in Plates 8-13. Loose 

sediment samples were seived at 1(1 intervals to establish grain size 

characteristics for the various sediment units. These data are set out in Appendix

4. The size fractions were then picked over for macro and microfauna, and the

assemblages sent for identification, along with faunal specimens collected in the

field.

The mineralogy of all rock and selected loose sediment samples was 

investigated by a combination of staining, X-Ray diffraction and wet analysis. 

Various rock and sediment samples were also analysed by X-Ray fluorescence for 

major oxide content, plus a number of trace elements, to establish distinctive 

geochemical "signatures" for particular reef substrate types. These data are set 

out in Appendix 2. The salinities of oceanic and lagoonal water samples were 

determined by the CSIRO Division of Fisheries and Oceanography at Marmion, 

W.A., and these data are presented graphically in the text. Coral samples were

dated using U/Th methods at Flinders University, South Australia, 18 months after

the completion of field work.

Use of Supportive Research 

The following data sources are used: 

W-mds - Wind data are long-term recordings from the Geraldton Meteorological 

Station, 60 km east of the Pelsaert Reef Complex. Steedman et al. (1977) 

compared five years of the twice daily Geraldton recordings with similar hourly 

recordings from Fremantle (375 km south of Geraldton), and with ships' weather 

reports from the general area. It was concluded the Geraldton data most closely 

follow synoptic wind patterns, and that an average of the two daily recordings 

approximated wind conditions for the general area, including the Abrolhos. 

Storm Events - Steedman et al. (1977) has assembled all available information on 
the periodicity and wind strengths of storms (winter and summer) at the Abrolhos,
and is directly quoted.
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swan/Wind Waves - Steedman et al. (1977) summarised and tabulated all recorded 

sWell and wave data available for the central west coast, and is quoted directly. 

Paul (1976), in a Public Works Department study on inner shelf wave conditions for 

8 proposed harbour 100 km ESE of the Pelsaert Reef Complex, is also referred to. 

,Kies - Hodgkin and DiLollo (1958) is relied on for tidal data and some predictions 

by Steedman et al. (1977) for the Pelsaert Group are also used. 

Currents and Ocean Temperature - CSIRO research on the abnormal oceanic 

circulation patterns off south-western Australia is quoted directly, and compared 

with weekly satellite data made available by the CSIRO during the period of the 

study. 

Taxonomy - Identification of the various reef communities was based on lists 

compiled by the Western Australian Museum. These lists are also relied on for 

specific identifications, where these have been made. 

Dlart Data Sources 

Five sets of data were available to augment field-mapping in the Abrolhos: 

(1) Hydrographic Office Charts Aus. 332 (Quobba Point to Geraldton) and

Aus. 333 (Geraldton to Wedge Island). These 1:300,000 charts are

based on early British Admiralty surveys.

(2) R.A.N. Hydrographic Service preliminary bathymetric drafts based on

surveys by H.M.A.S. "Moresby" and H.M.A.S. "Assail" in 1977 and

1978. These 1:50,000 charts are very detailed, showing soundings

every lOOm to 150m on transect lines 500m apart. The survey ranged

across the entire Abrolhos Shelf, and was especially comprehensive

around the Pelsaert Reef Complex.

(3) Australian Topographic Survey sheets "Abrolhos" and "Hummock

Island", Series R611 (Edition 1). Scaled at 1:100,000 these maps show

island distribution and are used as the authority for geographic place

names and their correct spelling.
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(4) The Pelsaert Reef Complex's shallow lagoon and ''blue-hole" area

were mapped in the field with the aid of aerial photographs (WA 885,

"Houtman Abrolhos Islands", Project C60, 12-11-1964).

(5) A Royal Australian Air Force low-level reconnaissance photo series of

Pelsaert Island (circa 1943) has been used in the production of a series

of figures of that island and its surrounds.
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SECTION 2 

GEOMORPHOLOGY 

INTRODUCTION 

The Pelsaert Reef Complex extends from 28°51'5 to 28°59.5'5, with

longitudes 113°4B'E to 114°02'E. The reef complex has a rough triangular plan,

with one side facing SW (Fig. 5). The ocean side parallels the longest reef axis, 

with a maximum distance of 21.2 km between the north-west and south-east 

apices. The other major axis, running from the oceanic margin to the north-east 

apex, is 19.5 km in length and crosses the longest axis at right-angles. The 

emergent reef complex has an area of approximately 173 km2 and a perimeter of 

70 km. These values give the Pelsaert Reef Complex an Ellipticity Ratio of 2.037 

(Stoddart, 1965). When compared with a world average of 2.867 this value 

suggests that the overall plan of the Pelsaert Reef Complex does not differ 

significantly from most oceanic atolls. 

GEOMORPHOLOGY OF TI-£ PELSAERT REEF COMPLEX 

The Pelsaert Reef Complex is split up topologically into four main zones: 

external reef slope, emergent reef crest, lagoon, and islands (Fig. 5). 

External Reef Slope 

The Oceanic Slope - The oceanic slope is gently convex along its 26.5 km length, 

and slightly recurved where it merges with the other major reef slopes. The 

slope's base varies in depth from approximately 50m in the north, to 40m towards 

the southern end, and rises abruptly from a terrace that extends 3 km to 

seaward. The distance between the slope base and emergent crest is about 750m, 

broadening to 1 km at the northern end. 

Major features on the oceanic slope are a 20m to 25m terrace, and a lOrn 

terrace which is most pronounced along the northern half (Fig. 6). This lOm 

terrace can be up to 500m wide, causing the emergent reef crest to stand well 

back from the margin. In moderate to heavy weather the breakers occur along the 

seaward edge of the lOm terrace, with secondary breakers on the emergent 



FIGURE 5: Pelsaert Reef Complex: 

Major geomorphic divisions. 
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Fl�E6: Pelsaert Reef Complex: 

External slope geomorphology. 
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crest. The section of slope between the lDm terrace and emergent crest is usually 

narrow and steep, flattening out in the final 50m to lOOm to run gently up to the 

intertidal zone. Where there are breaks in this section the lOm terrace slopes

upwards into the resultant re-entrant, to merge into 5m to lOm deep spur and

groove terrain (Fig. 6, Plate 1). The surface of the upper slope and terraces is a

pavement, covered by encrustations and by meadows of soft algae. Corals are 

sparse, and the few colonies are small and flush with the surface. 

R.A.N. charts suggest the oceanic slope has a featureless topography, 

lacking major radiating ridges or embayments. An exception is a large gully-like 

incision towards the southern end. This feature appears confined to the deeper 

slope, and is not visible at the slope crest. There are narrow, shallow incision-like 

features extending down the slope. These V-shaped grooves are generally less 

than lm deep and 2m to 3m wide, and are widely spaced. They may extend in 

places to the slope base. An unusual characteristic of the lOm terrace, and 

shallow subtidal areas fronting the reef crest, are large polygonal fracture 

patterns lm to 4m across. These fractures are not open and do not cause blocks 

of reef material to become detached from the substrate. 

The South-east Slope - This slope faces E-SE and descends onto the plain of the 

inner shelf. It consists of a long, unbroken southern section extending 12 km NE 

from the southern tip of Pelsaert Island, to where a deep lagoonal pass marks the 

start of a second section that trends N for 4.5 km (Fig. 5). The southern section 

has a irregular, concave plan with broad embayments and intervening spurs. It is 

characterised by a steep upper face that rises from about 30m to the crest, over a 

horizontal distance of lOOm or less. The charts suggest an almost cliff-like 

margin in places. The lower section lying at 30m to 40m is more gentle, and 

flattens out gradually onto the inner shelf substrate over several hundred metres. 

The lOm terrace was observed at the slope's extreme southern end where it 

merges with the oceanic front. However, it is not known if the lOm, or 20m to 

25m terraces extend along the south-east margin. If these terraces are present on 
the comparatively narrow south-east slope they could only exist in a much reduced 
form. 

The south-east slope has rugged topography in places. Deep gullies incise 
the slope, and the inter-gully ridges can be seen as seaward projections of the ,
crestal edge. This relief is particularly pronounced at the head of an embayment



PLATE 1: Southern oceanic margin re-entrant and shallow lagoon; 

western Pelsaert Reef Complex. 

See Figure S for location of view 

Scale lcm = 190m approximately. Long axis of plate 

orientated NE-SW. 





-14 -

approximately 1 km north of the slope's southern end. At this location, the ridges 

enclose deep circular depressions and support isolated pinnacles that rise to the 

surface. Grooves are present along the south-east margin, and have a similar size 

and extent to those on the oceanic front. They can extend over the top of the 

slope and into the shallow crestal zone, where they fade and disappear. 

The short northern section has a highly irregular plan, due to deep passes 

that divide the slope into a line of independent blocks. These channels lead back 

into complex blue-hole terrain. The short lengths of unbroken slope appear to 

have the same overall parameters as the southern section, but with a shallower 

crest, and more pronounced ridges and pinnacles. While the upper section of the 

slope is steep and often precipitous, the basal flattening is less distinct. The 

ridges and pinnacles of the main slope extend past the ''base" and out over the lee 

shelf in a wide zone 30m to 40m deep. The deep mouths of the lagoonal passes are 

also broken up in this manner. 

The Northern Slope - This slope faces N into the Zeewyck Channel and extends 

approximately 27 km from the north-west reef apex in a gentle concave arc to the 

north-east apex, with the broad embayment of the main lagoonal passage being its 

most prominent feature (Fig. 5). Much of the northern slope is a highly diverse 

surface of ridges, pinnacles, hollows and ravines that inclines at varying angles to 

approximately 30m (Fig. 6). Below this depth, there is a generally smooth surface 

that gradually deepens to the north. The western area of the slope is less incised 

by hollows and ravines, but can be precipitous in parts. The deep western part of 

the slope is crossed by a discontinuous ridge-like feature at depths of 36m to 40m. 

The lagoonal embayment is topologically complex, with steep slopes heavily 

incised by circular depressions and ravines partly surrounding a flat floor ranging 

in depth from 20m to 30m. At its southern end the embayment narrows and 

shallows to merge into the navigable deep water pass to the shallow lagoon (Fig. 
5). 

The Emergent Crest 

The emergent crest tops the external slopes and is an important zone as the 
locus of interaction between the reef and the physical environment, exerting

control over water movement on the reef mass. This feature extends along the 

oceanic, south-eastern and north-eastern reef margins, but is absent between the 
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north-west reef apex and the northern embayment. It is breached along its length 

by three broad, shallow passes in the west and north-west of the reef and several 

deep, narrow channels in the north-east (Fig. 5). 

The emergent crest consists of an outer subtidal-intertidal area and an 

emergent inner barrier (Fig. 7). The seaward boundary is located in the breaker

zone and is normally marked by a flattening of gradient that occurs at depths 

between lm and Sm. Towards the southern end of the reef the edge is incised by 

abrupt grooves. Behind the seaward edge the outer surface shallows up to the

intertidal zone and varies in width from 30m at the southern tip of Pelsaert Island, 

where it is characteristically flat and very shallow, to 150m off the northern end 

of the island where it is deeper and more sloping (Fig. 7). Along the oceanic 

margin the width is more constant at lOOm. This flat to undulose surface is 

marked in places by extensions of the grooves cut down into indurated limestone. 

The surface is also pocked by deep potholes, which are most common on the 

oceanic margin. The outer subtidal surface of the crest is a smooth pavement 

littered with encrusted coral-algal rubble, with isolated coral colonies. 

The pavement slopes upward to the inner intertidal-supratidal zone, where 

it forms a low emergent barrier. The degree of emergence is dependent on 

astronomic tide, and the combined effects of wave washover, barometric pressure 

and seasonal variations in mean sea level. The barrier varies from 50m to lOOm 

wide, the highest part lies approximately on the midline, and has an average 

height of 30cm to 40cm above MSL. Lagoonwards of the high midline the smooth 

emergent surface slopes gently down to a point about 20cm to 30cm above MSL 

where it is abruptly truncated by a lm to l.5m escarpment facing onto the shallow 

lagoon (Plate No. 6, Photo Nos. 1 & 2). 

Where this escarpment is vertical or undercut, the pavement is underlain by 

a fragile coral framework. At these points the height of the escarpment is usually 

greatest (1.5m). Sloping sections are composed of a dense limestone, and are 

rarely more than lm high. Fragments pried up from the emergent barrier's 

surface and exposures in potholes reveal dense indurated limestone and/or coral 

frame. At the southern tip of the reef complex the indurated limestone extends 

4m above the tidal range to form part of Pelsaert Island (Fig. 7). 



FIGURE 7: Pelsaert Reef Complex: 

Main reef crest morphologies. 
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Towards its southern extremity the emergent barrier is characterised by 

isolated boulders perched on the emergent pavement. Ranging up to 3m in

diameter, many of these boulders appear to be allochthonous, resting 

unconformably on the algal pavement, and in one example leaning against each 

other. Along the south-eastern reef margin the emergent section of the crest is

obscured by the superposition of a loose gravel rampart (Fig. 7) with the barrier 

discontinuously exposed along the lagoonal side (Plate No. 6, Photo No. 3).

The emergent crest has three shallow passes in the west and north-west 

that form amphitheatre-like depressions about 7m to lOm deep, and 800m to 

2000m wide at the oceanic end. These gradually broaden and shallow into the reef 

complex's interior, and merge with the bathymetry of the shallow lagoon (Plate 

No. 1). To seawards, the passes open out onto the lOm terrace. The floors of the 

passes are marked by spur-and-groove bathymetry, with double-ended spurs lOOm 

to 300m long by 30m wide, separated by ''braided" flat-floored sandy channels 50m 

to lOOm wide and 6m to 8m deep. The spurs become emergent with low tides. 

Lagoonwards, the spurs tend to coalesce, with the sandy channels becoming fewer 

and shallower. A few of these channels persist into the reef complex, forming 

remarkable 5m to 6m deep "gullies" that meander up to 1 km eastwards across the 

shallow lagoon (Plate 1). The long axes of the grooves and spurs are generally 

aligned parallel to the oceanic wave orthogonals within the passes. The emergent 

barrier recurves inwards along the passes' margins, and fades out in the shallow 

lagoon 300m to 400m from the passes' entrances. 

The north-eastern section of the crest between the northern end of 

Pelsaert Island and the northern embayment shows similar topographic features to 

the oceanic and south-eastern section, but without the same constancy of 

profile. In this area the seaward edge of the crest lies between Low Water Level 

and -2m, and generally tops very steep to vertical external slopes (Fig. 7). Where 

the edge is lm to 2m below L WL the crestal zone is usually only lOm to 20m wide 

and submerged. Emergent sections are characterised by broad boulder pavement 

up to lOOm wide and rising to 2m above L WL (Fig. 7). The emergent barrier is 
discontinuosly present on the lagoonal side of this pavement, but is normally
mantled by supratidal shingle ridges, 50m to 150m wide (Fig. 7). Behind the 

submerged and emergent sections of the crest the reef surface quickly slopes into 

the terrain of the plue-hole complex. Indurated limestone is not exposed along the 

north-eastern section of the crest. 
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Between the lee of the north-west reef apex and the northern embayment 

the reef margin is submerged to depths between Sm and 12m, and is characterised

. by an uneven terrain of flat-topped ridges 30m to 50m wide aligned parallel to the

reef margin. These ridges show slopes up to 30° and are separated by sandy 

troughs up to 20m deep and lOOm to 300m wide. The ridges and troughs form a

400m to 500m wide zone that separates the interior lagoonal substrates from the 

exterior slope. 

The Lagoon 

The main lagoon can be further sub-divided into three main areas; 1) the 

shallow lagoon, 2) the central deep lagoon and, 3) the north-east blue-hole 

complex (Fig. 5). 

The Shallow Lagoon - occupies approximately 2/3 of the Pelsaert Reef Complex 
and is bounded by the emergent oceanic crest, the northern reef edge, and steep 
sand and reefal slopes leading to the deep lagoon and northern embayment (Fig. 
5).. On the eastern side of the deep lagoon there is a gradational boundary, where 
a narrow arm of the shallow lagoon adjoins the north-east blue-hole complex. The 
shallow lagoon has a depth range of lm to Sm, dominantly level surfaces separated 
by minor or gradual changes in slope, and a variety of detrital and hardground 
substrates. The shallow lagoon is zoned into; lagoonal shelf, sandsheet, sand flats, 
peritidal rock platforms and leeward margin reefs. These zones are shown 
schematically in Figure 8. 

The lagoonal shelf lies behind the oceanic emergent crest, and extends 
from Pelsaert Island to the north-west reef apex (Fig. 5). The shelf is a· sediment 
and rock surface that imperceptibly dips towards the centre of the reef complex, 
increasing in average depth from lm to 3m. The shelf varies in width from 1 km 
to 2.5 km, and generally has a gradational inner boundary with the other shallow 
lagoon areas. In the south, where the shelf is narrowest, there is a sharp 
escarpment-like border with the deeper sandsheet (Plate No. 2). 

The lagoonal shelf has a variety of detrital substrates, that form a thin 
discontinuous cover over hard indurated limestone, which is potholed and fissured
in places. This indurated limestone surface extends across the entire lagoonal
shelf, appearing sporadically from under various covers, but always gently



FlGUREB: Pelsaert Reef Complex: 

Shallow lagoon geomorphology. 
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PLATE 2 Oceanic margin and shallow lagoon; south-west 

Pelsaert Reef Complex. See Figure 5 for location of view. 
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orientated NE-SW. 
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into the interior of the reef complex. The lagoonal shelf opposite the 

oceanic reef passes is characterised by very shallow sandy areas with isolated Sm

deep gullies running across them. Semi-emergent sand spits lead away from the

passes towards the deeper lagoon (Plate No. 1).

Behind the oceanic crest the shelf is covered by discontinuous coral 

meadows (Plate No. 6, Photo No. 4) separated by gravel-floored channels 50m to 

500m across and lm to 2m deep. Further lagoonwards these features are replaced 

by 8 terrain of elongate gravel ridges (Plate No. 6, Photo No. 5) separated by 

deeper, sandier channels (Fig. 8). This pattern of lm deep ridges and I.Sm to 2m 

deep channels gives the windward shelf a striated appearance (Plate No. 2). 

Further to leeward the bottom becomes dominated by bare sand which grades into 

the sandsheet and sandflat terrains. The underlying indurated limestone which 

shows through in this area is very smooth and polished. 

Where a low escarpment marks the inner edge of the shelf, mounds of 

defunct coral 0.5m to lm form spurs (Plate No. 6, Photo No. 6) with intervening 

gullies Sm to 6m wide leading down from the shelf out onto the prograding 

sandsheet. lndurated limestone exposed in these gullies dips steeply under the 

The sand sheet is positioned between the lagoonal shelf and the deep lagoon 

(Plate No. 2). It is a sandy surface (Plate No. 6, Photo No. 7) 3m to 4.5m deep 

extends in an arc from the southern end of Pelsaert Island to Middle Island, 

varying from 150m wide in the south-east to 2.5 km wide in the north-west (Fig. 

S). As the width of the sandsheet increases its boundary with the lagoonal shelf 

· becomes more gradational without a clear dividing line. Approximately 3 km

north of Gun Island there is a small sandy area similar to the southern sand sheet

and which merges into the ridge terrain of the submerged northern reef margin.

The depth of the sheet varies little between its inner and outer margins, 
but tends to be shallower in the north, where it is widest. The sheet is crossed by
broad gently sloped channels 50m to lOOm wide and 4.5m deep, and in places there

rounded ripples with a +2m wavelength and 15cm amplitude. The sheet is 
by occasional mounds of broken coral, 20m to lOOm across, that stand lm 

to 2m above the sand surface (Plate No. 6, Photo No. 8). The inner edge of the

is marked by a sudden, steep slope into the deep iagoon with the 
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between the upper level surface and the 35-40° slope occurring over 2m 

The base of the slope at approximately 12m is often just as sharply 

defined. The slope rests at the maximum angle of sediment repose, with even

slight disturbances causing cascades of sand.

The sandflat terrain is mainly located in the northern section of the shallow 

lagoon with an isolated area found along the eastern side of the central deep

lagoon, adjacent to Pelsaert Island. The sandflats occur as irregular patches or 

networks up to 500m to 600m across, and vary in depth from 3m to 7m (see Plate 

3). They are invariably bounded and broken up by rock platforms, or reefal areas 

which normally stand up above the sandflats' surface (Fig. 8). The surface of the 

sand flats are usually level and devoid of transportation features such as channels 

Many of the sandflats are marked by low protruding indurated 

limestone mounds, 50m to lOOm across and 0.5m to lm high, usually exhibiting 

potholed surfaces. The sandflats shoal towards their outer margins, wedging out 

onto the adjacent substrates. Sudden breaks in slope or escarpment-like 

boundaries are only noted where the sandflats abut rock platforms. 

Peritidal rock platforms are planar areas of indurated limestone that 

normally surround "high" rock islands (Fig. 8). The width of the platforms average 

about 50m to 60m but can vary between 30m and 500m. The platform limestone is 

contiguous with that of the "high" rock islands, and exhibits a surface texture of 

potholes and fractures. The rock platforms spread away from the "high" rock 

islands and deepen gently to their outer edges, which are normally at lm to 2m 

depth. This outer edge either gradually disappears under shallow sandy terrain, or 

is marked by a small escarpment adjacent to the deeper sheltered sandflats. The 

subtidal segments of the platforms are somewhat more dissected than the 

The Middle Island platform is encircled on three sides by a 12m to 15m 

deep channel with its mouth opening into the central deep lagoon's northern pass. 

This feature broadens, shoals and bifurcates as it loops around several of the 

peritidal rock platforms. The channel disappears west of Middle Island and gives 

way to sinuose gullies that run across the windward lagoonal shelf to the oceanic 

margin's southern re-entrant (see Plate No. 1). The channel's sides are steep and 

rocky and a number of coral-covered pinnacles 50m to lOOm in diameter dot its 

sandy floor. The channel is associated with the peritidal rock platforms as they 

appear to provide the surface through which it cuts. 



PLATE 3: Gun Island and lee areas of northern shallow lagoon; 

north-central Pelsaert Reef Complex. See Figure 5 for 

location of view. Scale !cm - l 75m approximately. 

Long axis of plate orientated NE-SW. 
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North of Middle Island there are irregular areas up to l km across, 

J�ssociated with the sandflats, that appear to be subtidal equivalents of the
C eritidal rock platforms (Plate No. 3). These are positioned close to the shallow 
:,P 
r.Jagoon's north-eastern margin and are lm to 3m deep. The edges of these subtidal

'(platforms often slope steeply down to the sandflats. These subtidal areas are

intermediate in depth between the peritidal rock platforms and the low limestone

)mounds of the sandflats.

Lee margin reefs are scattered intermittently along the lee edge of the 
?$hallow lagoon where it faces onto the deep lagoon and northern embayment (Fig. 

They are characterised by a subtidal to intertidal crest, a 30-60° slope and a 

/gradual slope base at 12m to 15m depth. North of Middle Island the crest is wide 

enough to support a small, sandy cay, Stick Island. Behind the reef crests the 

:'.surface slopes gently down to the sandflats or sand sheet and is often only 50m to 
;,'/ 

)lOOm wide. 

:n.e Central Deep Lagoon - This area (marked on topological maps as 'The 
:'Channel') is a deep elliptical pool 5 km long north to south and 3 km wide east to 
.�est (Plate No. 4). The deep lagoon ranges in depth from approximately 12m at 
"1the base of the shallow lagoon's lee slope, to a maximum charted depth of 28m 
�R.A.N. soundings). The submarine topology is a complex maze of steep pinnacles 

·�f\d ridges separated by narrow depressions, which passes into a smoother profile
#lose to the sandsheet (Fig. 9). At the north-western lagoonal pass there is a

(timilar transition, with the pinnacles rapidly giving way to the northern
mbayment's flat floor. An extensive plain is not present at any point within the 

The pinnacle reefs vary in size and shape from conical mounds a few tens 
metres in diameter (usually submerged) to semi-emergent table-topped ridges 

to 500m long and 50m to 60m wide (Fig. 10). These larger forms 
aracteristically have a stellate plan, with smoothly scalloped embayments, and 

commonly orientated N-S. There does not appear to be any constant depth(s) 
the pinnacles' peaks, and only a few approach to within a few metres of, or 

iilch the surface. 

The large semi-emergent pinnacles' upper slopes are characterised by 
row sediment chutes, discontinuous cliffs and overhangs up to 5m high. The



PLATE 4: Deep central lagoon; south-central Pelsaert Reef Comple

See Figure 5 for location of view. Scale lcm = 285m 

approximately. Long axis of plate orientated N-5. 





FIGURE 9 Representative bottom profile of the deep lagoon, 

Pelsaert Reef Complex. 
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FIGURE 10: Pelsaert Reef Complex: 

Central deep lagoon geomorphology. 
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\Jpper slope angle varies between 45° and 90°. The lower slopes below 12m to 15m 
>,are marked by loose blocks up to 2m in diameter, hummocking of the surface, and 
}decrease in slope angle. Below 20m the surface smooths out into low humps, with 

scattered small reef blocks. In the example studied, the slope angle at 25m was 

about 50, and flattened out between 25m and 3Dm. Deeper pinnacles are usually

cone-shaped (or razor-backed if a ridge), witho�t cliffing or pronounced changes in 

slope gradient. 

The smooth deep lagoon substrate adjacent to the shallow lagoon is gently 

inclined towards the deeper areas. Echo-profiling suggests the surface slopes into 
the pinnacle terrain, smoothing the adjacent interpinnacle depressions. 

North-East Blue-Hole Complex - This area is an intricate terrain of pinnacle 

reefs and blue-holes, that roughly fits into a SW-NE rectangle 9 km long by 4 km 
wide (Plate No. 5). Its boundaries are ill-defined and merge with the topology of 

deep central lagoon, the northern reef slopes and northern embayment. On its 
south-eastern side the complex is bounded by Pelsaert Island. 

The north-east blue-hole complex's topology can be divided into three 
elements; pinnacle reefs, shallow sandflats and blue-holes. The blue-holes can be 
further subdivided by size, shape, degree of enclosure by the sandflats and internal 

\ profile. Increasing density of individual blue-holes causes a geomorphic 
progression from shallow sandflat, through closely spaced stellate pinnacle reefs 

The stellate pinnacle reefs appear to derive their plan 
outlines from encircling enclosed depressions. 

The pinnacle reefs are submarine to semi-emergent structures usually 
< completely surrounded by deep water, but can also include features connected to 
:the main shallow sand flats by narrow necks (see Plate No. 5). These pinnacle 
reefs range in size from submerged structures a few metres across, to semi
emergent table-topped features up to 1.5 km in length and 300m in width. These 
larger reefs exhibit stellate outlines, many to a marked degree. Some of the 
larger reefs have small blue-holes within their boundaries. The exterior slopes are 

;extremely steep to vertical, extend to depths of 25m or more and can rapidly 
t/flatten out onto silty inter-pinnacle depressions. 



PLATE 5: North-east blue-hole complex: NE Pelsaert Reef Comple

See Figure 5 for location of view. Scale lcm = 350m 

approximately. Long axis of plate orientated ENE-WSW. 
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The shallow sandflats form the contiguous main body of the blue-hole 

tcomplex. The margins of the sandflats face onto deep water, and are embayed
fend scalloped like the pinnacle reefs. Behind semi-emergent edges, the sandflats

< gradually deepen to between 0.5m and 1.5m, and are dissected by numerous

isolated blue-holes. Notable features are numerous shallow sandy depressions, 2m

>to Jm deep, adjacent to Pelsaert Island. These hollows deepen from the

surrounding sandflat without a sharp break in slope. Their size and outline is

similar to the more abrupt blue-holes, and there is a spectrum of intermediate

· · forms between the true blue-hole and these shallow "saucers".

The blue-holes are numerous, and of widely varying shape and size (Plate 
No. 5). Individual circular to elliptical examples range from lOm in diameter, to a 

maximum size of approximately lOOm. Larger individual blue-holes have irregular 
&hapes suggestive of several overlapping semi-circular forms, and range up to 

across and 1200m long. In addition to these individual forms, surrounded by 
&hallow sandflat or pinnacle reefs, there are expanses of open water 2 km to 3 km 

across, that are areas of closely-fitted enclosed depressions separated by razor
backed submarine ridges. These features are termed micro-lagoons, and appear to 

a topographically complex composite form of blue-hole. These areas merge 
with the deep lagoon and northern embayment, or are connected with the open 
continental shelf by deep passes. 

The blue-holes show variation in profile, depth and degrees of slope. 
However, there are two basic types; those that have precipitous sides and flat 
silty floors, and those that are characterised by coral-covered slopes extending to 
their deepest point (Plate No. 7, Photo No. 9) without an extensive flat floor, 

an overall conical shape (Fig. 11). The vertical-sided type normally occurs 
as individual features within the shallow sandflats, or closely adjacent to them. 

/The conical type of blue-hole is usually found some distance from extensive 
sandflats, and is associated with the "micro-lagoons" and their attendant stellate 
pinnacle reefs. The two basic types grade into each other in those areas with 
intermediate expanses of sandflats. 

The flat-floored blue-holes generally have vertical sides Bm to lOm high 
and can overhang lm to 2m in places. The base of the cliff can be marked by

that may be derived from the upper blue-hole wall. Occasional sediment 
are piled against the blue-hole walls, and spread out onto the deeper floor. 



FIGURE 11: Pelsaert Reef Complex: 

Major blue-hole morphologies. 
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'/aelOW the walls the substrate flattens out onto a silt floor that gently slopes at 3-
',o to the centre of the blue-hole. Depending on the size of the entire depression, 

fi
th

is lowest point may be greater than 15m deep (Fig. 11). 

The conical blue-holes are more numerous, usually have a more complex 

, profile than the flat-floored type, and are separated from each other by flat

/ topped pinnacle reefs, or by submarine ridges of varying depths. In the former

;\"case the upper blue-hole is characterised by a steep slope extending to a depth of
'Oim to 7m, with an emergent crest. Below the upper slope the incline can vary 
.'.}between 20° and 70°, with total depths from lOm to 30m(+). A narrow shelf may 

':/.be present between 7m to lOm, with a 20-40° slope extending to 12m to 15m. 
\Below this level the slope angle often increases (Fig. 11), leading quickly to a 
'small conical hollow at the centre of the blue-hole at 20m to 30m. A small pod of 

sediment a few metres across may be present in the lower part of the hole. 
These sediment pods increase in size in blue-holes intermediate in profile between 
the basic flat-floored and conical types. 

Where the conical blue-holes and micro-lagoons merge with the deep passes 
that cut across the north-east margins of the reef, the overall steepness of the 

;} depressions' slopes can increase, with the bathymetry becoming less cone-like and 
less enclosed. This trend leads to deep, flat substrates in the passes, flanked by 

cliffs that connect with the external reef slopes. 

There are definite linear trends, both in the elongation of the larger 
>Stellate pinnacle reefs and in the lining up of smaller reefs, as well as in the
elongation and alignment of many of the blue-holes. These trends tend to fall into
a NW-SE grouping, and a NNE-SSW grouping (Plate No. 5).

Island Topology 

Four main island types are present in the Pelsaert Group: (1) "High" Rock 
;lslands, (2) Cemented Coral Shingle Cays, (3) ''Low" Coral Shingle/Sand Cays, and 
(4) Composite Islands, which are composed of various combinations of the other
three. Each of these types have an exact or near equivalent in the island
�lassification scheme set out by Stoddart and Steers (1977), and comparisons are

Where appropriate. Schematic cross-sections set out in Figure 12. 



FIGURE 12 Schematic cross-sections of basic island/cay 

types in the Pelsaert Group. 
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�" Rock Islands - These islands, such as Middle and Gun Islands (Fig. 5), are 

composed of strongly indurated limestones, are tabular in shape, with a

characteristic deep intertidal notch cut into 2m to 4m high cliffs on all sides. The 
depth of notching in the cliffs can exceed 4m, with a notch height of 2m+. Where 
the undercutting has gone beyond a critical point, the visors have collapsed, to 
form loose blocks sitting on the intertidal platforms that surround the islands. The 
'tligh" rock islands vary in size from a few lO's of metres, up to 1 km long and 
0.5km across. They are irregular in outline, with characteristically scalloped 
margins, and small stacks isolated from the main island bodies. These islands 

correspond to the "emerged limestone islands" or ''high islands" of Stoddart and 

Steers (1977). 

In places, beach sands partly or completely mask the intertidal notch, and 
backed by small dunes that overlap the upper surface of the indurated 

limestones. On some islands a low coral shingle or shell rampart is perched on top 
of the cliff, 4m to 6m back from the edge and, depending on the island location, 
usually faces the nearest margin of the reef complex (Fig. 12). On Middle Island, 
the shingle rampart is replaced by a zone of shelly and pebbly sands. In both cases 
the cliff-top feature is semi-stabilized by vegetation. 

The inland topography of many of the ''high" rock islands has been 
extensively modified by guano gathering operations. The ''basement" topography 
exposed by the mining is very uneven, with extensive jointing, fracturing and 
circular "potholes", up to 2m to 3m across. These features have a smooth, 
ttrounded-off" appearance. Since the guano mining fresh soil-like material has 
tended to fill this landscape in slightly, mainly accumulating in the deeper 

Middle Island was not subjected to mining, and retains its original 
topography. Vertical fracturing is intense, with sharp-edged fissures criss
crossing in several directions (Plate No. 7, Photo No. 10). Potholes vary in
diameter from 10cm to 3m, and many penetrate deeply into the island rock. 
Sharply fractured tabular blocks (up to 2m across) have split off from the 
limestone surface, due to exfoliation along the bedding planes, or root action. The 
overall surface of the isiand is roughly flat, gently rising to a maximum height of

· .. S.:Srn above sea-level (F airbridge, 1948).



PLATE 6: 

Reef Crest and Shallow Lagoon Substrates 

PHOTOGRAPH 1 

PHOTOGRAPH 2 

PHOTOGRAPH 3 

PHOTOGRAPH 4 

PHOTOGRAPH 5 

- Emergent barrier and lagoonal escarpment,

oceanic reef crest. Station Tl.

- Wave wash-over on emergent barrier,

oceanic reef crest. Station Tl.

- Emergent barrier on lagoonal side of

Pelsaert Island, south-east reef crest.

Station PI-1.

- Shallow lagoon shelf, discontinuous

coral meadows. Transect U.

- Shallow lagoon shelf, coralline-algal encrusted

coral gravel. Depth 2m. Transect T.

PHOTOGRAPH 6 - Shallow lagoon shelf, defunct coral mound.

Depth l.5m. Transect T.

PHOTOGRAPH 7 - Shallow lagoon sandsheet surface.

Depth 3m. Transect T.

PHOTOGRAPH 8 - Shallow lagoon sandsheet, defunct coral mound

covered by macro-algae.

Depth 2m. Transect R.
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PLATE 7: 

Blue-Hole and Indurated Limestone Substrates 

PHOTOGRAPH 9 - North-east blue-hole complex, coral-covered slop

Depth 12m to 15m. Station NE-2.

PHOTOGRAPH 10 - 'High' rock island surface, Middle Island.

Station MI-1. 

PHOTOGRAPH 11 - 'High' island rock, central Pelsaert Island.

Station Pl-3. 

PHOTOGRAPH 12 - Indurated limestone exposed under loose encrusti

cover, lee edge of shallow lagoon. 

Depth 2m. Station U6. 

PHOTOGRAPH 13 - Phosphatic 'soil' in truncated solution pipe,

intertidal notch, southern Pelsaert Island. 

Station PI-6. 

PHOTOGRAPH 14 - Indurated limestone exposed in shallow subtidal

zone, lagoonal shore of Pelsaert Island. 

500m N of Station PI-3. 
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The "high" rock islands are sited in the shallow lagoon, usually at some 

distance from the reef complex margin. An exception is the extreme southern end

of Pelsaert Island (Fig. 5), which is positioned only 40m to 50m from the southeast

reef edge. No islands of this type occur in the northeast blue-hole area. 

Coral Shingle Cays - These structures have a flat-topped, undercut 

shape and are usually only 2m to lOm across, standing lm to 1.5m above MSL. 

Intertidal notching has been deep enough on some of the smaller cays to cut 

through the island base and cause the structure to topple on its side (Fig. 12) • 
. These cays are constructed of coral and shell fragments cemented together in an 
open meshwork, overlying emergent coral framework in growth position. More 
rarely only the lower framework is present. There are no jointing, fracturing or 

solutional features, and these small islets are usually devoid of vegetation. 

Cemented coral shingle cays are confined to the northeast reef margin, 
where they sit on the shallow subtidal reef and sandflats, either closely adjacent 

the reef complex edge, or on the rim of a ''blue-hole". Structures composed 
solely of cemented coral fragments are the least common island type in the 

f( Pelsaert Group and none have formal names. The cemented shingle cays do not 
readily fall into any of the island types set out by Stoddart and Steers (1977). 

t · "low" Coral Shingle/Sand Cays - These islets are made up of a series of elongate 
·c ridges composed of coral fragments and shells (Fig. 12). The ridges stand lm to

2m above MWL, and are arranged in parallel or en echelon, often truncating 
,i\} against each other. The cays may have a simple linear outline with recurved ends 
:} pointing lagoonwards, or a more complex shape with three or more "arms". New 

shingle ridges truncate older ridges, leading to complex strandline patterns. Small 
> areas of shallow reef flat can be enclosed by new ridges, forming isolated internal
;ponds. Narrow beaches (2m to 3m wide) can extend along the cays' lagoonal sides,
\.and are more commonly associated with sandier cays. The seaward sides are

. characterised by coral boulders in the intertidal zone, grading up into the
•• disordered gravel of the ridges. Some "low" cays, such as Stick Island (Fig. 5),
;;�ave a significant proportion of sand and coquina, that fills the interdunal
<depressions. Avian burrowing reworks the sand and shell surface into a humped,
ea .· vernous landform. These sandier cays appear to correspond to the "motus" of
.$toddart and Steers (1977), while "low" cays totally composed of coral rubble

rrespond to these author's "shingle cays". 
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The "low" shingle cays vary in size from mere mounds a few metres across, 

elongate accumulations several hundred metres in length. These cays are 

positioned along the northern and southeastern reef complex margins, 30m to 

150m from the top of the external reef slopes. Stick Island is an exception, being

adjacent to the deep lagoonal entrance rather than the surrounding continental

shelf (Fig. 5). 

Composite Islands - These structures are composed of combinations of the three 

basic island types, with the cemented coral shingle and "low" shingle/sand cay 

morphologies being the most common structural elements (Fig. 12). "High" rock 

island morphology is rare, and only Pelsaert Island is known to contain areas of 

"high" rock island structure. Many of the composite islands have loose shingle 

"tails", which are anchored to cores of cemented material or "high" island rock. 

Pelsaert Island is the prime example with an 11 km long composite tail extending 

N-NE from the southern "head" of 'high" island rock.

Most larger composite islands possess internal cemented shingle "cores", on 

which loose shingle accumulations are superimposed (Fig. 12). These cores are 

commonly exposed on the lagoonal sides of the islands or in internal ponds, where 

the characteristic intertidal notch is always present. 

Ridge height declines away from the islands' centres towards the margins 

(Fairbridge, 1948). The central ridges rise 4m to 5m above MSL. The height 

difference between these and the lm to l.5m marginal ridges seems partly due to 

the central ridges' perched position on internal cemented shingle platforms (Fig. 

12). These large islands often host mangrove stands in their internal ponds or bays 

·and may correspond to the "low wooded islands" of Stoddart and Steers (1977).

Pelsaert Island is the most topographically complex composite island in the 
Pelsaert Group, containing all the structural components, as shown in Figure 13 

(A-C). There are three distinct sections; a "high" rock "head", a central sand and 

shingle area, and a very long and generally narrow "tail", composed mainly of 

loose shingle ridges. The southern "head" is a rectangular mass 500m by 150m 

Wide and has all the characteristic features of a "high" rock island; tabular profile, 
a pronounced intertidal notch, surface potholing and fissuring, and a loose shingle
ridge that forms a low unbroken rampart completely around the "head's" upper

Perirnetsr·, 2m to 3m above MSL (Fig. 13,A). The "high" rock margin varies from 



FIGURE lJ(A) T apology of the southern third of Pelsaert Island

and its surrounds. 
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FIGURE 13{8) Topology of the central third of Pelsaert Island 

and its surrounds. 
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FIGURE 13(C) Topology of the northern third of Pelsaert Island

and its surrounds. 
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<8 Jm vertical cliff on the oceanic side, to a sloping face (between the undercut

\rid rampart) on the lagoonal side. 

The central section is an oval area 1.25 km by 0.55 km, which consists of a 

Cloom wide band of loose shingle ridges that abut the island's "head" with a wide 

body of sand and coquina built up in the lagoonal lee of the shingle ridges and 

''high" island "head" (Fig. 13, A). The shelly sand body varies in height from lm to 

:,m above MSL, and has a dunal landscape. The sand surface is dotted by 

thousands of seabird burrows and is thickly vegetated. The central part of the sand 

,} atea is marked by a depression, which has been enlarged by the removal of 

; phosphates. Within the western part of the sand and shell body there is a low 
dissected pod of 'high" island rock (Plate No. 7, Photo No. 11). At the northern 

/end of the central section the island is lower (lm to 1.5m), and narrows to less 
than lOOm. All but the most seawards of the shingle ridges terminate, and at this 
point the third section begins (Fig. 13, A). 

The "tail" section is narrow (30m to 150m) and extends for 10.3 km to the 
NIS:, running parallel to the edge of the reef complex (Fig. 13, A-C). The distance 
:between the "tail" and the reef margin varies from 30 to 150m, and is greatest off 
:the most northern part of the island. The "tail" is composed of an en echelon 
· series of loose shingle ridges, that are progressively higher in elevation (up to 3m)
'towards the lagoonal side. There are scattered exposures of undercut cemented
,coral shingle and in situ coral frame along the lagoonal shore and in internal

ponds. These outcrops indicate that the "tail" has several nuclei of cemented
[/shingle over which loose shingle ridges are draped. Most of the ridges run parallel

to the island's long axis, and are onlapped from south to north. A few areas of 
�hort cross-cutting or sharply recurved ridges suggest linking of several previously 
independent composite islands (Fig. 13, B-C). The northern end of the island 
terminates where the reef complex margin is incised by a blue-hole on the edge of 

,the northeastern blue-hole complex. 

REGIONAL GEOMORPHOLOGY 

The Rottnest Shelf is divided into two zones; an outer shelf slope, and an 
iJ'lfler shelf plain (Carrigy and Fairbridge, 1954). The continental slope break lies 8 
�m to 9 km SW of the Pelsaert Reef Compiex and varies in depth from 160m to 
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:approximately 200m. The break is marked by a swift increase in gradient,

changing from 2° on the outer shelf to 7° for the upper continental slope. The

slope deepens from 160m to 600m over 3.5 km, at which point it gradually flattens
to 2.so. This gentler slope may continue to the Perth Abyssal Plain at SOOOm (Fig.

The Outer Shelf Slope 

The outer shelf slope is a narrow transition zone between the continental 
slope and the wide inner shelf plain (Fig. 14). The upper boundary lies at 55m to 
65m, where there is a sudden flattening of the gradient. The depth of this upper 

boundary very gently deepens towards the south. In the well-charted area 
between 28°45'5 and 29°09'5 the outer shelf slope zone is 3.5 km wide opposite the 
Zeewyck Channel to 8 km opposite the Pelsaert Reef Complex. 

The lower part of the slope is a featureless concave surface, varying in 

width between 1.5 km and 7 km and with gradients of 1 °-2.5°. The upper section 
begins with a distinct ridge-form between BOm and lOOm (Fig. 14). This feature 

. has a steep seawards face up to 20m high, and is 300m to 400m wide. There is a
trough of similar width directly behind the ridge, with its floor lying Sm to lOm 

( below the ridge crest. The ridge is razor-backed to tabular in cross-section, with 
(.evidence in places of dissected topography or division into smaller ridges. On 
· · some profiles there is a smaller and narrower ridge or terrace at the lOOm deep

/base of the main feature's seaward face.

The BOm to lOOm ridge/trough system is backed by a face whose gradient 
ranges from 0.5° up to cliff-like values. On most profiles this face runs smoothly 

;UP to the swift change in slope that marks the beginning of the inner continental
. • shelf. However on sections to seawards of the Pelsaert Reef Complex, and to the
;: .north of North Island there is a distinct intermediate terrace or slope change at 
·" around 70m to 75m (Figure 14). This feature is narrower than the deeper ridge

. and trough, and is dominated in places by a low ridge (up to 8m high) which is
; Positioned either at the seaward end of the terrace or at varying distances across

'lt. 



FIGURE 14 Schematic bathymetry of the outer Abrolhos Shelf 

and upper continental slope. 
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The Inner Shelf 

The inner shelf varies in width from 75 km to 87 km, and is planar with 

depths of 45m to 65m. South of the Abrolhos the inner shelf narrows to 40 km but

maintains the same flat topography with an average depth of about 50m. To the

north the inner shelf widens to 100 km and deepens to a maximum of 90m. The 
Abrolhos inner shelf is divided into a reef zone to seawards, and a plain in the lee 

of this discontinuous barrier (Fig. 15). 

Reef Zone - The reef zone consists of a series of progressively shallower ridges 

and platforms that culminate in the emergent reef complexes. The reef zone is 
approximately 21 km wide at the Pelsaert Reef Complex, and narrows 
considerably at the ends of the Abrolhos chain (Fig. 1). The seaward edge is 
marked by the 50m to 65m inner shelf break. Gentle depressions extend from this 
outer edge a few km into the channels between the reef complexes. (Fig. 15). 

The first major feature immediately behind the inner shelf edge is a 
narrow, steep-sided ridge that rises from a base depth of 55m to 60m (Fig. 15) • 

. This razor-backed structure is usually 200m to 300m wide and may rise lOm in
· places to an crest depth of 45m. South of the Pelsaert Reef Complex the ridge
broadens out into a 3 km wide, 50m to 55m deep structure. The ridge is
discontinuous along the length of the reef complexes, and seems to be represented

.• ·•• in places by a wide terrace. The ridge does not appear to extend across the inter
complex channels, and is the only feature present on a 3 km wide, terrace that
extends between the inner shelf edge and the oceanic slope of the Pelsaert Reef 

2:.Complex. 

In the lee of the 45m to 55m ridge, and apparently running parallel to it, is 
a 40m ridge-form, that rises from base depths of 50m to 60m (Fig. 15). This 

> structure is table-topped and may be up to 1.5 km wide. The 40m ridge lies 1 km
· to 7 km from the shelf edge, in the northern section of the Abrolhos chain. A
>narrow, discontinuous structure 36m to 40m deep at the base of the Pelsaert Reef
Complex's northern slope may be equivalent to the 40m ridge.

The last structure seawards of the major reef complexes is a 20m to 25m 
deep ridge/terrace that rises from depths of 45m to 55m (Fig. 15). It forms either
"� table-topped ridge 1 km to 2 km wide, or a broad platform, several km wide,



FIGURE 15 Schematic bathymetry of the inner Abrolhos Shelf plai
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abutting the main reefs. A narrow 20m terrace on the steep seawards face of the 
Pelsaert Reef Complex may be equivalent to this feature. 

Little is known of the surfaces of the 45m to 55m, 40m and 20m to 25m 

ridges. Grab samples and the abrupt topography indicate that the outer reef zone

substrates are rocky and encrusted by algae, bryozoa and foraminifera similar to 
hardgrounds described by Collins (1983) on the southern Rottnest Shelf. 

The emergent reef complexes, which are the innermost chain of laterally 

extensive structures, rise from depths of 45m to 50m, and are extensive tabular 
.platforms with much of their upper surfaces close to or at present sea level. The 
Pelsaert Reef Complex has the greatest overall area of 170 km2 • The Wallabi, 
Easter and Pelsaert Reef Complexes share some common shape characteristics. 
Their longest axes are all parallel to the arcuate oceanic fronts, the southeasterly 
margins show arcuate trends, and closely parallel each other. The oceanic slopes 
are relatively gentle, while the south-east and northern margins can be very steep 

" to cliff-like. There are deep interior lagoon-like areas, usually with deep 
connections to the open sea. 

Island type and distribution is similar in the three complexes. The "high" 
�k islands tend to cluster in western interior areas, while sand cays and shingle 

·· islands are dotted along the north-east and south-east margins. In the Wallabi
Reef Complex two of the "high" rock islands cover several square km and are
�ped by a dunal terrain that rises up to 15m above sea level.

Each reef complex's lee margin has a sediment wedge that extends onto the 
inner plain. The Pelsaert wedge is highlighted by an elongate 'tail' that extends to 

}tie NNE. (Fig. 1). The Wallabi and Easter Reef Complexes have less well 
,.veloped wedges, with poorly defined "tails" that extend over the inner plain for 

{only a few km. 

The main complexes are separated by flat-bottomed channels, 40m to 50m 
in depth and which broaden eastwards and merge imperceptibly with the inner 
plain (Fig. 1). The Zeewyk Channel ranges from 7.5 km wide at its seaward end to 
21 km at its eastern end. The Middle Channel broadens from 12 km to 21 km in

same direction. The South Passage channel that separates North Island from 
Wallabi Reef Complex differs from the others as it is only 3 km to 9 km wide 

nd passes over a 2Dm to 25m platform connecting the two reefs.
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r Plain - The inner plain varies in width from 54 km in the lee of the Pelsaert 

Reef Complex to 63 km behind North Island. The plain is a horizontal sandy

�,cpanse, averaging 50m depth, on which a number of features have been

suPerimposed. The largest of these is the Pelsaert Reef Complex's sediment
�

tall", which is approximately 60 km long by 20 km wide. This remarkable feature 

nas very gentle slopes and rises up to 15m above the general level of the inner

lain. The 'tail' becomes increasingly difficult to recognise as distance increases 

'vfrc,m the Pelsaert Reef Complex, and eventually is lost in the shallow bathymetry 

':of the mainland slope along the Abrolhos Shelf's northern section (Fig. 1). 

The other major features are two lines of knolls positioned to the NE and 
f'.INE of the Pelsaert Reef Complex (Fig. 16). The closest of the NE line of knolls 

known as the "Coral Patches" reef, lying 1 km from the main complex's north
e�st apex (Fig. 16). This topologically complex reef is 1 km by 3.5 km and is 
emergent at its northern end. The longest axis follows the general NNW-SSE 

trend of the Abrolhos chain. The Coral Patches reef may not be truly independent 

of the Pelsaert Reef Complex, as a complex series of ridges connect the two. 
Lying 4.5 km NE of the Coral Patches reef is the 6.5 km by 3 km Hummock Island 
;. King Reef structure (Fig. 16). This reef is topologically complex, elongate along 

}a NNW-SSE trend, and is emergent at its northern end where it is capped by a 
\small sand and shingle islet. It is a distinctly independent mass, being separated 
'from the Pelsaert Reef Complex by a featureless stretch of the inner plain. 

Further along the NE trend are groups of independent reef knolls rising to 
arying depths from a 40m to 50m sand/shell plain (see Fig. 16). The most notable 
f these is Mid Reef, which lies 18 km from the Pelsaert Reef Complex. This reef 
as a rough oval shape 1 km by 2 km, apparently with a NNW-SSE trend, and is 

,�allow enough to cause moderate seas to break. The other reef knolls are more 
eeply submerged (10-20m below MSL), although one south of Mid Reef can cause 

!'eavy seas to break. These knolls are rugged, with tabular or peaked tops, and 
Jteeply sloped to cliff-like margins. 

Two major structures lie on the Pelsaert Reef Complex's sediment "tail" 
.at extends to the NNE. The closer of these is an un-named 3 km by 1.5 km oval 

..•. ass positioned 5 km N of the Pelsaert Reef Complex's northern margin. This
dy rises lOm above the surrounding "tail", and the depth of its upper surface 

brresponds closely to the level of the 2Dm to 25m ridge/terrace positioned



FIGURE 16: Pelsaert Reef Complex: 

NE and NNE lee reefs. 
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major reef structures. This reef has a flat tabular shape with 

moderate to steep slopes on all sides, and an E-W main axis.The second major NNE

structure is the Snapper Bank reef, which lies 18 km from the Pelsaert Reef

Complex (Fig. 16). Snapper Bank is an oval body 4 km by 2 km, with its longest

axis N-S. The margins of the reef are very steep to vertical and rise abruptly

from depths of 35m to 40m. The reef's upper surface may correspond to the lOm

terrace noted on the oceanic margin of the Pelsaert Reef Complex. This surface

is strongly dissected and aerial photographs suggest circular forms similar in size

to the blue-holes of the major reef complex. Grab samples suggest that the NE

and NNE lee reefs possess a hardground surface morphology with little loose 

surface sediment. The Easter and Wallabi Reef Complexes have no corresponding 

trends of satellite reefs in their lees. 

No reef knolls are known from the mainland slope. Inshore there are semi

emergent, elongate reefs that run parallel to the coast (Figs. 1 and 15). These 

shallow water reefs are not part of the Abrolhos structures but are dunal 

sandstone bodies associated with the Pleistocene 'Coastal Limestone' (Carrigy and 

f airbridge, 1954). There are no other features on the mainland slope and it 

shallows smoothly to the coastline. 
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SECTIONJ 

REGIONAL GEOLOGY 

INTRODUCTION 

The regional geology is discussed as the major control in determining the 

site of reef growth. The Abrolhos Shelf forms part of the northern Perth Basin 

and has been subject to the same geologic events that controlled the basin's 

evolution. Several reviews of the geology of the Perth Basin, have been published 
(Johnstone et al., 1973; Quilty, 1975; Playford et al., 1976) and the tectonic 
history of the Perth Basin and its relation to the breakup of the Gondwanaland 
"supercontinent" has been discussed by Jones and Pearson (1972), Veevers and 
Johnstone (1974) and Markl (1974). 

The early history of the Perth Basin was marked by continental 
Ordovician to Early Silurian fluvial sandstones deposited in the 

} northern part of the basin are thought to be associated with early movements of 
· the Darling Fault (Johnstone et al., 1973). Subsequent Permo-Carboniferous
sedimentation was more widespread, with glacigene sediments being overlain by

.•. black marine shales, and fluvial and coal-swamp deposits. Early Permian time
marked the beginning of NNW-SSE rifting and faulting that lasted 140m.y. to the

· Neocomian. Rifting proceeded in pulses (Veevers and Johnstone, 1974), and fluvial
· $8ndstones were dumped into the deepening troughs, producing a thick Triassic

. Jurassic sequence. Quiet periods were marked by marine shales and coal swamp
\deposits, with a thin marine carbonate being laid down during the Middle Jurassic 
>{Johnstone et al., 1973). 

/,,'. --

Tectonism reached a climax in the Neocomian (Jones and Pearson, 1972) 

.. continental breakup causing uplift, arching and erosion (Johnstone et al., 
1973). The western margin of the Perth Basin drifted away north-westward along 
the Perth-Wallaby transform, following old fault lineaments (Mark!, 1974). The

tectonic stresses were relieved, ushering in a period of quiescence that has lasted 
Jo the present (Jones and Pearson, 1972). Deposition of thick, sandy shales during 

e Neocomian-Cenomanian smoothed out the high topographic relief produced by 
breakup (Veevers and Johnstone, 1974). 
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After continental breakup the basin's oceanic edge sagged, due to deep

seated thermal contraction as the mid-ocean ridge accreted itself further from

the margin (Falvey, 1974). Influx of terrigenous material onto the shelf decreased 

to a minimal amount (Johnstone et al., 1973) and marine carbonates were 

deposited in a series of transgressions during the Upper Cretaceous and Cainozoic 

(Quilty; 1975, 1977), forming a wedge of sediment that thickened westwards over 

the subsiding shelf margin (Jones and Pearson, 1972). Periods of deposition appear 

to correspond to the "sedimentation cycles" postulated by Quilty (1977). Since the 

Middle Miocene the basin margin has remained static (Quilty, 1975). Sediments of 

Miocene age and younger are comparatively thin, with little evidence to suggest 

significant thickening to the west. 

REGIONAL GEOLOGY OF THE PELSAERT REEF COMPLEX 

The history and development of the Abrolhos Shelf is directly related to the 

events controlling the evolution of the Perth Basin. This geologic setting is shown 

in an interpretative cross-section of the outer shelf and upper continental slope, 

through the Pelsaert Reef Complex (Fig. 17). Stratigraphic data is compiled from 

Houtman No. 1 (2ao39,55 11s, ll3D34'35"E) (Galloway, 1978a), Batavia No. 1

(28°53'59"5, ll4°15'36"E) (Galloway, 1978b) and Gun Island No. 1 (28°53'08"5, 

113°51'43"E) (Hawkins, 1969). Houtman No. 1 is 34.5 km NW of the line of 

section, but has been placed in a similar bathymetric position. 

To summarise:-

Deep shelf structure is dominated by Jurassic terrigenous formations, 

that were intensely rifted by continental breakup to generate NNW

SSE horsts and grabens. Sediments of this stage make up the bulk of 

the 4600m succession in the Abrolhos Shelf (Hawkins, 1969). 

The horst/graben landscape was buried by post-tectonic terrigenous 

sediments to produce a smooth, gradually deepening shelf surface. In 

the Pelsaert Reef Complex area this post-rifting, non-marine section 

is approximately 500m thick (Fig. 17). 

Open marine conditions permitted cyclic formation of a Tertiary 

carbonate wedge that thickened westwards over the shelf edge, which 

was subsiding after breakup. Paleocene and Eocene calcarenites and 



FIGURE 17: Composite stratigraphic cross-section, 

outer Abrolhos Shelf. 
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calcilutites dominate the early carbonate sequence (Fig. 17), with a 
thin basal Upper Cretaceous unit (Hawkins, 1969; Quilty, 1978; 
Galloway, 1978a). 

Post-Eocene carbonates were deposited as a comparatively thin sheet 
on a stable shelf margin, and are restricted within the top 130m of 
section of Gun Island No. l (Fig. 17), where Miocene fauna are known 
to be present (Quilty, 1978). Examination of a discontinuous series of 

drill-cuttings (5m to 28m, 6lm to 79m) failed to resolve the 
stratigraphy further, except to suggest an age of Upper Miocene or 
younger (P.J. Coleman, pers. comm.). 

Coral-reef related sediments appear to be confined to the post-Eocene 
.sequence. In Gun Island No. 1 the deepest coral recognised is in cuttings from 

..67m. Hawkins (1969) described the shallowest of the known Tertiary sediments 
(Upper Eocene at 130m) as foraminiferal-bryozoan-echinoid calcarenite, and made 

of coral or biohermal sediments in these or deeper Tertiary 
tarbonates. It is therefore considered that the maximum possible thickness of the 
.Pelsaert Bioherm is about 130m. Coral framework and reef related sediments 
outcrop to a maximum of 5m above present sealevel in the Pelsaert Reef 

<Complex, although 3m is the more common and consistent height. In the Pelsaert 
8ioherm only reefal carbonates and associated phosphatic deposits (now almost 

}completely removed by mining) are known to be present. 

Comparisons can be made between the geology of the Abrolhos Shelf and 
the history of shelf development and reef growth in the central Great Barrier 

;�eef (Symonds et al., 1983). Both shelfs formed through Mesozoic rifting and sea
Cfloor spreading, and both areas subsequently had their fault block landscape 
?irlfilled and smoothed over by terrigenous sediments. Thereafter the histories are 
!�lifferent. Central Great Barrier Reef Cainozoic sedimentation is dominated by
Mck fluvial and wave-controlled deltaic sediments deposited during low stands of
.. � level, with continuing subsidence leading to marked aggradation of the shelf 

11 into Pleistocene times. The relatively thin carbonate wedge of the Abrolhos 
elf Was deposited during sea-level high stands. In both shelfs, the coral 
ohermal facies is shallow and thin, with the central Great Barrier Reef being 

nded on fluvial-deltaic structures (Symonds et al., 1983) and the Pelsaert 
apparently overlying skeletal marine s2nds, 



- 36 -

DISCUSSION AND CONQUSIONS 

The geologic history has implications for the establishment of the Abrolhos 

reef structures. The questions to be considered are: 1) Is there a major geological 
feature on which the NW-SE Abrolhos chain is localised, and, 2) what geological 
event(s), enabled reef-building to commence in the Abrolhos area? 

Reef Localisation

The Abrolhos chain parallels the deep NNW-SSE Mesozoic fault blocks, 
F; implying structural control over reef localisation. However, there is no evidence 

for a direct link between the two (such as reef growth along a topographic high 
centred over a horst). Approximately 800m of post-tectonic shelf deposits 
eliminated all trace of the Jurassic topography prior to commencement of reef
building in the Pelsaert Bioherm area. Basement control on the Abrolhos chain is 
indirect. Figure 17 shows the Tertiary carbonate wedge "spilled over" the shelf 
margin, creating the present steep upper continental slope face and sharp 
.continental shelf break. Eocene sedimentation on a sinking shelf margin is mainly 
responsible for this feature. Placement of the Eocene wedge necessarily 

· paralleled the older Mesozoic margin. The Abrolhos chain lies a constant 10 km to
: · 15 km to landwards of the shelf break, and by this indirect mechanism deep

basement influences the modern reef trend. 

Reef Initiation

Petrographic data suggest reef-related facies in Gun Island No. l are 
within the upper 130m of section. Lack of cuttings recovery precludes 

·· examination of the sediments representing reef growth commencement or direct
interpretation of their environment of deposition. However, the underlying

:;stratigraphy provides indications of some of the changes that preceded reef
· lnitiation.

The Paleocene and Eocene calcarenites and calcilutites in the Abrolhos 
Were laid down in a series of transgressions where sea-levels "seldom 

. present height to any great degree during the Cenozoic, with the 
:.Possible exception of the late Eocene" (Quilty, 1977). He further stated that 

resent sea-levei vvas a constant mark reached bv the transaressions. Under these
. . .. ./ _, 
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nditions the Cainozoic carbonate buildup represents a shoaling sequence on a

shelf margin since at least the Miocene (Quilty, 1975). 

It is therefore probable that reef growth commenced after a critical depth 
1,

85 achieved by the shoaling substrate over successive periods of high sea-level. 

/T;his depth may be the limit for growth of hermatypic corals, and/or for growth of 

pre-reef hardground communities. Further south between 32°5 and 33.5°5 the 
'�dge of the inner shelf is characterised by thick algal biostromes that form a 
�eries of low ridges parallel to the shelf edge (Collins, 1983). These algal 
nardgrounds are positioned in the same shelf zone as that of the Abrolhos chain 
(rig. 15). Equivalent pre-Holocene hardground units may exist in the Pelsaert 
$ioherm. Modern deepwater communities to seaward of the reef complex support 

Reef localisation and initiation are not direct consequences of the regional 

;ijeology, which is limited to the passive but important role of providing a stable 
;;�allow platform on which reef growth could commence. Reef localisation on the 
}finer shelf margin, and a possible limiting depth on the commencement of reef 

ilding suggest that the physical/biological environment was the major agent 
in the establishment and subsequent development of the Pelsaert 

This implies reef colonisation and growth was dependent on the 
interaction of a set of dynamic factors, including the wave regime, 

perature and benthic communities. 
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SECTION4 

PHYSICAL ENVIRONMENT OF THE PELSAERT REEF COMPLEX 

INTRODUCTION 

The physical environment influences the reef complex by: 

1) Maintaining regional ocean temperatures suitable for the growth of

reef corals, and

2) Impinging the reef and surrounding shelf substrates with swell and

wind waves, setting up water movement across and around the reef.

ENVIRONMENT OF THE ABROLHOS REGION 

Estimates of the lower temperature limit for significant reef growth 

,,.generally fall between 20°c (Ladd, 1977) and 18°C (Wells, 1957). Many reef 

corals are severely stressed or killed by a sustained temperature of 16°C (Roberts 

1983). Temperatures below 15°C are lethal within a few hours (Mayor, 

.{914). Periodically unfavourable ocean temperatures can either cause mass coral 

· death, like that described by Roberts et al. (1983) on the Florida Reef Tract, or

downgrade a community's reef-building potential, by restricting its diversity, such

as noted at Lord Howe Island (31.5°5) by Veron and Done (1979).

Considering the Pelsaert Reef Complex's anomalous location at 29°5 on the 

!astern side of the Indian Ocean, the problem of suitable water temperature is
,.therefore especially important.

Oceanography 

Ocean circulation is controlled by two distinct currents; the sub-tropical 

est Australian Current and the tropical Leeuwin Current (Cresswell and Golding, 

980), The West Australian Current is the Indian Ocean equivalent of a cold 

stern boundary current. Positioned lOO's of km out to sea, part of the current 

lows north to eventually join the South Equatorial Curre:1t. However a segment 
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persistently moves along 30°5 towards the coast, where it turns and meanders

southwards as a series of eddies and gyres off the continental shelf (Fig. 18).
These gyres are over 100 km in diameter, with current speeds averaging 1.8 km 

hr-1 {Andrews, 1977). The Leeuwin Current is thought to be a seasonal feature, 
0

most active in autumn and winter (March-August) (Cresswell and Golding, 1980), 

and possibly flowing as late as November (Kitani, 1977). The current originates to 

the NW of Australia and moves south as a narrow (20 km to 30 km) intrusion. 

· Between 22°5 and 27° 5 the current flows on the shelf, (Legeckis and Cresswell,

1980). North of the Abrolhos the current moves off the shelf to pass 10 km to 15
:!km west of the reefs, flowing with speeds up to 4 km hr-1 (Cresswell and Golding,
,"'' 

··· 1980). Further south the Leeuwin Current intrudes between the West Australian

<. Current and the continental shelf, over the outer parts of which it spreads.

Ocean temperature in the Abrolhos region is controlled by the seasonal 

influences of the West Australian and Leeuwin Currents, with the tropical 

,Leeuwin Current lifting surface temperatures to 26° on occasion (Johannes et al. 

?1983). The water of these currents can be identified by respective salinities of 
{35.60-35.80°/oo and 35.20°/oo respectively (Cresswell and Golding, 1980). 
,Rochford (1969) and Cresswell and Golding (1980) noted that at Rottnest Island, 
{and on the nearby Rottnest Shelf, high salinity water dominates in summer 
<}(December to February), and low salinity water in winter (June to September). At 

0,other times high salinity waters dominate the shelf, with low salinity water just 
>.pff the shelf. This pattern shows considerable variation from year to year, 

on the time and degree of southward penetration by the Leeuwin 

Figure 19 shows the weekly regional surface sea temperature for the 
f'brolhos for February, 1979-January, 1981 (inclusive), as measured by the NOAA 

2Polar Orbiter (Kidwell, 1979)Cl). Surface sea temperature at the Abrolhos 
.exceeded 20°c during 71 % of the period. Highest temperatures of 25°-26°C fall 
.1:0 February-March, and lowest temperatures of 17 .5°-10°c in October. It is 
probable that the Leeuwin Current sweeps the Abrolhos area during most of the 

/Year, the degree of penetration being weakest during the cool September-

80 Field measurements of sea temperatures on the Abrolhos Shelf between
S and 29°S closely agree in range to NOA/\ temperature data covering 
Periods of the fieldtrips. This suggests that Figure 19 is a reasonable

Ord of Abrolhos temperature variations. 



FIGURE 18: Major water movement patterns off S.W. Australia, 

including the Abrolhos area. 
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FlGlRE19: Sea surface temperature curves for the Abrolhos area

(28-29°5) and Fremantle (32°5), February 1979 -

February 1981 (NOAA satellite data). 
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November period and strongest during February-July. Figure 20 presents selected 

weekly NOAA sea temperature patterns from the period covered by Figure 19. It

can be clearly seen that over the two years of recordings the isotherms suggest

continual southward spreading of warm, tropical water. 

Temperature-salinity measurements taken in a broad pattern across the 

Abrolhos Shelf provide further evidence for year-round influence by the Leeuwin 
Current. Figure 21 graphs the temperature and salinity of samples taken 2m 
below the surface during May and October-November, 1979. Temperature 
decreases and salinity increases away from the shelf edge towards the mainland. 
The grouping of the May samples shows distinctive warm (22°C+) and less saline 
(35.30/oo-) Leeuwin Current water (Creswell and Golding, 1980), mixing with 
subtropical water to produce a range of lower temperatures and higher salinities. 
Although the values for October-November are generally cooler and more saline, 
the warmest and least saline samples, taken seawards of the reefs, are close to 
Leeuwin Current temperature-salinity values for May. This grouping suggests that 
the water mass of the Leeuwin Current is still present to seawards, either in a 
reduced flow, or static. 

Tides 

In the Abrolhos, the tide is mainly diurnal with a maximum daily range of 
at Geraldton. Semi-diurnal tides dominate for short periods each month, 

• varying from 10-12 days during the equinoxes to 0-2 days during the solstices •
.•..• Tidal peaks and lows pass north to south through the area and tidal ranges and

levels generally decrease seawards. No tidal gauges exist in the Abrolhos, but the 

, Australian National Tide Tables (1977) states Mean High High Water for the
;'. Easter Group to be 0.3m lower than Geraldton. Steedman et al. (1977) estimates a 
.. tidal range of 0.7m for the Pelsaert Group, with a highest astronomical tide of 
.J.lm above Indian Spring Low Water. The various known tidal levels on the 

}\Abrolhos Shelf are shown graphically in Figure 22. Tidal range decreases as the
··
. 
·�mi-diurnal component increases. As the diurnal and semi-diurnal components
.mix vanishing tides may occur, with the water standing for up to 12 hours at high,
l.ow or intermediate water levels. Mean water level tends to be 0.3m higher in

winter than in summer, with considerable variation from year to year. Depending
on Wind strength and direction, and on barometric pressure, daily tidal range and
"level can deviate by as much as lm from predicted astronomic values. This

!.'oduces a long term extreme tidal range of about 2m on the mainland coast.



nGLRE 20: Representative isotherm maps, S.E. Indian Ocean, 

February 1979 - February 1981 (NOAA satellite data). 
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FlGURE 21: Sea surface temperature-salinity trends, Abrolhos aref
May and October-November 1979. 
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FIGURE 22: Abrolhos Shelf - tidal levels. 

HAT = Highest Astronomical Tide 

MHHW= Mean High High Water level 

MSL = Mean Sea-Level 

MLL W = Mean Low Low Water level 

LAT = Lowest Astronomical Tide 

AHO = Australian Height Datum 
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Rainfall and Temperature 

The Abro!hos has a Mediterranean climate, with hot, dry summers and cool, 

wet winters. Geraldton has a mean annual rainfall of 477mm, of which 75% falls 
during May to August. Summer temperatures frequently exceed 38°c, and winter 
daily maximums are rarely less than 18-20°C. During 1969-1976, mean daily 

global radiation totals (expressed in milliwatt hours.cm-2) at Geraldton were up to

2.8 times higher in summer than in winter. Extreme monthly averages of 830 
milliwatt hours.cm-2 and 300 milliwatt hours.cm-2 correspond to the summer and

winter solstices (December and June). Seasonal differences in the amount of 

radiation reaching reef communities would be greater than 2.8, due to the low 
declination of the sun in winter with correspondingly higher losses of sunlight due 

to surface reflection. 

ENVIRONMENT OF TI-E PELSAERT REEF COMPLEX 

The most important characteristic of the Pelsaert Reef Complex's local 
physical environment is an overriding dominance of water movement from the S 
and W towards the N and NE, under the influence of prevailing winds and swells. 
This applies equally to wave-induced lateral transport along the oceanic and 
southeast reef margins, and to the set-up of lagoonal currents through wave 

The northeast blue-hole complex and deep lagoon are relatively 
sheltered from most of this throughflow, but substrates elsewhere on the reef are 
under continual, powerful impetus towards the north and northeast lee areas. 

Prevailing Winds and Cyclonic Events 

The prevailing wind regime is controlled by the seasonal N-S migration of 

subtropical, anticyclonic wind belt, and by eastward movement of high 
pressure cells within it. From December to February the axis of the anticyclonic 
belt lies south of Australia, while during June to August it is positioned further 

•· north, enabling the fringe of the subpolar westerlies (the "Roaring Forties") to
influence the south of the continent (Steedman et al., 1977). Figure 23 shows the

'f:lverage monthly winds for Gerald ton (strength and direction) associated with the
�easonal cycle. Table 1 (after p.) presents a summary of annual wind strength and
direction. 



FIGURE 23: Wind regime, Abrolhos area (based on tabulated 

Bureau of Meteorology computer records for 

Geraldton over a 37 year period). 



JANUARY 

OCTOBER 

WINO VELOCITY 

51km/hr PLUS 

10 20 30 40 50 55% 

CUMULATIVE % 

FEBRUARY 

MAY 

AUGUST 

NOVEMBER 

2.5% 1 km/hr 

OR LESS 

MARCH 

SEPTEMBER 

DECEMBER 

WIND REGIME 

ABROLHOS AREA 



TABLE 1 

GERALDTON-

Percentage of Amual Wind Speeds (Km/Hr) Vs. Direction -

Based on 24858 O,servations Over 37 Years 

1-10 11-20 21-30 31-40 41-50 51+ % of total 
direction obs. 

9.5 6.7 4.4 2.7 3.3 7.7 5.6 

23.5 14.8 11.2 10.9 12.2 11.5 14.3 

12.9 9.7 8.5 9.4 10.6 11.5 9.9 

19.2 14.3 11.2 7.0 5.7 7.7 12.6 

16.7 20.1 31.0 45.5 48.0 26.9 27.4 

8.6 18.7 19.7 13.3 8.1 11.5 16.2 

6.6 10.5 8.7 6.4 6.5 11.5 8.4 

3.0 5.2 5.3 4.8 5.7 11.5 5.4 

100.0% 100.0% 100.0% 100.0% 100.1% 99.8% 99.8% 

13.5 31.8 30.0 14.3 5.2 0.6 95.4% 

(4.6% LT. l km/hr) 
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Prevailing winds are controlled during December to February by the 

development of a "heat low" pressure cell over the continent and a subtropical

high pressure area over the Indian Ocean (Steedman et al., 1977). As a result of

this pattern 75% of prevailing wind comes from the SE-SW quarter (Fig. 23), with

highest velocities on the south axis. At the same time the eastward passage of 

anticyclonic high pressure cells south of the continent can cause strong NE-E 

winds for short periods. There are few calm intervals. 

March to May is a transitional period, as the anticyclonic and westerly wind 

belts move north. Winds become more variable, and the dominant wind axis moves 

towards the north-east. Strong, sustained winds are rare, while periods of calm 

increase. During June to August winds remain variable, with dominance divided 

between N-NE winds associated with the southern fringe of the anticyclonic belt, 

and W-SW winds generated by the subpolar westerlies (Fig. 23). The variable 

conditions produce longer calm periods (up to 8%), although paradoxically the 

winter months are characterised by frequent storms. September to November is 

transitional to the summer pattern and dominant southerlies. SE-SW winds occur 

for 65% of the time, increasing in intensity. 

The Abrolhos are subject to two types of storms; the extratropical winter 

cyclone (or "gale"), and the tropical summer cyclone. Both are short-term, 

intense phenomena, generating the highest energy sea states of the seasonal 

cycle. Winter storms occur mainly between May and October, and are associated 

: with low pressure systems moving in an easterly direction south of the continent. 

'These depressions form on cold-front boundaries, generating a clockwise airflow 
(Steedman et al., 1977). Winds typically spring up from the north-west, swing 

West to south-west and moderate as the front crosses the area. Average wind 
speeds rarely exceed 50 km.hr-1, but gusts up to 100 km.hr-1 or more can occur.

/ Duration varies between 10 to 48 hours, although a closely spaced series of cold

fronts can maintain severe wind conditions for a week or more. These storms 

Occur on an average of 4-10 times each winter (Steedman and Craig, 1979). 

Cyclones occur mainly in January to March and originate to the north-west 
of Australia. Initially travelling W-SW into the Indian Ocean, they may swing back

t0 move S-SE, running parallel to the coast. Between 1953 and 1977 seven

�Yclones passed within 100 km of the Abrolhos, and another eighteen within 500 

km. On average a cyclone will pass through the Abrolhos area every three years 
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(Steedman et al., 1977). Average wind speeds vary from 50-70 km hr-1 with gusts

to 100 km hr-1• Speeds exceeding 180 km hr-1 are possible with a close pass. Over

90% of the cyclones approach from the NW quadrant. 

There is a pronounced assymetry of annual wind energy with 56.2% of winds 

of all strengths coming from the SE-SW quadrant (Table 1). Notably, 45% to 65%

of winds above 10 km.hr-1 originate in this quarter. Other directions show an

even distribution of values, apart from a 55.6% concentration of light winds in the 
NE-SE quadrant. Golding (1980) and Cresswell and Golding (1980) suggest that 

northward water movement on the continental shelf during late spring to early 

autumn is due to wind stress (Fig. 23), while southward flow during winter is a 

result of the Leeuwin Current spreading onto the shelf. 

Swells and Wind Waves 

The Abrolhos are exposed to a Southern Ocean swell that is constantly 
by the circum-polar westerly wind drift and its associated storms. 

Persistent swells impinge on the Abrolhos throughout the year, approaching from 
the south during the summer months, swinging towards the south-west and 

more variable during the autumn and winter. Figure 24 illustrates ship 
(1958-1967) on approach direction of longest period waves in the Abrolhos 

··area, as listed by Steedman et al. (1977). The S-W quadrant contains 78% of the
observations, and the S-SW octant nearly 57%. Swell period and height varies, but

. can exceed 13 seconds and 7m respectively (Steedman et al., 1977). Common
/Values are 8-10 seconds and lm to 3m. The S-SW swell crosses the shelf edge at
an angle. Resultant refraction would cause the longer period swell to assume a 
more we·sterly approach. 

South and west of the Abrolhos fetch is effectively unlimited, and 
. corresponds to the direction of dominant and most persistent winds. Although no 
\ distinction is made in Figure 24 between swell and local long-period wind waves, 
.the bias towards a SE-SW wind wave approach is obvious, and logically follows 
•from the prevailing wind data. Paul (1976) considered the dominant wind wave
direction to be only slightly east of the main swell axis. Steedman et al. (1977)

iE'IStirnates that waves generated by tropical cyclones and winter gales can have
significant heights in excess of 7m and maximum heights of up to 14m.
Observations made in the Wallabi Group during the declining phase of Cyclone

lby in April, 1978, suggest these estimated wave dimensions are reasonable.



FIGURE 24: Approach directi on percentages of longest-period 

waves, Abrolhos areas (based on ship reports 1958-67 
' 

26-29°5, 112-120°E).
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Swell/Wave Impact and Refraction 

The Pelsaert Reef Complex is under unremitting wave impact, by varying 

combinations of prevailing swell, wind waves and storm waves. The approach

directions and refractions of typical swells and southerly wind waves is shown in 

figure 25. 

Due to its arcuate shape, only a section of the reef front undergoes a 

normal ws.ve approach from the S-SW prevailing swell (Fig. 25). Where the swell 

does approach normally, impact on the reef can be considerable, with breakers up 
lOm+. Oceanic swells can penetrate the reef lagoon through the passes in the 

reef front. In these "amphitheatres" the swells lose strength and shape without 

breaking, probably due to shoaling within the areas' spurs and grooves. Elsewhere, 
••.·. the swell impinges at an angle, travelling along the reef front to eventually 
.. refract around the north-west and south-east extremities (Fig. 25). 

The northern refracted swell train enters the lee area via the Zeewyck 
Channel (Fig. 25). Eastwards of the channel's entrance the swells fan out into 
strongly curved lines (Fig. 25), and lose power. The attenuated swells move along 

(the northern margin of the reef complex, and rarely break, even during periods of 
•(heavy swell impact on the oceanic reef front. The refracted swells decline 

eastwards, to the extent that between the north-east apex of the reef complex 
and the Hummock Island reef they are almost lost in the general sea-state (Fig. 

The southern refracted swells are not constrained by a narrow gap, and are 
refracted to a lesser degree than the northern pattern, retaining much more of 

power (Fig. 25). They travel up the south-east edge of the 
:teef and break along it, but with much lesser impact than on the oceanic reef 
.. front. At the north-east apex of the reef the southern refracted swells pass 

through the gap between the Pelsaert Reef Complex and Hummock Island. They 
then fan out into arcuate wavetrains and decrease in strength. North-east of the 
rain reef complex, the northern and southern refracted swells over-lap, at 
PProximately equal strength (Fig. 25). 

As shown in Figure 25 the southerly wind waves normally impact the reef 
argin on a narrow portion of the southern apex. The waves move up the western



FlGLRE25: Prevailing SW swell and southerly wind-wave refractiQJ 
patterns around the Pelsaert Reef Complex. 
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tand south-eastern margins at shallow angles, breaking more heavily along the

southeast edge. Waves pass through the Zeewyck Channel and Hummock Island 

gaps and refract into weakening arcuate wave trains. Here the refracted waves
·. overlap (Fig. 25), but the axis of overlap probably varies with the direction of wind

\wave approach. Wind waves from the secondary E-NE wind axis could be expected

} to directly impact the north-east area of the reef complex, with involved

,· Jrefractions and diffractions due to Hummock Island and other reef knolls.

}However, because of the generally lighter prevailing winds and limited fetch in

.. this quadrant, E-NE wave trains would have much less influence on the reef than 

the SE-SW waves. 

Storm waves approaching from W to S refract around the Pelsaert Reef 
Complex along the same lines as the swell and southerly wind waves. Storm waves 

/from these directions are most commonly associated with the passage of winter 
.gales. With the approach and pass of a tropical summer cyclone large swell-like 

storm waves can be generated from the NW-NE. Although the northern edge of 
< tile Pelsaert Reef Complex is sheltered to the NW by the Easter and Wallabi Reef 
:complexes, refracted NW-NE storm waves curve around the northern groups and 
travel down the Geelvinck Channel, and impact the reef with considerable force. 
,Attenuated cyclonic storm waves can travel into the shallow lagoon via the 
�\Jbmerged northern edge. However, the lagoon south of Middle Island appears to 

.. be sheltered from the effects of storm wave impingement. 

Overall, wave impact energy is highest on the oceanic margin of the reef, 
is under constant attack by varying combinations of prevailing swell, 

prevailing wind waves and storm waves. The south-east margin of the reef is 
itnpinged by refracted swells and by the seasonally prevailing southerly wind 

.waves. This margin is a secondary reef front, with lower average wave impact 
energy, and periodic greater impact. The northern margin is subject to the lowest 
average level of wave energy, and is the true lee edge of the reef complex. 

Water Movements in the Pelsaert Reef Complex 

Currents in the reef complex are set up through the piling of water onto 
reef front by waves, tidal action, and by internally generated wind waves and 

d shear. Wave-pumped water inflow is the most important physical factor to 
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ract with the internal reef substrates. Inflow across the Pelsaert Reef 
mplex's windward margin persists throughout the tidal cycle (Fig. 26) and only 

pletely halts during rare periods when low tides are coincident with calm 
s. Internal windwaves and windshear are significant in the shallowest areas of

reef during storm events, but are masked at other times by the lagoonal
roughflow. The potential for fast tidal flows within the Pelsaert Reef Complex 

small because of the low tidal range and lack of choke points. 

:i...Joonal Throughflow: As prevailing swell and wind waves break along the reef 

front, they generate strong bores that surge over the reef. Most of the bores are 

'powerful enough to flow over the emergent oceanic rim and pour into the shallow 
fagoon (Plate No. 6, Photo No. 2). The volume of water varies with wave height, 

itide and wind direction. During moderate swell conditions, with lagoon level D.4m 

{below rim height, bores D.4m deep flowing at 4ms-1 for 10-15 secs. cross the rim
every 60 seconds. For the 24 km of oceanic reef front this translates to 

·S75,000m3 each minute. During higher swells and cyclonic storms, the volume of
the bores increases. During a winter SW "gale" lasting over 36 hrs., northward
surface currents flowing at l.Oms-1 were observed 7 km from the nearest rim.
Munk and Sargent (1954) described a similar hydrodynamic system on Bikini Atoll,
where the power of the breaking waves maintained water levels inside the surf
zone up to 45cm above general sea-level. Suhayda and Roberts (1977) noted that
on a fringing reef lagoon in the Caribbean, onshore currents are strongest when
the reef crest is shallowest at low tide, causing the highest degree of wave
breaking and surge.

As shown in Figure 27, the rim water flows N to ENE into the deep lagoon 

and/or over the northern margin, which is the main outlet. Some water returns 
seawards through the oceanic reef gaps, but field observation suggest this flow is 
minor. Water that enters the deep lagoon outflows through the deep entrance (Fig. 
27). Close to the rim, the current velocity varies between 2.0ms-1 and O.lms-1, 
depending on strength and duration of surges. Each surge generates a momentary 
higher velocity "pulse", which is often visible as a solitary wave. During heavy 
seas this "pulse" is felt as a sudden current increase of +lms-1 up to 1 km from 
the rim. In deeper areas of the shallow lagoon the flow is more constant at 
0.25ms-l or less. In the deep lagoon and northern margin, current velocity drops 
to less than lm.min-1. Over a 12-hour period 'moderate' inflow would be 
theoretically sufficient to raise the water level 2.4m over the entire Pelsaert 



FIGURE 26: Schematic view of swell/wave induced through-flow

during the tidal cycle, Pelsaert Reef Complex. 
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RGURE27: Rim-water through flow, Pelsaert Reef Complex. 
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Reef Complex, equivalent to three times the possible tidal change. Over 24 hours
the same inflow would be enough to replace the entire lagoonal volume. This 

. leads to the postulate that regardless of changes in lagoonal and oceanic levels,
the � flow of water is continuously northward out of the lagoon, away from the 

hydraulic head maintained at the rim. (see Fig. 26). 

Outflow over the northern edge probably slows with the flood tide, as some 

rim water volume is diverted to filling the lagoon. Using "average" rim water 

inflow values, flood-tide outflow may be; 414,000,000m3 (12 hours of rim water

inflow) - 119,000,000m3 (0.7m rise across the 170 km2 Pelsaert Reef Complex)= 
295,000,000m3 exiting across the northern margin. Ebb tide outflow (12 hours rim 

water inflow + 0.7m tide fall) will equal 533,000,000m3, or 1.87 times the flood 

outflow. As noted by Fairbridge (1948) the northerly current in the lagoon picks 
up markedly during the ebb tide. 

Internal Wind Waves: Formation of waves within the boundaries of the Pelsaert 

Reef Complex is restricted by limited fetch, and shallow depth. During moderate 
wind conditions (lOms-1 or less), a small chop with heights of O.lm to 0.3m and 

lengths of 5m to 7m, is set up in the lagoon. During storms, with wind speeds 
exceeding 20-25ms-1, a much stronger sea is generated. Waves lm+ in height and

' lOm to 20m in length have been observed. 

Under normal weather conditions, and in most areas of the reef 
··· complex, the surface wind shear effect is overidden by rim water throughflow and
Cwave action. Strong storm winds will generate significant surface movement
C(20ms-1 wind causes 0.6ms-l surface currents, Steedman et al., 1977). Wind shear
'Js most significant in the very shallow areas, such as intertidal platforms and reef

flats. Shear movements in the shallow areas have an overall northerly preference, 
allowing for deflections around islands, and the tendency of the water to move to 
the left of the wind (Cresswell, 1972). With sustained and/or strong winds, the 
Wind shear is powerful enough to suspend and transport fine sediment across the 

[shallow areas. Where the wind shear passes abruptly from shallow to deep water, 
over a blue-hole, the current can slow and drop much of its 
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Lagoon Temperature and Salinity 

Lagoon waters are generally slightly cooler than oceanic waters. A sudden 

;temperature drop was normally recorded when crossing the northwest reef margin

into the shallow lagoon, with a greatest observed drop of 4 °c during May, 1979. 

· During September to October drops were usually l-2°C. Along the northeast reef
margin, little or no temperature difference was noted when passing between the

·. lagoon and the open sea. Rarely, a slight drop was recorded on entering the

.tagoon, but never more than 1 °c. The cause of the temperature drop between the

open ocean and the lagoon is unknown. A possible reason is that inflowing rim

.water may be cooled as it rushes up over the emergent rim as a foaming bore, and
is thoroughly mixed with air. The degree of cooling would be greatest when air

;and water temperatures are most dissimilar, such as the May observation, when
.. ocean temperatures are raised by the Leeuwin Current, but air temperature is
(declining to winter values. Evaporative cooling by wind shear may be another

>·cause of lagoonal water heat loss. Wilson and Marsh (1978) noted that prolonged
easterly winds in September 1977 caused surface reef waters in the east Wallabi
Reef Complex to fall to l 7-18°C for several days. Due to the high rate of lagoon

; water turn-over caused by oceanic inflow this mechanism may have little effect in
the Pelsaert Reef Complex. Daily shallow water temperatures in the lagoon 
�main relatively constant with 0.5-l.0°c differences between day and night 
.values. No constant differences were recorded between shallow (2m) and deep 
(20m to 30m) lagoon water. 

Anomalous temperatures recorded in intra-reef waters in the Abrolhos 

include nightime values as low as l 7°c in the Easter Reef Complex (S. Smith, 
�rs. comm.) and a shallow water temperature of 27 .7°C recorded during calm 
warm weather, while surface temperatures outside the reef consistently remained 
at 24°C (Wilson and Marsh, 1978). High temperatures under similar conditions 
have been noted in the Pelsaert Reef Complex, on the intertidal platforms around 

(the ''high" islands. These values are related to a combination of extreme air 
ttemperature with little water movement, and have only a localised and passing 

,effect on lagoonal water conditions. 

The majority of recorded lagoon salinities fall within the narrow band 
Ct::haracteristic of Leeuwin Current water (Fig. 21). This is a natural result of the 

minance of oceanic water throughflow. The one anomalously low value (Fig. 21) 
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is conceivably due to artesian water originating from submarine pre-Holocene 

basement. A potential artesian flow was observed north of Gun Island issuing

trom a fracture in a 3m deep rock platform, forming a jet strong enough to cause 

upwelling at the surface (R.G. Brown, pers. comm.). Its constant nature appeared 

to exclude hydraulic connection with the nearest breaker zone 4 km away. A 

water sample obtained from the outlet by the CSIRO gave normal seawater 

concentrations for all major ions except Mg, which was about 70% of ocean water 

levels. Due to this singular low value, and the possibility of contamination during 

sampling, the result is considered to be inconclusive. The presence of subaerial 

springs on the pre-Holocene "high" islands would be good evidence for artesian 

influence on water conditions in the Pelsaert Reef Complex. However, no water 

sources of this kind have been reported from anywhere in the Abrolhos. 
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SECTION 5 

PRE-HOLOCEI\E FOUNDATION 

INTRODUCTION 

Teichert (1947) and Fairbridge (1948) regarded the 'high' islands of strongly 

cemented coralline rock and widespread areas of karst-like blue-holes that occur 

throughout the Abrolhos as persuasive evidence for earlier reef-building phases, 

with the separation of these from the Holocene by at least one episode of 
erosion. The shallow lagoon and oceanic reef crest are notable for 

expanses of smooth indurated limestone that discontinuously appear from under 
substrates of loose sediment, coral framework and modem encrustations. 
Fairbridge (1948) equated the windward lagoonal limestone with that of the rock 
islands, presumably on the basis of surface resemblance. Similar limestones are 
exposed in the grooves on the oceanic and south-east external reef slopes (R.G. 

,<'Brown, pers. comm.). 

AGE OF TI-£ FQU,JDA TION 

The pre-Holocene origin of much of the reef's modern surface is shown by 

.age-dating and stratigraphy where indurated limestone is exposed in the 'high' 
i islands and shallow lagoon. In the deep lagoon and blue-hole complex the near

presence of a pre-Holocene surface can be demonstrated topologically. These 
criteria are illustrated schematically in Figure 28. 

The High Islands 

The outcropping of indurated limestone in the ''high" rock islands is not 
of a pre-Holocene surface per se, because of the possibility that the 

}limestone may the be a product of the sea-level highstand noted to occur during 
the middle Holocene (Burne, 1982; Logan et al., 1970; Buddemeir et al., 1975). 
However, An in-situ coral sample from the "high" rock island section of Pelsaert 

"lsland has been dated at 120,000�7000 yrs by U-Th isotopic dating (H. Veeh, pers 
�; see Appendix 9), demonstrating an indisputable pre-Holocene age for the 
, .. lgh" rock section of Peisaert Island, and by association, other "high" rock islands 

f similar composition and morphology, including their surrounding intertidal rock 
I 
,et forms, 



FIGURE 28: Pelsaert Reef Complex: 

Absolute and relative Pre-Holocene age criteria. 



PELSAERT REEF COMPLEX: 

SW 

ABSOLUTE AND RELATIVE 

PRE-HOLOCENE AGE CRITERIA 

CORAL U/Th AGE 
120,000yrs +

SUBAERIAL MARKER BED 

� 
PRE-HOLOCENE CARBONATE 

NE 

KARSTIC DOLINE TERRAIN 



- 51 -

Shallow Lagoon Limestones 

Large expanses of smooth indurated limestone exposed in the shallow 

lagoon are visually similar to the limestones of the islands and intertidal platforms 

(Plate No. 7, Photo No. 12). However, no age dates are available for these 

limestones. Features that could be interpreted as truncated solution pipes and 

fissures were noted but, considering the high energy environment of continual 

water throughflow, a process of mechanical abrasion analagous to that producing 

river potholes could not be discounted. 

Fortuitously, the Pelsaert Reef Complex has a non-marine marker horizon 

that clearly proves the pre-Holocene age of the subtidal windward limestones, and 

which provides additional supporting evidence for the relative age of the ''high" 

rock islands. Common "pods" of dark brown material were noted within the 

indurated limestones of the shallow lagoon, from the oceanic rim to the Sm deep 

limestone mounds of the north-east sandflat areas (Fig. 28). These occurred 
either as irregular patches lying flush with the surrounding rock, or as "plugs" in 

many of the potholes that dot the limestone substrates. The brown pods are 

visually similar to subaerial soil-like sediments developed on the "high" rock 

islands in association with the accumulation of bird guano, and the subsequent 

development of phosphate ore. A subaerial origin for the brown pods would 

clearly demonstrate a pre-Holocene age for the shallow lagoon limestones, which 

the pods overlie, with an unconformity between the two. 

Petrographic and geochemical characteristics demonstrate the common 

origin of the subtidal brown pods and island soils. Plate No. 8 shows 

'· photomicrographs of modern soil-like sediment extracted from a pothole on 
Middle Island (Photomicrograph No. 1) and samples of pod material from the 

Y oceanic reef margin. The modern "soil" is a mixture of brownish-red clay-sized 

particles, large rounded pelloids of brown amorphous material with a packstone-
like texture, and angular grains of quartz. XRD analysis detected a spectrum of 

r clay minerals and quartz. 

Petrographic examination of the subtidal pods, and also of intertidal 

solution-pipe inf ills from Pelsaert Island (Plate No. 7, Photo No. 13) revealed 
Similar amorphous pelloidal textures, overprinted to varying degrees by fibrous



PLATE N0.8 

Moderri 'Soil' and Shallow Lagoon 

Equivalents 

(scale divisions = O.lmm) 

PHOTOMICROGRAPH 1 - U.W.A. TS No. 92682, Neg No. F520/26. 

Middle Island, MI-2, +4m, plane light. Pelloidal phosphatic material, 

uncemented. 

PHOTOMICROGRAPH 2 - U.W.A. TS No. 92729, Neg No. F521/13. 

52, -1.5m, plane light. Pelloidal phosphatic 'soil', with fibrous 

calcite cement veins, and partly recrystallised rounded molluscan 

fragments. 

PHOTOMICROGRAPH 3 - U.W .A. TS No. 92727, Neg No. F521/12. 

52, -1.5m, plane light. Pelloidal phosphatic 'soil', well-indurated by 

fibrous calcite cements, both intergranular and in veins. 

PHOTOMICROGRAPH 4 - U.W.A. TS No. 92731, Neg No. F521/14. 

52, -1.5m, plane light. Pelloidal phosphatic 'soil', with fibrous 

calcite cements, and moderately preserved molluscan fragments. 
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and micritic calcite cements (Plate No. 8, Photomicrographs Nos. 2-4). In many 

of the samples, fractures filled with fine pelloidal carbonate run through the 

darker soil-like matrix. Fine quartz grains are common, as are fragments of

molluscs, coralline algae and corals, usually strongly micritised. There has been 

considerable dissolution of fine aragonitic components. XRD examination revealed 

8 clay-quartz mineralogy similar to the modern soil, plus calcite of varying Mg 

content. Neither the amorphous pelloidal texture, or the quartz-clay content is

known from the indurated limestones or modern reefal carbonates. 

For further proof of the subaerial origin of the subtidal "pods", samples of 

modern reef carbonate, pre-Holocene limestone, the presumed paleosols, modern 

island soil, and ore-grade island phosphates were analysed by XRF for 10 major 

oxides and 10 trace elements (see Tables 1-4, Appendix 2). The chemical 

resemblance between the subtidal pods and the modern soil is marked. In the 

major oxide group Al203, Si02, P205, K20, Ti02 and Fe203 are high in the 

paleosols and the modern soil, but are significantly much lower in the Holocene 

and pre-Holocene reef carbonates, sometimes by two orders of magnitude (see 

Table 3, Appendix 2). Other major oxides are distributed evenly throughout all 

sediment groups except for the relative paucity of CaO and MgO in the modern 

soil, which is explainable by a lack of cementation. Trace elements show a similar 

result. Ba, V, Y and Rb are high in the sub tidal pods and modern soil, and low in 

the carbonates, while the other trace elements tend to be spread evenly 

throughout the lithologies (see Table 4, Appendix 2). The ore-grade phosphates 

with their high P2o
5

, Ba and Rb contents are obviously related to the modern soils 

and subtidal pods. 

It is apparent from the petrography and chemistry that the brown pods of 

the shallow lagoon are cemented phosphatic paleosols. They are interpreted to be 

discontinuous remnants of an originally more widespread subaerial horizon, leading 

to the conclusion that the associated shallow lagoon limestones must be pre

Holocene in origin. Various 'high' islands bearing the same paleosol marker 

horizon are also definitely pre-Holocene (Plate No. 7, Photo No. 13). Repeated 

marine planation and/or subaerial erosion have progressively worn down the 

original pre-Holocene terrain, so that only deeper solution-pipe infills survive in 

the shallow lagoon limestones. Since their deposition the paleosol pods have 

possibly dried (causing dessication cracks) and been subsequently cemented in the 

marine phreatic environment. 
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A Holocene origin for the pods and surrounding carbonate is quite 
Not only would a presumed soil horizon need to be developed on early 
material exposed by a Holocene fall in sea-level, but an extensive 

, solution pipe network extending below present sea-level would have needed to 
· have formed first. The entire terrain then had to be eroded to below present sea

Jevel, in many areas to depths of 3m to 5m. The current rate of intertidal
notching is not fast enough to even account for the widths of intertidal platforms
surrounding the 'high' islands. With an average width of 50m to 60m and a time 

range of 5000-6000 years, a rate of at least lcm/year is required to cut the

platforms. This is an order of magnitude greater than the general notching rates

of Hodgkin (1964), and Stoddart (1969). Measurements were taken 7 months apart

in the deepest intertidal notches of Middle Island and Gun Island (stations MI-2 and
. GI-2) using Searle's (1984) stainless marine screw and micrometer technique. No
·· measurable erosion ( +0.05mm) was noted, either on the floors, walls or roofs of

the notches. Therefore, considering the vast extent of shallow lagoon limestone 

that would have needed to be removed (several tens of square km), and the short
time span in which to accomplish the event (ca. 4000 yrs), an Holocene age is
plainly untenable.

The Deep Lagoon and Blue-Hole Complex 

The topology of north-east blue-hole complex appears to be obviously 
related to pre-Holocene subaerial exposure, with development of numerous dolines 
and basin-like areas with remnant pinnacles (Plate No. 5). However, potential 

·.models of formation fall into karstic and non-karstic types. Karstic models
Include; 1) solution dolines, 2) collapse dolines, 3) submarine vauclusion karst, 4)

;subjacent karst, and 5) subsidence dolines (Backshall et al., 1979). Non-karstic 
�processes include Maxwell's (1968) models of closed mesh reef growth and 

>geochemical reef resorption, and meteorite impact (Backshall et al., 1979). In 
t?ontemplating the veritable cosmic barrage that would have been needed, and

tooting the total absence of exhumed impact debris, the highly implausible

)meteorite impact model is given no credence here.

Of the various karstic models put forward by Backshall et al. (1979) the 
tl'elated mechanisms of solution and collapse dolines are preferred. Jennings (1971) 
notes that conical shapes are characteristic of solutional dolines, due to a state of 

Ynamic equilibrium during solution of the slopes, and occur where there is
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�ronounced surface solution of the karst bedrock around some favourable point 

�ch as a joint intersection". Collapse dolines are caused by roof failure over

),olutional caverns, and are initially characterised by steep to vertical sides, 

irregular shape and a higher depth-to-width ratio than solutional dolines. The

primary cylindrical shape can degrade to a cone or bowl by erosion and filling. 

Conical and cylindrical dolines and intermediate forms are present in the Pelsaert 

· ;Reef Complex (Fig. 11). Conic types are numerous and commonly overlap to form

basin-like depressions. The much less common vertical-sided dolines tend to be

singular, and elliptical to irregular in shape, occurring mainly in the shallow
sandflats on the periphery of the conical doline area. They normally exhibit flat,

silty floors, which could reasonably be interpreted to be Holocene covers over pre
Holocene collapse debris. The large size of some of the collapse dolines is not
thought to be a problem for the same reasons outlined in Backshall et al. (1979).

· The indurated limestones seen in the pre-Holocene islands and intertidal platforms

would be capable of supporting large roofs. Collapse most likely occurred prior to
the filling of the caverns by a supportive column of seawater. The NW-SE and

}::"NNE-SSW orientation of large pinnacle reefs, pinnacle reef chains and the larger 

··· isolated blue-holes is evidence for basement control of the doline development
(see Plate No. 5). This control could be caused either by solution along joints,

<giving rise to lines of solution dolines, or caverns that subsequently collapse, or by 
•.differential solution between various pre-Holocene reef lithologies to produce 

The models of submarine vauclusian karst, subjacent karst and subsidence 

/karst are rejected for reasons similar to those set out in Backshall et al. (1979). 
i. The regional geology and topology is not favourable for the development of
i?groundwater springs in the outer Abrolhos Shelf. The nearest significant synoptic

relief is 70 km away on the mainland, in 140m mesas of Triassk to Jurassic age. 
leakage from potential aquifers of these ages under the Abrolhos has to penetrate 

. 900m of siliclastic and carbonate sediments, within which Hawkins (1969) reported 
intervals of "dense, microcrystalline dolomite", "hard, tight limestones", "silty to 
sandy claystones" and "intercalations of ferruginous siltstones and red mudstones" 
all of which could act as aquicludes. Leakage from deep aquifers should be a 
regional feature, but the selectivity of the karst for the lee areas of the main reef 

complexes and satellite reef knolls, such as the Snapper Bank, without appearing 
·.on the surrounding shelf, is difficult to explain in this regard. Within the Pelsaert
.R.eef Complex's blue-hole area there was no evidence to indicate active
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roundwater outlets. No plumes of sediment or springs were observed in any of

e examined blue-holes or adjacent sandflats, and none of the water samples

a1<en leeward of the reef suggested anything but the salinity values normal for
he Abrolhos Shelf (Fig. 21). 

Subjacent karst invokes deep cave collapse in karst rocks beneath overlying 

bedrock formations (Jennings, 1971). However the concentration of depressions on 

the lee of the reef is difficult to reconcile with what should be a regional

feature. In addition, the drilling of Gun Island No. l only encountered cavernous 

porosity at comparatively shallow depths within the Pelsaert Bioherm (Hawkins, 
1969). Subsidence karst is not a likely modei as there are no suitable thicknesses 

of loose sediment to be progressively channelled down solution pipes in the 
Where exposed, the pre-Holocene limestones are indurated and 

Maxwell's (1968) closed-mesh reef model could conceivably be applied to 

�he blue-hole complex's anastomosing network of emergent and submarine reefs.
,However, the individual shapes of the reefs do not fit this accretionary model.
figure 29 shows several of the emergent pinnacle reefs from the central deep
lagoon and blue-hole complex. A stellate plan is pronounced, with razor-back
tidges leading away from the spurs, and intermediate concave slopes. If these
reefs were constructed features (i.e. accumulated mounds) the resultant shape

;should be rounded (or colloform, if several mounds overlap), with convex slopes 
�parated by v-shaped gullies (i.e. the complete opposite of stellate). The only 
means by which concave slopes could occur on an accumulating mound is by slope 

ffailure and landslip. However, the number of landslips required throughout the 
;entire complex would be multitudinous, and there is no trace of slumped 
,materials. The mechanism does not explain the ultimately concave slopes of 
7enclosed round blue-holes. 

Under Maxwell's (1968) resorbed reef phase model, a surface of enclosed 
,<fepressions may be formed, in an analogous fashion to the scalloped surfaces of 
limestones exposed to meteoric water. However, there is no trace of resorption in 
he windward lagoon with its extensive areas of smooth indurated limestone. This 
rea would be expected to bear the brunt of resorption as it is the first to come 

kito contact with fresh ocean water entering across the oceanic rim. Such water 
OUld presumably be more saturated with respect to calcite by the time it crossed 



FIGLRE 29 Pelsaert Reef Complex: 

Stellate Pinnacle Reefs. 
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}the blue-hole area, and less capable of dissolution. The lack of extensive water

··• movement across the blue-hole areas (Fig. 27) is a further argument against the

}resorption mechanism. For these reasons, and seawater chemistry studies that

• weigh against calcite dissolution by normal seawater (Matthews, 1974; Friedman

and Sanders, 1978, pp.133), Maxwell's (1968) resorption model is not here

considered applicable.

It is postulated that the Pelsaert Reef Complex's blue-holes are solutional 

collapse dolines, and that extreme solutioning has produced the basins of the 
c deep central lagoon and smaller open water areas of the north-east blue-hole 
; complex. This model calls for subaerial exposure of the Pelsaert Reef Complex 

during the pre-Holocene, and dictates that the karst geomorphology generated in 

;>that time is strongly evident in the modern reef surface of the blue-hole area and 

: . central lagoon. 

COMPOSIDON CF TrE FOl.J'..IDA TION 

Petrography 

Petrographic samples of pre-Holocene limestone were taken from Gun, 
Middle and southern Pelsaert Islands, along with samples from the shallow lagoon 

These were examined with particular reference to cement 
types, porosity enhancement/occlusion and mineral phases, and to identify 

'.freshwater phreatic and/or vadose alteration features common to both groups of 

The upper 80m of the Gun Island No. 1 stratigraphic well provides a 
!aluable vertical "type" section for the petrography of the high islands and their
deeper foundations. Drill-cuttings were recovered from surface to 84.Sm and

.55.Bm to 79m. Gaps from 28.4m to SS.Sm, and 79m to 134.lm were marked by
Jost-circulation drilling and are thought to represent zones of cavernous porosity •
•. '.'fhe upper section is dominated by molluscan-algal boundstones and packstones,
;�ith minor amounts of coral. Micritisation of coralline algal material tends to
Jncrease towards the bottom of the section. The primary intergranular porosity
fhas been occluded by pelloidal micrites, with fibrous calcite forming in skeletal
JJpaces (Plate No. 9, Photomicrograph Nos. 5, 6). Aragonitic cements are
5estricted to epitaxial overgrowths in coral interstices. Prismatic or equigranular 



PLATE N0.9 

Pre-Holocene Island Carbonate 

(scale divisions = O.lmm) 

PHOTOMICROGRAPH 5 - U.W.A. TS No. 92446, Neg No. F518/12. 

Gun Island No. 1, +3m, X-nicols. Molluscan-algal packstone, 

pelloidal micritic calcite cement. 

PHOTOMICROGRAPH 6 - U.W.A. TS No. 92448, Neg No. FSlB/13. 

Gun Island No. 1, -2m, X-nicols. Molluscan-algal boundstone, 

calcitic acicular cements. 

PHOTOMICROGRAPH 7 - U.W.A. TS No. 92466, Neg No. F518/18. 

Gun Island No. 1, -72m, X-nicols. Biosparite, mixture of calcite and 

dolomite. 

PHOTOMICROGRAPH 8 - U.W.A. TS No. 92687, Neg No. F520/30. 

Middle Island, MI-1, +2m, plane light. Molluscan-algal-foram. 

packstone, micritic calcite cement. 
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cements are absent throughout. Staining and XRD show that there has been little

or no solutioning of aragonite components, and that most of the calcite is low

magnesian. There is no undoubted moldic or vugular secondary porosity. These

; features show that the upper section retains the petrographic characteristics of

�,the marine phreatic environment (Longman, 1980). However, the association of

aragonite and low-magnesian calcite may also be indicative of an early stage of

freshwater diagenesis (Bathurst, 1975, pp. 327). It is possible that the cuttings

from the upper section only represent patches of surviving cementation, with

vugular or other secondary porosity being destroyed by the drilling.

The lower section from 55.Bm to 79m, below the upper cavernous zone, is
significantly different. The molluscan/algal boundstone-packstone lithology
persists, possibly with increased echinoid and foraminiferal content, but the
mineralogy has changed. Staining and XRD show that all aragonitic components
have been solutioned out, or have possibly neomorphed to calcite. Moldic porosity
after molluscan material is common, and is partly occluded by fine microspar and
prismatic calcite cements. There is no evidence of the upper fibrous calcite
cements. The most striking feature of this section is a biosparite zone at 72m
(Plate No. 9, Photomicrograph No. 7), mainly composed of intermixed calcite and
dolomite rhombs and minor echinoderm fragments, with an overall Mg to Ca ratio
of 0.53 (Appendix 6, Table 2). The loss of aragonite, generation of moldic porosity
.and prismatic calcite cements indicate freshwater ?phreatic diagenesis has
affected the lower section (Longman, 1980). The biosparite suggests that
incipient dolomitisation has occurred, possibly as a mixing zone phenomenon
(Longman, 1980).

Surface samples from Gun Island and the other "high" rock islands exhibit a
similar lithology and diagenesis to the upper section of Gun Island No. 1. The

dominant lithologies are molluscan-algal packstones, wackestones and subordinate
boundstones, with pelloidal micrite being the common void-filling material (Plate
No. 9, Photomicrograph No. 8). The amount of in-situ coral in the island
lithologies increases towards the edge of the reef complexes, and shows no

.�vidence of solutioning or neomorphism to calcite. Staining and XRD show that
the primary aragonite-calcite mineralogy has been retained in the various
Jithologies. Fibrous calcite is the only crystalline cement present in intergranular
pores, with aragonite cement being restricted to epitaxial overgrowths within
coral interstices. This distribution of calcite and aragonite cements is in close
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.. agreement with the patterns noted by Marshall (l 983a) in Holocene windward
·

ma
rgin sediments on One Tree Reef in the Great Barrier Reef. There is no 

textural evidence for subaerial diagenesis such as solutioning or growth of equant 

'. cements. Significant subaerial diagenesis seems limited to the formation of thin
"surface calcretes and vertical solution pipes. It is possible that the primary 
· pelloidal micrite and fibrous calcite cements have prevented the necessary
perculation of meteoric waters through most of the island rock.

The submarine indurated limestones of the shallow windward lagoon and 
oceanic crest show a similar, but not identical, range of lithologies and diagenetic 

Dominant lithologies are molluscan-algal boundstones and packstones, 

(; with subordinate foraminiferal-algal boundstones, and coral-algal boundstones and 
packstones (see Plate No. 10, Photomicrograph Nos. 9, 10). Several fabric types 

. can be found at a single location, and no regular pattern in fabrics or faunal 
eomponents was formally recognised, apart from an apparent increase in 

· foraminiferal-algal boundstones, and coral-algal boundstones and packstones
towards the reef margin. The shallow lagoon lithologies are characterised by

? pelloidal micrite and fibrous/prismatic calcite cements, with preservation of 
; aragonitic components. Coral skeletons commonly exhibit perfect trabecular and 

selerodermitic microstructure (Plate No. 10, Photomicrograph No. 11). However, 
.Unlike the island lithologies, XRD and staining indicate that fibrous and equant 

f>calcites, as well as epitaxial aragonite, infills coral interstices (Plate No. 10,
Photomicrograph Nos. 12,13). Prismatic to somewhat equant calcite cements

fwere also recorded from several non-coral lithologies across the windward lagoon 
limestones (Plate No. 10, Photomicrograph No. 14). These cements are 

:,Jsopachous, rarely filling large intraskeletal and ?bioeroded voids, where they are 
Commonly found. No instance was seen of the prismatic cements overlying the 
.fibrous cements, although a prismatic-micrite association was noted (Plate No. 10, 
Photomicrograph No. 15). While it is possible that the isopachous prismatic

}f1quant cements may represent an early phase of freshwater phreatic diagenesis, 
they may be a form of bladed Mg-calcite, known to occur in the marine phreatic 
environment (Longman, 1981). 

There is evidence for moldic porosity, particularly in more leeward areas. 
f>hotomicrograph No. 16 in Plate No. 10 shows a representative example of these 

�ores, partly refilled by fibrous calcite. However, while staining indicated that 
ragonite was present in these moldic limestones, XRD failed to record this 



PLATE No.IO 

Shallow Lagoon Indurated Limestone 

(scale divisions = O.lmm) 

PHOTOMICROGRAPH 9 - U.W.A. TS No. 92700, Neg No. F520/34. 

R2, · -1.5m, X-nicols. Foram.-molluscan-algal boundstone, micritic 

and acicular calcite cements. 

PHOTOMICROGRAPH 10 - U.W.A. TS No. 92703, Neg No. F520/35. 

R2, -1.5m, X-nicols. Homotrema-algal boundstone, micritic calcite 

cement. 

PHOTOMICROGRAPH 11 - U.W.A. TS No. 92709, Neg No. F521/l. 

52, -1.0m, X-nicols. Acropora-algal boundstone, well preserved 

aragonitic skeletal microstructure, micritic and equant calcite 

cements. 

PHOTOMICROGRAPH 12 - U.W.A TS No. 92723, Neg No. F521/9. 

52, -1.0m, X-nicols. Acropora, well-preserved aragonitic skeletal 

microstructure, with fibrous epitaxial calcite cement. 

PHOTOMICROGRAPH 13 - U.W.A. TS No, 92735, Neg No. F521/15. 

52, -1.0m, X-nicols. Acropora, well-preserved aragonitic skeletal 

microstructure, prismatic-equant calcite cements. 

PHOTOMICROGRAPH 14 - U.W.A. TS No. 92706, Neg No. F520/36. 

R2, -1.Sm, X-nicols. Serpulid-Homotrema-algal boundstone, 

micritic and equant calcite cements. 

PHOTOMICROGRAPH 15 - U.W.A. TS No. 92709, Neg No. F521/2. 

52, -1.0m, X-nicols. Acropora, well-preserved aragonitic skeletal 

microstructure, epitaxial aragonite cement, and equant calcite 

cement in non-skeletal voids. 

PHOTOMICROGRAPH 16 - U.W.A. TS No. 92554, Neg No. F519/28. 

G6, -1.5m, X-nicols. Foram.-algal packstone/boundstone, ?moldic 

porosity, fibrous calcite cements. 
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These conflicting observations make a moldic interpretation 

uncertain, due to the possibility of contamination through bioerosion of a 

)'lardground substrate. Other algal-molluscan packstones located near the deep 

lagoonward edge of the indurated limestones exhibited large (2cm to 3cm) areas of 

amorphous yellow that fill vug-like voids. The infilling material is a moderateiy 

high Mg-calcite (XRD) characterised by a peculiar microcrystalline pelloidal

fibrous structure with high porosity. These voids truncate the packstone texture 

and its associated fibrous calcite and micrite cements, and would appear to be 

solutional in origin. However, aragonite components in the surrounding packstones 
are unchanged. Due to the unidentified nature of the infill, the origin of the vug
Uke spaces is open to doubt, although in general form they closely resemble a 
form of vadose solutioning (Longman, 1980). 

In summary, the surface island and sub tidal limestones share common 
1 features of pelloidal matrix infill with fibrous calcite and eiptaxial aragonite 

Both groups have retained their original aragonitic components. 
solution pipes are common in the island limestones, there is no 

undoubted vugs and/or molds associated with these in the rock fabrics. In 
contrast, the shallow lagoon limestones show arguable indications of vugular and 

• moldic porosity, with growth of prismatic-equant calcite cements. These
differences in diagenesis may be a reflection of the survival of the island

> Umestones as resistant topographic highs (subsequently sculpted into their present
form by mechanical processes), and a presumed general reduction in level of the
subtidal limestones.

These petrological characteristics are similar to those noted by Marshall 

(1983b) for the pre-Holocene solutional unconformity underlying several reefs in 
···the southern Great Barrier Reef. Marshall's observations on aragonite distribution

and its relation to the zone of vadose diagenesis suggest that the pre-Holocene
surface in the Pelsart Reef Complex is largely a result of this form of diagenesis,

. and that freshwater phreatic diagenesis is restricted to the limestones below the
Upper zone of cavernous porosity at 28.4m to 55.Bm below sea-level. 

Geochemical Dlaracteristics 

Samples of Holocene and pre-Holocene material were analysed by AAS for 
.Pa, Mg and Sr, and the reiative ratios of these elements compared (see Appendix 
i6}· A number of interesting, albeit anomalous, trends were revealed.
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As shown by Tables 1 and 3 in Appendix 6 the corals of the modern reef 

.section and the pre-Holocene foundation have a similar range of Mg/Ca ratios, as 

well as absolute values of Mg and Ca. Differences in Mg content may be 

·· attributable to the presence or absence of internal fibrous calcite cement.

Significantly, Sr/Ca ratios for the coral groups are very similar, indicating that

>little or no microstructural diagenesis has occurred to distinguish pre-Holocene

from Holocene corals. It is possible the limited data base has missed coral sample

locations that may deviate from this close relationship.

Non-coral lithologies show a significant difference. A variety of pre"'.' 

Holocene island and shallow lagoon limestones were compared with a selection of 
modern reef and off-reef elastic lithologies. As set out in Tables 4, 5 and 6 in 
Appendix 6, the modern sediments (shallow lagoon, deep lagoon and lee slopes, and 
continental shelf) have very similar Mg/Ca and Sr/Ca ratios, with overali averages 
of 0.038 and 0.005 respectively. The pre-Holocene limestones in Table 2 have a 

·· Mg/Ca ratio of 0.092 (explainable by cementation), but the Sr/Ca average is only
{half that of the modern sediments. Many of the pre-Holocene lithologies have
•·.•· absolute Sr concentrations of only 15-25% of their Holocene counterparts. It is

possible that the Sr loss may be associated with incipient subaerial diagenesis,
·• despite the facts that there is no obvious loss of aragonite in the pre-Holocene

{t1nits, and that the pre-Holocene corals do not exhibit an associated Sr loss.
Alternatively, it may be surmised that there is a primary compositional difference 
to account for the Sr anomaly, such as lower overall coral content. A further 

1 .possibility of apparent Sr reduction due to absolute increase in Mg and Ca by 

}.extensive non-aragonitic cement development, is not considered likely due to the
,:,very large amount of cement required (equivalent to the original sediment 
>volume).

MORPHOLOGY OF TI-E PRE-HC10CEJ\E FOUNDATION 

Pre-Holocene morphology closely conforms to the present reef surface over 
of the Pelsaert Reef Complex, and has a basic shape of a flat-topped 

/tiangular block with lightly grooved slopes and a dished upper surface. This upper 
)�tface is a basin, marked on most of its perimeter by a high rim, and possessing a 
;•deeply incised central depression with remnant pinnacle�. Between the rim and 

e depression the surface is characterised on the windward side by knolls 
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(islands), gullies and depressions superimposed on a sloping platform, and on the

{ leeward side by a severely potholed surface, with removal of much of the reef

mass. This overall form is explained using Purdy's (1974a) kerstic model of reef

morphology; and closely agrees with the results of Harvey (1977), Harvey et al. 

(!979) and Davies et al. (1977a, 1977b). Anomalous topographic features of the 

modern reef surface, that cannot be readily attributed to modern reef processes 

of growth and sedimentation, are interpreted according to a karstic morphology. 

The pre-Holocene topology is divided into five areas on the basis of general 
and configuration: 1) the external slopes, 2) a high peripheral rim, 3) a 

shallow lagoonal platform, 4) a deep central basin and, 5) a doline/uvala field in 
the lee of the reef complex. Their areal distribution is shown in Figure 30. Figure 
31 illustrates the major pre-Holocene karstic features in the Pelsaert Reef 

Complex. 

External Windward Slopes 

The oceanic slope is a smooth, bare surface, incised by numerous vertical 
grooves. Noting that karst features are evident elsewhere in the Pelsaert Reef 
Complex, these grooves are interpreted to be true karren (or lapies). This 
interpretation follows from Purdy's (1974a) work which showed such grooving to be 
a normal feature of the exterior slopes of raised limestone masses subject to 
solution. The interpretation is supported by the presence of similar grooves along 
the southeastern reef slope, where they are observed to cut down into indurated 
limestone similar to the pre-Holocene limestones of the reef's rim and interior. 
The topologic preservation of the grooves, some of them quite shallow and narrow, 
suggests the Holocene, mainly flat-lying encrustations, is quite thin, perhaps on 

•·· the order of lm or less. A constructional origin for the grooves is not supported

.'due to a paucity of framebuilders, particularly on the oceanic reef slope. The
oceanic re-entrants are interpreted to be erosional embayments in the oceanic 
slope, possibly with pronounced formation of karren underlying the groove-spur 
terrain (see Plate No. 1). An area of semi-closed depressions on the south-eastern 
.reef slope adjacent to the 'head' of Pelsaert Island is also interpreted to be 
.karstic, with development of dolines. 



FIGURE 30: Pelsaert Reef Complex: 

Pre-Holocene karst topology. 
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FIGURE 31: Pelsaert Reef Complex: 

Major karstic features. 
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The High Peripheral Rim 

Pre-Holocene limestone outcrops along the modem emergent oceanic reef 

crest, and is patchily developed along the south-eastern reef crest, the 'head' of

Pelsaert Island being a unique example of where the pre-Holocene is exposed

above HAT on the reef margin. This high margin is a watershed between the

:external reef slopes and the reef interior. The watershed varies in position from

oearly atop the external slope, such as at the southern end of Pelsaert Island, to a 

few hundred metres back from it, such as at the northern end of Pelsaert Island, 

'or along the northern oceanic margin where there is an intervening lOm terrace 

(Figs. 5 and 6). The pre-Holocene surface appears to gently undulate along the 

rim, as indicated by exposures in crestal potholes and along the interior edge of 

the crest. The modern emergent reef crest overlaps this pre-Holocene watershed, 
and obscures it with biohermal and island sediments. 

Shallow Platform 

The pre-Holocene foundation is widely exposed in the shallow windward 
lagoon, outcropping in the "high" rock islands at 3m to 4m above MSL, the 
intertidal platforms, and as a discontinuously exposed surface that gently deepens 

from lm at the high peripheral rim to approximately 3m at the deep lagoon edge 
(fig. 30). 

The pre-Holocene surface of this area is topologically variable, but can be 
'J'�garded as a sloping platform, on which several features are superimposed. 
Where the platform is narrowest in the south of the reef complex, it is a smooth, 
$lightly undulose surface extending from the · margin to the lagoonal sandsheet, 
.Oder which it dips at varying angles (2-10°). This area of the platform may have 

'1lallow grooves, similar to the external karren, as suggested by the pattern of 
ral gravel ridges and intervening channels (Plate No. 2). North of this smooth 

rea, the pre-Holocene surface becomes more rugged with emergent highs, now 
lpted into undercut tabular islands and intertidal platforms. Deep channels 

�ivide the intertidal platforms, and, further to windward, sinuose gullies cross the 
one of sloping limestone (Plate No. 1). These channels are interpreted to be deep 
t:isions cut in the pre-Holocene surface. West of Gun Island is a small expanse 

smooth platform similar to that in the south of the reef. Although no circular 
ressions deep as those of the north-east blue-hole complex are present in the 

Jatforrn, two shallow hollows SW of Gun Island may be small, infilled dolines. 
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Central Basin 

The central basin is a large +30m deep depression in the pre-Holocene 

surface, produced by extensive solution, with oniy a few flat-topped stellate reefs
remaining as remnants of the original surface (Plate No. 4). The pre-Holocene 
limestone of the lagoonal shelf dips under the edge of the shallow lagoonal 
sandsheet, sometimes at a considerable angle, and this is interpreted to be the 

?true windward edge of the solutional basin. Indurated limestone is also 
(discontinuously exposed on the crests of the reefs fringing the western edge of the 
'central basin, and along the lagoonal shores of Pelsaert Island on the eastern edge 
(Plate No. 7, Photo Nos. 12,14). These exposures show that the pre-Holocene 
surface sloping into the central depression is relatively steep compared with the 

gentle incline of the shallow platform. 

The present deep lagoon, with its numerous pinnacles and enclosed 
depressions is that portion of the original basin where the pre-Holocene karst has 

not been infilled by Holocene sediments. The boundary between the central basin 
,and the lee doline/uvala area is arbitrarily placed where large flat-topped pinnacle 
reefs become common (see Plate No. 4). 

The Lee Doline/Uvala Field

This division of the pre-Holocene topology corresponds to the blue-hole 
Ct>mplex of the modern reef, the deep northern embayment, the sandflat terrain 
i,od the reef slopes bounding those areas (Fig. 30). The general level of the pre
liolocene foundation appears to be lower overall than on the platform, and 
fXposures of indurated limestone were only recorded from subtidal platforms and 

/, 

ounds lm to 6m deep in the sandflat area of the shallow lagoon. 

The topography of the pre-Holocene foundation in the blue-hole complex is 
simply visualised as an tabular area, largely 'eaten out' by overlapping 

olutional and collapse dolines (Plate No. 5). Intense doline development has 
oduced basinal areas, which are more accurately described as uvalas (Fig. 30). 
emnants of the original tabular surface survive as stellate pinnacles, or as large 
regular areas of sandflats with steep slopes. The external slopes on the
tirneter of the north-eastern blue-hole complex share the latter's rugged
thymetry of pinnacles and hoilows. Prolonged solution here has produced
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Iution/collapse dolines that overlap the reef edge, in a manner somewhat similar

f'o the formation of a karst marginal plain, forming deep passes to the reef
The perfection with which the pre-Holocene karst topography is 

reserved in the blue-hole complex is an indication that either the Holocene is

ery thin, or has accumulated vertically with little lateral accretion to 'blur' the 

�arp karstic outlines. The dolines of the Pompey Reefs investigated by Backshall 

��t al. (1979) are less well preserved than those of the Pelsaert Reef Complex, and 
:;;;..---Care seemingly overlain by Sm to lOm of Holocene sediment along their rims, and

considerably more in the interiors. Comparison suggests that the Pelsaert Reef 

Complex's lee doline field is overlain by a notably thinner modern section. 

The deep northern embayment is bounded on three sides by slopes and areas 
wlth obvious karstic features, such as dolines and stellate remnant pinnacles, and 
'ts interpreted to be a solutional depression analogous to the central basin. 
:Rowever, Holocene sediment has partly infilled the depression and masks potential 
J{arst features so that the flat, generally featureless bathymetry is not 
bnmediately recognisable as a solutional area. 

The area NE of the Gun Island-Middle Island axis (Fig. 30) shows a pattern 
of sandflats and shallower encrusted substrates, including pre-Holocene limestone 

ounds, that is similar to the pinnacle reef/depression pattern of the north-east 

Jue-hole complex (compare Plate Nos. 3 and 5). This area is interpreted to be an 
filled karst, with areas of bare or encrusted limestone rising lm to 2m above 
filled depressions. The adjacent reef slope has no clear indications of the pre
locene surface. Although steep and rugged in places, the slope topography is 

ot obviously karstic. Loose sediment or framework dominates most of the slope 
nd effectively masks the pre-Holocene surface in this area. 




