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Preface 

Coral reefs contain an unusually sensitive and legible record 
of Earth history , the successful interpretation of which 
demands collaborative multidisciplinary research. Nowhere 
is this more applicable than in the Great Barrier Reef, a 
unique environment of global aesthetic and scientific 
significance, and recently recognised in Australia as a 
priority area for marine research . The scientific papers that 
follow describe some of the results of just such an approach. 
Much of the work deals particularly with the central and 
northern Great Barrier Reef, and the papers are arranged 
beginning with modern processes and products and pro
ceeding through Holocene growth and Pleistocene 
foundations to Tertiary evolution of the margin . 

The first three papers describe the variable relation of 
terrigenous sedimentation to carbonates on the inner shelf. 
The delta-dominated shelf close to the Burdekin River 
contrasts with the carbonate dominance of Princess 
Charlotte Bay, and both these areas differ from the inner 
shelf off Cooktown, where high-energy pulses of terrigenous 
material periodically invade the otherwise carbonate
dominated inner shelf. These papers show the clear contrasts 
in modern nearshore sedimentary processes, all of which 
differ markedly from the processes operating in the lagoonal 
reefs of the southern Great Barrier Reef. 

Sea-level variation is a critical factor in the growth of coral 
reefs , such that any worthwhile analysis of growth demands 
a knowledge of past sea-level variation . The importance of 
the work on Holocene palaeo-environments is that it 
accurately defines sea-level history since 6000 yr B.P., 
concluding that sea level has fallen gradually to its present 
level from + I m since this date . Earliest Holocene reef 
growth throughout the area began about 8000-9000 yr B. P., 

although the timing and rate of initiation depended on local 
controls . An important regional influence on growth was the 
nature of the antecedent surface. In most areas , modern 
reefs have grown directly on eroded earlier reefs, although , 
in some places , growth has been on soils developed during 
periods of low sea level. 

The relations of reef growth to continental shelf evolution in 
space and time are defined in two papers, each substantially 
based on seismic studies. Both papers agree that Quaternary 
sea-level oscillations have been a major influence on reef 
growth. They differ, however, over the existence of an 
extensive former barrier reef. The final paper in the issue 
shows that the reefs of the central region are 150-260 m thick 
and grew as a response to regional conditions peculiar to the 
Pleistocene . 

These scientific contributions are but the beginning of a vast 
amount of information currently being generated by re
search in the Great Barrier Reef, much of which has arisen as 
a result of Government initiatives and research policies 
developed and enunciated by the Australian Marine 
Sciences and Technologies Advisory Committee 
(AMST AC) and the Queens Fellowship Marine Research 
Advisory and Allocations Committee (QFMRAAC). This 
journal issue is a worthy acknowledgement of the en
deavours of both committees. Finally , the BMR Journal of 
Australian Geology & Geophysics is eminently appropriate 
for publishing the results of recent geoscientific research in 
the Great Barrier Reef, acknowledging as it does the 
foresight of BMR management in identifying at a very early 
stage the Great Barrier Reef as a priority area for geo
scientific research . The contributing authors particularly 
thank the Director of BMR for this opportunity. 

Peter J. Davies 
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TERRIGENOUS SEDIMENTATION IN THE CENTRAL GREAT 
BARRIER REEF LAGOON: A MODEL FROM THE BURDEKIN 
REGION. 

A-P. Belperio l . 

The central Great Barrier Reef Province is characterised bv a 
mainland prograding terrigenous clastic shoreline and an inner shelf 
dominated by fluvially derived mud. The Burdekin River acts as a 
large point source of sediment. which is dispersed to the northwest 
of the mouth. Fluvial sand is whollv contained within the coastal 
zone and the sand and gravel components of inner and middle-shelf 
sediments are largely relict or palimpsest. Vertical accumulation of 
terrigenous mud is limited to a thin veneer on the inner shelf and is 
negligible on the middle shelf. Coastal progradation accounts for 
the bulk of Holocene terrigenous sedimentation. which decreases in 
a northwesterly direction. from 2.5 m yr- I at the present delta front 

Introduction 
North Queensland has a rimmed continental shelf along 
which an l8oo-km long tract of discontinuous shelf-edge 
reefs restricts water circulation and wave action within the 
adjacent shelf lagoon. The inner shelf of the lagoon is 
dominated by terrigenous mud and sand along its entire 
length . Investigators working in the Great Barrier Reef 
Province have long recognised the influence of a mainland 
terrigenous source in the overall pattern of shelf sediment 
distribution (Fairbridge, 1950; Maxwell, 1968; Maxwell & 
Swinchatt , 1970; Marshall, 1977; Orrne & Flood, 1980). 
However, most investigators have concentrated on the reef 
carbonate complexes of the outer shelf, and have paid little 
attention to the terrigenous zone. Indeed , Maxwell (1968 , 
p. 230) expressed the view that negligible sedimentation is 
occurring on the shelf and attributed this to inadequate 

I Geological Survey of South Australia. P.O . Box 151. Eastwood . 
S.A. 5063 . 
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to 0. 1 m yr- I on the coastal plain north of Townsville. Progradation 
of the shoreline occurs as four distinct sedimentary assemblages 
(beach-ridge plain. chenier plain. mangrove-mud-flat plain . and 
barrier bar-lagoon complex). The overall prograding coastal 
wedge. where preserved in the geological record. would have 
recognisable seismic stratigraphic elements (coastal on lap and 
toplap. distal downlap and marine offlap). The pallem of late 
Quaternary sea-level oscillations suggests that terrigenous marine 
and/or alluvial sediments should predominate across most of the 
shelf of the Great Barrier Reef lagoon. 

sediment sources and ineffectual processes of sedimentation. 
Recently, more detailed investigations of the terrigenous 
zone have documented ample evidence of significant 
Holocene terrigenous deposition along the inner shelf and 
coast (Frankel, 1971 , 1974; Burgis, 1974; Belperio, 1978; 
Cook & Mayo, 1978). Geophysical data, albeit with little 
subsurface stratigraphic control , also indicate that terri
genous sedimentation has been of primary importance in the 
Quaternary evolution of the continental shelf (Searle, 1979; 
Searle & others, 1980, 1982; Johnson & others, 1982). 

In this paper, the distribution, physical properties, and 
accumulation rates of terrigenous sediment originating from 
the Burdekin River (Fig. I) are examined. The relationship 
between recent sedimentary accumulations on the inner shelf 
and coast, together with the pattern of glacio-eustatic sea
level fluctuations, are used to derive a wider model of late 
Quaternary sedimentation on the inner continental shelf. 

Figure I. Locality map and physiography of the coastal plain and continental shelf in the Townsville region of north Queensland. 
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Regional geological setting 
The Queensland continental margin is a relatively young 
geological feature which evolved after a Cretaceous taphro
genic cycle centred on the present Coral Sea. Graben faulting 
and rifting were followed by sea-floor spreading and the 
evolution of the Coral Sea Basin in the Paleocene to early 
Eocene (65-55 m.y. B.P.). Subsidence of rifted coastal 
blocks and the Queensland continental shelf, and the 
establishment .of a new equatorial circulation, led to the 
development of coral reefs on residual basement highs in the 
early Miocene (Taylor & Falvey, 1977; Mutter & Karner, 
1980; Falvey & Mutter, 1981). Block faulting and elevation 
of the continental interior accompanied subsidence of the 
shelf (De Keyser, 1964; De Keyser & others, 1965; Paine, 
1972; Oilier, 1978). Concomitant erosion and scarp retreat 
during the Tertiary and Quaternary led to the accumulation 
of a sequence of erosion products, which make up the 
present day coastal plain. 

The coastal plain and coastal escarpment are major physio
graphic features of present-day North Queensland. The 
deposits beneath the coastal plain are almost entirely of 
alluvial and colluvial origin, and the plain is continuous with 
the shallow continental shelf (regional gradient 0.00(8). The 
subsurface deposits of the shelf are largely unknown because 
of a paucity of boreholes. Active coastal plain aggradation, 
coupled with Quaternary sea-level changes and continuing 
shelf subsidence, are thought to have caused complex inter
fingering of terrestrial and marine terrigenous, bioclastic, 
and biohermal facies. The Holocene marine transgression 
interrupted alluvial processes on the inner shelf between 
8000 and 6000 radiocarbon years B.P. (Belperio, 1979a). 
Depositional progradation has resulted in extensive coastal 
marine deposits along the entire Queensland coastline. 
Greatest progradation has occurred in the vicinity of major 
rivers and in northward-facing embayments. In the 
Townsville-Burdekin region, the continental shelf is about 
100 km wide, with maximum water depths on the outer shelf 
of 40 to 80 m. The terms 'inner', 'middle' and 'outer' shelf are 
used to denote three distinct zones of sedimentation (terri
genous, palimpsest, and reefal) which, in this area, corres
pond to water depths of about 0-20 m, 20-40, m and 
40-80 m, respectively (Fig. I). The main focus of this paper is 
on the sedimentary regime of the inner shelf and coast, where 
the Burdekin River deltaic and marginal deltaic sediments 
are dominant features. 

Environmental parameters 
The climate of the Townsville region is seasonally dry and 
ranges from tropical subhumid along the coastal plain to 
tropical semi-arid over most of the Burdekin drainage basin. 
Mean annual rainfall at Townsville is 1130 mm, of which 85 
per cent falls between December and April, but rainfall is 
highly variable (Burdekin Project Committee, 1977). 
Streamflow patterns directly reflect the intensity and 
duration of rainfall in the hinterland and show an equally 
high seasonality and variability of flow. At the coast, 92 per 
cent of the Burdekin River discharge occurs in the five 
months December to April. The Burdekin, which drains an 
area of 129500 km2, dominates coastal discharge in the study 
area, with a mean annual discharge on the coastal plain of 
9.8 x 109 m3 and recorded extremes of 0.2 and 28.8 x 109 m3 

(I. W.S.c., 1973). The average annual sediment discharge of 
the river has been calculated as 3.0 M tonnes of silt and clay 
size wash load, 0.45 M tonnes of sand size bed material load, 
and 0.9 M tonnes of dissolved load (Belperio. 1979b). A 
turbid plume from the Burdekin River is visible on the inner 
shelf when river flow exceeds about 2000 m3 S-I. This plume 

is advected northwestward, parallel to the coastline, and is 
largely contained within the inner shelf waters (Belperio, 
1978; Wolanski & Jones, 1981). 

The maximum spring tide range at Townsville is 3.8 m 
(Easton, 1970), and results in significant intertidal exposure. 
The tide is dominantly semi-diurnal, and tidal currents in 
shallow embayments exceed 70 cm S-I during springs 
(Belperio, 1978). Seas are usually slight to moderate because 
of protection from ocean swell by coral reefs on the outer 
shelf. From April to November, waves are generated pre
dominantly by southeast trade winds blowing across the 
lagoon. The resulting waves are also predominantly from the 
east and southeast, but wave heights rarely exceed 2.5 m 
(Walker, 198Ia). Wind and waves maintain a well-mixed, 
isothermal and isohaline water column throughout the year, 
with the exception of the summer wet season (Brandon, 
1970, 1973; Pickard, 1977; Walker, 198Ib). The trade winds 
also create significant coastal turbidity and generate a strong 
northwestward drift of inner shelf water and suspended 
sediment (Belperio, 1978; Wolanski & Ruddick, 1981). 
Occasional cyclones generate strong winds from varying 
directions, rough seas, and storm surges capable of raising 
water levels by up to 3.0 m (Heron & others, 1979). In a 
30-year period (1940-1969), 22 tropical cyclones passed 
within 167 km of Townsville (Oliver, 1978). 

Study methods 
Intertidal environments and deposits of the Burdekin delta 
and marginal deltaic plain were mapped from aerial photo
graphs and ground reconnaissance studies. Hand augering 
along selected transects provided subsurface stratigraphic 
information. The level of cores and intertidal environments 
were related to tidal datum. Regional and local gradients 
were calculated from topographic and bathymetric charts 
and all available borehole data on the coastal plain were 
collated. Recent coastal changes were documented from 
historical aerial photographs and long-term changes were 
calculated from radiocarbon data. Marine surface sediment 
samples (240) were collected largely by scuba diving and 46 
short cores were taken to a maximum depth of 2 m, using a 
diver-operated hand corer. Bottom samples were collected 
on a systematic grid along the inner shelf between the 
Burdekin River mouth and Herald Island and out to the 
25-m isobath. 

Subsamples (200-300 g) were wet sieved and individual sand 
and gravel fractions were retained. The mud fraction was 
dispersed in sodium hexametaphosphate solution, and the 
silt and clay fractions separated by repeated settling and 
decantation (after Galehouse, 1971). Combustible organic 
and carbonate contents were determined for each grain 
fraction. For sand and silt fractions, organic carbon content 
was determined from weight loss on ignition at 550°C, and 
carbonate content by weight loss after treatment with 10 per 
cent HCL. For clay fractions, carbonate content was deter
mined by CO2 weight loss on ignition at lOOO°C after prior 
ignition of 550°C to remove combustible organics. The 
remaining portion of each size fraction was considered to 
comprise the terrigenous (modern and relict) component of 
the sediment. Total carbonate, organic, and terrigenous 
contents of each sample were calculated from the weighted 
mean of individual grain size fractions. Grain size statistical 
determinations (after Folk & Ward, 1957) were made on 
individual carbonate and terrigenous components of the 
sediment samples. All grain size and statistical data are listed 
by Belperio (1978, Vol. 3) and only selected data are 
presented here. 
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Environments of deposition 

Terrigenous depositional environments are discussed in 
terms of three principal physiographic zones. First, the 
alluvial and colluvial sediments of the coastal plain extend 
from the coastal escarpment to the marine littoral zone. 
Second, modem intertidal environments and prograded 
coastal sediments are considered to constitute the marginal 
deltaic plain. Third , subtidal terrigenous sediments occupy 
the bulk of the inner shelf, from the coast to the 20-m 
isobath . The Burdekin delta proper is also discussed in terms 
of these three depositional zones , rather than as a single 
entity . 

Coastal plain deposits (subaerial) 

The coastal plain sediments in the study area (Fig. 2) are 
primarily of alluvial and colluvial origin. Holocene deposits 
are largely restricted to the flood plain and delta of the 
Burdekin River and to narrow terrace deposits of entrenched 
coastal streams. On the plain, the Burdekin River channel is 
about I km wide and 10m deep , and has virtually no estuary 
at its mouth . The channel is constrained between wide 
levees, which are built up about 3 to 4 m above the 
surrounding flood plain . Channel sediments comprise 
coarse arkosic sand and gravel, moulded into large lateral 
bars. Periods of active bedload transport during high river 
stages occur on only a few days of the year (Belperio, 1978 , 
1979b). Towards its mouth , the river becomes choked with 
sand and branches into a number of distributary channels 
(Fig. 2). These channels outline the present-day active delta , 
an area of about 450 km2, which is inundated when river flow 
exceeds 27 000 cumec (recurrence period of I in If years). 
FloQd plain deposits cover a further 2000 km 2 of coastal 
plain between Home Hill and Cape Cleveland , and conceal 
older channel and levee deposits of the Burdekin. This area is 
occasionally inundated during extreme river flows , when the 
main channel overtops its banks (> 38 000 cumec; recur-
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rence period of 1 in 20 years). At these times, levee 
construction and sheet flooding result in aggradation of the 
coastal plain. However, the bulk of the fluvial sediment load, 
both bed load and suspended silt and clay, is transported 
directly into the sea , where it is subject to marine and littoral 
dispersal processes (see below). Episodic shifting of the 
major channel has occurred primarily through levee bank 
rupture after excessive aggradation , and results in a flood 
plain/levee/channel sediment association in the subsurface. 

The subsurface deposits of the delta and coastal plain are 
known from numerous boreholes (I.W.S.c. , 1964, 1967: 
Hopley, 1970). The deposits are a complex of interfingering 
channel sands , alluvial silt and clay, colluvial regolith and 
weathered soil horizons. Maximum thickness varies from 
about 150 m at the base of Cape Bowling Green (Wiebenga & 
others , 1975) to 40 m to the west of Townsville (Murtha , 
1975), and decreases southward towards the coastal escarp
ment. Age control in the subsurface is very limited. I. W .S.c. 
(I967) recognised an older weathering surface about 4-{, m 
beneath more recent alluvials in the Haughton River area. 
Hopley (1970) distinguished a similar weathering horizon in 
the borehole records of the Burdekin Delta. to which he 
attributed a late Pleistocene age. Carbonate nodules from 
this horizon , below 20 m of alluvial sediments, yielded a 
radiocarbon age of 15 100 ± 400 yr B.P. (Hopley & 
Murtha, 1975 . A radiocarbon date on freshwater peat below 
20 m of alluvium near the Haughton River (GAK6017, 
Fig. 2) yielded a minimal age of 27 350 yr B.P. Both these 
dates indicate a pre-Holocene age, but are not accurate 
within the Pleistocene. 

Interbedded Pleistocene marine deposits are rare and have 
been encountered in only two boreholes in the Burdekin 
Delta, where they occur 20 km inland and beneath 12-18 m . 
of fluvial sediments (Belperio, 1978). Numerous excavations 
and boreholes around Townsville have not revealed any 

. subsurface Pleistocene marine strata . Intercalations of 

Figure 2. Geomorphology ofthe Townsville and Burdekin coastal plain. 
Also shown are local ion o f auger ho les. 14C daled samples . coaslal progradalion seclions. and subsurface occurrences of Holocene marine sedimems benealh Ihe 
flood plain . 
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Figure 4. Four prograding coastal assemblages. 

Holocene marine strata are common however, particularly 
where fold plain deposition has occurred over prograded 
coastal marine sediments. 

Soil development on the coastal plain sediments is variable 
and has been used to infer relative ages of different deposits 
(Murtha. 1975; Hopley & Murtha, 1975). Soils on Holocene 
flood plain and levee deposits range from uniform coarse 
sands to brown gradational textured soils, Older alluvial 
sediments have primarily duplex texture-contrast soils as 
well as red earth and yellow earth gradational soils. 

The marginal deltaic plain (intertidal) 

Alluvial sedimentary processes on the shelf were interrupted 
by the rising Holocene sea, which reached its present level 
about 6000 radiocarbon years B.P. and, according to 
depositional evidence, has not deviated significantly 
(± I m) since then (Belperio, 1979a; cf. Hopley, 1980). 
Depositional progradation and shoreline retreat have left a 
very low gradient (0.0002) marine plain, up to 10 km wide, 
composed of sediments from clearly recognisable intertidal 
environments (Fig. 2). Late-Holocene alluvium now laps 
over the coastal marine sediments at their landward 
extremities. This is readily evident where stranded beach 
ridges are surrounded by alluvial plains and coastal 
grasslands. 

Intertidal depositional environments are related to tidal 
levels and local wave energy (Fig. 3). Low wave-energy 
environments on the western or lee side of headlands and 
spits include intertidal sand and mud flats, mangrove 
forests. high-tide mud flats. supratidal flats and chenier 
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(a) beach-ridge plain: (b) chenier plain: (c) mangrove forest-mud-fiat plain: and (d) barrier bar-lagoon complex. 
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Table I. Lithology, morphology and grain-size statistics for sediments of the intertidal zone. 

Environment Morphology Lithology Terrigenous Fraction 
% % % % % % q, q, 

n' CoC03 Org. Terrig. Sand Silt Clay Mean St. Dev. Skew. Kurt. 

Ri ver mouth Broad peritidal flats to Immatu re. coarse 4 0.5 0.0 99.5 98 .9 0.8 0.3 0.9 0.8 0.0 0.8 
shoals 3 km wide: ridge & arkosic sand & gravel: 

runnel topography mafic & heavy minerals 
Beach Low-angle. dissipative. Mod . well-sorted 2.7 0.4 96.9 99.9 0.1 0.0 1.5 0.8 0.0 1.1 

with low-tide terrace: arkosic sand: higher 
confined to bay-head- carbonate away from 
land cells with little coastal rivers 
offshore movement 3 

Barrier-bar Beach-dune complex Immature. mod. to 2.5 0.4 97.1 98.9 0.2 0.9 1.5 1.0 0.2 1.4 
rising to 12 m. 0.5 km poorly sorted arkosic 
wide. 4 km long. with sand 
associated lagoon 

Chenier Elongate ridges to 3 m Mod . to poorly sorted 2 16.0 0.6 83.4 99.5 0.2 0.2 2.0 1.0 0.3 1.2 
high. 50 m wide. 4 km arkosic sand: up to 30% 
long: rest on mangrove mollusc debris 
mud 

Tidal sand fl at Broad . low-tide flats. Mod. to poorly sorted. 6 4.2 1.0 94.8 97.3 1.2 1.5 2.4 0.8 0.1 1.2 
2 km wide arkosic silty sand: clay 

drapes & f1 aser bedding 
Tidal mudflat Broad. low-tide flats. Soft. organic. poorly 9 9.2 6.2 84.6 8.2 39.3 52.5 7.4 2.1 - 0.4 0.5 

2 km wide sorted grey-brown 
mud. bioturbated & 
structure less 

Mangrove Broad mid-tide flats . Organic. allocthonous. 362 4.1 7.0 88.9 9.1. 30.2 60.7 7.3 2.3 -0.5 0.8 
woodland 3 km wide. zonation of anoxic mud: bioturbated 

mangrove species4 structureless 
High-tide Bare flats within & Brown. silty algal- 31 2 6.0 24.0 70.0 
mudflat behind mangrove laminate clay: pre-

forest to 3 km wide: dominance of 
Algal & halophyte kaolinite S 
association 

Supratidal Bare. unvegetated fl ats Mottled gypseous plastic 
fl at to 5 km wide: salt pan mud: dolomitic in 

depressions. salting subsurface6 
scarps & clay dunes 

I. n = number of samples averaged 4. MacNae (1966). Aliano (1978) 
2. additional data of Aliano (1978) 5. Aliano (1978) 
3. Reid (1977). Belperio (1978). Jones & Stephens (1983) 6. Cook (1973). Cook & Polach (1973a) 

plains . Higher wave-energy environments include beaches, 
and barrier bars with associated lagoons . The main features 
of individual environments and their sediments are listed in 
Table I. The combination of intertidal processes and en
vironments has resulted in four basic progradational 
sequences in the study area (Fig. 4). These are (i) a beach
ridge progradational plain , (ij) a chenier progradational 
plain , (iii) a mangrove-tidal mud-flat plain , and (iv) a barrier 
bar-lagoon association. 

The beacb-ridge plain (Fig. 4a) is best represented south of 
Cape Cleveland where about 100 coalescing beach ridges 
have prograded about 6.5 km. Much of the sediment is 
thought to have originated from the Burdekin River when it 
discharged directly into Bowling Green Bay (Hopley, 1970). 
Accretion of beaches under a moderate wave regime results 
from progressive displacement of beach berms up the beach 
face on successively higher daily tides of a lunar cycle . 
Interspersed amongst the beach ridges are small salt pan and 
mangrove sediment-filled depressions. Sand facies pre
dominates into the intertidal zone , but rapidly changes to 
mud facies below low-water datum. 

The cbenier plain assemblage (Fig. 4b) develops in semi
protected embayments where slight wave action is sufficient 
to mai ntain a sandy intertidal flat. In central Bowling Green 
Bay, a chenier plain extends for up to 10 km inland and for 30 
km along the coast (Fig. 5) . A smaller plain occupies the 
protected head of Cleveland Bay. Coring demonstrates that 
the sand bodies rest on mangrove sediment and are sur
rounded by mangrove and high-tide mud-flat strata. In 

Figure 5. The chenier plain coastline of central Bowling Green 
Bay. 
The narrow seaward mangrove fringe (a) is backed by high-tide mud flats (b). 
supratidal flats (c) and isolated chenier ridges (d). 

Bowling Green Bay, the most seaward chenier fronts the 
modern tidal sand flat , but also rests on an eroded mangrove 
mud platform (Fig. 6) . New mangrove stands are colonising 
the tidal sand flat immediately in front of the chenier. 
Chenier formation occurs when a particularly severe storm 
(e.g., cyclone) erodes the prograding mangroves and con
structs a sand ridge on the exposed mangrove mud platform 
from the tidal flat sands . A subsequent return to prolonged 
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Figure 6. The most seaward chenier of the Bowling Green Bay 
coastal plain. 
Mangroves (a) are colonising the tidal sand flat (b). and older o utcropping 
mangrove strata (c) underlie the chenier sand ridge (d). 

Figure 7. The prograding mangrove forest in southeastern Bowling 
Green Bay. 
Bare high·tide mud flats (a) are present within and behind the mangrove forest 
(b). Supratidal flats (c) are in the background. 

periods of low local wave energy allows recolonisation of 
mangroves and a continuation of seaward progradation . 
Larg6 tidal creeks transport suspended sediment landward 
behind the cheniers, resulting in rapid vertical accumulation 
of the high-tide mud flats to supratidal level. The chenier 
plain, therefore, has a characteristically thin frontal man
grove fringe backed by wide mature supratidal flats. The 
vertical sequence consists of an intertidal sand sheet 
separating subtidal muds from mangrove and supratidal 
muds, and with chenier ridges preserved as isolated , elongate 
sand lenses (Fig. 4b). 

The mangrove forest facies (Fig. 4c) forms best in well
protected embayments in association with a muddy tidal 
flat. Conditions in the southeast corner of Bowling Green 
Bay, where waves are non-existent , are ideal for mangrove 
forest progradation (Fig. 7). Mangroves rapidly colonise the 
tidal mud flat and vertical accumulation of sediment within 
and behind mangroves is high . Vertical accumulation causes 
die-back of mangroves and areas of bare high-tide mud flats 
form within and behind the forest (Aliano. 1978). Tidal 
channels amongst the forest are few and small, and muddy 
tidal waters advance and regress over wide fronts . The 
vertical succession is entirely dominated by mud . 

The barrier bar-lagoon assemblage (Fig. 4d) formswhere 
there is an ample input of coastal sand subject to significant 
longshore drift. Along the Burdekin delta coastline , sand 
moves northwards as a series of barrier bars and creates tidal 
back-bar lagoons (Fig. 8) . The arkosic sand originates from 
the Burdekin River when floods dump large quantities of 
bedload as river-mouth sand shoals (Belperio , 1979b). The 
northward migration of the barrier bars, calculated from 
historical aerial photographs, has averaged 185 m yr- I 

(Belperio , 1978). Growth of the northern ends of the Mud 
Creek Bar and Alva Bar (Fig. 8) has been matched by 
equivalent migration of their southern ends , so the size of the 
bars has remained relatively constant as they have migrated 
along the coast. Mud stirred into suspension on the inner 
shelf is carried into the lagoons by flood tides, causing rapid 
infilling of the lagoons , which are then colonised by 
mangroves . When the lagoons are infilled , the barrier bar 
becomes anchored to the coast , causing a unit increment in 
coastal accretion. Previous barrier bars , now accreted and 
with infilled lagoons, are evident on the coastal plain 
(Fig . 8). Longshore transport then shifts to a new generation 
of offshore bars. Rates of progradation depend on the rate of 
sand supply rather than the availability of mud. Some of the 
northward drifting sand nourishes Cape Bowling Green , a 
22-km long recurved sand spit. Progradation of the spit 
commenced about 2500 years ago and mean long term 
growth has been 8.8 m yr- I (Belperio, 1978). Historical 
seaward growth of the northern end of the spit has been 
much more dramatic , averaging 35 m yr- I (Fig. 8). The 
reservoir of sand forming Cape Bowling Green and the 
accreted and active barrier bars (about 109 tonnes) is of the 
same order of magnitude as the bedload discharge calcu
lations for the Burdekin River over the past 2500 years 
(Belperio, 1979b). 

All prograding sedimentary environments , particularly the 
well-defined mangrove strata, are related to modern tidal 
levels (Belperio , 1979a). Progradation rates calculated from 
site-specific 14C data, as well as for the overall accretionary 
coastal wedge , decrease with increasing distance north
westward away from the Burdekin River mouth (Table 2). 
The highest measured rate is 2.5 km/lOOO years at the present 
delta mouth and the lowest rates are a few metres per 1000 
years for isolated beaches. Coring to 6 m has failed to 
penetrate the entire Holocene coastal marine sequence. For a 
substrate gradient of 0.0008, the theoretical sediment thick
ness around the present Bowling Green Bay coastline should 
be at least 8 m. 

Inner shelf sediments 
Carbonate variations across the inner and middle shelf are 
shown in Figure 9a. Total acid-soluble carbonate is lowest 
along the mainland beach and intertidal zones and increases 
systematically across the inner shelf from about 5 to 30 per 
cent. Low values for coastal sediments reflect rapid coastal 
progradation and limited residence time. Low values on the 
inner shelf reflect the dominance of infaunal communities 
adapted to a soft , shifting bottom (Arnold. 1980). Principal 
carbonate contributors are bivalves, gastropods and fora
minifera . Between 20 m and 25 m, carbonate content in
creases rapidly from 30 to 50 per cent. The gravel-sized 
portion of total carbonate also increases rapidly at these 
depths (Fig . 9b). Epifaunal suspension feeders dominate at 
these depths , and the main contributors to bioclastic detritus 
are bryozoa, calcareous algae (principally Halimeda ). large 
foraminifera , ascidians and sponges. Patches of 'hard 
ground '. a lgal encrustations and algal nodules are common. 
Further seaward , carbonate values increase to over 90 per 
cent in the inter-reef areas of the outer shelf (Maxwell. 1968) . 
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Figure 8. Migration of barrier bars (1942-1947) and the end of Cape Bowling Green (1942-1977) interpreted from historical aerial 
photographs (after Belperio, 1978). 

Table 2. Progradation rates for the coastal plain sections shown in 
Figure 2 (after Belperio, 1978) 

Environment 

Beach ridge plain 

Chenier plain 

Mangrove-mudflat 

Barrier bar-lagoon 

Progradation rale (kmIIOOOyr.) 

I. HAl. 0.8 (El. 0.3(1). O. )(F) 

1.9(0).2.()( K) 

1.4(H) 

2.5(C). 1.5(J). I. HG) 

Terrigenous clay dominates over all other components on 
the inner shelf (Fig. lOa). Values increase to 80 percent of the 
sediment in large mud lobes off the delta front and in 
Bowling Green Bay. Underwater observations indicate the 
bottom is composed of low-density nuid mud . The large 
mud lobe off the Burdekin River mouth represents the 
subaqueous part of the delta. Offshore from the centre of 
this lobe. clay content decreases from 80 per cent to I per 
cent over 4 km. A similar situation exists off Cape Bowling 
Green. where the sand spit has prograded in 15 m of water 
directly onto another mud lobe. Clay content decreases 
rapidly at 20--25 m water depth and also decreases in a 
northwesterly direction along the inner shelf. The width of 
the shelf mantled by terrigenous clay also increases in this 
direction (e.g .• 5% clay contour). 

Terrigenous silt distribution mimics the clay distribution 
pattern. with maximum values of 40--50 per cent coinciding 
with the liquid mud lobes (Fig. lOb). Values decrease to less 
than 2 per cent in beach sediments and at the 20--25-m 
transition onto the middle shelf. 

Terrigenous sand distribution is the reverse to that of silt and 
clay. Maximum values of 90--100 percent are found in beach 
and intertidal sand nats and barrier bars (Table \). 
Minimum values of 1-5 per cent occur in the liquid mud 
lobes and in tidal mud nat. mangrove. and supratidal 
environments. Sand content increases again seaward of the 
20-m isobath . The sand grains here are pitted and ferru-
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Figure 9. Carbonate component of shelf sediments. 
(a) IOtal acid-soluble carbonate (the 60% and 70% contours are based on 
unpublished data of W. Sugden). (b) % gravel of total carbonate . 

ginised, and represent a different population to the nuvially 
derived nearshore sands. 

Terrigenous gravel distribution provides the best evidence 
for the relict or palimpsest origin of middle shelf terrigenous 
sediments (Fig. IOc). Gravel on the inner shelf is related to 
local sources such as headlands and islands. and granite 
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shoals in Halifax Bay, and no gravel is associated with the 
mud lobes. The increase in the terrigenous gravel component 
to over 10 per cent on the middle shelf reflects a relict source , 
as it is not possible for modern terrigenous gravel to be 
transported across the mud lobes. 

Mean grain size also reflects the predominance of clay size 
material on the inner shelf (Fig. IOd). Mean size is 8 phi in the 

mud lobes and intertidal mud flats and increases in a north
westerly direction . Increasing mean size in the nearshore 
zone (depth < 2 m) reflects the intertidal sand bodies , and 
increasing mean size on the middle shelf reflects the 
predominance of a relict sand and gravel population. 

Other grain-size statistical information is of limited use in 
interpreting sedimentological trends. The majority of inner-
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shelf muds are very poorly sorted , the major mud lobes are 
poorly sorted , and beach, chenier. and intertidal sands are 
moderately sorted (Fig. lOe). Skewness values are unreliable 
indicators of depositional environment. River. beach, dune, 
and intertidal sands. for example, have a similar range of 
skewness values (Table I). On the inner shelf. the mud lobes 
are negatively skewed compared to the remaining inner shelf 
sandy muds (Fig. 1Of). 

Grain-size spectra maps are useful for interpreting spatial 
variations in grain-size data (Dowling, 1977). The technique 
involves contour mapping in the space-size-frequency 
domain along a profile of interest. Two profiles of terri
genous grain data from the coast to the 25-m isobath are 
presented in Figure JOg & h. Three facies are evident for the 
transect off the mouth of the Burdekin River (Fig. IOh). 
River mouth sand shoals extend for 2 km offshore and are 
predominantly fine sands (3 phi) with a subordinate 
population of silt and clay and positive skewness. The delta 
mud lobe consists almost entirely of clay (8-JO phi) with a 
subordinate proportion (l0%) of silt. The contours also 
indicate poor sorting, negative skewness, and consistent 
mean grain size across the mud lobe. Between 9 and II km 
offshore. the grain-size characteristics change rapidly from 
95 per cent silt and clay to 75 per cent sand and gravel , and 
from unimodal to bimodal sediment. The sand and gravel 
mode is unrelated to the nearshore sands. is very poorly 
sorted. and its mean size decreases seaward . The subordinate 
clay mode of this relict sand facies is related to the delta mud 
lobe and results from diffusive transport of clay onto the 
middle shelf (Belperio, 1978). A second grain-size spectra 
map for a shore-normal transect in Halifax Bay is shown in 
Figure JOg. Three major facies are once again evident. The 
nearshore sand and beach facies is coarser and better sorted 
than the sand component of the inner shelf. A sandy mud 
facies dominates most of the inner shelf and passes laterally 
into a relict sand facies. Significant mud intermixing extends 
to over 18 km offshore here. 

Submarine sediment cores indicate that the Holocene 
marine sediment blanket on the inner'shelf Ooor is merely a 
veneer that decreases in thickness to the northwest away 
from the Burdekin River mouth. Marine sediment thickness 
exceeds 2.0 m in the mud lobes of Bowling Green Bay, is 
approximately 1.0 m in Cleveland Bay, and is less than 0.5 m 
in Halifax Bay. Thickness increases landward of the 5-m 
contour. where it exceeds 2 m (the limit of corer pene
tration) . In most cases the cores bottomed in a stiff clay of 
variable nature. This clay is brown , nodular, and gravelly. 
and is part of a soil horizon formed on alluvial sediment. 
Underwater observations along several kilometres of the 
verti~al wall. of the Townsville shipping channel h~ye 
confirmed thiS. A one-metre blanket of Holocene marine 
sediment rests variously on thin, basal transgressive 
mangrove deposits, and on pre-Holocene terrestrial soils. 
alluvium, colluvium. and weathered granite. Geophysical 
and borehole data from Cleveland Bay also support these 
observations (Anonymous. I 964). Holocene marine sedi
ment thickness in cores between Townsville and Magnetic 
Island varies from 0.9 to 2.0 m. and the underlying alluvial 
clays are between I and JO m thick. resting directly on 
weathered granite bedrock. 

Discussion 

The inner shelf in the Townsville region of the Great Barrier 
Reef Province is dominated by terrigenous mud . However. 
mud blanketing is subordinate to coastal deposition and 
coastal progradation. Coastal progradation. particularly of 
bayhead chenier plains (terminology of Otvos & Price. 1979) 

is ubiquitous to much of northern tropical Australia (e.g .. 
Cook & Polach , 1973b: Jennings & Coventry. 1973: Burgis, 
1974: Smart , 1976: Belperio. 1978: Clarke & others. 1979: 
Rhodes , 1982). The Burdekin River acts as a large point 
source of this sediment. which is advected northwestward. 
primarily by wave-induced resuspension and transport by 
wind drift currents (Belperio. 1978). With northwesterly 
transport along the inner shelf. much of the suspended 
sediment is accreted back onto the coast. but some diffuses 
onto the middle shelf. where it intermixes with relict sand 
and gravel and modern bioclastic detritus . Belperio (1978) 
estimated that coastal sedimentation accounts for 80 per cent 
of the terrigenous sediment budget. Arnold (1979) has 
shown that a sharp discontinuity in benthic faunal com
position occurs at depths of 22-23 m. and this corresponds 
to the maximum depth of bottom resuspension by waves. 

The textural and mineralogical immaturity of intertidal 
sands results from their very limited transport paths and 
residence time in the marine realm prior to aggradation. 
Intertidal sands are largely indistinguishable from river 
sands other than by the presence of marine fossils. However. 
carbonate is readily leached in the intertidal environment 
and is lacking in early Holocene beach ridges . Some of the 
innermost beach ridges on the Townsville and Burdekin 
coastal plains have been assigned Pleistocene ages (Hopley. 
1970: Hopley & Murtha, 1975). The evidence cited is the 
generally advanced weathering, and various radiocarbon 
ages on carbonate nodules in the range 14000 to 29 000 yr 
B. P. Although Pleistocene marine interbeds at and below 
present sea level are to be expected (Fig. II). the almost 
complete lack of Pleistocene marine interbeds in the sub
surface of the coastal plain is enigmatic. It suggests that 
either large scale erosion or reworking of previously 
deposited strata has occurred, or that continuing subsidence 
of the shelf has resulted in the bulk of Pleistocene marine 
strata being seaward of the present coastal plan (Fig. 12). 
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Figure II. Periods of pedogenesis and marine sedimentation on the 
inner shelf « 20 m) during the late Quaternary. 
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Implications for Quaternary shelf development 

After 6000 years of relatively stable sea level. the coastal 
sediments have prograded seaward about 10 km. Belperio 
(1978) calculated that, at present progradation rates, the 
three principal embayments of the study area would com
pletely infill with sediment in the next 10 000 years, resulting 
in a more linear shoreline. Progradation of the clastic shore
line is occurring as a two-layer wedge. The shallow subtidal 
portion consists of seaward-sloping muds and sandy muds 
(gradient > 0.(01), whilst the upper part is nearly hori
zontally bedded (gradient 0.0002) and planated to an upper 
base level corresponding to maximum spring tide elevation 
(Fig. 4). For a uniformly sloping substrate, the thickest 
accumulation occurs beneath the coastline (about mid-tide 
level). The thickness of the coastal wedge increases with time 
as the coast progrades seawards into deeper water. The 
continued seaward development of this progradational 
(regressive) sequence depends largely on the duration of the 
present stable sea-level phase. 

Glacio-eustatic sea-level fluctuations are known to have 
caused periodic transgressions and regressions of the sea 
across the Queensland continental shelf (Davies, 1974; 
Marshall, 1977; Thorn & others, 1978). The best docu
mented of these are the late Quaternary sea-level highs that 
occurred at about 125000, 105000, and 82000 yr B.P. 
(Fig. II). The best current estimates of the tectonically 
corrected inundation levels of these marine transgressions 
are, respectively, about +3, -14, and -20 m. relative to 
present sea-level (Bloom & others, 1974; Chappell, 1974, 
1976). In South Australia, corresponding sea-level in
undations have been documented at about +3, -8, and 
-14 m (Hails & others, in press) and, as expected, other 
world-wide measurements of these sea levels are equally 
variable (e.g., Matthews. 1973; Fairbanks & Matthews, 
1978; Cronin & others, 1981). Although the local inundation 
levels of previous high sea-level phases are not known with 
any certainty, they would have resulted in a seaward shift of 
the coastline and of the coastal progradational wedge. In 
addition, major sea-level regressions occurring between each 
high sea-level period were accompanied by a decrease in 

mean annual rainfall on the North Queensland hinterland 
(Fig. II). The time available for pedogenesis, alluvial 
reworking, and possible alluvial aggradation on the shelf was 
much greater than the time available for marine sedi
mentation. At these times, the Burdekin and other coastal 
rivers would have discharged seaward of the present barrier 
reefs. A combination of alluviation during low sea-level 
phases, and coastal marine progradation along changing loci 
of deposition during high sea-level phases, strongly suggests 
that terrigenous strata (coastal plain & coastal marine) 
should dominate in the subsurface of the continental shelf. 

The only data presently available on pre-Holocene sedi
mentation processes on the shelf come from continuous 
seismic profiles (Orme & others, 1978; Searle & others, 1980, 
1982; Searle & Hegarty, 1982: Johnson & others, 1982; 
Harvey & Searle, 1983;). The pre-Holocene surface of the 
shelf away from reefs is incised by numerous channels of 
apparent fluvial origin, but the degree of alluvial aggrada
tion as opposed to fluvial reworking and/or pedogenesis of 
marine intervals is unknown. Four depositional models are 
possible: (I) Massive alluvial aggradation occurred on the 
shelf during low sea-level phases, and preceding marine 
deposits were largely reworked and eliminated. If this 
situation prevailed, the shelf sediments would be composed 
entirely of coastal plain alluvial strata. (2) Alluvial sedi
mentation may have covered and preserved marine strata to 
produce interdigitating marine and terrestrial sediments in 
the subsurface. (3) Alluvial aggradation may have been 
limited during low sea-level phases, but fluvial processes may 
still have largely eroded previously deposited marine strata. 
(4) Fluvial processes may have been limited during low sea
level phases (entrenched streams) and earlier marine strata 
were subject only to subaerial pedogenesis prior to in
undation by other marine transgressions. 

Lower mean annual rainfall during periods of subaerial 
exposure, and probable entrenchment of streams accom
panying base-level lowering (e.g., Begin & others. 1981) are 
arguments against models I & 2. Low rates of alluvial 
aggradation are more likely to have characterised the 
interglacial intervals. The last sedimentation model (4) has 
been confirmed in Spencer Gulf, South Australia (Hails & 
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others. in press). and a schematic reconstruction for a north
south section through Bowling Green Bay is shown in 
Figure 12. The prograding coastal wedge should have 
distinctive seismic stratigraphic elements (proximal coastal 
on lap and toplap, distal downlap, and marine offlap). which 
should be useful for the recognition of older sequences. 
Superposition of late Quaternary prograding units results in 
a terrigenous marine sequence with numerous internal 
pedogenic horizons. Pedogenic alteration may have reached 
an advanced stage, as in Spencer GulL where the original 
marine features of the sediment have been largely obliterat
ed. Irrespective of which depositional model is ultimately 
confirmed by shelf coring, terrigenous sedimentation. either 
alluvial or marine or both. will predominate in the shelf 
sequences. 

Purdy (1974) drew an analogy between sediments of the 
Belize Barrier Reef lagoon and the Great Barrier Reef shelf 
floor. suggesting they were both drowned karst marginal 
plains. Choi & Ginsburg (1982) have since shown sections of 
the Belize Shelf are of siliclastic coastal plain origin rather 
than karst. Similarly, this study and seismic studies (Searle & 
others. 1982) provide no evidence to support Purdy's con
tention for the Barrier Reef lagoon. 

Conclusions 
Major rivers along the Great Barrier Reef coastline act as 
point sources of sediment. which is dispersed in a north
westerly direction. The inner shelf and coast are dominated 
by terrigenous mud sedimentation to about 20-25 m water 
depth. Intertidal sedimentation and coastal progradation 
are quantitatively more important than inner-shelf mud 
blanketing. Transport of mud across the shelf is in
significant. and fluvial sands are largely contained at the 
coast. Terrigenous sediments on the middle shelf are relict or 
palimpsest. 

Coastal progradation results in a regressive. and mud
dominated sequence which is planated'lo an upper base level 
of sedimentation corresponding to upper tidal limits. 
Variations in progradational processes result in four 
recognisable intertidal regressive sequences: beach-ridge 
plain. chenier plain. mangrove-mud-f1at plain. barrier bar
lagoon. Consideration of late Quaternary sea levels and 
possible alluvial. marine. and pedogenic processes leads to 
several possible depositional models. all of which indicate a 
predominance of terrigenous sediments on the greater part 
of the shelf floor. 
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CHEMICAL AND ISOTOPIC CHARACTERISATION AND 
SEDIMENT ATION RATES IN PRINCESS CHARLOTTE BAY, 
QUEENSLAND 
T. Torgersen I , A.R. Chivas l & A. Chapman I 

Chemical and isotopic characterisation of Recent sediments from 
Princess Charlolle Bay reveal a broad homogeneous sediment Ihal 
has only a slighl increase in CaC03 content from Ihe shore 10 Ihe 
reef. Carbon iSOlopic ratios of the organic fraclion indicale Ihat the 
carbon is 95 per cent oceanic. Kaolinite content is uniform at 4 
weight per cent. The change from terrestriallriver 10 lagoonal 
sediment characleristics is sharp and occurs wilhin I km of the 
shoreline. The change from lagoonal to reefal sediment characler-

Introduction 
The northern Great Barrier Reef is an area where the inter
action of oceanic water and coastal-zone terrigenous sources 
is significantly modified and altered by the presence of linear 
(ribbon) reefs at the shelf break and by numerous platform 
reefs on the inner shelf. The complicated and strong tidal 
mixing. p.evailing winds. and relatively restricted circu
lation in the reef lagoon contribute to a distinct environ
ment. The general conclusion of previous authors (Frankel. 
1974: Flood & others, 1978; Orme & Flood, 1980; and 
references therein) is that this situation provides a terri
genous source of sediments from the shore and a carbonate 
sediment source at the reef, with a broad intervening central 
shelf area that shows 'only minor influences from either 
source'. In this study, it is argued that the dynamics of 
sediment redistribution and homogenisation create a large 
homogeneous, predominately marine, shelf sediment with 
very restricted transition zones from each of the sources. 

Princess Charlotte Bay is a large embayment along the 
eastern coast of Cape York Peninsula (approx . 149°E, 
14°15 'S). The bay forms a large semicircular region facing 
northwards with its eastern margin marked by the Ainders 
Island Group. Several large rivers flow into the bay 
(Normanby, Marrett, Bizant. and Kennedy) and the shore
line has extensive areas of mangrove swamp, salt flats, and 
mud flats . Chappell (1982) has briefly discussed the 
Holocene development of 6n-shore shell chenier ridges in 
this area . The regional geology has been described by de 
Keyser & Lucas (1968) and Coventry & others (1980) 
(Mesozoic sandstone overlying a granitic basement). 

Princess Charlotte Bay faces several extensive platform reefs 
(Corbett Reef, Hedge ReeL etc.) and access to the sea is by 
several small channels through the ribbon reef at the shelf 
edge (Lowry Passage. West Melville Pass. Melville Pass). 
The platform reefs and the ribbon reefs are separated by 
Fairway Channel, which has a depth of 25 m. 

Searle & Hegarty (1982) conducted extensive seismic pro
filing in the bay . and found bedrock overlain by approxi
mately 100 m of pre-Holocene sediment. The younger 
sequences consist of former reefs, and alluvial and shallow 
marine deposits. Searle & Hegarty (1982) also identified a 
system of Pleistocene drainage channels, one of which 
drained the Kennedy-Normanby through the Corbett
Clack Reef channel and Lowry Passage. This undoubtedly 
contributes to a large volume of relict material. The modem 
facies was found to be roughly ~ m thick and dominated by 

I Research School of Earth Sciences. Australian National Uni
versity. GPO Box 4. Canberra . ACT 2601 

istics is equally as sharp and may be localised. The lerm near-shore 
mud is preferable to terrigenous mud . Sedimentation rales are in the 
range 2.3-6.1 mm/yr. with mixed layers up 10 10 cm thick. as 
determined bv the 210Pb method. 137Cs determinations of sedi
mentation raie are not in disagreement. but are likely 10 yield 
ambiguous results in the Great Barrier Reef Province. because of 
di ffusive redistribution . owing 10 the low distribution coefficient. 
Ko = 420-800. measured in lagoonal sediments. 

a 'western terrigenous province and an eastern carbonate 
province'. 

Frankel (1974) studied the Recent sedimentation in Princess 
Charlotte Bay in a textural and a quartz-carbonate com
positional framework. From this, he derived four separate 
sediment populations: (I) terrigenous material , (2) biogenic 
carbonate derived from in situ skeletal breakdown , (3) relict 
quartz sands, and (4) reef-derived biogenic material. Frankel 
(1974) described his terrigenous material as 'predominately 
mud and very fine sand with minor amounts of medium to 
coarse sand and occasional gravel'. He mapped this terri
genous mud as an extensive shoreline feature . extending 
roughly halfway to Corbett Reef with a northward longshore 
drift component. Such an extensive terrigenous mud should 
have a significant impact on the mineralogy of the bay and 
might also imply a large assimilation of terrestrial nutrients 
into the ecology of the reef. 

Orme & Flood (1980) described the general sedimentation in 
the Great Barrier Reef Province, using five primary facies to 
characterise the reef: (I) high carbonate. (2) impure 
carbonate, (3) transitional, (4) terrigenous sand , and (5) 
terrigenous mud. The detailed study of the Howick Group 
(14°30' S: Flood & others, 1978) that was used to develop this 
scheme has shown that coarse reefal material is confined to 
within 2 km of individual reef masses. As a consequence, 
generalised mapping may be locally misleading. 

This study has sought to further delineate the interaction and 
mixing of terrestrial material and reefal material , using 
chemical and isotopic parameters. In so doing, it may be 
possible to reflect further on the interdependence of the 
Great Barrier Reef and the fringing mangrove swamps. 

Methods and results 
During a one-week period in August-September 1980. the 
M/V Hero was deployed in Princess Charlotte Bay and the 
Marrett River. During that time. approximately 60 sediment 
grab stations were occupied, using a clam-shell grab sampler 
(Fig. I). River samples were collected from mid-channel and 
either side. In addition , seven I-m cores were obtained , using 
a Mackereth corer (Mackereth, 1969). Grab samples were 
frozen on board and returned to Canberra under dry ice, 
where they were dried and ground . Cores were refrigerated 
on board and sectioned at 25-mm intervals (in Canberra) 
before being dried and ground. Some material was kept 
frozen for future work and for 137CS distribution coefficient 
determinations. 
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Figure 1. Princess Charlotte Bay, showing station locations and the profile iUustrated in Figure 4 and Table 2. 
Core locations have the prefix 'C: grab·sample locations have no prefix. but elsewhere in the text have a 'G' prefix. 

X-ray diffraction 

Back-loaded powder mounts of consistent weight and grain 
size were prepared from each sediment sample. X-ray peak 
intensities were related to binary and ternary mixtures of 
standards composed of kaolinite, mica, quartz. aragonite, 
and calcite. The standard aragonite and calcite used were 
chosen from the reef environment (coral, clam, oyster) to 
provide crystallinities similar to those of these two minerals 
in the sediment samples. The results are shown in Table I. 

The data set is predominantly uniform in composition with a 
large standard deviation. Only a few outliers occur with high 
carbonate (low quartz) near the ribbon reef (G37, G38. G39) 
and a few with low carbonate (high quartz) in the Marrett 
river (G44, G46, G48, G50, G53. G70). 

Carbonate and organic carbon 

Total carbon and organic carbon analyses were performed 
using a Leco radio-frequency induction furnace and WRI2 
carbon determinator. All samples were run in duplicate and 
the mean value is reported. The instrument response was 
linear in the range used, and Leco-supplied standards of 
known carbon content were used. Carbonate carbon was 
determined both by CO2 evolution (manometry) during 
isotopic analysis and by the difference between total carbon 
and organic carbon. The results are shown in Table I. 

The total carbonate analysis by combustion gives a value 
that is consistent with the acid-evolution measurements, but 
less than the value determined by the sum of the carbonate 
components from XRD analyses. The organic carbon results 
give a mean of 0.5 g carbon per 100 g dry sediment, again 
with few obvious outliers. The only significant differences in 
organic carbon content occur in a few river samples. 

Radiochemistry 

lIOPO determinations were carried out on the core sections as 
a measure of 21OPb, to obtain information on the sedi
mentation rate and mixing depth. 21OPO was determined by 
acid leaching of the dried sediment spiked with 20gPO. self
plating of polonium on silver planchettes (Flynn. 1968). and 
alpha counting with an Ortec 576 alpha detector and a 
Tracor multichannel analyser. The results are shown in 
Figure 2. Excess 210Pb was detected in cores PCD-C3, PCB
C4. PCB-C8 and PCB-C9. Sedimentation rates were deter
mined from the slope of the log-linear plots of activity versus 
depth. and give 6.07 ± 0.2 mm/yr. 2.45 ± 0.3 mm/yr. 
5.1 ± 0.3 mm/yr. and 2.39 ± 0.12 mm/yr. respectively. 
with PCB-C3 also having a mixed depth of approximately 
7.5 cm. 

I37CS has also been used to determine sedimentation rates 
and mixing depths (Ritchie & others. 1973: Robbins & 
Edgington. 1975: Olsen. 1978: Pennington & others. 1973). 
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Table I. Mineralogical and chemical composition (in weight percent) of some sediments from Princess Charlone Bay. 

Sample 
number 

G1 
G2 
G3 
G4 
G5 
G6 
G7' 
G8 
G9 

G10 
Gil 
G12 
G13 
G14 
G15 
G16 
G17 
G18 
G19 
G20 
G21 
G22 
G23 
G24 
G25 
G26 
G27 
G28 
G29 
G30 
G31 
G32 
G33 
G34 
G35 
G36 
G37 
G38 
G39 
G39A 

G40 
G41 
G42 
G43 
G78 
G79 
G44 
G45 
G46' 
G48 
G50 
G51' 
G52 
G53 
G55 
G58 
G70 
G71 

Mean 

std. dev. 

kaolinite 

o 
o 
o 
o 
5 

10 

10 
o 
6 
6 
o 
o 
7 
o 
9 

5 

7 

10 
o 
5 
8 

o 

6 
o 
8 

7 
o 
7 

o 
o 
7 

o 
o 
3 
o 
3 
4 

9 

7 
o 
o 
8 
7 
o 
o 
8 
7 

4 

6 

o 
4 

4 

4.0 

3.5 

Mineralogical composition bv X'TOI' diffraction 

mica quartz aragonite calcite 

o 
o 
o 
o 
o 
7 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
5 
o 
o 
o 
o 
o 
o 
6 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
9 

7 
o 
o 
o 
o 
o 
4 

o 
o 
o 
o 
o 

44 
59 
45 
58 
62 
70 

44 

55 
65 
51 
57 
57 
52 
57 
55 
50 
53 
49 

46 
50 
37 
44 

36 
40 
43 
40 
46 
46 
51 
52 
52 
45 
50 
50 
44 
18 
27 

63 
42 

51 
46 
51 
59 
70 
78 
48 
95 
91 
86 
77 

73 
57 

63 
76 
41 

51.9 

14.5 

40 
24 
32 
18 

25 
9 

22 
29 
17 
23 
27 
21 
18 
19 

16 
27 
16 
20 
26 
19 

22 
26 
35 
26 
25 
26 
26 
23 
18 
24 
24 

32 
33 
19 
29 
32 
36 
39 

16 

25 
19 

22 
19 
10 

10 
9 

o 
o 
o 

14 
19 

12 
8 

38 

21.7 

9.0 

10 
13 
13 

14 
8 
8 

11 
12 
9 

10 
10 
9 

9 

10 
10 
9 

16 

15 
10 
13 
11 

11 
16 
9 

11 
10 
11 
8 
9 

8 
10 
11 

22 
12 
25 
10 
13 
10 
11 
11 
9 

9 

3 

32 
3 

4 
4 

11 
15 
6 

13 

10.9 

4.9 
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Figure 2. 21Opo data as a measure of21OPb in sediment cores of Princess Charlotte Bay. 
Core locations are shown in Figure I. 
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I37CS is an artificial radionuclide produced as a result of 
nuclear weapons testing, and its fallout pattern is reasonably 
well-known (HASL. 1977: Bullock & others. 1975: Cambrav 
& others , 1979: Torgersen & Longmore, in press). . 

I37CS was measured in four cores by gamma counting of 
20-50 g dry ground sediment samples in a standard 
geometry. An Ortec hyper-pure germanium detector was 
used with an Ortec 572 amplifier and a multi-channel 
analyser. A counting efficiency curve was determined using 
the Lamont-Doherty Geological Observatory standard 
SLOSH III (Standard Lamont Observatory sediment from 
the Hudson (estuary); Olsen , 1979). Only a few samples were 
measured . owing to the long count times required (up to 10 
days) and frequent power failures in Canberra, requiring 
recalibration of the counter. 
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The results given in Figure 3 are not in disagreement with the 
210Pb as will be shown later. but are certainlv more difficult 
to interpret. For this reason, the distribution coefficient 
(KD) of J37CS between salt water and three sediment grab 
samples , kept frozen until the experiment, was determined 
bv the method of Torgersen & Longmore (in press). In brief, 
a-small aliquot of sediment was introduced into a test-tube 
containing a I37CS spike of known pH and chlorinity. The 
mixture was allowed to equilibrate over 61 days , at which 
time the tube was centrifuged and the liquid portion de
canted . The activity of the initial spike was known , and the 
activitv of the liquid portion after 61 days was determined by 
gamma-counting on the equipment described previously. A 
calibration curve was determined for this geometry and 
salinitv. The activity of I37CS on the sediment was deter
mined- by an activity balance. Distribution coefficients 
measured on G-6 were KD = 420 ± 10%: for G-17, 
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Figure 3. J37Cs profiles (incomplete) for Princess Charlotte Bay cores. 
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Figure 4. Stable-isotope profiles for surface sediments of Princess Charlotte Bay and the Marrett River. 
The profile track is shown in Figure I. 

Ko = 680 ± 10% and Ko = 800 ± 10%; for G-25, 
Ko = 600 ± 10% and Ko = 600 ± 10%. The units of Ko 
are (DPS/g dry sediment)/(DPS/g liquid). These distribution 
coefficients indicate an approximate 600: I preference for 
I37Cs to adsorb onto the sediment rather than exist as a 
soluble species. 

Stable-isotope chemistry 

Samples for al8 0 and al3c analysis of the carbonate fraction 
were treated with a low-temperature plasma asher to remove 
organic matter, and their residues treated with 100 
phosphoric acid at 25°C (McCrea, 1950). Samples for 813C 
analysis of organic matter had carbonate removed with HCI 
and their washed residues heated at 9000C for 2 hours in 
closed silica tubes with a 4-fold excess of CuO (Frazer, 1962; 
Sofer, 1980). The evolved CO2 from both procedures was 
analysed with a Micromass 602 mass spectrometer. 

The stable-isotope results are given in Table 2, and in Figure 
4 together with their distance from the shore. The shoreline is 
taken as a reference point (0 km) and the distances are 
measured along the profile shown on Figure I. The al3c of 
the organic fraction from the Marrett River has a value of 
- 24.6 %0 , which is typical of a terrestrial carbon source. The 
off-shore values are very uniform at -19.2%0, with 
some indication that G-36 is even more' 'oceanic' 
(al3 C = -18.8%0). The PCB-C9, 0--25-mm sample is from 
intertidal muds, the site of a drowned and decaying man
grove forest. For this reason, it is more negative 
(a l3 C = -26.7%0) and more strongly terrestrial in signa
ture than those values from the river samples. 

The al3c of the carbonate fraction has lower but variable 
values in the river compared to the bay proper. Nearly 
constant values of + 1.0 %0 to + 1.8 %0 occur in the bay, with 
slightly higher values near the ribbon reef. As for the al3c of 
the organic fraction, the river to lagoon transition in al3c of 
the carbonate fraction is quite sharp. 

The al8 0 of the carbonate fraction shows a nearly constant 
value in the Marrett River, the shallow lagoon, and the reef, 
with slightly more variability than the al3c results. This 
variation is probably due to local environmental fluctua
tions, but the general constancy of the al8 0 values probably 
reflects the uniform temperature and salinity characteristics 
that would be expected over the region. 

Discussion 

Sediment chemistry 
The chemical and isotopic analyses of surface grab samples 
from Princess Charlotte Bay presented in this study are 
complementary to the work of Frankel (1974). From a study 
of sediment textures, Frankel (1974) found a large near
shore terrigenous-mud wedge with a rather broad tran
sitional zone to the carbonate and relict sands off-shore. As 
no indication of his actual data base is given, it is assumed 
that his boundaries and transition zone widths are accurate. 
Field observations of this study indicate that 'mud' is as 
extensive as Frankel's mapped terrigenous-mud zone. 
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Table 2. Carbon· and oxygen-isotope compositions of sediments 
from Princess Charlotte Bay 

Sample 
number 

G44 
G45 
G46 
G48 
G51 
G55 
G53 
G58 
G70 
G71 
C-9.top 
GI2 
GI6 
GI9 
G29 
G28 
G26 
G25 
G23 
G42 
G41 
G40 
G39A 
G38 
G39 
G37 
G36 

Distance Ikm) 
from shore. 
along profile 

of Fig. I 

-3.3 
-3.3 
-3.3 
-2.8 
-1.1 
-0.7 
-0.4 
-0.4 

0.0 
0.0 

0.02 
3.3 
7.2 

10.9 
13.3 
16.5 
20.9 
24.3 
29.0 
38.4 
49.5 
6(12 

68.2 
71.7 
76.3 
77.3 
83.0 

of organic 
carbon 

-25.4 

-24.5 
-24.1 

-24.2 
-26.7 
-19.3 

-19.2 

-19.2 

-19.2 

-19.1 

-19.0 

-18.8 

of carboTUlte of carboTUlte 
fraction fraction 

-0.9 -2.3 
-0.3 -2.8 

0.6 -2.6 
-0.3 -2.6 

0.4 -2.3 
1.5 -1.7 

0.3 -2.4 
1.0 -2.4 
1.1 -2.4 
1.1 -2.5 
1.2 -2.2 
1.1 -2.4 
1.0 -2.3 
1.1 -2.2 
1.2 -2.4 
1.2 -2.4 
1.2 -2.4 
1.3 -1.6 
1.0 -2.2 
1.0 -2.3 
1.0 -2.2 

1.8 -1.4 
1.8 -2.5 
1.5 -2.4 
1.6 -2.1 
1.4 -2.3 

The data presented in Table I show no obvious chemical 
differences between the near-shore and the off-shore sedi
ments. To further investigate the possibility of chemical 
differentiation of Princess Charlotte Bay sediments, the data 
of Table I were subjected to correlatiQn and principal-factor 
analysis using Nie & others (1975, p.479). Table 3 gives the 
Pearson cross-correlation coefficients for the edited data set 
of Table I. It can be seen that kaolinite content is poorly 
correlated with all other parameters, whereas quartz content 
has a high negative correlation with all carbonate-related 
parameters and a high positive correlation with organic 
carbon. Furthermore, all forms of carbonate are highly 
inter-correlated with the exception of aragonite, which is 
poorly but positively correlated. 

When the data set is submitted to principal-factor analysis, 
two dominant factors emerge that account for 74 per cent of 
the variability, carbonate species and kaolin content. The 
carbonate species are all given approximately equal weight
ing in the first factor, and this alone accounts for 57 per cent 
of the variability. Factor 2. the kaolinite factor. corresponds 

to the presence or absence of kaolinite. Given the errors on 
the XRD measurements, this is not a clearly delineating 
factor. The carbonate factor describes a nearly normal 
distribution with a suggestion that river samples are low in 
carbonate and far off-shore reef samples are high in 
carbonate. However, the data set is too small and geo
graphically biased to include a statistical increase in 
carbonate content with increasing water depth. Neverthe
less. carbonate content is depicted as increasing towards the 
reef (Fig. 5). 

This attempt to delineate terrestrial and reefal influences on 
the sediments of Princess Charlotte Bay in terms of the bulk 
chemistry is hindered by the geographical distribution of the 
data. The bulk of the grab samples correspond to the 
terrigenous-mud zone of Frankel (1974) and the sample set 
has few samples that are dominantly and obviously terres
trial or reefal. Chemically, it must be concluded that the 
areal average composition of the mud zone in Princess 
Charlotte Bay is relatively homogeneous, and tidal and wind 
mixing could be invoked by way of explanation. 

Gearing & others (1977) and Sackett & Thompson (1963) 
studied the carbon isotope composition of the organic 
fraction in continental margin sediments and found 
nearshore ratios to be only slightly higher than the typical 
marine sediments (approx. -20%0). but with gradual 
changes over tens of kilometres. Hunt (1970) and Shultz & 
Calder (1976) studied this isotopic ratio along transects from 
rivers to the sea, and found the transition to be quite sharp. 

The isotopic data in Table 2 and Figure 3 confirm the sharp 
transition from river to oceanic carbon-isotope ratios and 
further confirm the distinctive homogeneity of reef lagoonal 
sediments. Isotopic variability is provided by the river 
samples (and probably the river delta if it had been analysed) 
(8 13 C = approx. -25%0 in the organic fraction, -1%0 to 
+ I %0 in the carbonate fraction) and the farthermost reef 
samples (8 13 C = approx. + 1.6 %0 in the carbonate 
fraction). From the shoreline to the outermost edge of the 
bay, 8 13 C = -19.1 %0 in the organic fraction, 
813C = + 1.1 %0 in the carbonate fraction and 8180 = 
approx. -2.4 %0 in the carbonate fraction. 

There is thus no isotopic evidence for the term 'terrigenous 
muds' (Frankel, 1974) in this characterisation of Princess 
Charlotte Bay sediments. The bulk of the surface sediment in 
the bay is chemically and isotopically homogenous. The 
813C values indicate that 95 per cent of the organic carbon of 
these sediments has a reefal origin (8 13 C = 18.8%0). The 
sediments have a uniform content (approx. 4%) of kaolinite, 
which is presumably terrestrially derived. It is suggested that 
the term near-shore muds would be preferable to 'terri
genous muds', because the strong influence of terrestrially 
derived material is limited to very near the shore line, as 
indicated by the isotopic profiles. 

Table 3. Pearson correlation coefficients for the XRD and organic carbon data set oCTable 1. 

Low·magnesium Total OrganiC 
Kaolin Quartz Aragonite Calcite calcite carboTUlte carbon 

Kaolin 1.00 .109 -.281 -.204 -.284 -.325 .330 
Quartz 1.00 -.807 -.656 -.821 -.957 .577 
Aragonite 1.00 .293 .554 .861 -.611 
Calcite 1.00 .549 .672 -.297 
Low·magnesi u m 

calcite 1.00 .841 -.527 
Total carbonate 1.00 -.629 
Organic carbon 1.00 
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Figure 5. Total carbonate content (by difference, from combustion determinations) for Recent sediments from Princess Charlotte Bay. 
There is only a slight increase in ca rbonate content from near shore to the ribbon reef. 

Sedimentation rates 

The results shown in Figures 2 and 3 represent a first attempt 
by this laboratory to begin a quantification of the rates of 
deposition and mixing of Recent sediments in the Great 
Barrier Reef region. The results of2IOPb and I37CS measure
ments clearly indicate the potential of each method. 

PCB-C2 is located in the delta formed by the Normanby and 
Marrett Rivers, an area where a high sedimentation rate 
would be expected. The results, however, indicate thaPIOPb 
is in equilibrium with its parent 226Ra and, hence, the excess 
2IOPb method is inapplicable. Such would be expected if all 
the deposited material were reworked sediment. Limited 
chemical analysis of this sediment core indicates that it is 
indistinguishable from the mean of data in Table 1, as are all 
other cores discussed in this study. This is supported by 
similar results from PCB-CS, which derives from a levee 
adjacent to a small creek near G3, and from PCB-C6, SO m 
further from the creek bank . The lack of an excess in 210 Po as 
a measure oPIOPb again indicates the deposition of reworked 
'old' sediment (CS) or negligible sediment-accumulation 
rates (possibly C-6). 

PCB-C8 and PCB-C9 are in the intertidal zone shoreward of 
G I. Sedimentation rates here are variable, S.1 ± 0.3 and 
2.39 ± 0.12 mm/yr, as might be expected in this low bottom
gradient zone. It is interesting that no mixed zone is apparent 
in this shallow and presumably biologically productive zone, 
the site of a drowned and decaying mangrove forest. 

Less than 8 km off shore in approximately 6 m of water, 
PCB-C3 exhibits a relatively high rate of sedimentation, 
6.07 ± 0.2 mm/yr, with a mixed zone of approximately 7.5 
cm. This mixed zone is prbb~bly due to bioturbation, which 
is one natural mechanism for vertical sediment homogenisa
tion. PCB-C4, which is farther off shore , can be fitted to an 
accumulation rate of 2.4S ± 0.3 mm/yr, with possibly two 
separate mixed layers , although the data are inappropriately 
spaced to determine this precisely. 

As the sediments where these cores were taken are all 
chemically identical (except C-S and C-6), no additional 
sedimentation due to terrestrially derived material can be 
invoked. It is concluded that Princess Charlotte Bay sedi
ments accumulate at variable rates of 2.3-6.1 mm/yr. Searle 
& Hegarty (1982) showed 4-6 m of post-glacial sediment 
accumulation, which indicates that rates of this magnitude 
have been operable for a considerable time. 

In order to test an alternative method of determining sedi
ment rate and mixing depth , I37CS was measured in several 
cores . Table 4 gives the I37CS fallout as a function of time for 

. Brisbane (from Torgersen & Longmore, in press), and a 
minor peak in the data can be seen in 196~. Non-mixed 
sediments should reflect this temporal change in I37CS in 
vertical profile. Simplistically, one can note the peak in I37CS 
activity profiles and attribute it to 196~. Torgersen & 
Longmore (in press) have used finite difference computer 



CHEMISTRY AND SEDIMENTATION, PRINCESS CHARLOTTE BAY, QLD 199 

Table 4. I37Cs fallout at Brisbane (corrected for radioactive decay 
to 1978) 

Year 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

137Cs 
(mCilkm2J 
MLdara 

0.10 1 

0.70 1 

0.92 1 

1.05 1 

1:59 1 

1.141 

0.88 1 

1.04 1 

1.55 1 

1.88 1 

1.99 1 

1.64 1 

1.121 

0.87 1 

0.43 1 

0.94 1 

1.25 1 

1.39 1 

0.85 1 

0.28 1 

137Cs 
(mCilWJ 

H oNeil dara 

2.45 

2.06 
1.30 

1.1\ 

0.70 

1.09 

1.53 

1.96 

1.02 

0.33 

0.54 1 

0.45 1 

0.23 1 

0.17 1 

0.19 1 

ARL data: full list of references in Bullock & others (1975) 
Harwell data: full list of references in Cambrav & others (1979) 
I Used to calculate total fallout 1954-1978 . 

programs to evaluate I37CS profiles. but the PCD data are 
insufficient for this detailed type of analysis. 

Taken individually. the results from PCB-C2 exhibit a 137CS 
pattern with a maximum at the 7.5-10.0 cm interval 
(measurements at greater depth are unavailable). The inter
preted I37CS activity in this core, corrected for radio-decay 
and assuming a sediment density of 2.0 g/cmJ is 21.5 mCiI 
km2 compared to the Townsville total fallout during 1958-
1976 of 8.6 mCi/km2, the Darwin fallout of 12.00 mCilkm2, 
and the Brisbane total fallout during 1954-1978 of 23.12 
mCi/km2 (from Table 4 and HASL, 1977). If this river delta 
is a trap for sediments, an excess in the integral of I37CS 
activity might be expected in this core. If 8.75 cm is taken as 
the 1963-64 peak of fallout, then a sedimentation rate of 5.1 
mm/yr would be implied. a not unreasonable value. The 
PCB-C4 \37CS profile reaches a maximum at 2.5-5.0 cm, 
implying a 2.2 mm/yr accumulation rate. in fair agreement 
with the 210 Pb data. The 210 Pb data for PCB-C8. indicate that 
the 137 Cs peak should be at 8.7 cm. and the data for the upper 
5 cm are in agreement with this observation. PCB-C9, how
ever, shows no discernible pattern and has an integrated 
I37CS activity of 22.5 mCi/km2. The 1963 peak would have 
been expected near the low value at 2.5-5.0 cm. 

\37CS dating is based on the assumed immobility of Cs in the 
sediment and the resultant sedimentary 137CS profile closely 
following the 137CS fallout pattern (Table 4). However. I37CS 
is not immobile in the sediments and its movement is deter
mined by the fraction of I37CS that remains in the pore water 
and, hence, is available for diffusive and advective transport. 
This fraction is quantified by the distribution coefficient. 
Ko. which has been measured in this study and reported in 
the section 'Methods and results'. Berner (1976) reviewed the 
mathematics of diffusion. including adsorption of disolved 
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Figure 6. The mean diffusive distance of an adsorbed species for a 
17-year time interval as a function of porosity, cP, and the distri
bution coefficient, Ko-
For the porosities of Princess Charlotte Bay sediment 10.4-0.6) and the 
measured Ko (42(}"'800). the mean diffusive distance is 2-4 cm. This is in the 
same range as the expected sediment accumulation in 17 years. which is 4-10 
em. 

species, and Ullman & Aller (1982) have discussed the 
expression of the diffusion coefficient in sediments. For the 
case of simple linear adsorption, radioactive decay, constant 
sediment properties with both time and depth, and no 
compaction or advection, the descriptive equation is: 
dC/dt = 4>DII+K'.d2C/dz2 - S dC/d - xc. ..... (I). 
where K' = Ko (I -4»/4>. t is time, z is the depth, C is the 
concentration (activity) of the species in question, D is the 
diffusion coefficient in water (1.78 x 1O·5cm2/s for Cs; 
Robinson & Stokes. 1965). S is the sedimentation rate, c/> is 
the porosity, and X the decay constant. From equation (\), 
the mean distance (dZ) of diffusion in sediments of species 
subject to adsorption in time dt is therefore given by: 
dZ = (O' dt)Il .... (2). where D' = c/>D/(I +K'). 

Figure 6 shows the mean diffusive distance of I37CS for 
dt = 17 yr as a function of C/>, and Ko. Given the KD for 
I37CS measured in this study. 420-800, and c/> in the range 
0.4-0.6, I37CS can diffuse the order of 2-4 cm. The measured 
210Pb accumulation rates of this study indicate a total 
accumulation of 4-10 cm in 17 years for Princess Charlotte 
Bay, hardly the sort of rates that lead to precise deter
mination. Therefore, any profile of I37CS in Great Barrier 
Reef sediments will need to be matched to complicated 
finite-difference solutions to equation (I) which are not 
uniquely indicative of the sedimentation rates. 

Conclusions 
(I) Chemical characterisation of the sediment in Princess 
Charlotte Bay reveals a uniform composition. possibly more 
so than would be expected from the work of Frankel (1974). 
There is only a slight increase in CaC03 content (decrease in 
quartz content) from the shoreline to the outer ribbon reef. 

(2) From carbon-isotope results. only the river sediments 
and the far off-shore reefal sediments can be considered 
distinct from the lagoon sediments. 

(3) Change from terrestrial/river to lagoonal sediment 
characteristics is sharp and occurs within I km of the shore-
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line. Change from reefal to lagoonal sediment characteristics 
is equally sharp and may be localised (cL Flood & others. 
1978). 

(4) Sediment accumulation rates in Princess Charlotte Bay 
are in the range 2.3-6.1 mm/yr, as determined by the 210Pb 
method. Mixed depths can be from negligible to 10 cm. 

(5) mcs distribution coefficients between lagoonal sedi
ments and sea water are 42<Wl00. This allows \37Cs diffusion 
of the same magnitude as sediment accumulation. 137CS
determined accumulation rates in the Great Barrier Reef 
region are thus likely to yield ambiguous results. 
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HIGH-ENERGY REEF AND TERRIGENOUS SEDIMENTATION, 
BOULDER REEF, GREAT BARRIER REEF 
Peter J. Davies & Howard Hughes 

Sediment and water flux were monitored at Boulder Reef. in the 
orthern Great Barrier Reef. before . during. and after the passage 

of Tropical Cyclone Dominic. Rainfall at Cooktown as a result of 
Dominic amounted to 430 mm in 3 days . this effecting a record 
discharge in the Endeavour River of nearly 50 000 megalitres/day. 
At Boulder Reef. conditions prior to Dominic of 10-20 knot winds 
effected average water velocities of II cm/s across the reef. which 
generated a substantial reef-derived sediment load with particulate 
organ ic material up to ten times greater than particulate inorganic 
carbon by weight. During the high-energy event. winds in excess of 
50 knots generated water movements of up to 40 cm/s'and sediment 
loads two to fi ve times greater than before the event. In addition , the 
sediment contained a substantial terrestrial component (illite and 

Introduction 
On 7 April 1982, a radio broadcast warned of the imminent 
approach of Cyclone Dominic to the Cooktown coastal area 
of northeast Australia (Fig. I). On that same day, members 
of the BMR reef research team were conducting drilling and 
sediment-water monitoring studies at Boulder Reef, some 
20 km off the coast. While all personnel returned to port , our 
current and sediment monitoring equipment were left on 
Boulder Reef in the hope that they would record the passage 
of the cyclone. Tropical Cyclone Dominic crossed the 
Queensland coast from the Gulf of Carpentaria, moving east 
with a central pressure of 990 mb and winds up to 100 knots. 
As it moved east , it degenerated into a tropical low, crossing 
the coast in the vicinity of Cooktown. It reformed again as it 
continued eastwards to a position 550 km east-northeast of 
Cooktown , with a central pressure of 998 mb. Over Boulder 
Reef, tropical Cyclone Dominic was technically a tropical 
low-pressure system, but with sufficient energy to generate 
winds in excess of 50 knots and 52 per cent of Cooktown's 
April rainfall in one day. In this paper, we treat its passage as 
an example of a sudden high-energy pulse. On returning to 
Boulder Reef on the II April , we discovered our equipment 
to be both intact and functioning. This paper is an analysis of 
the data collected as a result of the high-energy pulse. It has 
further import , because of the position of Boulder Reef off 
the mouth of the Endeavour River. Our data, therefore , also 
provide a record of the intensity and effect of terrestrially 
derived sediment on the reef. Wolanski (1981 ) has previously 
hypothesised that terrestrially derived sediment accompany
ing river plumes only occasionally reaches the reefs as far 
north as Cairns. 

The specific objectives of our paper are: I - to compare 
water movement patterns and sediment flux at Boulder Reef 
before , during, and after the passage of tropical Cyclone 
Dominic: 2 - to estimate the effects of reef and non-reef 
sources on overall sedimentation: and 3 - to examine the 
periodicity of high- energy events and, therefore. their likely 
long-term effects on the growth of Boulder Reef. 

Boulder Reef is a small oval-shaped inner-shelf reef, lying 
20 km east-northeast of Cooktown. Our equipment was set 
up on the exposed windward southeast mar~in .(Fig. I) so 
that our experiments record the result of the first Interaction 
between the prevailing weather and the WIndward margIn of 
the reef. 

Bureau of Mineral Resources. GPO Box 378, Canberra, ACT 2601 

kaolinite), probably originating from the Endeavour River. Three 
days after the passage of Dominic, water velocities across the reef 
were sti ll rapid (up to 60 cm/s) and sediment loads still high , 
al though now only reef-derived . However. furth er monitoring 
indi ca ted a second pulse of terrigenous material reaching Boulder 
Reef four days after Domin ic. Large amoun ts of reef-derived 
carbonate and organic material are lost daily from the system to the 
inter-reef areas. Conversely, large quantities of terrestrially derived 
clay are added to the reef every five years or so. in amounts within 
the range 135-228 tonnes: this has probably occurred at this 
periodicity for the past 5000 years. Cores through the Holocene 
section confi rmed that clay deposition has occurred throughout its 
growth . 

26 '-, 

BOULDER 
/REEF 

CORAL 
SEA 

~ . ... ~ 
I 1420 BRISBANE. 1540 

23/ 055 -13/ 1 

Figure I. Location of Boulder· Reef in the northern Great Barrier 
Reef, and the position of water and sediment monitors on the 
southeast margin of the reef. 
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Figure 2. Records of pressure, wind, and rainfall for March and April 1982, at Cooktown. 

The effect of the passage of this high-energy event. viewed in 
the context of the 'normal' March and April weather 
patterns in the area, is clearly visible in the records of 
pressure. wind. and rainfall (Fig. 2). The pressure drop to 
1003 mb recorded at Cooktown indicates the partial de
generation of Dominic as it moved east from the Gulf of 
Carpentaria. Although the wind record shows velocities of 
nearly 40 knots, gusts of more than 50 knots were recorded 
on ship, both at Boulder Reef on 7 April and in Cook town on 
8 April. Analysis of meteorological office wind and synoptic 
data reveals winds during Dominic from the southeast and 
consistent with 90 per cent of winds during the whole of 
March and April. The rainfall record shown in Figure 2 is 
both revealing and important: prior to 8 April. rainfall had 

been scattered, but on that day. 52 per cent of the monthly 
rainfall fell. amounting to 350 mm. The relevance of this 
sudden deluge is seen in the discharge record for the 
Endeavour River (Fig. 3). The discharge curve is clearly 
asymmetric. with a sudden massive increase as a single-event 
pulse . After two days of maximum discharge. a sudden drop 
to half pulse maximum occurred. and this was maintained 
over at least the next three days . The discharge was clearly a 
special event. both in comparison to other river discharges 
(Wolanski. 1981) and because it represents the maximum 
recorded on the Endeavour River. No information is avail
able regarding the sediment load. It is a reasonable 
deduction. however. that the sediment load was probably 
large and in some way approximated the discharge curve. 
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the whole water column. It is known , however, from a 
separate series of experiments that higher loads occur in the 
basaliS cm of the column, owing to traction and saltation 
movement during the early flood-tide period . Our sediment
nux figures take no account of these and. therefore. 
probably border on the low side. 

Results 

Characteristics of the hydrologic regime 

Experiment I, 6 April. Prior to the passage of the high
energy event , winds of 10-20 knots from the southeast were 
logged on board ship. The measured tide curve, water
velocity variations, and vector stick-diagram are shown on 

April 6 10 11 23/0JlIJ/3 Figure 4, from which the following conclusions are drawn. 

Figure 3. Discharge of the Endeavour River over the period 
6-12 April, 1982. 

Methods 

Siphon-operated , suspension-load samplers , similar to those 
detailed in West & Davies (1981) , were erected on the 
windward margin of Boulder Reef, approximately 100 m 
from the reef edge. Suspended-sediment load was monitored 
by sampling the water column at mid-depth on three 
separate occasions on the rising tide , at heights of 100, 150, 
and 200 cm above the reef. and three separate occasions on 
the falling tide, at heights of 100. 150, and 200 cm above the 
reef. 

Water velocity and direction were measured with arrays of 
bidirectional current meters set out along transects as
sociated with the suspension samplers; pressure transducers 
measured tidal variation. Measurements were made for a 
period of 20 seconds every five minutes , and the data 
recorded on programmable data loggers, similar to those 
described in Liu & Davies (1982) . The data recorded on tape 
were transferred to disc, analysed by computer on board 
ship, and tidal curves and water-velocity graphs were 
computer plotted. 

Sediment nux was calculated using the methods described in 
Davies & West (I98\). The sediment loads measured were 
assumed , for the sake of simplicity, to be representative of 
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(a) The measured tidal rise was 2.3 m, compared with 2.9 m 
predicted for Cairns. The tidal curve is symmetric, with a 
long gradual rise and fall separated by a relatively short 
slack-water period. 

(b) The flow regime is characterised by average velocities of 
II cmts in the early rising tide , and 5 cmts over the top of the 
tide to one-third down the fall : all flows were to the north
west. However, during the lower two-thirds of the fall , water 
velocities built up from 2 to \0 cmts and were reversed , flow 
being generally to the southeast. The flows to the northwest 
were clearly tide and wind-induced wave effects, while the 
reversed nows were tidal, operating against wind-generated 
wave motion. 

Experiment 2, 7-8 April. In the early stages of the passage of 
the high- energy event, winds were constantly more than 20 
knots with gusts above 50 knots. The measured tide curve, 
water-velocity variations and vector stick-diagrams are 
shown in Figure 5, from which the following conclusions are 
drawn . 

(a) The measured tide height was 2.5 m, compared with a 
predicted height for Cairns of 2.6 m. The tide curve is slightly 
asymmetric and a little more peaked than in the first 
experiment. The tidal fall was longer than the tidal rise. 

(b) Measurement of flows indicates that water flowed 
constantly across the reef from southeast to northwest at 

.. \ /./" «: c' • t' <. III \\ \'1\ ,'\ 

0200 0300 0400 0500 0600 0100' 0800 0900 1000 100 1200 
23/055 · 13/" Time 

Figure 4_ Experiment I - measured tide curve, water velocity variation and vector stick diagram. 
The tide heights are height above the reef flat. 
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Figure 5. Experiment 2 - measured tide curve, water velocity variation, and vector stick diagram. 
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Figure 6. Experiment 3 - measured tide curve, water velocity variation, and vector stick diagram. 
The tide heights are height above the reef flat. 

speeds of up to 40 cm/s. but with an average velocity of 
nearly 20 cm/s. There was no flow reversal. and the flow was 
clearly wind and tide-generated. though wind dominated. 

Experiment 3, II April. After the high-energy event had 
moved to the east-northeast. wind speeds of 10-20 knots 
from the southeast predominated on Boulder Reef. The 

measured tide curve. water-velocity variations and vector 
stick-diagram are shown in Figure 6, from which the follow
ing conclusions are drawn. 

(a) The measured tide height was 2.8 m. compared with a 
predicted height of 2.1 m at Cairns. The tidal curve is 
symmetrical having lost both the peakedness and long tail 
characteristic of the early part of the high-energy event. 



(b) During the long rising tide period , flows were to the 
northeast at speeds of up to 60 cmls and were clearly tidal 
and wind-induced . During the fall , however, a most con
fused pattern developed, with a tendency for the tidally 
effected reversal to the southeast to be partly smothered by 
wind and wave-generated rapid flows to the northwest. 

Clearly , the conditions measured in these three experiments 
are very different, with experiment I conforming to the 
probable 'normal' condition , experiment 2 representing the 
high-energy imposed effects, and experiment 3 containing 
components of both the normal and the high-energy effects. 
The higher velocities in experiment 3 probably reflect a 
' residual ' condition together with greater tidal movement 
because of the higher tide . 

Sediment load 

In this paper we differentiate three fractions of the total 
sediment load (TSL): P.I.C - Particulate Inorganic 
Carbon; P.O.B. - Particulate Organic Carbon; P.T.F. -
Particulate Terrigenous Fraction. The sediment-load data 
collected from three rising tide (R 1, R2, R3) and three falling 
tide (F1, F 2, F3) samples for the experiments described above 
are shown in Table I. which also shows a fourth series of data 
(Experiment 4), obtained from sediment samples collected 
on 12 April , for which we have no comparable hydrologic 
data . Their importance will become evident below. The data 
shown in Table I were complemented by microscope 
analysis of all suspended sediment from each rising and 
falling tide sample. Both sediment load and microscope 
results form the basis for the conclusions summarised below. 

Table 1. Environmental and suspended-load data for the four 
experiments. 

Experiment I Experiment] Experiment3 Experiment 4 

Date 6 April 7-8 April II April 12 April 
Wind 
speed (knOls) 10--20 25--50 10--20 10--18 
Wind direction southeast southeast southeast southeast 
Tide ht (m) 2.3 2.5 2.8 
Water velocity 
range (cmls) 0--18 0-40 ()..4) 

Total sediment load (mglLi 

RI 26.2 28.5 27.9 51.3 
R2 29.8 210.2 40.0 48.5 
R3 22.1 105.7 31.3 41.3 
F/ 25.3 59.8 37.5 51.6 
F2 23.5 37.3 27 .3 58.1 
FJ 25.7 28.7 30.3 54.2 
average 25 78 32 51 

Particulate inorganic carbon load (mglLi 

RI 2.6 1.0 4.7 4.6 
R] 4.7 89.1 8.2 5.5 
RJ 1.9 34.2 4.2 3.4 
F/ 1.5 20.4 5.5 8.5 
F2 1.2 8.7 1.7 2.6 
F3 1.4 5.6 3.2 2.7 
average 2.2 27 4.6 4.6 

Particulate organic carbon and particulate terrigenous fraction (mglLi 

RI 23.6 27.5 23 .2 46.7 
R2 25.1 121.1 31.8 43.0 
R3 20.2 71.5 27.1 37.9 
FI 23.8 39.4 32.0 43.1 
F2 22.3 28.6 25.6 55.5 
F3 24.3 23.1 27 .1 51.5 
average 23 52 28 46 
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Experiment I: (a) The total sediment load (T. S. L.) averages 
25 mg/L and varies little in any of the samples collected on 
rising and falling tides. 

(b) The p.I.e., calculated by titration (West & Davies, 
1981) averages 2.2 mg/L, which is, on average, an order of 
magnitude less than the T.S.L. The P.I.C is the reef
generated carbonate component of the T.S . L. 

(c) Microscope analysis shows that the P.I.C is clearly 
bimodal, comprising a fine-grained unidentifiable silt to 
clay-grade carbonate , and a 0.2-0.5 mm sand-sized reef
derived fraction , composed of detrital corals. foraminifera , 
and some molluscan debris . The coarser detrital fraction is 
present in all samples, but is most abundant on the rising 
tide. Some of this material is shown in Figure 7 A. 

(d) Microscope examination shows that the remainder of 
the T.S.L. is particulate organic carbon (P.O.C), consist
ing, principally of algal filaments and probably coral-derived 
mucus. 

We conclude from the above that the sediment carried in 
suspension is reef-derived with a P.O .e. to P.I.e. ratio of 
10:1. Further, under the hydrologic conditions specified , 
carbonate up to medium sand is carried in suspension , 
particularly on the rising tide. 

Experiment 2: (a) The total sediment load averages 78 mg/L 
and varies dramatically over the course of the experiment 
(Table I). The highest loads were carried on the rising tide, 
with the sudden increase appearing after the tide was well 
into the rise (Fig. 8). Compared with experiment I, the 
results of experiment 2 represent a massive increase in 
sediment load. 

(b) The P. I.e. (carbonate) component of the total sediment 
load averages about 27 mg/L and systematically follows 
variations in the T. S. L., being markedly higher on the rising 
tide than on the falling tide . The average P.I.C is nearly 
thirteen times that in experiment I. Microscope examination 
shows the P. I.e. to comprise two distinct fractions, a fine
grained irresolvable fraction, and a coarse-grained 
(0.5-1 mm) detrital fraction made up of corals , foraminifera, 
serpulids, echinoid spines, and ostracods (Fig. 7B). We 
conclude that the high-energy event caused both an increase 
in the suspended load greater than an order of magnitude, 
and an increase in grain size up to very coarse sand grade . 

(c) Microscope examination shows that the remainder of the 
T. S. L. comprises (a) fine grey-brown sediment, interpreted 
as clays and designated P.T.F. (Particulate Terrigenous 
Fraction, Fig. 7C), and (b) filamentous algae , coral mucus, 
and turtle grass, clearly designated P.O.e. The P.T.F. was 
X-rayed and shown to be kaolinite and illite. The P. T. F. and 
P.O.e. cannot be quantitatively separated , but collectively, 
constitute by far the greatest part of the total sediment load. 
The combined P.T.F. and P.O.C increased up to five times 
as a direct result of the high-energy event. However, the ratio 
of P.O .e. + PTF. to P.LC dropped, compared with 
experiment I , in spite of the influx of a terrigenous com
ponent, This can only mean that the high-energy event 
induced a large increase in the amount of reef-derived 
carbonate carried in suspension . This increase was accom
panied by an increase in the grain size of the material. 

Experiment 3: (a) The total sediment load varied little over 
the tidal cycle and averaged 32 mglL. This is a marked 
reduction on experiment 2, and is similar to the load in 
experiment I. 
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Figure 7. Part ofthe suspended load in the three experiments. 
A-Experiment I: B--Experiment 2: C-Experiment 2. P. T. F : D-Experiment 3. 
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Figure 8. Variation in the amount of sediment, collected on 
millipore filters, during the tidal rise and faU of Experiment 2. 
Actua l weights of total particulate load also plotted against time. 
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(b) P.Le. varied over the tidal cycle, being generally higher 
on the rising tide, averaging 4.6 mglL. This is less than in 
experiment 2, but twice that recorded in experiment I. 
Microscope examination showed three carbonate grain-size 
populations, a very fine-grained component, a 0.1-0.2 mm 
detrital, but often unidentifiable, component, and a 0.5-1.0 
mm component made up of detrital fragments of corals, 
echinoids, foraminifera and ostracods (Fig. 7D). 

(c) Microscope examination shows that the remainder of the 
T. S. L. is Particulate Organic Carbon, i.e. land-derived clays 
were not carried in suspension over Boulder Reef during this 
experiment. The values of 23--32 mglL P.O.e. are very 
similar to experiment I, and are clearly representative of 
reef- derived organics. 

We conclude from experiment 3 that the marked decrease in 
T.S.L., and, in' particular, the absence of P.T.F. indicates 
that by the II April, land-derived material was not reaching 
Boulder Reef, consistent with a general overall energy 
decrease after the passage of cyclone Dominic. However, the 
P.Le. values, although down on experiment 2, are in fact 
twice those in experiment I, suggesting that conditions 
affecting reef-derived sediment had not returned to normal, 
a conclusion supported by the velocity values shown in 
Figure 6. 

Experiment 4: This experiment was run to determine if there 
was a further tailing off in the sediment loads. It is not 
supported by hydrologic data, because, by this time, the data 
logger had been removed for analysis of the data accumu
lated over the previous week. At the time, we felt only that 
the sediment data would likely prove the tailing-off con
clusion and would probably not be included in any published 
report. The data in Table I together with the following 
conclusions show how the best-laid plans disintegrate. 

(a) The total sediment load has risen markedly over experi
ment 3, and changes little over the whole tidal cycle. 

(b) The P.Le. fraction of the total sediment load varied 
little over the tidal cycle, and averages a value identical to 
experiment 3. Microscope examination shows identical 
components to those identified in experiment 3. The reef
derived component has therefore not changed. 

(c) The remainder of the T.S.L. shows some tidal variation 
and averages 46 mg/L. This is an appreciable increase on 
experiment 3. It is not a result of any increase in reef-derived 
components, and is confirmed by microscopic and X-ray 
examination as an influx of terrigenous-derived kaolinite 
and illite as a second pulse. By assuming that P.O.e., like 
P.Le., has remained comparable to experiment 3, then, for 
this experiment, we compute that the P.T.F. averages 
18 mg/L. If we had measured the hydrologic conditions, we 
could have reached a reasonably accurate estimate of the 
amount of terrigenous material reaching Boulder Reef. The 
estimates given in Table 2 are based on the assumption that 
experiment 4 flows were similar to those in experiment 3. 

Sediment flux 
In this paper, sediment flux means the amount of sediment 
moved as the result of terrestrial and reef-generated 
processes. 

Terrestrial flux. On the basis of our four experiments, we 
know that terrestrially derived sediment reached Boulder 
Reef on 8 April and 12 April, as two separate pulses. We 
conclude that these two pulses probably related to the two 
pulses exhibited by the Endeavour·River. Although we have 

Table 2. Loads, in kilograms, carried to the northwest during 
experiments I, 2, and 3. 

Total Particulate Particulate Particulate 
sedimelll inorganic organic terrigenous 
load (kg) carbon carbon fraction 

Experiment no. (T.S.L.) (P.l.c.) (P.O.c.) (P.T.F.! 

70 6 64 
758 262 440 48 
67 10 57 

Addition to Table 2: Calculation of total P.T.F. transported to Boulder Reef. 
The following assumptions have been made for calculations during 
Experiment 4: 
(a) If minimum flow conditions persisted and approximated Experiment I. 
and the P.O.c. values approximated Experiment 3. undertheseconditions. 39 
kg of reef front of P.T.F. reached Boulder Reef.. . 
(b) If maximum flow conditions persisted and approxImated Experiment 3. 
and the P.O.c. values again approximated Experiment 3. under these 
conditions. 132 kg of P.T. F. reached Boulder Reef. 

Therefore. during Experiment 4. 39-132 kg of P.T.F. reached Boulder Reef 
along a I-m wide transect. For a 24-hr period. this would double to 78-264 kg. 
Between 7 and 12 April. P. T. F. carried to Boulder Reef as 2 pulses: pulse I. 
lasting 2 days (48 kg x 4 = 192 kg). and pulse 2. lasting I day (78-264 kg). the 
sum of which is 270-456 kg. Assuming a 500-m long reef front. then 135-228 
tonnes of P. T. F. reached Boulder Reef. which if deposited would amount to 
0.7-1 kg/m2 

no evidence in support, we believe it a reasonable assump
tion that the first pulse at Boulder Reef lasted longer than 
one day and in our calculations we have assumed that it 
lasted for two days, i.e. the same length of time as the main 
discharge pulse of the Endeavour River. However, our 
calculations include a P.T.F. value that is probably low, our 
experiment catching the first arrival of the P.T.F. at 
Boulder. 

As shown in Table 2, the total terrigenous components 
reaching Boulder Reef as a result of six tides was between 135 
and 238 tonnes, which, if deposited on the reef, would 
amount to 0.7-1 kg/m2. This is an appreciable amount of 
terrigenous debris. 

Reef-generated sediment. Table 2 shows the total net 
sediment movement to the northwest during the three 
experiments studied. This comprises carbonate (P.Le.) and 
organic carbon (P.O.e.). The amount of organIc carbon 
carried in suspension was 5 to 10 times greater' than the 
amount of carbonate under normal conditions, but only 
twice as much during the high-energy event. 

In all three experiments the amount of reef-generated 
sediment being transported to the lee side of the reef is 
significant, and on a daily basis more than five times greater 
than the likely annual production. This is the case, both in 
experiments I and 3, when ebb reversal occurred, an~ in 
experiment 2, of unidirectional flow throughout !he tIdal 
cycle. The high-energy event cause~ a twenty tlll~es mcr~ase, 
in the total carbonate transported, mto the lee-SIde envIron
ments. The fate of this sediment is unknown; much of it is 
likely to have been deposited in the immediate back-reef 
area. A considerable proportion probably leaked to the 
inter-reef areas. 

Discussion 
Our data define the products of terrestrially induced and 
reef-induced sedimentary processes affecting Boulder Reef. 

The terrestrially induced products clearly relate to the dis
charge of the Endeavour River, the characteristics of which 
are a sharp two day long maximum pulse in excess of 40 000 
MLlday, followed by a quick drop to half pulse magnitude of 
15-20 ()()() MLlday for another 2 days. The long-term 
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Figure 9. Long-term periodicity in flooding of the Endeavour River. 

periodicity of substantial Endeavour River flows (Fig. 9) 
shows maximum discharges similar to that effected by 
Dominic as having occurred on only one other occasion, in 
1963. All other events are more similar to the half pulse 
magnitude of the post-Dominic phase. these having 
occurred four times in the past twenty years. On this basis. 
we conclude that clay is getting out to the inner-shelf reefs 
close to and north of Cooktown, every five years or so, and in 
amounts within the range 135-228 tonnes. Such events 
would have occurred one thousand times since sea level 
stabilised in eastern Australia. 

It also means that appreciable amounts of clay should occur 
within Boulder Reef, and examination of drill core confirms 
that clay (illite and kaolinite) occurs throughout the section 
and constitutes an estimated 4-5 per cent. This reef has been 
affected by clay deposition throughout its growth. and the 
volume of material tends to confirm the periodicity postu-' 
lated above. Clearly, the clays have had no noticeable 
detrimental effects, drilling showing between \0 and 15 m of 
Holocene section. However, the present relatively barren 
reef top surface may reflect the bombardment with detrital 
material since reaching sea level, the probable lower salinity 
waters accompanying the influx, or the senile growth stage 
that the reef has achieved. Whatever the cause. we should be 
very surprised if calcification determinations at Boulder Reef 
revealed anything other than low values currently. Further 
work on the cores may indicate any marked clay-mineralogic 
variation throughout time. 

Reef-induced sediment processes are generating and trans
porting large quantities of calcium carbonate and organic 
carbon back across the reef under conditions of uni
directional flow, particularly on rising tides. The processes 
involved are clearly tidally induced currents. and wind
induced waves. the orbital motions of which entrain 
sediment up to very coarse sand. On the basis of the data 
shown in Table 2, the amounts of material transported are 
enormous. During experiments I and 3. the calculated losses 
were greater than the likely production rates. as previously 
shown for Lizard Island and One Tree Reef (Davies. 1977: 
Davies & West. 1981). Clearlv. such a condition cannot 
persist or the reefs would exhibit massive degradation. The 
reefs may. therefore. be undergoing short or long-term 
cyclical growth/degradation phases. The short-term phases 
could be seasonal with winter degradation greater than 
summer. However, in view of the loss:gain ratio indicated by 
Table 2. it is likely that much longer-term cycles are 

Year 23/055-13/1 

operating that allow a net gain over a sufficient period to 
counter-balance the massive losses currently occurring in the 
surf zone. 

A t Boulder Reef, a large fraction of the sediment transported 
across the reef is lost from the reef to the inter-reef area. Such 
sediment may even be settling between the reefs or bypassing 
the shelf to rest on the continental slope. A similar fate 
probably affects the organic carbon. The amount of par
ticulate organic material is far greater than calcium 
carbonate, often by an order of magnitude. That this is a 
major nutrient resource to inter-reef areas must be recog
nised, so that, within the total ecosystem. the reefs are not 
only self-sufficient autotrophic factories. but are also 
exporting excess carbon for heterotrophic metabolism in the 
inter-reef. However. as with calcium carbonate. much 
particulate organic carbon may also find its way to the 
continental slope. 
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SOME ASPECTS OF LAGOON SEDIMENTATION AND 
CIRCULATION AT ONE TREE REEF, SOUTHERN GREAT 
BARRIER REEF 
Carol Anne Frith (nee Ludington)' . 

Observations of water movement at One Tree Reef under modal 
wind. wave. and tide conditions show that the lagoon currents are 
insufficient to entrain lagoon sediments and cannot account for the 
windward to leeward decrease in sediment size across the lagoon. 
Bioturbation may suspend bottom material long enough for it to be 
transported a short distance by the ambient current. depending on 
the grain size and current velocity. In addition. low-frequency. 
high-energy events largely produce the same southeast to northwest 
movement of water observed under modal energy conditions and 

Introduction 
Numerous studies in the Great Barrier Reef suggest that the 
major processes of reef growth influenced by the modern 
hydrodynamic regime are lagoon infill and lateral expansion 
to the lee of the reef, the sediment being supplied largely 
from windward reef areas (Limer 1975 Expedition Team, 
1976; Harvey & others, 1979; Davies, 1977; Davies & others, 
1976, 1977a, I 977b; Davies & Kinsey, 1977: Davies & 
Marshall, 1980; Davies & West, 198\). These processes mask 
the morphology inherited by the Holocene reef from its 
substrated. The degree of modification is dependent on the 
size and depth of the pre-Holocene surface, which deter
mines the amount of time the reef has been at sea level 
(Flood, 1977; Jell & Flood, 1978; Davies & others, 1976, 
1977a, 1977b; Davies & Kinsey, 1977; Davies & Marshall, 
1980; Harvey & others, 1979). 

In most studies of modern reef sediments, sedimentary belts 
have been described that roughly parallel the reef crest and 
are related to decreasing energy levels towards the lagoon, or 
from windward to leeward. As well, skeletal microstructure, 
particle shape, and sediment source influence the sediment 
characteristics (for example: Ginsburg, 1956; McKee & 
others, 1959; Maxwell & others, 1962, 1963; Swinchatt, 1965; 
Milliman, 1967; Orme & others, 1974; Flood & Orrne, 1977; 
Davies & others, 1976). However, few measurements have 
been made of both reef hydrodynamics and sediment 
distribution to explain this zonation. Clack & Mountjoy 
(1977) compared observed and predicted sediment transport 
competence curves at Carriacou, West Indies, where 
currents reached 40 cmls within 30 cm of the bed. Variations 
in measured current speeds in the lagoon at Great Corn 
Island, Nicaragua, were related to variations in sediment size 
and thickness of accumulation (Suhayda & Roberts, 1977), 
while Flood & Orme (1977) suggested that the Hjulstrom 
curve is applicable to carbonate sediments of the southern 
Great Barrier Reef, to within 0.5 cP units. Simultaneous 
measurements of currents and suspended sediment load have 
been made at One Tree Reef (Davies & West, 1981) and 
Lizard Island (Limer 1975 Expedition Team, 1976), both in 
the Great Barrier Reef. 

This paper compares the measured lagoon circulation at One 
Tree Reef, southern Great Barrier Reef, with the published 
broad-scale sediment size distribution (Davies & others, 
1976) and also examines the influence of lagoon patch reefs 
on small-scale circulation and sediment distribution. 

, Coastal Studies Unit. Department of Geography. University of 
Sydney. NSW. 

would be responsible for transporting and sorting large volumes of 
sediment over a short period. Patch reefs locally supply significant 
amounts of sediment directly to the lagoon. resulting in a local 
increase in sediment size and a characteristic build-up of material 
and extension of patch reefs to leeward. These observations are 
directly applicable to other reefs with well-developed lagoons in the 
southern Great Barrier Reef and may also apply to similar reefs in 
other parts of the Great Barrier Reef. 

Figure I shows the location of One Tree Reef and its major 
morphological zones. One Tree is located 100 m east of 
Rockhampton (23 0 30/S, 1520 06/E) and has been described 
in detail elsewhere (Davies & others, 1976; Frith, 19H I). 
Briefly, the main lagoon system is approximately 10 km2 and 
totally enclosed by a continuous reef crest. The eastern crest 
is approximately 0.4 m higher than the other sides, owing to 
the build-up of ephemeral shingle and rubble banks by storm 
waves. Low-tide lagoon depths are approximately 2.5 m in 
the south, 3-6 m along the eastern side, and 5-7 m along the 
steep northwestern wall. The sand sheets prograding into the 
lagoon along the southern and eastern sides have low-tide 
depths of 0.5-\.5 m. The lagoon has numerous patch reefs 
(Fig. la), with isolated roughly circular reefs dominating the 
east and northeastern sections and reticulate reefs forming a 
complex maze in the central and western sections. 

Lagoon circulation 
The southeast trade winds dominate the region for most of 
the year (particularly from April to August), with north and 
northwesterly winds being important in spring and summer, 
and southwesterlies during winter (Davies & others, 1976; 
Frith, 198\). Generally, southeast winds have the highest 
speeds, up to 13 mIs, although cyclones generate winds of 
typically 30--35 mIs, with variable directions . 

Swell waves are typically from east to southeast, and 1-3 m in 
height (U.S. Navy Hydrographic Office, 1950). Winter 
waves have an important south to southwesterly component, 
and summer waves have a northerly component associated 
with tropical cyclones (Frith, 1981). Spring tide ranges are 
2-3 m, neap tide ranges are 0.5-1 m. One Tree is, therefore, a 
high-energy reef in that it is exposed to meso-tidal conditions 
and southeast trade winds and swell for most of the year. 

A schematic summary of lagoon circulation at One Tree Reef 
under normal or modal conditions (southeast winds 
6-10 mIs, east to southeast swell 1-3 m, moderate tidal 
conditions, covering the crest by 50--100 cm at high tide) is 
shown in Figure 2 and is based on field measurements 
reported in Ludington (1979, 1981) and Frith (1981, in 
press). 

The continuous crest isolates the lagoon from swell and tidal 
inputs for up to 5 hours of each tide, when water is ponded at 
about Mean Water Level (Davies & others, 1976; Ludington, 
1981). The wind-driven surface current to the northwest is 
balanced by a bottom return current to the southeast (Fig. 
2a), current speeds depending on the wind speed. Once the 
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Figure 1. a) Aerial photograph of One Tree Reef; b) Major morphological zones of One Tree Reef. 

I, 2, 3 are the locations of Anderaa current meters, records of which are shown in Figure 3. A, B, C, D, E are the locations of 
five patch reefs shown in Figure 7. 

crest is covered by the rising tide, water flow is generally from 
southeast to northwest at all depths , except near the north
west wall , where opposing flood tide currents form a front , 
and flow is parallel to the crest until the water levels each side 
of the crest are equal (Fig. 2b). The change from 'non-tidal' 
to 'tidal' situation occurs later adjacent to the higher eastern 
crest, prolonging bottom flow to the southeast (Fig. 2b). The 
general southeast to northwest flow continues over high tide 
(Fig. 2c) and into the ebb tide , until the outside tide level 
drops below the level of the crest. The associated temporary 
water-level gradient across the crest draws water to the lower 
sections of the reef crest , principally towards the western end 
of the reef (Fig. 2d). Once the lagoon is isolated , the vertical 
circulation cell is quickly re-established . 

Overall water movement is from windward to leeward . 
Changes in swell or wind direction cause a change in CUrfent 
direction , while current speed is influenced by changes in 
swell height , wind speed, and tidal-current speed, which 
varies from neap to spring tides. Stronger southeast winds 

and/or higher swell may impede tidal inflow over the leeward 
crest , while spring tides and low wind and swell conditions 
allow ebb-tide currents to flow out of the lagoon over the 
southern windward crest. 

Mean bottom currents throughout the lagoon rarely exceed 
15 mIs , as is illustrated by current records from the lagoon , 
collected using current meters mounted I m from the bed , 
during a spring tide , 13 m/s southeast wind , and moderate 
southerly swell (Fig. 3). The locations of the current stations 
are shown in Figure I b, although no currents were recorded 
at station 3. Current speeds during the extended period of 
isolation are very low, with rapid increases in speed as
sociated with the influx of flood-tide currents (Figs . 2b , 3). 

Sediment distribution and lagoon sediment 
transport 

The sediment-size distribution for the main lagoon is shown 
in Figure 4 (from Davies & others, 1976, who also gave a 
detailed description of sediment types and components). 
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Figure 3. Bottom currents measured at sites I and 2, locatio:tS 
shown in Figure Ib, for one tide cycle 16 May 1980-17 May 1980. 
No currents were recorded al site 3 for this period. a) sile I. southern side of 
the lagoon: b) site 2. eastern side of the lagoon. 

Coarsest fractions are found along the southern and eastern 
crests and sand sheets, with fine sand dominating the lagoon. 
In contrast, mud, is important along the leeward north
western wall , reaching 30-40 per cent of the sediment , and 
decreasing towards the windward margins. There is a 
definite trend of decreasing grain size from windward to 
leeward across the lagoon. 

Da vies & West (1981) attributed the high concentration of 
mud along the leeward edge of the lagoon to the high flux of 
silt and clay material into the lagoon over the leeward rim on 
the flood tide, particularly on neap tides, and to the marked 
decrease in current velocity associated with the rapid change 
in depth from the crest to lagoon and the development of the 
parallel flow at mid-flood. Their sediment-flux measure
ments confirm that , for wind speeds less than \0 mIs , the 
lagoon at One Tree acts as a sediment sink for suspended 
sediment , especially under neap tide conditions. Under 
spring tide conditions , they found that suspended sediment 
was being exported from the lagoon over the leeward margin 
and from the windward reef crest , although the windward 
measurements were made for. winds less than 5 m/s. By 
contrast , the circulation described in Figure 2 indicates that 
suspended-sediment flux should be into the lagoon over the 
windward crest under modal conditions. 

Comparison of Figures 2 and 4 shows a close correlation 
between the distribution of. sediment sizes and the reef 
circulation . It is tempting to explain the leeward decrease in 
sediment size as a response to the progressive sorting and 
redistribution by the lagoon currents, of material supplied 
from the windward reef margins. This process does occur on 
the shallow reef flats and sand sheets, where currents into the 
lagoon regularly reach 20-30 cmls (Frith , 1981 : Davies & 
West, 1981), winnowing the fine sediments and leaving 
coarse sand and gravel. The increase in mud fraction 
towards the northwest can be related to both the high load 
delivered over the leeward crest and the differential settling 
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Figure 4. Sediment distribution at One Tree Reef, redrawn from 
Davies & others, 1976. 

CURRENT 20 

t 
fixed 

t 
N 

patch reefs < 
~ 

BOOm 

11/F56-14/5 

Figure 5. Diagram of cloth sediment traps and their locations. 

of suspended sediments from the windward side of the reef, 
during the extended low-tide period. However, the normal 
lagoon mean current speeds are clearly insufficient to entrain 
sediment from the lagoon floor (Figs. 2, 3) and cannot 
account for the wide distribution of sand-sized particles. 
Bottom currents are less than 15 cm/s under modal energy 
conditions and are typically only 5-10 cm/s. 

Observations made during May 1980 indicate that even 
under low-energy conditions, sediment transport is in fact 
occurring in the lagoon, at least in the shallow southern 
section, despite the low current speeds. Four silk mesh (4 cp) 
sediment traps were placed on the bed, oriented at right 
angles to each other, at the stations shown in Figure 5. 
Tables I and 2 show the amount and size of material 
collected from the traps, the times of removal, the size of the 
surrounding sediments, and the prevailing conditions. 
Currents at site A, on the sand flat are generally over 20 cm/s 
for much of the tide cycle, and the traps had to be removed 
after three days. Of 362.3 g of sediment collected at site A 
(Table 1), 95 per cent was from the southwest-facing and 
northwest-facing traps. This may have been due to stronger 
currents occurring during mid-flood (southwest trap) and 
ebb tide (northwest trap) during the low-energy conditions. 
Gravel percentages were much lower in the trapped sedi
ments, as these would require a threshold velocity much 
higher than the speeds generally found on this sand flat 
(Frith, 198\:Davies&West, 1981; Fig. 2). 

At site B, in the lagoon, the southeast-facing trap collected 
the most sediment throughout the experiment, with no 
sediment being trapped for winds less than 4 m/s. The silt
sized fraction was much greater than the surrounding 
sediment in all but one of the samples collected, with the 
mud fraction being higher only during 6-12 May 1980 in the 
traps facing 145° and 55°. The gravel percentage in the 
trapped samples doubled during the last period, when 
southwest winds were blowing. During the period 30 April 
1980-2 May 1980, 69.4 g of sediment was trapped at site B, 
19 per cent of the amount trapped on the adjacent sand flat 
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Table I. Characteristics of sediments from traps at site A, southern sand flat. 

Time Sample % % % % Towl Average 
period orientation Gravel Sand Silt Clay weight wind 

Area 3.8 93.2 0.1 2.9 172.4g 
Sample 

30/4/80 550 O.Og ESE 
-2/5180 4mls 

1450 1.2 95.8 0.6 2.4 16.8g 
2350 0.3 97.8 0.1 1.9 182.5g 
3250 0.4 97.8 0.1 1.8 163.0g 

Table 2. Characteristics of sediments from traps at site B, southern lagoon. 

Time Sample % % 
period orientation Gravel Sand 

Area 2.9 89.3 
26/4/80 all 

-3014/80 
30/4/80 550 

-2/5180 1450 3.9 90.2 
235" 2.4 87.3 
3250 2.6 91.2 

215180 all 
-6/5180 

615180 550 2.7 83.2 
-815/80 145" 1.1 61.2 

2350 

3250 

815180 SSO 5.8 69.2 
1450 5.7 78.1 
235" 5.4 78 .4 
3250 

over the same period. The large amounts of sediment 
trapped in the lagoon are surprising, especially for such low 
winds. One explanation is that lagoon fauna disturbed the 
sediment sufficiently to push some into the traps. However, 
the traps did not appear disturbed at· any stage. Davies & 
others (1976) have shown that, under normal conditions, 
wind waves within One Tree lagoon are unlikely to disturb 
bottom sediments, so they are not responsible for putting 
material into suspension. especially for such low wind 
conditions. Alternatively , bioturbation of the lagoon floor 
may be sufficient to re-suspend bottom material, which the 
ambient current transports over a short distance. Where 
bioturbation is very active, repetitive transport of disturbed 
material over short distances would be a very important 
method of sediment transport and distribution. Hopley 
( 1981) has suggested that this is an important process at 
Redbill Reef, central Great Barrier Reef, and it has been 
documented in detail for the backreef area of St Croix, U.S. 
Virgin Islands (Roberts & others, 1981), where large volumes 
of sediment are transported by the combined activities of 
lagoon currents and Callianassa shrimp burrowing. These 
shrimps are also active in the lagoon at One Tree, as well as 
Holothurians and rays, which stir up bottom sediment. 

While the data presented here are limited, they do indicate 
that bioturbation combined with low lagoon current speeds 
is responsible for moving significant volumes of lagoon 
sediment, particularly in the direction of the net current (to 
the northwest). This would be most important for the fine 
sand and silt-sized particles, as is seen in the preferential 
trapping of silt material at site B. 

An analysis of 16 years' wind data from Heron Island (Table 
3) shows that winds stronger than 50 km/h or 14.2 mts occur 
with an average frequency of 5.7 dayslyear, and that 88 per 
cent of these are from the southeast quadrant. Numerical 
modelling of lagoon circulation at One Tree Reef shows that 
a doubling of wind speed from 7.5 mts to 15 m/s. results in a 

% % Towl Average 
Silt Clay weight wind 

2.8 5.0 179.9g 
O.Og SE 

2.5m/s 
0.0g ESE 

3.5 2.4 25.5g 4m/s 
7.1 3.3 21.2g 
4.4 1.8 22.7g 

0.0g NE-SE 
1.5m/s 

9.2 4.9 l8.5g SE 
23.0 14.6 17.8g 4m/s 

0.0g 
O.Og 

\3.5 11 .5 5.2g SW-SE 
1.8 14.3 27.9g 3m/s 

12.2 4.1 7.4g 
O.Og 

Table 3. Frequency and direction of winds greater than 50 km/h 
(14 m/s). 

Direction % Occurrence 

North 3.03 
Northeast 2.53 
East 8.59 
Southeast 60.61 
South 19.19 
Southwest 2.52 
West 0.51 
Northwest 3.03 

Data source. Heron Island. Bureau of Meteorology. surface wind analysiS 
1962-1979. 

Table 4. Frequency of cyclones within 160 kilometres of One Tree 
Reef during cyclone seasons. 

Decade December JanUilry FebTUllry March April 

1910-1919 1 
1920-1929 2 2 
1930-1939 
1940-1949 4 4 2 
1950-1959 3 
1960-1969 2 
1970-1979 2 2 
1980 

Data source. Bureau of Meteorology. Meterological Summaries. 1909-1980. 

fourfold increase in depth- averaged current speed. Currents 
generated by these very strong winds would, therefore, be 
capable of entraining lagoon sediments, at least in the 
shallower sections in the east and south . Since the stronger 
winds are generally from the same direction as the modal or 
normal winds, storm-generated currents may also be res
ponsible for the observed sediment-size trends, sorting and 
redistributing material from southeast to northwest. 
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Figure 6. a) Current ripples in lee of island after cyclone 'David'. 
Ruler is I m long; b) Photograph of southern sand flat under normal 
conditions, October 1979; c) Photograph of southern sand flat in
approximately the same position as b), after cyclone 'David', 
February 1980. 

Cyclones · are responsible for the strongest winds in the 
region . 87 per cent of winds of cyclonic or gale force 
(65 kmlh , 18 mls or greater) recorded at Heron Island until 
1979 occurred during the December to April cyclone season, 
the remaining 13 per cent being from winter gales. An 
analysis of cyclone tracks in northern Australia (Lourensz, 
1981 ; Coleman, 1971 ; Hannay, 1955; Newman & Bath, 1959; 
Whittingham , 1960; Commonwealth Bureau of Meteoro
logy, 1959, 1962, 1963, 1966-1973) shows that, from July 
1909 to June 1980, 35 cyclones travelled within 160 km (100 
miles) of One Tree Reef, an average of approximately one 
cyclone every 2 years (Table 4). For the period 1960-1980 
there were 15 additional cyclones that had tracks 160-320 km 
from One Tree , which increases the average to one every 0.8 
years . However, the occurrence of cyclones is very erratic. 

For example, Table 4 shows two January cyclones for 1960-
1969 and there were 5 additional cyclones in the 320-km 
radius for that period. Four of these 7 cyclones were in the 
1962-1963 season alone . Similarly, in 1970-1979 a total of 18 
cyclones passed within 320 km of One Tree Reef, but the 
1970-1971 , 1972-1973, 1975- 1976, and 1976--1977 seasons 
each had four of the 18 cyclones. Winds up to 45 mls 
(160 km/h) were recorded 65 km from the centre of cyclone 
'Simon', which passed directly over One Tree Reef in 
February 1980, and speeds of 37.5 mls (1 39 km/hr) were 
recorded 90 km from the centre of cyclone Kerry , which 
passed 160-320 km from One Tree in February and March 
1979 (Lourensz, 1981). 

Thus, while the occurrence of cyclones is sporadic and 
unpredictable, the associated wind speeds may be 3 to 4 
times stronger than under normal conditions and much 
larger volumes of sediment will be moved over the reef and 
within the lagoon in a short time. However, the erratic paths 
of many cyclones means that the wind and wave directions 
during cyclones are variable over a short time. Of the 5.7 
days per year (on average) that experience very strong winds 
(greater than 50 km/h), 5 days (88%) have winds from the 
southeast , and 1.7· days, on average, have winds of gale or 
cyclonic force (greater than 65 km/h ). It is therefore reason
able to assume that cyclones and winter gales are associated 
with winds that are significantly from the southeast 
direction . These low-frequency, high-energy events are 
therefore also likely to play a major role in producing the 
observed sediment trends. 

Sediment transport at One Tree during high-energy events is 
illustrated in Figure 6. After cyclone 'David', during which 
wind speeds at Heron Island exceeded 20 mls in February 
1980, current ripples were found at depths of 3 m in the lee of 
the island. They were not present prior to the cyclone 
(Fig. 6a). Inspection of the southern section of the lagoon by 
s. C. U. B. A. divers indicated that it had not been disturbed 
by the cyclone, whereas the adjacent sand flat developed 
extensive ripples and scour holes around coral heads (Figs. 
6b and 6c). Sediment traps placed in the lagoon at Aanderaa 
stations I and 2 (Fig. I b) were buried by sediment during 
cyclone 'Simon', when winds recorded at Heron Island 
exceeded 45 m/s. 

Small scale circulation and sediment distribution 

In addition to the sediment imported into the lagoon from 
the reef rim, sediment is supplied from the numerous patch 
reefs. This material is usually much coarser than the 
surrounding lagoon sediments (Milliman, 1967; McKee & 
others, 1959) and includes skeletal material not usually 
found away from the reef crest , such as coral and coralline 
algae . There is , therefore, a decrease in the proportion of 
these components , mean grain size , and sorting away from 
patch reefs (Garrett & others , 1971 ; Jordan , 1973; Wallace & 
Schafersman, 1977). Mud winnowed from the tops of 
Bermuda patch reefs forms 'halos of fine sediments' (Garrett 
& others , 1971 , p.659) around the patch reefs. Patch reefs 
described at Raroia Atoll (Newell , 1954) and Glover's Reef 
Atoll (Wallace & Schafersman , 1977) are elongated in the 
direction of the prevailing winds , and steeper on the wind
ward slope. The complex reticulate patch reefs of Alacran 
Reef (Kornicker & others, 1959) and Fanning Atoll (Roy & 
Smith , 1971) form small pools within the lagoon , which act 
as traps for sediment abraded from patch reefs on the 
windward sides of the pools, with wedges of sediment 
building out to a distance of 60 m into the pools (Roy & 
Smith , 1971). 
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Figure 7. Bathymetry, percentage gravel distribution, and distribution of sand:gravel and mud:gravel ratios for five patch reefs. 
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The leeward extension of lagoon patch reefs has also been 
reported for One Tree Reef and is similar to the leeward 
extension of the lagoon as a whole (Davies, 1977). To study 
the influence of patch reefs on local circulation and sediment 
distribution, five patch reefs were selected for a more detail
ed examination. Their locations are shown in Figure I and 
each is located in a different lagoonal environment. Reef A is 
on the eastern sand flat near a low point in the reef crest. It is 
subject to the strongest currents and is in an area of well
sorted sand. Reef B is in an area of the lagoon that is clear of 
nearby reefs, while reefs C and D are in the central maze 
area. Reef E is near the deeper leeward part of the lagoon, 
where mud concentrations are highest and bottom currents 
are lowest. Reefs A,B, and E, are roughly circular in plan, 
reef C is elongated at right angles to the main current, and 
reef D is U-shaped, open into the current. 

Each reef was mapped using a Raythoen DE-719D 
fathometer. Surface sediment samples were collected along 
four transects at 2-m intervals from the base of the reef, wet 
sieved into gravel, sand, and mud fractions, dried, and 
w·eighed. The reef bathymetry and sample locations are 
shown in Figure 7, together with variations in the percentage 
of gravel and ratios of sand:gravel and mud:gravel. 

In each of the solitary reefs (A,B,C,E), there is a definite lobe 
of sediment on the lee side with respect to the dominant 
current direction (Fig. 7). Sediment has been trapped inside 
the U shape in reef D to form a ramp up to the leeward wall. 
Sediment is now being deposited on the leeward side of this 
patch reef. The bathymetric changes shown in Figure 7 can 
be explained in terms of current variations around the patch 
reefs. which act as rough-surfaced obstacles to the main 
flow. Velocities increase locally along the sides of the reef, 
and the upstream and downstream sides become areas of 

d) Mud/gravel 

low. irregular velocities, where sediment is deposited (Le 
Mehaute. 1976: Ley ton, 1975; Murray & others, 1977; Hesp 
& Hyde, 1978: Hamner & Hauri, 1981). These flow patterns 
were confirmed by tracking dye released around the sides of 
the reefs. The detailed water movements, location of 
stagnation zones, and development of eddies depend on the 
size, shape, and topography of the patch reefs, the far-field 
speed and direction of the current, and the presence of other 
reefs nearby (Hamner & Hauri, 1981; Murray & others, 
1977). Murray & others (1977) observed similar build-ups of 
sediment on a larger scale. around the islands of Barbados 
and Grand Cayman, where sediment was deposited as cur
rents decelerated into the lee of the islands. In addition, wind 
waves break across the tops of the patch reefs during the 
extended low-tide period and the currents generated move 
material off the patch reef, particularly down the leeward 
slope. 

The influence of the patch reefs on local sediment-size 
distribution is illustrated in Figure 7. Close to the reefs, 
samples contained I ~O per cent gravel, whereas the broad
scale sediment pattern in Figure 4 shows lagoon sediments 
with less than 5 per cent gravel. This is especially marked in 
the lee of reef B and inside reef D. There is an overall decrease 
in grain size away from each reef, with a sharp drop in the 
percentage of gravel 2-4 m from the reef bases and a corres
ponding increase in the percentage of sand (Frith, 1981). 

For the three circular reefs, A,B, and E, gravel percentages 
are greatest close to the reef on the lee side. owing to the 
abrasion of material from the reef tops, its movement 
leeward by the current and wind waves, and the collapse of 
reef overhangs. There is a corresponding increase in sand: 
gravel and mud:gravel ratios away from the reefs, roughly 
following the lines of the bathymetry, although an analysis 
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of variance showed the mud variations to be significant (at 
the 0.05 level) only for reefs C,D, and E. It was expected that 
the lee side sediment lobes would also contain the highest 
amounts of fine material. However, an analysis of variance 
failed to show any significant variation of mud or sand with 
orientation except for reefs C, 0, and the inside of reef D. By 
contrast, Figure 7 shows that sand:gravel and mud:gravel 
ratios are in fact higher in the upstream areas of reefs A,C, 
and E, owing both to the lower percentages of gravel on 
these sides and the deposition of finer material in the up
stream stagnation zone , close to the base of the reef. Reef 0 
shows significant differences in sediment sizes inside and 
outside the U shape . Sand and mud are winnowed from the 
infilled inside area and washed over to the deeper leeward 
sections. 

It can be seen that the patch reefs significantly modify the 
local sediment characteristics , firstly, by modifying the 
current field, such that material builds up on the leeward 
side, and, secondly, by supplying coarse reef sediments to 
the lagoon, as seen in the greatly inflated gravel percentages 
close to the reef bases. There is a corresponding decrease in 
sand percentages close to the reefs, compared to the sur
rounding lagoon sediment. For example , reef B is located in 
an area of 80-90 per cent sand (Fig. 4) , but has values of 22. 7, 
62 .2, 46.9, and 11 .2 per cent for the four reef-base samples. 
Mud percentages generally remained below 5 per cent for 
reefs A and B, the same as the surrounding sediments. 
However, reef E is located in an area of 20-30 per cent mud 
(Fig. 4) and had mud percentages less than 20 per cent up to 
4 m from the base of the reef. Conversely, reefs C and D mud 
percentages were greater than for the surrounding area , 
pointing to the important role played by the complex 
reticulate reefs in trapping suspended sediment (Frith, 1981). 
Material derived from patch reefs is , therefore , very im
portant in determining the nature of the sediments in areas 
where patch reef density is high , such as in the central maze 
region . 

Discussion 
Under normal or modal conditions, lagoon infill at One Tree 
Reef is achieved by encroachment of coarse material in 
subtidal sand sheets, settling of fine material during the 
extended low-tide period, and via material supplied directly 
from lagoonal patch reefs , producing a characteristic build
up of material and extension of patch reefs to leeward. 
Sediment supplied by patch reefs locally changes the lagoon 
sediment characteristics. The complex reticulate system in 
the central region is important in impeding water flow and 
increasing local deposition of suspended material . The 
southeast to northwest gradient in sediment size is not a 
response to the modal southeast to northwest current 
system, except where bioturbation suspends material long 
enough to be transported by the ambient currents . It is 
suggested that the major transport and reworking of lagoon 
sediment occurs during low-frequency, high-energy events , 
such as tropical cyclones, which also produce a southeast to 
northwest current system for a large percentage of the time, 
and which recur frequently enough to be a significant factor 
in producing both the leeward decrease in sediment size and 
the lee-side extension of patch reefs observed at One Tree. 

Several other reefs in the southern Great Barrier Reef have 
lagoons and should have circulation characteristics very 
similar to One Tree, being subject to the same energy regime, 
except where sheltered from swell input by other reefs. For 
example, Llewellyn, Lady Musgrave, and Fitzroy Reefs have 
similar lagoon depths and prograding sand sheets as One 
Tree Reef, although Fitzroy and Lady Musgrave Reefs have 

narrow lee-side channels . Fitzroy and Lady Musgrave Reefs 
also have similar sediment distributions to One Tree Reef 
(Orme & others, 1977; Davies & others, 1977a), but the 
evidence from One Tree suggests that the gradients in lagoon 
sediment size are a response to stronger currents during 
high-energy events andlor transport of bioturbated material , 
rather than active entrainment and transport by the normal 
current regime. The role played by patch reefs is not as 
significant for reefs such as Lady Musgrave, which have far 
fewer patch reefs than One Tree. 

By contrast , reefs such as Fairfax and Wreck have very 
shallow, almost infilled lagoons. Winds waves have been 
observed at these reefs, stirring sand and silt into suspension, 
which is then carried towards the lee of the reef (Davies & 
others, 1977a). It may , therefore, be that, as lagoons 
approach the final stages of infill, they change from being 
sediment sinks to areas of active winnowing and transport of 
finer grades off the reef into the deeper leeward regions. 

Current measurements at mid-water on the windward side of 
the lagoon at Davies Reef (central Great Barrier Reef) by this 
author, indicate that currents here are also not able to 
entrain and sort lagoon sediments. Current speeds were less 
than 16 cmls for wind speeds up to 14 mls at mid-depth in 
15 m of water. Callianasid shrimps are very active in locally 
reworking and suspending sediment in this lagoon 
(Tudhope, personal communication), and the processes 
described for One Tree Reef may also apply for enclosed to 
semi-enclosed reefs in this part of the Great Barrier Reef, 
especially as lagoons here are generally deeper than those 
further south and north . However, currents recorded close 
to the bed at Britomart Reef (central Great Barrier Reef) 
reached 40 cmls for winds less than 10 cmls (Wolanski & 
Jones, 1980). However, Britomart is a much more open reef 
with continuous tidal exchange through the reef passes. The 
reef morphology is, therefore , an important factor in the 
ability of lagoon currents to actively sort and distribute 
lagoon sediments. 
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HOLOCENE PALAEO-ENVmONMENTAL CHANGES, CENTRAL TO 
NORTH GREAT BARRIER REEF INNER ZONE 
John Chappell I , Allan Chivas2

, E. Wallenskl, H.A. Polach4 & Paul Aharon5
• 

Fringing reefs and storm ridges. from inner-shelf sires on the Great 
Barrier Reef between 14° and 20" S. are examined for Holocene 
sea-level and climatic changes. The sites all lie close t~'the line along 
which the sea level of 5500 yr B. P. is thought. on isostatic grounds. 
to have been + I m. Coral microatolls are used as indicators of 
former sea levels on fringing reefs. 45 radiocarbon results from II 
sites range between 360 and 5855 yr B.P .. and their age/height 
distribution shows that sea level fell smoothlv from + I mat 6000 yr 
B. P. to its present position. Confidence limits on the sea-level trend 
are :to.2 m: and no evidence for secondary oscillations of sea level 

Introduction 
Questions of permanence and of sensitivity of the Great 
Barrier Reef quickly invoke questions about its history. Since 
it has become known that the coral reefs that we see are 
relatively thin structures built only in the last 10000 yr or so, 
the essential historical frame~ork has been clear. Founda
tions of our present knowledge of the Great Barrier Reef 
were laid through the studies of the first Royal Society 
Expedition in 1928-9, but it is only in the last decade that the 
historical perspective has been resolved. Stratigraphic and 
radiocarbon dating techniques, applied in the Great Barrier 
Reef by the second Royal Society Expedition, in 1973, were 
reported in the important collection of papers edited by 
Stoddart & Yonge (1978). Since then, this sort of research 
has been extended by many, amongst the foremost being D. 
Hopley of James Cook University and PJ. Davies of the 
Australian Bureau of Mineral Resources. 

It is known now that the present reefs are of Holocene age, 
capping a Pleistocene foundation that was exposed as 
terrestrial limestone terrain until about 8000 to 10 000 yr ago. 
The Holocene cap seems rarely to exceed 20 m thickness and 
usually is less. It grew during an era when climate was 
essentially that of the present, to judge from studies of 
vegetation history in the Atherton Tablelands of north 
Queensland (Kershaw, 1971, 1976, in press). The new reefs 
began growing on the submerging shelf when sea level was 
rising rapidly from its ice-age low position at a rate of about 
10 m/lOOO yr. Figure I shows the course of sea level and 
climate in the last 20000 yr, as far as these can be estimated 
for north Queensland. 

Reef growth rates and patterns have varied partly in 
accordance with the changes of sea level and climate. During 
the later stages of rising sea level, shallow reefs struggled 
upwards to match it. Once having attained this, since sea 
level stabilised, their growth has been outwards rather than 
upwards. However, factors other than sea level affect net 
growth, including temperature, cyclone frequency, and 
other meteorologic conditions, as well as nutrient supplies 
from river sources, on one hand, and upwelling beyond the 
continental shelf, on the other. Davies & Marshall (1979, 
1980), finding that earlier Holocene growth rates exceeded 
later rates, speculated briefly on some of these factors. 
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National University. GPO Box 4. Canberra. ACT 2600 

2 Environmental Geochemistrv. R.S.E.S .. ANU 
3 formerly Australian Institute of Marine Sciences 
4 Radiocarbon Dating Research Laboratory. ANU 
5 formerly at {2l: now Dept. of Geology. Louisiana State Uni
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has been found. With reference to climate. coral shingle and shell 
storm-ridge sequences at 5 places (total of 8 traverses) were surveyed 
and dated. Results from the best Sequence (Princess Charlotte Bay) 
show that the average recurrence interval of major ridge-building 
storms is about 80 yr. Statistics of the series of storm-ridge ages do 
not show any identifiable changes in frequency of ridge building 
over the last 4000 yr and perhaps 6000 yr. It is concluded that 
evidence for climatic changes in the northern Great Barrier Reef in 
the last 6000 yr has not vet been found. The direction of continuing 
studies is outiined. . 
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Figure I. Sea level and climate of northern Australia in the last 
20000 yr, relative to present. 
Notes: (i) Sea levels. Data sources are given by Chappell (1980. 1983a). The 
-150 m low at 18000 yr B.P. is quite well supponed (work of Jongsma. 
Veevers. and others. reviewed in Chappell. (1980. 1983a). but neglible data 
exist between about 15000 and 10 000 vr B.P. The rate curve 
(second line) integrates to 150 m rise since 18000 yr B.P. (ii) Climate data 
sources: Hope (in press). Hope & Peterson (1975). Kershaw (1971. 1976. in 
press). with supponing data from CUMANZ (in press). Hays (in press). Hays 
& others (1976). Therainfall curve does not show Kershaw's (in press) highest 
estimate. which is for rainfall 50 per cent above present around 5000 yr B.P. 

Overall, our study is concerned with past changes of 
boundary conditions in the period of later Holocene reef 
development, especially sea level and climatic changes. We 
also are interested in past variations of certain trace 
elements. Methods have been geomorphologic, strati
graphic, and geochemical, the last being based on the 
knowledge that marine invertebrates preserve, in their 
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calcareous skeletons, an isotopic and trace-element record of 
the chemistry of the water in which they grew. This report 
describes our geomorphologic and stratigraphic results. The 
geochemical work requires many hundreds of further 
analyses and will be the subject of a later paper. 

Our work has been in the inner zone of the northern Great 
Barrier Reef, principally between the Flinders Group at 
14°II'S and the Palm Group at 18°42'S, plus a few sites 
further south. Site locations are shown in Figure 2 and 
annotated in Table I. Most sites are on fringing reefs of high 
or continental islands, and reefs of the low wooded type, 
described by Hopley (1982). Two mainland sites are 
included, one being the fringing reef at Yule Point, at 
16°35°S, and the other being the chenier plain at Princess 
Charlotte Bay, at 14°15'S. Results are discussed in the 
following order: sea-level changes, fringing reef growth, 
storm-ridge sequences and their formation, climatic 
changes, and continuing work. 

Holocene sea-level changes in the northern and 
central Great Barrier Reef. 
Sea-level change is the most elementary factor affecting coral 
reef growth. Its effect was identified by Darwin (1842) in his 
subsidence theory of atoll development, and Daly (1910) 
emphasised the influence of rapid sea-level rise caused by 
melting of late Pleistocene ice sheets. The relationship has 
become better understood since it has been established: (i) 
that maximum rate of post-glacial rise has exceeded I cm/yr; 
(ii) that individual corals in shallow water can grow at over I 
cm/yr; and (iii) that net reef accretion, on average, is less than 
I cm/yr in most actively growing sites. This means that, while 
individual corals temporarily might keep up with post-glacial 
sea-level rise, reefs as a whole cannot. Figure I shows the 
broad pattern of the last 20 000 yr. Since attainment of 
relatively stable sea level about 6000 yr ago, many reefs have 
gone through a period of continued vertical growth before 
equilibrating with present sea level. The concept of equili
bration must be recognised if the future course of reef growth 
is to be predicted. Equilibration will be affected by any lesser 
changes of sea level over the last 6000 yr. 

Certain terms describing causes of sea-level change should be 
defined. Glacio-eustatic changes are related to formation or 
melting of land-based ice. The largest of these is represented 
by post-glacial sea-level rise. Tectonic changes are vertical 
movements of the land, most dramatic in seismically active 
regions such as Papua New Guinea. Isostatic changes are 
vertical movements of the Earth's crust following shifts of 
surface loads, which cause displacements according to 
Archimedes' Principle. These are best seen in former 
glaciated regions such as Scandinavia. Isostatic changes 
continue after the load has altered, owing to the high 
viscosity of the Earth's mantle. 

Post -glacial decanting of ice caps into oceans has affected the 
entire figure of the Earth, and includes the effect on 
continental shelves of post-glacial flooding. Adjustment of 
shelf areas to the latter is referred to as hydro-isostasy. The 
total effect of deglaciation has been to alter the relative 
elevations of all surfaces differentially, so that sea-level 
changes vary around the Earth. Neglecting tectonic move
ments, local sea-level change is the sum of glacio-eustatic 
change plus isostatic movement. Hence, sea-level change 
must be identified in each area of interest, and is referred to 
as relative sea-level change. 

Cooktown 

16° 

i; .... ~ CORAL SEA 
.. " ~):" 
'.;.:::g~ 
')3- D :t"- ~ 

. ~:' - .j 
ounkf .... , @ 

18° :GoOld I:' ';", -5><,,~ 
c:Sl ~' . ~ 
\\J Orpheus" .' ••. 

{.Curacoa~~'· . ~4I~" •. 
\£>Great Palm I. ~ cJ .";. 

Fantome I. .,.~, '" . 

200 Ian 
'--,--------,-----" 

Figure 2. Localities referred to in text. 
Table I gives further details. 
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Table 1. Characteristics of survey transects (north to south) 

KING ISLAND 14"06'S 144"20'E. 
Fringing reef transect. centre of W side on bearing 250". 

FLINDERS ISLAND WIO'S 144°IS'E. 
Fringing reef transect. I km W of Pirie Head on S side on bearing 180". 

PRINCESS CHARLOTTE BA Y W17'S 144°12'E. 
Beach ridge and chenier plain profiles ca. 7 km N of Marrett River. 
(Ref. Chappell and Grindrod 1983.) 

NYMPH ISLAND W39'S 145°IS'E. 
Transect across series of parallel shingle ridges on SE side on bearing 150". 

LOW WOODED ISLAND 15"06'S 145"23'E. 
Two transects across shingle ridges: N side. intersecting curved ridges 
on bearing 358°: S side. parallel vegetated ridges on bearing 195°. 

WEST HOPE ISLAND 15°45'S 145"27'E. 
Transect across well developed parallel ridges on E side on bearing 107°. 

YULE POINT 16"35'S 145°30'E. 
Fringing reef transect I km NNW of Yule Point on bearing 060". 

DUNK ISLAND 17°58'S 146°IO'E. 
Fringing reef transect in centre of Coconut Bay on bearing 200°. 

GOOLD ISLAND 18°11 'S 146°IO'E. 
Fringing reef transect in centre of southern bay on bearing 180". 

ORPHEUS ISLAND 18°36'S 146°30'E. 
Fringing reef transect in southern Pioneer Bay on bearing 315°. 

FANTOME ISLAND 18°4O'S 146°31 'E. 
Fringing reef transect at N end of Juno Bay on bearing 270°. 

CURACOA ISLAND 18°4O'S 146°34'E. 
Two transects on triangular shingle/boulder spit. N end. (i) Long 
transect. central SW (lee) side on bearing 184°. (ii) ShoTt transect central 
N (weather) side on bearing 140". 

GREAT PALM ISLAND 18°42'S 146°36'E. 
Fringing reef transect in centre Coolgaree Bay on bearing 310". 

MAGNETIC ISLAND 19"09'S 146°52'E. 
Fringing reef transect N end Arcadia Bay on bearing 110°. 

CAMP ISLAND 19°52'S 147"53'E. 
Fringing reef transect on bearing 225° from SE corner. 

STONE ISLAND 20"02'S 148°16'E. 
Fringing reef transect on S side 200 m E of headland on bearing 200". 



Sea-level change in the Great Barrier Reef: 
methods 
Indicators of past sea level fall into two groups, finite and 
directionnJ. Finite indicators are preserved organisms or 
sediments that have a definite relationship with sea-level 
datum . Included are intertidal sediments , such as mangrove 
organic facies , and organisms with a fixed habitat relative to 
tidal levels . Directional indicators are those that form at 
various heights or depths above or below sea level. For 
example , river gravels found on the continental shelf indicate 
former sea level at least as low as their position of occur
rence. Our study is based on finite indicators, described 
below. 

Chronology is supplied by radiocarbon dating. All our age 
results are in radiocarbon years before present (B. P.), with 
two corrections applied. Firstly, results are adjusted for 
isotopic fractionation. This arises because shell or coralline 
material incorporates relatively more of the heavy carbon 
isotopes than does wood , and wood is the ultimate radio
carbon 'standard'. This correction is summarised by Stuiver 
& Polach (1977), and all results are adjusted accordingly by 
the laboratory to be given as conventionnJ radiocarbon ages. 
Secondly, a correction is applied to all samples of marine 
origin, because sea water is depleted in 14C relative to the 
atmosphere . The correction adopted in Australia is to 
subtract 450 ± 35 yr from the conventional radiocarbon age. 
This was defined by Gillespie & Polach (1979) for New South 
Wales shells , and is used for all marine samples in this paper. 
The correction was not applied to mangrove wood dates , 
because these are based on carbon acquired photo
synthetically from the air. There is evidence that the 
correction may be less than 450 yr for corals from the inner 
Great Barrier Reef (Polach , personal data), but the 450-yr 
figure will be used until formally revised . All radiocarbon 
results are listed fully in Table 2. 

Our finite indicators of sea level within the study area are 
mostly of one type, i.e. coral microatolls. The microatoll 
form is widely observed, in open water on the edge of reef 
flats , to be limited in its elevation by the local spring-tide 
low-water level. Scoffin & Stoddart (1978) described micro
atolls closely , noting that those in moated or lagoonal 
positions are limited by their local low-water level , which 
may be as much as 0.8 m or so above the level of those in the 
free water on the edges of reefs (see also McLean & others, 
1978). Microatolls typically are flat-topped and roughly 
circular , often with marginal growth lobes , with sediment or 
algal encrustation on their inactive upper surface. A grove of 
living microatolls has very uniform elevations, usually 
within a vertical range of 10 cm. Pseudomorphs of micro
atolls occur subtidally where the tops of large corals 
(bommies) have become encrusted, but these are variable in 
elevation and lack the distinctive concentric growth ridges of 
microatolls. 

Eleven fringing reefs were examined from the Flinders 
Group in the north to Shute Harbour in the south . The 
following criteria were met at each survey site: (i) groves of 
living microatolls exist at the present reef margin; (ii) dead 
microatolls are visible intermittently across the entire reef 
flat: (iii) evidence was found, either at the surface or tested by 
shallow digging, for there having been no ancient ramparts 
causing moating. The latter is difficult to prove, and in two 
cases we decided that ancient ramparts probably existed near 
the landward end of the traverses. Several other sites were 
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rejected because truncated rampart remnants indicated that 
most of the traverse would have been affected by moating at 
some stage .during later Holocene times . 

Site locations shown in Figure 2 are described in Table I, and 
profiles appear in Figure 3. All were levelled precisely a~d 7 
were tied to low-tidal datum through benchmarks proVIded 
by the Australian Survey Office. The remainder were levelled 
to tidal levels recorded during the survey. On each profile, all 
groups of living and dead microatolls were levelled With. 5 to 
12 readings in each group. Only those groups of dead mlcro
atolls that were extensive and consistent in height were 
sampled for dating, and 46 were radiocarbon-dated. 

Sea-level change: results 
Before our results from the inner-shelf sites shown in 
Figures 2 and 3 are discussed, the broader context of sea
level change relative to north Queensland must be con
sidered. The important point is that the course of Holocene 
sea level is not the same in all areas. As far as can be seen 
from the evidence, sea level has fallen relative to north 
Australian coastal sites in the last 6000 yr, but has risen 
relative to some southwest Pacific oceanic sites. As outlined 
above, there are two causes for such a differential pattern; 
tectonic and hydro-isostatic movements . Island arcs 
adjacent to plate boundaries are known to be tectonically 
rising, such as northern Papua New Guinea , the Bismarck 
Archipelago, and Vanuatu. These are excluded from 
discussion. 

The following examples illustrate the difference between 
oceanic and north Australian inner-shelf and mainland sites. 
Bloom (1970) described evidence in Micronesia that indi
cates sea level for 6000 yr B.P. at about 5 m below present. 
Bird (I971) and Hopley (1978) described features on the 
north Queensland mainland and inner islands showing sea 
levels higherthan present since 6000 yr B.P. 

Thorn & Chappell (1978) attributed differential sea-level 
change between oceanic and north Queensland coastal sites 
to hydro-isostatic warping, following more global argu
ments of Walcott (1972) and Chappell (1974) . Chappell & 
others (1982) presented a theoretical map of hydro-isostatic 
differential warping for north Queensland since 5500 yr 
B. P., calculated from a viscoelastic Earth model that seems 
geophysical\y reasonable . Using field data from 12 sites 
ranging from Britomart Reef into the Gulf of Carpentaria , 
they reported a correlation coefficient between theory and 
observation of 0.88 . Figure 4 shows the predicted 5500 yr 
B. P. sea-level isobase surface and study sites used by 
Chappell & others (1982). The result is that differences 
between local Holocene sea-level curves are to be expected 
and largely appear attributable to hydro-isostasy, in north 
Queensland. 

The possibility of tectonic effects overprinting the hydro
isostatic pattern of Figure 3. should be discussed. Hopley 
(1978 , 1980) described substantial height variation of upper 
intertidal beach deposits , including beach rock , roughly 
between Cooktown and Rockhampton , and suggested 
possible Holocene vertical movements on faults as a cause. 
Hopley (1982) outlined other factors , such as wave climate 
variations, as contributing to variations in height of beach 
deposits . Our surveys of microatoll evidence on sites shown 
in Figures 2 and 3 do not indicate any abrupt breaks of 
mid-Holocene sea level along the north Queensland coast, 
and thus do not support the idea of Holocene faulting . 
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Table 2. Radiocarbon age results and sea-level related data 

Lab. Field Sa~le Elev. (m)4 C onvenlional Co"ected Sea 
code I code2 type Max Min 14Cage5 14Cage6 level7 (m) 

KING ISLAND: modem ref.level 4 = 0.04l.2m 
2324 KII8 m.P 1.0 0.7 5500 = 130 5050 = 135 0.5-1.0 
2323 KII7 m.P 1.0 0.7 5560 = 100 51\0= \05 0.5-1.0 
2322 KII6 m.P 0.8 0.5 4400=90 3950 = 100 0.3--0.8 
2321 KII5 m.P 0.7 0.4 44\0=90 3960 = 100 0.2~.7 

FLINDERS ISLAND: modem ref. level = 0.04l.2m 
2319 FIll m.P 1.2 0.9 6110=200 5660 = 205 0.7-1.2 
2320 FII2 m.P 0.9 0.6 6050 = 100 5600 = \05 0.~.9 

YULE POINT: modern ref. level = 0.1~.3m 
EWY-I m.P 1.5 1.3 4870 = 95 4420 105 1.0--1.4 
EWY-2 m.P 1.35 1.15 4055 = 90 3605 100 0.85-1.25 
EWY-3 m.P 1.0 0.8 4925 = 120 4475 125 0.~.9 

EWY-6 m.P 0.85 0.65 1755 = 60 1305 70 0.3~.75 
EWY-4 m.P 0.65 0.45 1600 = 55 1150 65 0.1~.55 

DUNK ISLAND: modern ref. level = 0.~.9m 
EWD-I m.P 1.7 1.5 6175 = 100 5725 \05 0.6--1.1 
EWD-3 m.P 1.55 1.35 5745 = 90 5295 100 0.4~.95 

EWD-5 m.P 1.2 1.0 5805 = 70 5355 80 0.1~.6 
EWD-4 m.P 1.3 1.1 5095 = 95 4645 105 0.2~.7 

GOOLD ISLAND: modern ref. level = 0.3--0.6m 
EWG-I m.P 1.8 1.6 6305 = 140 5855 145 1.0--1.5 
EWG-2 m.P 1.5 1.3 5665 = 110 5215 115 0.7-1.2 
EWG-3 m.P 1.1 0.9 3500 = 70 3050 80 0.3--0.8 

ORPHEUS ISLAND: modern ref. level = 0.4~.65m 
2471 EWO/4 m.P 1.6 1.4 53\0 = 80 4860 90 0.75-1.15 
2476 EWO/3 m.P 1.3 1.1 4750 = 70 4300 80 0.4~.85 
2473 EWO/2 m.P 1.05 0.85 3470 = 70 3020 80 0.2~.6 

2470 EWOII m.P 0.8 0.6 2910 = 70 2460 80 0.0~.35 

FANTOME ISLAND: modern ref. level = 0.04l.2m 
2477 FA/5 m.P 1.2 0.8 5790 = 70 5340 80 0.8--1.2 
2464 FA/4 m.P 1.1 0.9 5970 = 90 5520 100 0.7-1.1 
2478 FA/3 m.P 0.85 0.65 4770 = 80 4320 90 0.4~.85 
2463 FAil m.P 0.65 0.45 3000 = 80 2550 90 0.2~.65 
2469 FA/2 m.P 0.55 0.35 2990 = 80 2540 90 0.1~.55 

GREA T PALM ISLAND: modern ref. level = 0.04l.2m 
2472 GP/6 m.P (1.8) 5150 = 80 4700 90 moated 
2466 GP/5 m.P 1.05 0.85 5440 = 110 4990 115 0.65-1.05 
2474 GP/4 m.P 1.05 0.85 4840 = 80 4390 90 0.65-1.05 
2465 GP/3 m.P 1.0 0.8 5940 = 90 5490 100 0.6--1.0 

MAGNETIC ISLAND: modern ref. level = 04l.2m 
EWMII m.P (1.9) 5340 = 115 4890 120 moated 
EWM/3 m.P (1.7) 5240 = 80 4790 90 moated 
EWM/4 m.P 1.4 1.2 5775 = 70 5325 80 1.0--1.4 
EWM/5 m.P 1.2 1.0 5220 = 70 4770 80 0.8--1.2 
EWM/6 m.P 0.7 0.5 4980 = 100 4530 \05 0.3--0.7 
EWMI7 m.P 0.9 0.7 5215 = 110 4765 115 0.~.9 
EWM/8 m.P 0.2 0.1 8\0 = 60 360 70 0.1~.2 

CAMP ISLAND: modem ref. level = 0.04l.2m 
EWCII m.P 1.1 0.9 6270 = 1\0 5820 115 0.7-1.1 
EWC/2 m.P 0.9 0.7 5470 = 95 5020 105 0.~.9 

EWC/3 m.P 0.7 0.3 1730 = 95 1280 105 0.3--0.7 

STONE ISLAND: modern ref. level = 0.1~.25m 
EWSII m.P 1.35 1.15 6375 = 1\0 5925 115 0.9-1.25 
EWS/2 m.P 1.35 1.15 5735 = 130 5285 135 0.9-1.25 
EWS/3 m.P 1.25 1.05 6205 = 100 5755 \05 0.8--1.15 
EWS/4 m.P 0.9 0.7 5700 = 90 5250 100 0.4~_8 

NYMPH ISLAND 
3081 CN-6--1 T 2.5 890 = 70 440 80 
3205 CN-6--2 2.5 860 = 70 4\0 80 
3203 CN-5 3.5 490 = 60 40 70 
3204 CN-4 3.7 9\0 ± 60 460 70 
3202 CN-I 3.8 220 = 70 M 
3286 CN-2 s 3.0 100.1 = 0.5%M >M 
2940 CN-7 T 1.8 430 ± 70 M 

LOW WOODED ISLE. Northern traverse 
3082 LW-7 s 3.5 1I\o± 70 660 80 
2939 LW-13 T 3.6 1740 ± 70 1290 80 
3161 LW-I-I 4.9 600 ± 60 150 70 
3195 LW-I-2 4.9 740 ± 60 290 70 
3285 LW-2 3.8 1480 ± 80 \030 90 
3167 LW-II 3.6 2500 ± 190 2050 195 
3197 LW-5 3.6 290 ± 60 M 
3283 LW-6 3.7 100.9±0.7%M >M 
3196 LW-3 3.9 98.9 ±0.8%M M 
3284 LW-4 s 3.6 \03.1 ± I.3%M >M 
2938 LW-12 T 1.7 98.4 ± O.9%M M 
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LOW WOODED ISLE. Southern traverse 
3083 LW-14 3.8 2450 = 80 2000= 90 
3198 LW-15 5.4 1720=80 1270 = 90 
3199 LW-16 4.7 510 = 70 60= 80 
3201 LW-17 3.9 2740= 90 2290 = 100 
3168 LW-18 3.6 128.4 = 1.4%M >M 
3200 LW-19 s 3.6 105.0 = O.9%M >M 
3404 LW-22 T 2.0 117.6 = 0.8%M >M 
3405 LW-23 T 2.0 430 = 60 M 
3406 LW-26 T 2.0 98.2 =0.8%M M 
3407 LW-29 T 2.0 113.3 = 0.7%M >M 

WEST HOPE ISLAND 
3085 WH-8 T 3.1 1200 = 60 750 = 70 
3084 WH-7 3.1 880 = 70 430 = 80 
3166 WH-6 3.6 250 = 60 M 
3162 WH-5 3.0 890 = 70 440 = 80 
3164 WH-4 3.2 430 = 70 M 
3163 WH-3 3.6 750 = 70 300 = 80 
3160 WH-I 4.0 560 = 60 110 = 70 
3165 WH-2 3.8 98.4 = 0.8%M M 
3282 WH-9 2.0 99.8 = 1.00M M 

CURACOA ISLAND. Southern traverse 
2948 CIIl coral 0.4 5170 = 80 4720 = 90 
3080 S-ll s 6.5 4360 = 80 3910 = 90 
2952 CI/12 A 6.8 4380 = 70 3930 = 80 
2951 CIJII G 6.8 4100 = 70 3650 = 80 
3154 S-IO 6.8 3890 = 80 3440=90 
3233 S-9 6.6 3090 = 80 2640 = 90 
3232 S-8 6.8 2620 = 70 2170 ± 80 
3230 S-7 s 7.0 2060 ± 70 1610 ± 80 
3403 'S-6 . T 6.4 4050 ± 70 3600 ± 80 

(ex situ) 
3328 S-5 s 6.4 1670 ± 60 1220 ± 70 
2950 CIJ6 A 6.4 2140 ± 70 1690 ± 80 
3409 S-4 5.2 1480 ± 60 1030 ± 70 
3231 S-3 6.2 1080 ± 70 630 ± 80 
3324 S-2 5.9 370 ± 70 M 
3326 S-I 5.3 830 = 70 380 ± 80 
2791 C-I 5.3 920 = 70 470 ± 80 
3408 C-S-M 4.2 720± 60 270 ± 70 

CURACOA ISLAND. Northern traverse 
3077 N-5-1 T 7.2 1740 ± 70 1290 ± 80 
3078 N-5-2 T 7.2 1270 ± 70 820 ± 80 
3412 N-4 5.3 500 ± 60 50 ± 70 
3327 N-3 4.3 119O± 70 740 ± 80 
3411 N-3-2 4.3 300 ± 60 M 
3325 N-2 4.2 310 ± 50 M 
3410 N-2-2 4.2 340 ± 60 M 
3287 N-I 3.8 99.5 ± 0.5 M 

NOTES. It is noted that many 14C results listed here differe slightly from those given previously in 
Chappell & others 1982: Chappell 1983b. Results in this Table are final values adjusted by changes in 
background. 
I Lab code: Numbered entires are ANU results 

2 Field codes may be cited in correspondence with authors 
3 Sample types: m.P = microatoll. Poriles; T = single large Tridacna, s = group of same-species shells. 

usually AnillJara, A = Acropora. G = Goniaslrea. 
4 Elevations relative to tidal prediction datum for all sites. except King. Hinders. Fantome. Great 

Palm which are relative to estimated MLWS. Note sites from King to Stone also give modern 
reference level. i.e. elevations of living microatolls in open water at reef edge. 

S Conventional 14C ages, corrected for isotopic fractionation 
6 14C ages corrected for environmental (sea water) effect by subtracting 450 ± 35 from conventional 

age. 
Note. Princess Charlotte Bay results listed separately by Chappell & Grindrod ((983). 

In one area. however, the hydro-isostatic'isobase map of 
Figure 4 appears to underestimate variation of the relative 
sea level of 5500 yr B.P. This is in the central and outer shelf 
seawards from the Townsville sector, where results described 
by Hopley (1982) suggest mid-Holocene sea levels lower than 
predicted towards the outer margin of the shelf. Either the 
Earth model parameters used by Chappell & others (1982) 
are in error. by using too high a value for lithosphere rigidity, 
or subsidence of the Halifax Basin has affected this region. In 
either case, isobase predictions towards the outer shelf from 
Townsville appear insufficiently low, in a vertical sense. 

We now review the Holocene sea-level results from the sites 
and reef sections of Figures 2 and 3. Most sites lie close to the 
+ I m isobase line in Figure 4: i.e. they are thought to be 

comparable in sea-level terms, because they are expected to 
have had sea level about I m higher than present, 5500 yr 
ago. Only the Yule Point site differs, because it lies land
wards of the I m isobase, where 5500 yr B.P, sea level is 
predicted to be close to 1.3 m. The survey data shown in 
Figure 3 are listed in Table- 2 with their errors of deter
mination. There are four error sources. 

(0 Radiocarbon dating errors: these combine the standard 
error given by the laboratory with the standard error of the 
Gillespie & Polach seawater correction (450 ±35 years). The 
14C error term in Table 2 represents the final standard error. 

(ii) Mean elevation of modern microatolls in open water for 
each traverse: Table 2 shows the vertical range of surveyed 
examples at each site. 
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Figure 4. Hydro-isostatic surface for 5500 yr B.P. predicted by 
Chappell & others (1982), with observed results shown as larger 
numbers. 

(iii) Mean elevation of microatolls in each dated cluster of 
microatolls on each traverse: Table 2 shows the measured 
vertical range at each such site. 

(iv) The error caused by the possibility that ancient micro
atolls grew in a moated position on a reef flat, rather than in 
open water. 

Error sources (i) to (iii) are systematic. Source (jv) will lead to 
unrealistically high estimates of palaeo-sea level. As ex
plained earlier, care was taken to exclude (jv), but it is 
difficult to eliminate. Figure 3 shows two sites where 
previous moating is expected to have interfered, at the rear of 
the Great Palm and the Magnetic Island traverses. 

Systematic height errors are dealt with as was done previous
ly by Chappell & others (1982) and Chappell (1983b). Let the 
highest modern open-water microatolls on a given traverse 
have elevation W.r.t. datum = a, and the lowest have 
elevation = b. Let the highest microatoll in a dated cluster 
have elevation = A and the lowest have elevation = B. The 
minimum sea-level change represented by the cluster is B-a, 
and the maximum is A-b. Table 2 lists these minimum and 
maximum values for each dated cluster. 

Results in Table 2 are graphed in Figure Sa, as indicated sea 
level versus time. All results are shown except for the two 
from Magnetic Island and the one from Great Palm Island 
where moating is suspected. Vertical error bars cover 
maximum to minimum ranges from Table 2, and horizontal 
bars show 14C dating error. The main result is that, since 
6000 yr B.P., sea-level has falleN by I m since 6000 B.P. 
relative to these sites. A straight line is drawn from the + I m, 
6000 yr B. P. point to the zero-zero point, representing the 
present. Except for the Yule Point results (marked Y in 
Figure Sa), all data lie close to this line. As mentioned above, 
Yule Point data are expected to show sea levels higher than 
the other sites (see Fig. 4). The straight line is adopted as the 
simplest model of post-6000 yr B.P. sea-level change at all 
points along the 1 m isobase line of Figure 4. 

I n first reporting these data, Chappell (I983b) statistically 
fitted the line h = 1.36 X 10-4 T + 0.16. where h is sea-level 
height in metres at TyrB.P., with a vertical r.m.s. errorof± 
0.2 m. The line h = T/6000 shown here is not significantly 

Figure 3. LeveDed fringing reef transects. 
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Figure 5. A-Microatollsea-leveldataoverlast6000yr. Y = Yule 
Point. B - Observations from Karumba (Rhodes, 1980; Chappell & 
others, 1982), with dashed line following hydro-isostatic curve, and 
prediction for outer margin, northern Great Barrier Reef. 

different and is simpler to calculate. It must be remembered 
that these results are strictly in terms of mean low-water 
spring-tide level (ML WS) and not mean sea level (see 
caption, Fig. 5). 

An important issue in the literature of Holocene sea-level 
changes is whether there have been oscillations of sea level 
around the local trend. Fairbridge (1961) claimed oscil
lations of up to several metres several times in the last 6000 
yr. If real, these would have significant effects on Holocene 
reef history, through repeated alternations of exposure and 
submergence. Others have supported the idea (e.g. Morner, 
1971; Tooley, 1974; Schofield, 1975), although the amplitude 
of oscillation claimed by these later workers is less than 
stated by Fairbridge. In the case of careful work in the 
Netherlands by van de Plassche (1982), the amplitude is 
reduced to about 0.5 m, and the most recent report from 
English supporters of Holocene oscillations makes no state
ment at all about amplitudes (Shennan & others, 1983). 
Further, the chronologies of purported Holocene oscil
lations from different regions have not yet been shown to 
correlate significantly. Our results do not suggest any 
recognisable oscillations around the straight-line trend 
shown in Figure Sa, and this is supported by the stratigraphy 

Tidal datum benchmarks supplied by Australian Survey Office (Brisbane) for Yule. Dunk. Goold. Orpheus. Magnetic. Camp. Stone. Others levelled to Low 
Water Spring Tide. Numbers are corrected radiocarbon ages in years before present <Table 2). 
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of the Princess Charlotte Bay chenier plain, which is 
discussed later. We conclude that there have been no 
secondary sea-level oscillations in the last 6000 yr. 

The course of post-6000 yr B.P. sea level differs from that in 
Figure 5a at sites away from the + I m isobase line of Figure 
4, according to hydro-isostatic effects. The most extreme 
example with supporting data is found in the Karumba 
chenier plain in the southern Gulf of Carpentaria (Rhodes, 
1980; Chappell & others, 1982). A mean sea level about 2.3 m 
above present, 5500 yr ago, is predicted from the hydro
isostatic model (Fig. 4). Figure 5b compares a straight line 
drawn from +2 .3 mat 6000 yr B.P. to the zero-zero point 
with Rhodes' results. Error-bars of the data all intersect the 
straight line. It is noted that central values of these results fall 
on a smooth curve that lies above the straight line before 
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curve resembles that predicted for the hydro-isostatic effect 
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by Chappell (1974). It is concluded that the hydro-isostatic 
prediction is sound and may be used to estimate sea-level 
change for sites that so far have no established data . An 
example, using the simple straight-line approach, is shown 
for the outer reefs off the Townsville area. The effects of any 
slow tectonic subsidence, such as in the Halifax Basin, 
should be added, when these are known, for final pre
dictions. 

Fringing reef growth 
Reef profiles in Figure 3 fall between two idealisations of the 
patterns of 14C age results across their surfaces. The first is 
one where ages generally increase landwards from their 
seaward margins , e.g. the Orpheus and Fantome cases. A 
second idealisation shows similar ages at all sites on their 
traverses, usually in the 5000-6000 yr B.P. range. Stone 
Island is typical. Most actual cases appear to be mixtures of 
these two models, e.g. Yule Point. 

Age patterns of the two idealisations are shown more clearly 
in Figure 6. Age results for each microatoll group are plotted 
against their relative positions on their respective traverses. 
The relative position is the distance of a given microatoll 
group from the landward edge of the reef, as a fraction of 
total width of the reef on which it occurs. Results scatter 
within an envelope defined by lines I and 2 in Figure 6. Line I 
is straight, joining the point representing zero reef width at 
6000 yr B. P. to the point representing present full width. 
This line suggests uniform outward reef growth. Line 2 is 
almost vertical from zero to 80 per cent of full reef width , 
suggesting very little outward reef growth since 5000 yr B.P. 
About half the observations lie very close to one line or the 
other. 

Reef growth structures that would generate graph-lines I and 
2 are shown as models I and 2, respectively, in the lower part 
of Figure 6. Model I depicts outward growth since sea-level 
stabilised 6000 yr ago, while model 2 indicates that much of 
the reef frame was established by 6000 yr B.P., with only 
secondary infilling since that time. The idealisations are 
ecologically different. Model I represents outgrowth with 
ecologic conditions remaining rather constant at the reef 
margin, despite its migration . Conditions at the fixed outer 
margin remain rather constant also in model 2, but here the 
upward-growing and infilling parts of the reef experience 
changing ecology: in a sense, a successional pattern. Neither 
case is much affected by the I m fall of sea level since 6000 yr 
B. P., except that in model I the rear of the reef increasingly 
is stranded above mean low-water spring-tide level (ML WS) 
and becomes progressively more favourable for mangrove 

~ SOOO B.P. 

20/ 00/6 

Figure 6. A - Microatoll positions from surveyed transects, 
plotted as age versus relative positions on transects. B - Suggested 
simple growth models corresponding to boundary lines I and 2 in A. 

,.1 .. 

development. The scatter of points between lines I and 2, 
graphed in Figure 6, suggests that many fringing reefs have 
growth structures that combine elements of models I and 2. 

While neither model may be quite realistic, they are con
sistent with limiting lines I and 2 in Figure 6. As to causes for 
the distinction between the two cases, model I represents the 
case where reef growth did not reach sea level 6000 yr ago, 
except in the shallow zone next to the land, while , in the case 
of model 2, much of the reef is at sea level by 6000 yr B.P. It 
may be that reefs with microatoll age patterns close to line 2 
rest on shallower substrates than those with patterns similar 
to line I. A second factor that might influence growth rate 
and pattern is deposition of fluvial and marine sediment 
transported from nearby terrestrial or other reef sources, but 
no correlation of this sort was found, as far as could be 
estimated for the different surveyed sites. 

Storm-ridge sequences and their formation 
Groups of storm ridges , mostly built of coral shingle, were 
surveyed at several sites. Ridges standing well above mean 
high-water spring-tide level (MHWS) are built by the storm 
wave and surge effects of cyclones. If sufficiently many are 
sampled and dated, the results , in principle, will suggest the 
statistical recurrence intervals of these events, and may 
indicate any past variations of such statistics. The age 
distribution of ridges, over the last 6000 yr, will also reflect 
reef growth in an indirect way, because ridges cannot be built 
without there being a source 9f ridge material. 



Shingle ridges have been dated previously at many sites, 
ranging from Lady Elliot Reef in the far south of the Great 
Barrier Reef (Flood, 1979) to reef islands in the northern 
region (Stoddart & others, 1978; Hopley, 1982). These 
reports suggest that most such sites in the northern Great 
Barrier Reef have relatively few ridges (less than 8), and 
fewer dates are reported. Our own survey of four northern 
reefs bore similar fruit. As we wanted sequences with as 
many ridges as possible, we paid particular attention to two 
sites that differ from low reef islands. These are the coastal 
plain of northeast Princess Charlotte Bay at the northern end 
of the study area , and the gravel spit on the continental 
island of Curacoa in the Palm Group towards the south . 
Both have multiple ridge sequences extending back about 
4000 yr. 

Survey transects are shown in Figure 7, at locations shown in 
Figure 2 and annotated in Table I . Four low reef island sites 
north of Cairns are included. Age data shown in summary in 
Figure 7 are listed in Table 2. 
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Figure 7. Levelled and dated beach and coral shingle ridge 
sections. ' 
Numbers are corrected radiocarbon ages in years before present (Table 2). 
Princess Charlotte Bay ages are tabulated by Chappell & Grindrod 
(1983). M and> M represent modern and greater than modern 14C activity. 
respectively. 
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The patterns of ridge heights and ages are more variable on 
the low reef islands than in the two long sequences. Whereas 
both Curacoa and Princess Charlotte sequences have ridges 
of rather uniform heights, becoming older inland from the 
shore , the ridges of the low reef islands vary considerably in 
height on each traverse, and their ages are anything but 
consistent with distance from the shore . The difference 
reflects the respective geomorphologic contexts of the two 
types of sites. In the cases of Princess Charlotte and 
Curacoa, each new ridge accretes to a previous shore line 
with the same direction under the influence of storm waves 
refracted and otherwise constrained by high bedrock topo
graphy of nearby cliffs and headlands . On the low reef 
islands, no such high-standing protection exists and storm
wave and surge effects vary with their direction of approach . 
The age patterns of these sites show that storm waves have 
washed over prior ridges, directly or obliquely, transporting 
younger shingle inshore of older deposits and probably 
mixing materials of several different events. 
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Figure 8. A - Princess Charlotte Bay beach ridge series related to 
nearby chenier series. Note mangrove facies horizon. B - Relative 
progradation versus age at Princess Charlotte Bay and Curacoa 
Island. C - Two models for self- induced accelerating progradation 
without change of boundary conditions. 
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The longer prograding sequences of Princess Charlotte Bay 
and Curacoa show simpler patterns. The Princess Charlotte 
case is the more regular. Described fully by Chappell & 
Grindrod (1983). the chenier plain of northeast Princess 
Charlotte Bay lies between the Normanby River and 
Bathurst Head (I4°15'S, 144°11 'E). At its northeast end. the 
chenier plain passes into a short beach-ridge plain. the 
transverse profile of which is shown at the top of Figure 7. 
There are more than three times as many ridges in the beach
ridge series as in the chenier series, which Chappell & 
Grindrod attribute to differences in availability of ridge
building shell material. Profiles across the two series are 
shown at the top of Figure 8, including their correlations 
based on tracing individual ridges from one to the other. 

Inspection of ridge ages on the Princess Charlotte profiles 
suggests that progradation accelerated towards the present, 
both in the chenier and the beach-ridge plains. This is shown 
more clearly by the graph of relative distance of dated ridges 
seawards from the bedrock shoreline, against ridge age 
(middle, Figure 8). Also plotted in similar terms are data 
from Curacoa, as shown in Figure 7. The graph in Figure 8 
shows similar age-progradation curves for all three cases, 
with low progradation rates until about 2500 yr B.P. and 
high rates since then. This must be interpreted carefully, 
because there has been a tendency to link changes of 
progradation, in other parts of the world, to changes of 
boundary conditions, such as sediment input or climate. 

Princess Charlotte Bay and Curacoa are very different 
situations. Princess Charlotte essentially is a shallow gulf, 
protected by reefs and islands to the north and northeast, 
and dominated by deposition of fine fluvial sediment. The 
triangular spit at the north end of Curacoa is remote from 
fluvial sources, surrounded by strong tidal currents and 
exposed to seas of the Palm Passage, and rimmed by narrow 
fringing reef. Its ridges are built predominantly of coral 
shingle with subsidiary amounts of beach gravel derived 
from adjacent cliffs of the island (see also Hopley, 1982). Its 
oldest deposits are exposed as beach rock (ANU 2948, 4720 
yr B.P., Table 2), but the regressive ridge sequence com
mences at about 4000 yr B.P. (Figure 7). Because of the 
primary difference between Curacoa and Princess Charlotte 
Bay, it would be easy to attribute their similar progradation 
histories to a single factor, such as late Holocene climate 
change, where climate change in this instance was construed 
as increase in cyclone frequency. 

There are alternative explanations for accelerating pro
gradation in each case. These are sketched at the bottom of 
Figure 8 and are referred to as the sediment-geometry effect 
and the source effect. The sediment-geometry effect in a 
relatively shallow and semi-enclosed gulf is that continued 
deposition of sediment at a constant rate causes shoaling and 
progradation at an accelerating rate, even with partial 
sediment loss from the system. The source effect applies in 
the case where reef sources of coral shingle have lagged 
behind Holocene sea-level rise, in their upward growth. 
Volumes of coral shingle available for ridge-building 
increase as the growing reef approaches sea level. The 
geometry of the two cases is suggested in Figure 8. 

The sediment geometry effect is illustrated in Princess 
Charlotte Bay by Chappell & Grindrod (1983). This broad 
bay is largely blocked to the north and northeast by large 
reefs (Corbett Reef, and others) which make the Bay 
resemble a partly closed basin. The illustration of sediment
geometry effect in Figure 8 shows a reefal barrier behind 
which sediment accumulates. Chappell & Grindrod (1983) 
have concluded that there is no evidence for accelerated 

progradation being due to anything other than the sediment
geometry effect. In the case of Curacoa. the proportion of 
lithic gravel relative to coral shingle ranges above 50 per cent 
in the older ridges, while it is around 10 per cent or less in the 
younger ridges. This suggests that the source effect sketched 
in Figure 8 is responsible for accelerating progradation of the 
younger ridges, i.e. since about 2000 to 2500 yr B. P. 

Finally. the Princess Charlotte Bay sequence is relevant to 
the matter of sea-level change: in particular. to the question 
of secondary oscillations of sea level in the last 6000 yr. The 
profile across the Princess Charlotte chenier plain is based on 
10 backhoe trenches and 3 cores, and is confirmed by a 
second parallel profile with 9 further trenches. about 4 km 
southwest. The stratigraphic mangrove facies horizon, 
shown in the profile, contains no stratigraphic or radio
carbon age evidence of minor transgression-regression 
cycles. Hence, there is no evidence for minor sea-level 
oscillations. Similar conclusions were reached by Cook & 
Polach (1973) and Cook & Mayo (1978) from chenier-plain 
studies at Broad Sound, central Queensland. and are sup
ported by Belperio (1979) from similar studies near 
Townsville. These results confirm the conclusion reached 
earlier that no secondary oscillations of sea level in the last 
6000 yr can be detected in north Queensland. The limits of 
resolution are estimated to be such that oscillations greater 
than 0.5 m would be recognised in the reef flat and Princess 
Charlotte chenier sequences. It is noted that the mangrove 
facies horizon in the Princess Charlotte chenier profile does 
not rise landwards as its age increases (Fig. 8). Chappell & 
Grindrod (1983) have cited evidence to show that progressive 
compaction of these sediments has offset the effect of slowly 
falling sea level. 

Climatic changes 
The broad picture of climatic change over the past 20000 yr 
for the northeast Australian region is summarised ill 
Figure I. As stated in the figure caption, trends of rainfall 
and temperature are mainly based on palynologicevidence 
from lake cores from the Atherton Tablelands. north 
Queensland (Kershaw, 1971, 1976, in press), and from 
highland Papua New Guinea (Hope, in press: Hope & 
Peterson, 1975). Further details from elsewhere in Australia 
support these trends (CLIMANZ, in press). However, there 
has been much speculation that significant but shorter-lived 
climatic oscillations occurred in Holocene times. Studies in 
high northern latitudes indicate substantial glacial changes 
in the last 6000 yr (Denton & Karlen, 1973) and there is 
considerable interest in the question of whether these reflect 
global climatic changes. In the coastal Australian context, 
Thorn (1978) suggested that major interruptions to pro
gradation of New South Wales coastal sand barriers may be 
linked to changes in frequency of major storms. From studies 
of chenier and beach-ridge series in the eastern Gulf of 
Carpentaria, Rhodes (1980) similarly speculated that the 
frequency of ridge building has varied with changing 
patterns of storminess. Both Australian studies rely on age 
distributions of coastal deposits over the last 6000 yr. Our 
own storm-ridge data of Figure 7 have a bearing on this 
issue. 

The impression gained from the beach-ridge sequence at 
Princess Charlotte Bay is that ridge building has occurred at 
rather a constant rate over the last 2000 yr. There are 12 or 13 
ridges in the interval 1000 to 2000 yr B. P. and II or 12 ridges 
in the interval 0 to 1000 yr B. P. Figures for the period prior to 
2000 yr B. P. are not comparable, as progradation rates were 
much slower (discussed above with reference to Figure 8). 



The mean recurrence interval of ridge building at northeast 
Princess Charlotte Bay over the last 2000 yr is 2000/24, i,e, 
about 83 yL It is interesting that the recurrence interval of 
storm surges that exceed a level of about I m above MHWS 
seems similar to this result for northeast Cape York 
Peninsula , Hopley & Harvey (1979) predicted a figure of 
about 100 years at Thursday Island , which is their nearest 
station to Princess Charlotte Bay. Ridge heights on the 
Princess Charlotte profiles suggest they were built by surges 
reaching or somewhat exceeding I m above MHWS. Storm 
wave effects in the protected bay are likely to have been 
substantially damped. 

At first glance , there is little to suggest variations of 
storminess in the last 2000 YL The recurrence interval of 
ridge building during this interval agrees quite well with 
Hopley & Harvey's prediction for the ridge-building events. 
However, temporal variations must be analysed from full 
time-series of ridge ages, which we do not have. because only 
a few of the ridges at Princess Charlotte Bay have been dated. 
Accordingly , we have examined the distribution of ages of all 
storm ridges that have been dated . This is less than ideal. and 
results rest on several assumptions: (i) that all pooled data 
come from a region influenced by the same climatic factors: 
(ii) that all ridges are built by the same climate-related 
process: and (iii) that field sampling for ridge dating has been 
unbiased . The first two assumptions are thought to be 
reasonable . because storm ridges appear to be built by 
cyclone effects, and the study region from Curacoa to 
Princess Charlotte Bay is reasonably uniform in cyclone 
incidence (cf. Hopley & Harvey, 1979). In fact. Rhodes' 
( 1980) storm-ridge data from the western side of Cape York 
Peninsula can be included for similar reasons. 

All our ridge-age results from Figure 7, plus those of Rhodes 
(1980) , are tabulated (Table 3) in terms of numbers of ages 
per 500-year interval from 6000 yr B. P. to present. Column I 
shows the distribution of Rhodes' results from the western 
side of Cape York Peninsula: column 2 shows the distri
bution of Rhodes' plus Princess Charlotte plus Curacoa 
results: column 3 shows only the results from the low reef 
islands in Figure 7: and column 4 shows grand totals. The 
null hypothesis is that the number of results in any 500-year 
interval is the result of chance. 

Table 3. Numbers of storm ridge dates per SOO-years interval over 
past 6000 years. 

0- 490 
500- 990 

1000-1490 
1500-1990 
2000-2490 
2500-2990 
3000-3490 
3500-3990 
4000-4490 
4500-4990 
5000-5490 
5500-5990 

Southeast 
Gulf of 
Carpentaria 

3 
2 
2 
-I 

4 
I 

0 

3 
2 

Column I 
+ PCB 
+ Curacoa 

4 
5 

6 
5 

0 

2 

Low Wooded Column 2 
+ Nymph + column 3 
+ WestHope 

8' 13 
4 8 
3 8 

6 

6 

0 

3 
2 

, Added (0 (he 8 resuhs between 0 and 490 vears in (his cell are 13 funher 
resulls from low reef-island ridges which ' are ·modern·. i.e. apparentlv 
vounger (ha n 1950 AD. 
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The grand total data set is biased by inclusion of the low reef 
island results , which occur only in the top 5 intervals of Table 
3 and 'are most frequent in the youngest. There is bias also in 
column 2, because both Curacoa and Princess Charlotte 
sequences begin at 4000 yr B.P., while Rhodes' Gulf of 
Carpentaria results begin at 6000 yr B. P. The probability 
that the scores in each column are the result of chance can be 
tested by chi-square, except for column 4, which is excluded 
because of bias. The expected value for each interval in a 
column under the null hypothesis is the mean of the column. 
On this basis, the null hypothesis is accepted for both 
columns I and 2. Despite the. bias in column 2, P(Ho) = 0.2. 
For the cells from 0-3990 yr B.P. in column 2 (i.e . the set 
where no bias is evident). p(Ho) = 0.9. Thus, there is no 
indication that ridge building was exceptionally high or low 
in any 500-year interval. In other words, this set of data does 
not suggest any significant temporal variation of storminess. 
The data from the low reef islands do not alter this con
clusion , because there is a physical reason for these results 
being biased towards the modern end of the table. This is 
simply that deposits from younger storms have swamped 
earlier deposits, as the profiles show in Figure 7. 

We conclude that there is as yet no evidence for changes of 
storminess in the last 4000 yr and perhaps the last 6000 yr . In 
so far as storm frequency is related to regional factors 
affecting climate, such as sea-surface temperature , there is 
no macroscopic evidence to hand that might indicate 
climatic changes in the same period. The recurrence interval 
of major cyclones, which build ridges and, therefore, 
excavate living reefs or shell beds, appears to be about 80 
years , according to the Princess Charlotte Bay beach-ridge 
data. 

Further work, and conclusions 

Despite having no evidence for climatic changes in the last 
6000 yr, we believe that the issue is far from closed . 
Questions about possible changes of seasonal patterns and 
temperature variations cannot be addressed with macro
scopic evidence such as beach-ridge series or reef growth 
curves. Shortly, we outline our present work, which focusses 
on detailed growth-band studies in shell and coral samples 
ranging across the last 6000 yL Before doing so. something 
more should be said about low-frequency, high-magnitude 
events such as cyclones. Coral shingle and shell ridges are 
one expression of the disruptive effect of these on nearshore 
ecosystems. Other effects include major outflows of sedi
ment and freshwater from the land. We have noted land
based evi~ence for such events, which , though not yet 
recorded widely, are reported here. 

Figure 9 sketches two types of example, one being relatively 
large Slope-failure features and the other being sedimentary 
evidence at Princess Charlotte Bay for phases of unusually 
high sediment discharge from nearby rivers. Slope failure 
deposits in the form of steep mudflows with a high boulder 
content were observed on many continental islands in the 
study area . At Flinders Island (Fig. 2) two examples were 
seen that extend below MHWS level and are overlain by 
calcareous beach rock. Although the beachrock has not been 
dated , both flows have a well-developed forest and soil cover 
above their coarse boulder matrix and are judged to be 
possibly older than 6000 yr B.P. At the recent end of the time 
scale is a massive boulder ramp with well-formed mass
movement terraces resembling the terraces formed by soli-

-f1uction processes (noting that no connotation of cold
climate process is implied here), on nearby Blackwood 
Island , I km west of Flinders Island (Fig. 9A). This example 
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Figure 9. Two forms of evidence for extreme rainfall episodes (see 
text for details). 

has a fresh rocky surface with early successional vegetation 
encroaching only on its margins, and clearly is young, 
possibly less than 200 yr. 

Failure of steep slopes may correspond with episodes of 
accelerated denudation caused by extreme cyclonic rains. 
Accelerated denudation leading to unusually high sediment 
discharges is suggested by clay dunes built upon chenier 
ridges at Princess Charlotte Bay. These are not forming 
today, but three phases of dune building occurred between 
1400 and 600 yr B.P. (Fig. 9B). Chappell & Grindrod (1983) 
have described the processes by which these dunes are built 
when sediment discharge is sustained at high levels. They 
also discussed evidence for the effects of high sediment fluxes 
on molluscan benthos and mangrove successions. 

Both processes outlined in Figure 9 may represent cyclone 
events of the highest magnitude. It is perhaps more relevant, 
ecologically speaking, to know the actual timing of such 
events in any given area, rather than their mean recurrence 
interval. It is obvious that we have all too little data at 
present, but these examples illustrate evidence that should be 
described and dated in future. 

This completes our account of macroscopic evidence bearing 
on sea level and climate in the last 6000 yr. A second thread 

of our research concerns 'microscopic' geochemical records 
of climate and other boundary conditions. Work here is still 
proceeding and is expected to be completed in 1984. In 
summary, the approach is to analyse growth bands of shell 
and coral samples collected from the dated beach-ridge and 
fringing reef profiles (Figs. 3, 7) . In many cases the radio
carbon-dated samples themselves provide the material. 
Analysis is in terms of stable carbon and oxygen isotope 
ratios and trace elements, particularly alkali and heavy 
metals. Attention focusses on large Tridacna species, which 
Aharon (in press) and Aharon & others (1980) showed, from 
studies in Papua New Guinea, to contain faithful geo
chemical records of the environment. A series of calibration 
examples, closely sampled within successive growth bands, 
has been prepared from a monitored site at Palm Island, and 
analysis of the Holocene collections is under way. 

Our objectives have been to identify the courses of boundary 
conditions in the inner region of the northern Great Barrier 
Reef. Our conclusions so far, bearing on sea level and aspects 
of climate, can be stated simply: 
(i) The course of Holocene sea-level change varies region
ally, apparently in conformity with differential seafloor 
movements caused by hydro-isostasy. Some tectonic sub
sidence may enhance hydro-isostatic downwarping towards 
the outer part of the central Great Barrier Reef. 

(ii) Around 5500 to' 6000 yr ago sea level was about I m 
higher than present along a line roughly parallel to the 
present coast and somewhat sea wards of it, in the northern 
province. Since 6000 yr B.P., sea level has fallen steadily to 
its present position, relative to these sites. A straight line 
from I m at 6000 B.P. to present zero is a good approxi
mation for MLWS level. 

(iii) There is no evidence for any secondary sea-level 
oscillations in the last 6000 yr, at least with amplitudes 
exceeding the limit of resolution, which is a range of 0.5 m . 

(iv) The recurrence interval for cyclonic events that have 
significant geomorphic effects, such as shingle ridge build
ing. is about 80 yr. This is probably homogeneous within the 
study region, although timing of events varies from place to 
place. 

(v) We have no evidence so far of variations of cyclonicity in 
the last 6000 yr, although further data are desirable. 

(vi) There is geomorphologic evidence on continental 
islands and the mainland coast for infrequent high-magni
tude events involving rapid slope denudation. Three 
occurred in the catchments of Princess Charlotte Bay 
between 1400 and 600 yr B.P. Because high sediment fluxes 
may have significant ecologic consequences for nearshore 
marine communities, further examples should be studied 
and dated in future. 

(vii) Growth bands in modern Tridacna and corals have 
been shown to track modern seasonal climates in their 
geochemical signatures, and continuing work is analysing 
similar materials from many of the Holocene sequences 
described here. 
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GROWTH FABRICS AND GROWTH RATES OF HOLOCENE REEFS 

IN THE GREAT BARRIER REEF 

Peter J. Davies! & David Hop/ey2 

Over the past five years. scientists of the Bureau of Mineral 

Resources and James Cook University of North Queensland have 

drilled 61 holes into 24 reefs throughout the Great Barrier Reef 

Province between 15°30'S and 25°50'5 . Eleven holes penetrated to 

the Pleistocene and nearlv 250 radiocarbon dates have been 

recorded. Analysis of drili-hole core has delineated five major 

biosedimentologic facies - coralline algal facies . coral-head 

framework facies. branching-coral framework facies. detrital 

carbonate facies. and detrital siliciclastic facies. Latitudinal uni

formity in framework facies contrasts markedly with major regional 

variations in detrital facies. the reefs of the mid-shelf of the central 

region being dominated by clastic carbonates . Depositional rates of 

detrital carbonate facies vary between 1-4 mllOOO vr for sand flat 

progradation. 7-9 mllOOO yr for trade wind storm ·sedimentation. 

and 13- 18 mllOOO yr for high-energy low-frequency events. 

Framework growth rates vary from 1-16 m/lOOOyr with low rates 

(2 m/lOOO yr) for coralline algae . intermediate rates (up to 7 m/lOOO 

Introduction 

Since 1978, when scientists from the Bureau of Mineral 

Resources (BMR) first drilled the reefs of the southern Great 

Barrier ReeL 65 shallow drill holes have been drilled in 24 

reefs throughoutthe provincefrom 15°S to 27. 50 S (Fig. I). In 

this paper we report only on the data available to the authors: 

unpublished radiocarbon data for Britomart and Fantom 

reefs are not included. Of the 61 holes drilled by BMR and 

James Cook University (JCU) (43 BMR, 18 JCU), eleven 

penetrated to the Pleistocene. Nearly 250 radiocarbon dates 

have been obtained on core from 33 of the drill holes, and the 

Pleistocene has been dated by uranium-thorium methods on 

core from 3 reefs (Marshall & Davies, in press). One hole has 

been drilled on Davies Reef by the Geological Survey of 

Queensland (Grimes, 1982), but has not been dated. We 

intend here to assess the overall progress of Holocene reef 

growth throughout the region, to examine the various phases 

of the growth in different reef environments , and to assess 

the relationships between growth and sea-level change. Our 

conclusions relate to the northern Great Barrier Reef 

between Cairns and Cooktown , the central Great Barrier 

Reef, east of Townsville , and the Capricorn and Bunker 

Reefs of the southern Great Barrier Reef (Fig. I). In the 

northern area , our data pertain to an energy spectrum across 

the shelf from the outer high-energy Ribbon reefs to the 

low-energy close inshore mud and sand-dominated reefs. In 

the central Great Barrier ReeL we have studied the middle 

and outer-shelf reefs and the fringing reefs, whereas in the 

southern Great Barrier Reef, our data pertain to the high

energy outer shelf, there being no reefs on the middle to inner 

shelf in this area. 

The positions of drill holes on the reefs described are shown 

in Figure 2. In drawing up simplified litho logs of our cores, 

we have tried to be as uniform as possible in our inter

pretation of facies . However, we are dealing with two sets of 

data , one collected by BM R. the other by JCU . and different 

degrees of rigour were employed in drilling and logging by 

the two organisations. Readers, therefore, are referred to the 

original core logs for detailed description. However. the logs 

presented in this paper are a realistic if simplified statement 

! Bureau of Mineral Resources. GPO Box 378. Canberra Citv. 
ACT 2601 . 

James Cook University of North Queensland. Townsville . 

Queensland. 

yr) for coral head facies. and high rates (up to 16 mllOOO yr) for 

branching frameworks. Rates of 8-12 mllOOO yr occur in all 

environments: modes of 7-8 m/lOOO yr typify patch reefs. 4-{j ml 

1000 yr typify windward margins. and 3-9 mil 000 yr typify leeward 

margins. Fringing reefs usually grow at rates of 1-4 m/lOOO yr and 

are dominated by coral-head facies. 

Depth to the Pleistocene is generally greater in the central region 

compared to the northern and southern reefs: reef initiation. 

however. began at the same time throughout the province (8-9000 

yr B. P.). Initial reef growth lagged significantly behind sea-level 

rise. such that water depths of up to 12 m developed over reef 

surfaces prior to sea-ievel stabilisation. However. some reefs in the 

southern region exhibit no growth lag - initial colonisation and 

growth maintaining pace with sea-level rise. The growth rate of 

most reefs decreased markedly as reef surfaces approached 

stabilised sea level. 

of the data . The radiocarbon dates reported in our paper 

were produced in five different radiocarbon laboratories. 

We lay no claim to any absolute correlation, but consider 

that the calculated growth rates are significant and cor

relateable. Dates are reported as conventional!4C years , and 

readers are requested to write to the authors if they require a 

copy of the complete table of radiocarbon dates . 

Variations in the Holocene reef fabric 

The Holocene growth fabric of One Tree Reef in the 

southern Great Barrier Reef has been defined and subdivided 

into the following bio-lithofacies: coralline facies, coral-head 

facies , branching-coral facies , and rubble and sand facies 

(Marshall & Davies 1982). Similar facies variations have 

since been defined in other reefs of the southern Great 

Barrier Reef (Davies & Marshall, in press), and in this paper 

they are applied to reefs of the central and northern Great 

Barrier Reef. In addition , some reefs in the central and 

northern areas contain terrigenous components. Therefore , 

we have defined five Holocene bio-lithofacies, three frame

work and two detrital facies . 

Coralline facies - crusts of corallines around branching and 

massive corals, or laminations many centimetres thick with 

distinctive faunal associations of vermetid gastropods and 

encrusting foraminifera. 

Branching-coral facies - a major component of the growth 

framework , and comprised mainly of Acropora, Pocillopora 

al)d branching Porites. This facies has a very high primary 

porosity. 

Coral-head facies - also a major component of the growth 

framework , comprising mainly Porites, Goniopora, Favia, 

Platygyra, Symphilia and massive Acropora. 

Detrital carbonate facies - sand and rubble of autoch

thonous and allochthonous origins. 

Terrigenous facies - siliciclastic sands forming the founda

tions to inner fringing reefs and illite clays occluding porosity 

in Holocene framework of inner-shelf reefs north of Cairns. 
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Figure I. The three study areas and the position of the reefs drilled by the Bureau of Mineral Resources and James Cook University. 

The distribution of these facies within particular reef 
environments throughout the province is shown in Figures 3 
& 4. Differences in the distributions of framework and 
detrital facies are evident and important. Windward margins 
show no clear latitudinal patterns of framework facies 
variation. In the northern region, branching-coral and coral
head facies occur in reefs across the shelf. In the reefs of the 
central region, coral-head facies predominates over 
branching-coral facies, particularly , in the mid-shelf reefs, 

and , in the inner-shelf, fringing reefs , but in the upper 
sections of some exposed outer-shelf reefs, branching-coral 
facies predominate. In the southern Great Barrier Reef, at 
One Tree Reef, windward margins are dominated by both 
branching-coral and coral-head facies , but at the other reefs, 
branching-coral facies dominate windward sequences. 
Throughout the region , the coralline facies occurs both as a 
crust on framework facies and also as a thin (50 cm) but 
distinct surface veneer over all surface facies. 
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Reef-flat areas have developed as mixed coral-head and 
branching framework facies , and in only a few instances has 
drilling shown a definite change from one facies type to 
another, e.g. Fairfax and Stanley Reefs, where a branching
coral framework is replaced upwards by a coral-head frame
work. The few drill holes through patch reefs indicate that 
they are either massive or branching, although Marshall & 
Davies (1982) showed that the coral framework may be 
capped by a coralline crust. 

The majority of drill holes on leeward margins have been 
drilled in the southern Great Barrier Reef, and these show 
that a brallching-coral framework is almost always deve
loped on such margins. Detrital facies , comprising sands, 
coral gravel , stick shingle, rubble , and storm boulder beds, 
dominate the growth fabric of most reefs in the central Great 
Barrier Reef, in contra-distinction to the northern and 
southern areas. However, a closer inspection of Figures 3 & 4 
shows that the detrital facies is dominant in the mid-shelf and 
fringing reefs of this area , and is a minor facies of the 
outer-shelf reefs. Indeed , the inner- shelf reefs can best be 
described as detrital piles with coral caps, for example 
Wheeler , Davies, and Britomart Reefs; a similar description 
is also appropriate for the fringing reefs . We therefore see in 
Figures 3 & 4, not a latitudinal variation , but a west to east 
variation across the central shelf, perhaps related to energy. 
An identical relationship is also seen in the northern area , 
i.e. Hope Reef is an inner-shelf reef with a large detrital 
foundation, whereas Ribbon No.5 , a shelf-edge reef, has 
little detrital fabric. In this latter area Davies & others (1983) 
have related modern sediment processes to high outer- shelf 
energy and low inner-shelf energy, a.situation which mirrors 
to some extent the likely transgressive Holocene situation . 

Non-carbonate terrigenous facies have been discovered in 
bore holes through two different reefal situations. In the 
fringing reefs of the inner central region , terrigenous sands 
and clays, interpreted as early Holocene transgressive units 
(Hopley & others, 1983), dominate the lower sections of 

RAlTLESNAKE ISLAND 

ORPHEUS ISLAND 

23/0Q/39 

many cores (Fig. 4). In the inner-shelf reefs of the northern 
area , as seen at Boulder Reefs, pore-filling muds have been 
described by Davies & Hughes (1983, this volume) and 
shown to represent a f1uvially derived Holocene to modern 
input. 

Reef growth 
Most reef scientists understand the general usage of the term 
reef growth as the sum of the operative constructional and 
destructional processes. We submit that confusion has arisen 
in the recent literature over the quantification of growth, 
particularly over how estimates of modern growth relate to 
estimates of past growth . We believe that some of our own 
publications are partly to blame for this situation (Davies & 
Kinsey , 1977; Hopley, 1982), and the following is an attempt 
to rationalise the situation. 

Alkalinity-anomaly monitoring (Smith , 1973: Kinsey , 1979) 
has defined net calcification rates for modern environments 
on particular reefs; for example, perimeter margins usually 
exhibit the highest net calcification rates, (4-5 kg 
CaC03 m - 2 yr- I). However, Kinsey (1982) has indi
cated that an ultimate net calcification rate of 10 kg 
CaC03 m - 2 yr- I occurs in some modern environments and 
that similar high ultimate net rates probably were common 
in the past. It is clear, therefore , that calcification rates vary 
upto 10 kg CaC03 m- 2 yr-I. 

Confusion begins when net calcification rates are converted 
into another growth currency, the implied vertical growth 
rate (lVGR). This is the amount of linear growth equivalent 
to the net calcification rate, assuming that all growth is 
vertical , that a porosity of 50 per cent is maintained, and that 
all the calcium carbonate is precipitated as aragonite (density 
= 2.89 t m-3). This conversion was used by Davies & 
Kinsey (1977) and Smith & Kinsey (1977) to calculate likely 
net growth schemes in the Holocene and Pleistocene. We 
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Figure 4. Bio-lithologs of drill holes on patch reefs, leeward margins, and fringing reefs. 

now believe that the assumptions in this calculation have 
lead to errors for two reasons: (a) it is unlikely that all the 
growth is vertical; even coral patch reefs growing to sea level 
have a percentage of growth on their sides, so that a probable 
generous estimate of the amount of net calcification ex
pended on vertical growth would be 80 per cent; and (b) the 
porosity in any reefal framework varies substantially on 
either side of 50 per cent. 

For the sake of argument consider a porosity variation of ± 
to per cent, and a figure of 80 per cent of net calcification 
expended on vertical growth. Calculations for the implied 
vertical growth rates, using 4-10 kg CaC0:J m -2 yr- I as the 
total measured range, are shown in Table 1. Maximum 
implied vertical growth rates of about 7 mm yr- 1 are indi
cated by the data, assuming a high (60%) porosity; however, 
a 20 per cent change in porosity decreases this figure by 40 
per cent. Similarly, the porosity-effected change in perimeter 
accretion is also 40 per cent 0.66--2.76 mm yr- 1). The 
overall variation is 1.7--6.9 mm yr- I as compared to the 
previously published figures of 3-8 mm yr- I (Davies & 
Kinsey, 1977; Kinsey, 1979). Clearly therefore, conversion 
of net calcification rates to implied vertical growth rates is 
misleading and only meaningful if the potential variation 
within the figures is accepted. 

Table 1. Implied vertical growth rates calculated on the basis of 
80% of calcification expended on vertical growth and varying 
porosity. 

Perimeter 
margins 

Ultimate 
NCR 

Net calcification 
rateiNCR) 

IkgCaC03m-2yr-l) 

4 

IO 

80% expended 
on vertical 

growth 

3.2 

8 kg 

60% 

Implied vertical 
growth rate 
Immyr- I) 

50% 
porosity porosity porosity 

2.76 2.2 1.66 

6.9 5.5 4.1 

Estimates of past growth in coral reefs are made by radio
carbon dating of cores. These radiocarbon growth rates 
(RGR) are measured in a vertical direction, expressed as 
mm yr- 1, and have been directly compared with the implied 
vertical growth rates used by both the present authors, 
Kinsey, Smith, and others. It is not known whether the 
radiocarbon growth rate is a true or apparent rate or how it 
approximates to the maximum growth rate (MGR), which 
may not necessarily be in a vertical direction. However, 
during rising sea level, it would be reasonable to expect 



growth to be dominantly vertical (where RGR = MGR) or 
in an arc 45° from the vertical (RGR = MGR x Sin 45°) , 
i.e. the radiocarbon growth rate may be up to 40 per cent less 
than the maximum growth rate, and , therefore , the radio
carbon growth rates published in this paper and others may 
represent a 40 per cent underestimate of the maximum 
growth rate. Published data from the Great Barrier Reef 
already indicate RGRs of 8-10 mm yr- I, (Davies & 
Marshall , in press) which . on the basis of the above, may 
represent maximum growth rates.of 11-14 mm yr-I. On any 
reasonable basis, this is far greater than the postulated 
ultimate growth rates suggested by Kinsey (1982), and 
clearly indicates that growth rates have changed appreciably 
in the Holocene and that Kinsey's ultimate figure of 10 kg 
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may be in error by more than 50 per cent. For these reasons, 
we advocate that comparisons of the implied vertical growth 
rates and radiocarbon growth rates should be made 
cautiously. 

Holocene variations in growth rates 

While analysing reef growth froin the cores. we have 
attempted to differentiate biologic framework growth from 
detrital carbonate accretion in terms of overall variation , 
latitudinal variation , and environmental variation. 

The overall variation in growth rates of detrital and frame
work components is shown in Figures 5,6, & 7. For detrital 

f-----STORM SEDIMENTATlON------l 
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Figure 5. Growth rates for detrital and framework components for all environments from all reefs. 
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Figure 6. Component variation of detrital growth on windward margins, coral flats, and fringing reefs. 

components only data for windward margins and coral flats 
are plotted; the calculated rates are on the basis of time and 
interval between dated framework and, therefore, may 
represent minimum rates. The results in Figures 5A & 6 are 
significant because they suggest totally different mechanisms 
of sedimentation , especially in the central Great Barrier Reef 
and, particularly , on the mid-shelf reefs . On both coral flats 
and windward margins , two distinct accretion-rate group
ings emerge: (a) up to 9 m/lOOO yr, but more normally 1-4 
mil 000 yr, probably representing equilibrium sand-flat 
progradation of sand and autochthonous gravel: the higher 
rates of 7-9 mllOOO yr, represented mainly by gravels , 
perhaps indicate winter storms associated with trade winds, 
(b) high rates of \3-18 mil 000 yr suggest severe storm 
sedimentation for short periods. These conclusions accord 
with deductions for processes and rates of sedimentation at 
One Tree Reef (Davies & others, 1976: Davies. 1983) and 
Fairfax Reef (Davies and Marshall , in press). Accumulation
rate populations similar to those described above may also 
be seen in the fringing reefs. However. gravel is the 
predominant constituent. 

The overall growth rates of framework are shown in Figure 
58. The total variation is 1-16 mllOOO yr, with a mode of 
around 7-8 m/ 1000 yr for patch reefs, and 4-6 mil 000 yr for 
windward and leeward margins. However, most environ
ments show a wide range of rates , and growth of 8-12 
mllOOO yr occurs in all environments. Figure 7 confirms the 
conclusion that rates of less than 7 m/lOOO yr are propagated 
mainly by coral-head framework facies , whereas rates 
greater than 7 m/lOOO yr are effected principally by 
branching-coral framework facies . 

For windward margins , Figure 7 A defines rate distributions 
in terms of principal components, the lowest rates being 
effected by calcareous algae , and the highest rates of up to 
12 mllOOO yr by branching corals. In addition. windward 
margins can be seen to be composed dominantly of coral
head assemblages. Coral flats (Fig. 7B) are clearly composite 
environments and composed of branching-coral and coral
head assemblages. Growth rates in such environments are 
commonly 6-8 mlIOOO yr. Patch reefs, consisting either of 
branching-coral or coral-head assemblages , grow at modal 
rates of 7-8 mil 000 yr, whereas leeward margins. consisting 
dominantly of branching-coral framework . grow at 3-9 m/ 
1000 yr, but show also the highest rates recorded for any 
facies assemblage (15-16 m/lOOO yr). 

Fringing reefs are seen to grow at rates comparable to middle 
and outer-shelf reefs (Fig. 7E). However, they usually 
grow at rates in the lower end of the growth scale, i.e. 1-4 
mil ()()() yr. 

Figures 8 and 9 show latitudinal variations in framework and 
detrital growth rates in all the specific environments for reefs 
and fringing reefs on the central and so.uthern Great Barrier 
Reef. There is little overall latitudinal variation shown by 
any environment , i.e. throughout the Holocene, there is 
little variation in growth attributable to latitudinal differ
ences, and this accords with Kinsey's (1979) assertion that 
modern growth also shows very little latitudinal variation. 
Discussion of the consequences of this conclusion are best 
left until core from the the northern region has been dated. 
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Figure 8. Latitudinal variations in framework and detrital components, and growth rates, on windward margins and coral flats. 
Values on sections are growth and accretion rates in m/ lOOO yr. 

Factors affecting growth 

The major factors affecting reef growth have been defined as 
substrate depth and shape, sea-level history , and reef growth 
rates; and growth rate has already been described as a factor 
in reef development (Davies & others , 1976, 1977; Davies & 
Kinsey, 1977; Hopley , 1982). In the following section , the 
regional significance of substrate depth variations and the 
relations between reef growth and Holocene sea-level change 
are analysed. 

Regional substrate variation 

The depth of Pleistocene substrate beneath individual reefs 
in the southern, central , and northern Great Barrier Reef 
(Harvey & others, 1979; Harvey , 1980, 1977) suggests that 
variations in Holocene reef thickness are similar throughout 
the province. Beneath southern and northern reefs the depth 
to the Pleistocene is everywhere shallower than beneath the 
central region , (Figs . 3 & 4) and the obvious conclusion from 
this is that reef initiation should have occurred first on 
deeper substrates, because they would have been trans
gressed first. However, from our radiocarbon data and 
published results (Marshall & Davies, 1982; Davies & 
Marshall , in press; Hopley , 1982, 1983) it is clear that this 
conclusion is not valid. There appears to have been very little 

difference between the regions in the timing of reef initiation , 
which occurred throughout the province at 8-9000 yr B. P. 

We believe our data are probably too sparse to allow 
definitive statements regarding variations across the shelf in 
particular regions. Hopley (1982) proposed that the depth to 
the Pleistocene foundation should increase outward across 
the shelf - with post glacial hydro-isostatic depression of 
the shelf as the mechanism invoked - and that reef growth 
should have started earlier on the deeper substrates. 
However, in the central region , there is little difference in the 
depth to the Pleistocene, as measured in drill core (Fig. 3) in 
an east to west direction , between Britomart (middle shelf) 
and Myrmidon (outer shelf). Furthermore, in one hole at 
Stanley Reef, the Pleistocene is substantially shallower than 
at Davies Reef. In the northern region the Pleistocene is 
slightly deeper on the inner shelf than on the outer shelf. The 
balance of evidence available at this stage, therefore , does 
not support the assertion (Hopley , 1982) of progressively 
deeper substrate and earlier colonisation seaward , and the 
shape of the Pleistocene surface will need to be determined 
for every reef, as at One Tree Reef in the southern region , 
before an accurate conclusion can be drawn . 
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Figure 9_ Latitudinal variationS in framework and detrital components, and growth rates, on patch reefs, leeward margins, and fringing 
reefs_ 
Values on sections are growth and accretion rates in m/ lOOO yr. 

Reef growtb and Holocene sea-level rise 

Our studies in the Great Barrier Reef provide an ideal 
opportunity to better understand the effects of transgression 
on reef growth. A prerequisite to this is a knowledge of 
sea-level history in eastern Australia, and this is provided by 
the sea-level curve of Thorn & Chappell (1975). In the 
context of our present study, two components of sea-level 
history are important: the decrease in rate of sea-level rise 
from 10 mm/lOOO yr to 6 mm/lOOO yr around 8500 yrs B.P., 
and the final stabilisation of sea level around 6250 yr B.P. 
Analysis of our data sheds light on three aspects of growth 
and sea-level rise: reef initiation, the approach to sea level , 
and the relation of growth to changing water depths. 

It has been previously suggested that changes in Holocene 
reef growth rates approximate a sine curve of growth , with 
slower rates during early colonisation and again as the reef 
approaches sea level (Davies & Marshall , 1979). This 
conclusion applied only to biologic growth , because, at the 
time of writing, the authors were unaware of the large 
detrital accretionary component later found in reefs of the 
central Great Barrier Reef. However, the suggestion may 
only be tested where biologic framework characterises all the 
Holocene section , and , in the current data set, this is seen 
only in the southern region. When cores from the northern 
region have been dated , they may also provide a further test. 
Davies & Marshall (1979) reasoned that initial growth would 

be slow, but should gradually speed up. On the basis of the 
data in Figure 10, this condition is seen only in very few 
places, e.g. the windward margin of One Tree Reef, and the 
leeward margin of Fairfax and One Tree Reefs. In other 
instances , the absence of the lower inflection point may be 
the result of insufficient data; but in some cases, as for 
example on the windward and leeward sides of Fitzroy Reef, 
the data are sufficient and indicate that the reef started to 
grow suddenly and relatively quickly . Therefore , there 
appears to be no absolute rule as to how growth first started. 

The results for most drill holes on the central and southern 
Great Barrier Reef give a clear indication of reef history as 
stabilised sea level was approached. Table 2 summarises the 
most acceptable data for reefs in the central and southern 
region. An inflection point in the growth curve occurs as the 
reef surface approaches sea level. This is almost always at a 
depth of 2-3 m, which we interpret as indicating the depth at 
which the reef became profoundly influenced by the high
energy surface environment. There is little difference 
between windward and leeward margins. Instinctively, we 
believe that the inflection point must represent a profound 
environmental change, where surface characters are taken 
on by the growing reef. However, an examination of the data 
in Figure 3 & 4 suggests that this is not always the case, and 
indicates two points of importance. First, little physical 
change is, in fact , seen on leeward margins, except for the 
appearance of coralline algae at the very surface, or in any 
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Figure 10. Growth curves for reefs of the southern Great Barrier Reef. 
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Table 2. Relations between upper growth rate inflection points, drill core characters, and 
sea-level history. C.A. = Coralline Algae. 

Reef Environment Rates 
drilled (mmI/OOOvr) 

From To 

Fitzrov Windward 7.4 0.7 
nat 

Fitzroy Leeward 4.6 0.8 
nat 

Fairfax Coral nat 6.4 2.2 

Fairfax Leeward 4.0 4.3 
nat 

Wreck Leeward 3.4 0.9 
nat 

Gable Windward 10.8 0.5 
nat 

Redbill Windward 5.7 0.4 
nat 

Grub Windward 4.4 0.4 
nat 

environment that grew up continually in shallow water. 
Secondly, physical changes are seen on windward margins 
and coral-flat environments, where the reef. for a period, 
lagged behind the sea-level rise, and subsequently grew into 
the stabilised sea level, high-energy environment. 

What is clear , however. is that most environments show a 
decrease in the growth rate close to sea level. This may reflect 
a decrease in calcification accompanying environmental 
change or a physical loss of calcium carbonate produced -
both are likely. The postulate of Davies & Marshall (1979), 
that reef growth rates approximate to a sine curve, holds true 
only in some cases. 

Holocene palaeowater depths over particular environments 
at One Tree Reef were constructed by Marshall & Davies 
(1982). These showed that water depth over the growing reef 
surface was increasing.prior to sea level stabilising at 6250 yrs 
B.P., and reacheD a maximum of 9 m, after which reef 
growth rapidly caught up to sea level. Similar graphs for 
Wreck and Fairfax Reefs (Fig. II), also in the southern Great 
Barrier Reef, indicate similar conclusions: water depths of up 
to 8 m existed over the reefs and the catch up of the reefs to 
sea level did not begin until after sea level stabilised. With 
these three sets of data, it is tempting to consider that this 
condition represents a norm for the southern region , and to 
conclude that , if sea level had not stabilised , reefs may not 
have grown or would have been drowned. However. the reef 
growth/sea level relationships seen at Fitzroy Reef suggest 
another possibility. At Fitzroy Reef, drill holes on windward 
and leeward margins penetrated to the Pleistocene. The 
Holocene growth curves from these (Fig. 10) show that 
growth began almost as soon as the Pleistocene platform was 
covered and kept pace with sea-level rise . Two scenarios, 
therefore, appear to have occurred within reefs of the same 
province. Further , comparison of the windward and leeward 
data for Fairfax Reef (Fig. 10) shows that both conditions 
may have occurred on the same reef, the windward growth 
keeping pace with sea level and the leeward margin drowning 
to 8 m. 

I n the central Great Barrier Reef. the data are not yet as 
complete as in the south , either because drilling did not reach 
the Pleistocene or because cores are not yet radiocarbon 
dated. Palaeowater depth reconstructions have. however. 
been made for seven of the reefs, but , with the exception of 
Britomart Reef (Johnston & others , in press)_ the depth to 
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Figure II. Palaeowater depth variations over the windward 
margin of Wreck Reef and the leeward margin of Fairfax Reef. 

the Pleistocene and, therefore , the timing of the first 
transgression is inferred from other evidence. Three major 
conclusions arise from these data (Fig. 12). First , all 
Pleistocene platforms in the central Great Barrier Reef were 
significantly drowned as a result of the transgression , by as 
much as 12 m on the middle and outer shelf. So far as present 
data allow, we conclude that there was an appreciable lag in 
the time between first growth and first flooding, and no 
situation has yet arisen of growth keeping pace with sea-level 
rise. Second , as seen at Britomart Reef, Wheeler Reef, and 
the two outer-shelf reefs, reef growth accelerated only after 
sea level stabilised . This situation is identical to one of the 
scenarios found in the southern Great Barrier Reef. Thirdly, 
in the mid-shelf Gable , Grub, Redbill , and Britomart Reefs, 
growth began to catch up sea-level rise before sea level 
stabilised , so that by the time sea level had stabilised, the 
reefs were covered by as little as 3-7 m of water. This clearly 
indicates that acceleration in growth is not triggered by 
sea-level stabilisation , but by local factors peculiar to a 
particular reef. The two different situations seen at 
Britomart Reef clearly support this. Future radiocarbon 
dating of drill holes across different environments may show 
this phenomenon to be more common. . 
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Figure 12. Palaeowater depth variations over mid and outer-shelf reefs of the central Great Barrier Reef. 
I n both Figures II & 12. palaeowater depths are calculated by subtract ing dated drill-hole depths and the correspondi ng depth of sea level at the corresponding 
time . 

Conclusions 
I. Five Holocene bio-Iithofacies have been defined: coral
line facies, branching-coral facies , and coral-head facies 
constitute framework; detrital carbonate facies and terri
genous facies constitute subreef foundations and pore infil!. 

2. Few latitudinal variations are seen in framework, in 
contrast to detrital facies , which dominate the structure of 
mid-shelf reefs in the central Great Barrier Reef. In the 
northern region , illite clays within the framework are the 

result of high-energy fluviatile pulses, which have operated 
throughout the Holocene . 

3. Detrital carbonate facies have been deposited at rates of 
1-18 m/lOOO yr on windward margins and coral flats . 
Important modes within this range suggest specific deposit
ional processes operating, i.e. equilibrium sand-flat 
progradation of 1-4 m/lOOO yr. trade wind storm sedi
mentation of around 7-9 m/lOOO yr. and extremely high
energy low-frequency sedimentation of 13-18 mil 000 yr. 



4. Growth rates of framework vary from < 1 mllOOO yr to 
16 mil 000 yr. Lowest rates are effected by calcareous algae, 
rates of up to 7 m/ I 000 yr, mainly by coral-head framework, 
and high rates of up to 16 mllOOO yr, by branching frame
work. Most environments show a wide variation in growth 
rate, and rates of 8-12 mil 000 yr occur in all environments. 
Modes of 7-8 mllOOO yr typify patch reefs, whereas 
4-6 m/lOOO yr is a common mode for windward margins. 
Leeward margins grow most commonly at 3-9 mllOOO yr, 
but also show the highest rates recorded (15-16 mllOOO yt) 
for any environment. Fringing reefs in the central Great 
Barrier Reef grow at rates comparable to middle and outer
shelf reefs in the same region. However, they usually grow at 
rates of 1-4 mil 000 yr and are not, surprisingly. coral-head 
dominated. 

5. Depth to Pleistocene substrate is generally shallow in the 
north and south, and deeper in the central Great Barrier Reef 
region. Overall ranges, however, do not differ greatly. In 
spite of depth changes with latitude, there was little 
difference in the timing of reef initiation, which occurred 
8-9000 yrs B. P. throughout the province. 

6. The balance of available evidence does not support the 
assertion of substantial hydro-isostatic warping of the shelf 
with reSUlting progressively deeper substrates and earlier 
colonisation seaward. 

7. Initial reef growth on Pleistocene substrate frequently 
lagged behind the transgression, with water depths common
ly up to 12 m in the central region and 8 m in the southern 
region. Catch-up by accelerated reef growth rate may have 
occurred before sea level stabilised, and often is coincident 
with it. Local factors probably determined the timing of 
accelerated growth. In many instances, reef growth began on 
Pleistocene platforms as soon as they were transgressed, and 
kept pace with sea-level rise. Local conditions again 
probably determined growth. 

8. Throughout the region, most reef environments show a 
decrease in growth rate as the reef surface approaches sea 
level, reflecting either an actual decrease in growth or loss by 

. erosion. 
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LITHOLOGY AND DIAGENESIS OF THE CARBONATE 
FOUNDATIONS OF MODERN REEFS IN THE SOUTHERN GREAT 
BARRIER REEF 
John F. Marshall 

In the southern Great Barrier Reef a relativelv thin « 20 m) cene reef. are not as abundant in the Holocene reef. Petrographic 
Holocene reef has developed on a foundation comprising a analYsis of the late Pleistocene reef limestones shows that they have 
succession of older reefs. This reef foundation extends 10 a depth of been subjected to near-surface subaerial diagenesis in boih the 
up 10 420 m in the subsurface and ranges from late Pleistocene to vadose and phreatic freshwater zones. The effects of subaerial 
middle Miocene in age. The boundary between the Holocene and diagenesis increase progressively with depth below the solution 
late PleislOcene reef is marked by a prominent solution un- unconformity. initially within the vadose zone and. ultimately. into 
conformity that shows development of soils. calcrete. and extensive the underlying phreatic zone. In the vadose zone. ara'gonite 
leaching in the underlying limestone. This has resulted from relative skeletons (e.g. corals. Halimeda) show two distinct processes of 
lowering of sea level during the period from the last interglacial to transformation to calcite: (I) total leaching and subsequent infill by 
the post-glacial transgression. Late Pleistocene reef lithologies sparry calcite cement: and (2) neomorphic replacement of aragonite 
within individual drill holes are similar to their overlying Holocene by calcite. by a process of thin-film transformation. Variations in 
counterparts. and there seems 10 have been a duplication of en- vadose and phreatic environments suggest that a more permanent 
vironments during both growth periods. However. Halimeda freshwater lens was established around reef perimeters than beneath 
limestones. which are a prominent framework infill in the Pleisto- lagoons during the period of subaerial exposure. 

Introduction 

Shallow-drilling investigations in the Great Barrier Reef 
(Thorn & others, 1978: Hopley & others, 1978: Marshall & 
Davies. 1982: Davies & Marshall. in press) have shown that 
the Holocene reef is relatively thin (4-22 m), and. apart from 
some fringing reefs (Hopley & others, 1982), it has developed 
on an older limestone surface. This surface shows the effects 
of leaching and pedogenic processes, indicative of subaerial 
exposure. and has been termed the solution unconformity 
(Schlanger. 1963). The nature of the limestones beneath the 
solution unconformity indicates that the foundations of the 
Holocene reefs are themselves older reefs. The results of deep 
drilling in the region indicate that these foundations are 
substantially thick. In the Heron Island borehole, reef lime
stones were encountered from the surface to a depth of 
154 m, while, at Michaelmas Cay, they extend to a depth of 
1\0 m (Richards & Hill, 1942). Reef limestones in the Wreck 
Island well (Humber, 1960) were penetrated to a depth of 
420 m and extend back to the middle Miocene (Lloyd, 1973). 
Davies (1974) identified five solution unconformities in the 
Heron Island borehole at depths of 20,35,75,95. and 140 m. 
The uppermost solution unconformity was subsequently 
confirmed, by radiocarbon dating (Davies & Marshall. 
1979). at a depth of 18 m. 

Shallow-drilling operations in the southern Great Barrier 
Reef have penetrated the solution unconformity at depths 
ranging from 7.4 to 14.3 m on three reefs (Figs. I, 2). 
Previously, seismic refraction results on these reefs indicated 
a solution unconformity at depths of 8-23 m (Harvey & 
others, 1979). The reason for the deeper depths from seismic 
refraction studies is that most drilling was conducted around 
the perimeters of the reefs. where seismic refraction results 
also indicated relatively shallow depths. However. refraction 
soundings towards the centres of the reefs and beneath 
lagoons. areas where no drilling was conducted. indicated 
generally deeper depths to the solution unconformity. 

Radiocarbon dating of corals above the solution un
conformity has confirmed that they are Holocene (Marshall 
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Figure l. Locality diagram, showing the physiographic outlines of 
the reefs and the position of driU holes that penetrated the Holocene 
and the underlying Pleistocene reef. 
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Figure 2. Stratigraphic sections constructed from drill-hole logs, showing the variations in lithology within the Pleistocene reefs. 

& Davies, 1982; Davies & Marshall , in press). Unrecrystal
lised corals from directly below the unconformity have 
produced 230Th/234 U ages ranging from 145 000 to 122 000 yr 
B.P. (Marshall & Davies, in press). This has confirmed that 
the period of previous reef growth , prior to the Holocene, 
was during the last interglacial. 

The purpose of this paper is to examine the lithology and 
diagenesis of these late Pleistocene reefs. Particular attention 
is paid to those diagenetic processes and products that have 
affected the reefs as a result of subaerial exposure during the 
period since the last interglacial to the initiation of Holocene 
reef growth during the post-glacial transgression . 

Nature of the solution unconformity 
In most holes that penetrated beyond the Holocene, the 
solution unconformity was easily delineated on the basis of 
the first appearance of a Halimeda-rich limestone, soil im
pregnation and/or calcrete crusts in the cores'. In some holes, 
the precise level of the solution unconformity was difficult to 
detect in hand specimen. and required confirmation by 
radiometric dating and petrographic analysis . This largely 
resulted from relatively fresh-looking corals overlying more 
obviously leached corals that were usually associated with 
Halimeda limestone. However, radiocarbon dating of the 
unleached corals produced only minimum ages. In hole 3 on 
the windward margin of Fairfax Reef, a pronounced soil 
horizon is present between 8.8 and 9.0 m (Fig. 2). but the top 
of the pre-Holocene section was determined from uranium
series dating, to be at 8.5 m (Marshall & Davies, in press) . 
However, an age of 107000 yr for a coral above the soil 
horizon suggests that it is not in situ. 

Apart from the soil horizon in hole 3 at Fairfax Reef, the only 
other hole where this occurs is at the top of the Pleistocene 

section in hole 3 at Fitzroy Reef (Fig. 2). At Fairfax Reef, the 
soil consists of quartz sand set in a humate cement, infilling 
cavities between coral fragments and lightly cementing the 
fragments together. At Fitzroy Reef the top 50 cm of the 
Pleistocene section contains numerous humate inclusions, 
0.1-2.0 mm in diameter, within the rock (Fig. 3A). 

Calcrete 

Calcretes (caliche) form through the accumulation and re
distribution of carbonate in soil-profiles, and indicate 
subaerial weathering and unconformity in otherwise marine 
limestone sequences (Adams, 1980). Most observations 
indicate that roots of higher plants are partly or totally 
responsible for numerous and characteristic features of 
calcrete (Klappa, 1980). However, the evolution and thick
ness of calcrete profiles is controlled by factors of climate, 
soil cover, substrate, and time (Harrison , 1977). The best 
described example of calcrete profiles in a reefal environ
ment are the subaerially exposed, Pleistocene reef tracts on 
Barbados (James, 1972; Harrison, 1977). These uplifted 
limestones show surface alteration in the form of dense, 
vaguely laminated, brown crusts, separated by zones of 
chalky carbonate. On Barbados the thickness of the calcrete 
profiles varies from a few millimetres to massive horizons up 
to 3 m. The crust is thickest at the surface, whereas in 
the underlying substrate it is usually in the form of thin 
(0.0-3.0 cm) stringers that decrease in number with depth , 
until they grade down into relatively unaltered marine 
limestone. 

In the southern Great Barrier Reef, evidence of calcrete was 
found at the top of most Pleistocene sections, and was 
normally in the form of thin (0.2-2 .0 cm) stringers and 
patches of brown micrite within the upper few metres of the 
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Figure 3. Photographs of drill core showing calcrete structures. 
A - Humate- impregnated limestone (dark ) surrounding smaller skeletal Fragments and larger branch ing coral Fragment. B - Irregular patches of calcrete (dark) 
replacing original reeF limestone. C - Calcrete stringer containing numerous rhizocretions. D - Laminated calcrete cutting through wackestone matrix. Scale 
bar is 2 cm long. 

Pleistocene reef (Fig. 3B). Very little evidence of a thick 
surface crust , such as on Barbados, was found . However, a 
relatively thick (50 cm) zone of humate-impregnated lime
stone, containing numerous rhizocretions, was encountered 
at the top of the Pleistocene at Fitzroy Reef (hole 3; Fig. 3A). 
Below this zone, evidence of calcrete formation extends to at 
least 3 m below the solution unconformity in this hole. 

Most of the tan-coloured calcrete stringers cut through fairly 
well-cemented wackestone matrix, but there is also evidence 
that they have replaced or cut through corals and coralline 
algae. The calcrete crusts mostly contain numerous rhizo
cretions , 0.2-1.0 mm in diameter and at least I cm long 
(Fig. 3C). These rhizocretions are hollow and have a wall 
thickness of 0.1-0.4 mm . In longitudinal section they are 
unbranched and sinuous. Some of the crusts are laminated 
and appear to have developed around horizontally disposed 
root moulds , about 1.5 mm wide and at least 4 cm long (Fig. 
3D). The laminated crusts are pitted by smaller (0.2-0.5 mm 
diam.) rhizocretions. 

Lithology of the Pleistocene sections 

The composition of the Pleistocene sections is dominated by 
corals and a Halimeda-rich reef rock (Fig. 2). The corals 
consist of branching varieties , many of which are heavily 
encrusted by coralline algae , and some coral heads. In many 

of the holes , the type of coral present in the Pleistocene 
section is similar to those Holocene corals above, except that 
often the Pleistocene material shows relatively thicker crusts 
of coralline algae. Shinn (1980) found a similar pattern 
beneath a Florida reef (Grecian Rocks), where Holocene 
facies and biota duplicate those that existed during the 
Pleistocene. The coralline algal-encrusted branching corals 
that predominate in some holes (e .g. One Tree Reef, hole 5; 
Fig. 2) have crusts up to 12 cm thick. Associated with the 
coralline algae are vermetids and encrusting foraminifera 
and bryozoans, although in some crusts only the moulds of 
sediment-filled vermetid skeletons are preserved . The 
branching corals appear to be mainly Acropora sp .. whereas 
the coral heads consist of species of Favia , Platygyra, Porites , 
and Goniopora. The size of the coral heads ranges from about 
10 to 85 cm in height. 

A distinctive feature of the Pleistocene section is the 
abundance of a Halimeda-rich reef rock that varies in texture 
between wackestone and grainstone. This type of limestone 
was encountered in five of the six holes that penetrated below 
the Holocene reef (Fig. 2); it is absent in hole 3 on the 
southern side of Fitzroy reef, where cavity-filling wacke
stones are present , but which do not contain Halimeda 
segments. A similar type of Halimeda limestone was 
encountered in the Heron Island borehole between 18.3 and 
21.0 m (Richards & Hill , 1942). This Halimeda limestone 
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occurs immediately below the uppermost solution un
conformity in the Heron Island borehole (Davies & 
Marshall, 1979). but it is absent below 21 m. A Halimeda
rich packstone/wackestone is also present in Pleistocene 
material that was drilled and blasted from the steep wind
ward reef slope of One Tree Reef (Davies & Marshall, 1979). 

This Halimeda limestone commonly occurs within cavities 
between the coral framework, but it is also present as 
sections up to 1.5 m thick with no obvious framework. In 
hole 6 at One Tree Reef (Fig. 2), almost the entire recovered 
sequence consists of Halimeda limestone, and the drill log for 
this hole indicates that large intervals of non-recovery 
consist essentially of the same material, but which is more 
friable and, consequently, broke up during drilling. 

In hand specimen, the rock appears chalky and slightly 
vuggy, and contains other coarser fragments of coral, 
coralline algae, and molluscs, as well as Halimeda segments. 
The larger grains are embedded in a matrix of finer sand and 
silt-size particles, which are friably to well cemented, 
predominantly the latter. 

This type of rock was rarely encountered within the 
Holocene reef sections. where Halimeda is a relatively rare 
constituent in the Holocene material recovered by drilling. It 
does occur at the base of the Holocene in hole I at One Tree 
Reef. where it is present as unconsolidated sediment. and at 
the base of a hole on the windward margin of Wreck ReeL 
where it is the major component of a porous. but fairly 
well-cemented grainstone. This is in contrast to the seaward 
margin of Belize reefs, where Halimeda-rich limestones are a 
common constituent of the reef wall (James & Ginsburg. 
1979). 

Diagenesis of the Pleistocene substrate 

Reefal limestones recovered from beneath the Holocene 
sequence show evidence of carbonate diagenesis as a result of 
subaerial exposure. The formation of calcrete, conversion of 
aragonite and Mg-calcite skeletal material to calcite. and 
formation of pore-filling calcite cements are common 
indicators of diagenesis in a near-surface. subaerial environ
ment (e.g. Bathurst. 1971: Friedman, 1975: Longman, 1980). 
Similar features have been reported to occur beneath the 
Holocene reef caps of Pacific atolls (Cullis, 1904: Schlanger. 
1963), and have been attributed to emergence during periods 
of low sea level (Schlanger. 1963). Studies of uplifted reefs, 
such as on Barbados (Matthews, 1968. 1974: Steinen & 
Matthews, 1973), have provided valuable insights into both 
the mechanisms and environments of freshwater diagenesis. 
The following account deals with some of the salient features 
of freshwater diagenesis observed within the Pleistocene 
sections from the Great Barrier ReeL and relates them 
to processes that have been previously described in the 
literature. 

Calcrete 
Carbonate diagenesis in calcrete profiles involves both 
modification and obliteration of fabrics. textures and 
structures in the original limestone, and the production of 
new ones (James. 1972: Klappa, 1980). In the recognition of 
both modern and ancient calcretes. particular attention has 
been paid to microtextures: most of these relate to the former 
presence of root material (cf. rhizoliths: Klappa. 1980). 
Some other features of calcrete. such as micrite-laminated 
grains. are important. but are, in themselves. not necessarily 
diagnostic of calcrete (e.g. Esteban. 1976). 

Thin-section examination of limestones from the top of the 
Pleistocene sequence shows that often the lime-mudstone 
host rock has been replaced by either vertically or horizon
tally disposed stringers of vuggy micrite (Fig. 4A). This 
micrite consists of 1-4-ILm size crystals of calcite. which 
sometimes form as vague clots (Fig. 4B). The micrite 
contains few recognisable skeletal fragments. but often 
contains rounded inclusions of dark. humate-like material. 
Many of the vugs are root moulds with rhizocretionary 
structures around their perimeter (Fig. 4A). Calcified fila
ments. 5-15ILm in diameter and from 30 to 120 ILm long. are 
also present within the micrite (Fig. 4B). The walls of these 
hollow filaments consist of 2-4-ILm size calcite crystals. 
While some of these filaments appear to be root hairs. others 
are possibly calcified fungal or algal filaments. which are 
often present in calcretes (Klappa, 1979). 

While replacement micrite stringers are fairly common. the 
majority of limestones affected by calcretisation show 
alteration in the form of networks of interconnecting walls of 
micrite that produce irregularly shaped but approximately 
equidimensional pores (Fig. 4C). The diameter of the pores 
varies from 100 to 700ILm and the width of the walls from 10 
to IOOILm. This type of structure has been termed alveolar 
texture by Esteban (1974). Alveolar texture is apparently 
exclusive to calcrete and is related to rhizocretion fabrics 
(Esteban. 1976: Adams. 1980). 

The pores within the alveolar texture are often filled or partly 
filled by whisker and microspar cements. Both these cements 
are not exclusively confined to alveolar texture or calcretes, 
but they do have their greatest development within these 
structures. The whisker cements (Fig. 40) are extremely 
fibrous (1-5ILm wide and 20-400ILm long). Their mineralogy 
is calcite (av. 4.4 mole % MgC03 as determined by micro
probe). similar to previously reported occurrences 
(Longman, 1980). Microspar cement is commonly as
sociated with whisker cement (Fig. 40). and often it has 
nucleated on the latter. The microspar consists of inter
locking crystals of calcite that range from 4 to 40ILm in size. 
but more commonly 5-15ILm. 

In some examples, the pores within the alveolar texture have 
been infilled with microspar (Fig. 4E). while elsewhere the 
microspar forms an interparticle cement with no apparent 
alveolar texture (Fig. 4F). Within a single thin section it has 
been possible to observe the following sequence: (I) alveolar 
texture with no cement infill: (2) alveolar texture with 
whisker cement infill: (3) alveolar texture with whisker and 
microspar cement infill: (4) alveolar texture with microspar 
cement infill: (5) interparticle microspar cement with no 
alveolar texture. The implication here is that. initially. 
whisker cements are recrystallised to microspar. and. 
ultimately. the micrite walls forming the alveolar texture are 
recrystallised to microspar. Detailed examination of the type 
of interparticle microspar cement illustrated in Figure 4F 
does show vestiges of whisker cements (Fig. 4G). and some 
microspar crystals have length to width ratios of up to 4 to I. 
Similarly. remnants of micrite wall structure can still be 
observed. Comparison between Figures 4E and 4F indicates 
that there has been recrvstallisation of the micrite wall 
structure. while Figure 4G suggests partial recrystallisation 
of whisker cement to a bladed microspar. 

Although there is some evidence of recrystallisation. the 
majority of microspar occurs as pore-filling cement. 
However. in many examples this cement often resembles 
microspar (sensu stricto) of Folk (1965). This is particularly 
apparent where microspar cement is surrounded by lime
mudstone matrix (Fig. 4H). and a casual examination would 
suggest that the microspar is neomorphic. However. the 
common presence of whisker cement in surrounding voids. 
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Figure 4. Photomicrographs of calcrete. 
A - Calcrete st ringer consisting of vuggy micrite . wi th rhizocretionary structures. cross-cutting lime mudstone matrix . Crossed polarisers. I cm = 1025/Lm . B
Replacement micrite wit h a faintl y clotted fabric contai ning hollow calcified fil aments that probably originated around root hairs . Crossed polarisers. I cm = 
135/Lm. C - Alveolar texture showing irregular-shaped pores and micritic wall structu re. Some pores show panial infill by whisker cements . Crossed polarisers. 
I cm = I025/Lm . D- Whisker cements on which microspar cements have nucleated and panly filled the pore. Crossed polarisers. I cm = 135/Lm. E- Microspar 
cement infilling pores of alveolar texture . Crossed polarisers . I cm = 340/Lm. F - Microspar cement forming intergranular mosaic and obliterati ng alveolar 
texture . Crossed polarisers. I cm = 1025/Lm . G - Microspar cement. some crystalS showi ng high length to width ratios. and vestiges of whisker cement. Crossed 
polarisers . I cm = 85 /Lm . H - Lime-mudstone matrix showing development of 'neomorphic-like' microspar cement. Some whisker cements are present in the 
adjacent pore. Crossed polarisers. I cm = 340/Lm . 
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often with partial growth of microspar upon them, reveals 
that it is a definite cement. 

The distribution of features that are considered to be related 
to calcrete formation, such as micrite stringers, rhizo
cretions, alveolar texture, and humate impregnation occur 
within the top metre of the Pleistocene sections. although in 
some holes (e.g. Fairfax hole 3 and Fitzrov hole 3) thev 
extend to at least 3 m below the solution ·unconformity. 
While there is a fairly good correlation between calcrete 
formation and whisker and microspar cements. it is apparent 
that these cements also occur where there is no evidence of 
calcretisation. 

Diagenesis of framework components 

The major framework-producing organisms in modern coral 
reefs secrete a skeleton of either aragonite (e.g. corals) or 
Mg-calcite (e.g. coralline algae). During subaerial dia
genesis, these skeletons are transformed to calcite. Whereas 
the original texture of Mg-calcite skeletons is often 
preserved. that of aragonite skeletons may be obliterated. 
However. it is apparent that in many corals a high degree of 
preservation does exist. 

Corals. Previous observations of alteration of coral 
skeletons during subaerial diagenesis have been made by 
Cullis (1904), Schlanger (1963), James (1974). and Pingitore 
(1976). Cullis (1904) noted that there are various stages 
during transformation of the coral to calcite. The first stage 
involves is leaching of the centres of calcification (dark line). 
then gradual obliteration of the aragonite fibres. and 
eventual formation of a granular mosaic of calcite. Cullis 
was able to distinguish this type of replacement calcite from 
pore- filling calcite on the basis that it was less transparent 
than the latter and still retained a yellowish or brownish tint 
that was so pronounced in thin sections of fresh coral. He 
also noted another process, whereby aragonite was removed 
by solution, resulting in secondary porosity formation. 
Schlanger (1963) observed that the boundary between the 
original aragonite and the replacing calcite within coral 
skeletons is occupied by a thin film of powdery aragonite. He 
concluded that, during subaerial exposure. the action of 
solution causes the aragonite at the contact to break down to 
a powder. dissolve, and then be replaced by calcite. James 
(1974) recognised two processes involved in the diagenesis of 
corals in the subaerial vadose environment that are essential
ly similar to Cull is': (I) concomitant solution-precipitation 
on a fine scale, leading to preservation of coral micro
structure: (2) total leaching and destruction of the micro
structure, followed by later precipitation of void-filling 
calcite spar. James (1974) also noted that solution begins at 
the centres of calcification of each trabeculae and gradually 
moves outward. In the first process James noted that there is 
a 'chalky' aragonite layer. similar to Schlanger's aragonite 
powder. between the skeleton and the replacement calcite. 
that varies in width from a few microns to several centi
metres. Pingitore (1976) commented on the various dia
genetic products of corals in both the freshwater vadose and 
phreatic zones. He maintained that during transformation of 
coral skeletons in the vadose zone there is onlv a thin 
(:s I JLm) film separating the dissolving aragonite and 
precipitating calcite. whereas in the phreatic zone trans
formation involves the development of zones of chalky 
aragonite several millimetres wide between the coral skeleton 
and the growing calcite mosaic. Both this process and his 
observation of the paucity of total leaching of coral skeletons 
are somewhat at odds with James' (1974) conclusions 
regarding freshwater vadose diagenesis. 

Despite some disagreement on the actual mechanisms in
volved. it is obvious that corals do undergo a relatively 

complex early diagenetic history in the near-surface sub
aerial environment. Many of the intermediate stages of 
vadose diagenesis are evident in corals from the Pleistocene 
sections of the southern Great Barrier Reef drill holes. In 
many of these sections it is possible to observe the various 
stages, commencing with relatively unaltered corals at the 
top and progressing to' completely calcitised corals at the 
bottom. In addition, it has been possible to observe the 
affects of phreatic diagenesis in several holes. 

At the top of the Pleistocene sections the corals appear 
relatively unaltered and many of the pores are lined by clear. 
acicular aragonite cement (Fig. 5A). However. many corals 
show a darkening of their skeletons in transmitted light 
(Fig. 5A) that becomes increasingly pronounced with depth. 
James (1974) considered this to be due to internal reflection 
of light in submicroscopic solution voids between the 
aragonite needles of the sclerodermites, although Pingitore 
(1976) attributed it to preservation of organic tissue. Often 
the darkening of the trabeculae is structured, which suggests 
that a combination of solution and preservation of organic 
material have produced this effect. 
In other corals it is readily apparent that initial alteration 
begins at the centre of the trabeculae, along the centres of 
calcification. This first occurs as isolated, but often regularly 
spaced, rounded chalky inclusions, about 20-30JLm in 
diameter (Fig. 5B). These chalky inclusions are at the centres 
of radially oriented bundles of aragonite crystals: i.e. 
sclerodermites. These areas of dissolution then enlarge and 
start to coalesce, until they form a continuous line down the 
centre of the trabeculae (Fig. 5C). This process often 
proceeds to enlarge the original cavity along the centres of 
calcification by solution of the radial fibres of the sclero
dermites, leaving only the outer walls of the trabeculae intact 
(Fig. 50). At any stage during this solution process calcite 
cement may be precipitated as void-filling spar. Commonly, 
calcite cement is precipitated along the centres of calci
fication prior to any solution enlargment of coral trabeculae. 
Ultimately, all remaining aragonite is dissolved and the 
original skeleton is replaced by relatively fine (20-IOOJLm) 
crystals of clear, sparry calcite cement (Fig. 5E). 

The other process of replacement by calcite occurs in those 
corals or parts of corals that have not undergone solution, 
but which show only partial leaching of their skeleton, 
resulting in darkening of their trabeculae (Fig. 5A). This 
replacement occurs as a result of thin-film transformation 
(Pingitore, 1976), whereby aragonite is dissolved on one side 
and calcite is precipitated on the other. This is also the same 
as James' (1974) solution-precipitation process. In corals 
where this is occurring, the aragonite abuts directly against 
the replacing calcite (Fig. 5F). The contact between the two is 
serrated (Schlanger, 1963. remarked that the boundary 
resembles a stylolitic seam) with small protrusions of calcite 
extending into the aragonite portion of the coral. In some 
corals it can be seen that patches of calcite are present ahead 
of the main calcite front, occupying the centres of trabeculae 
(Fig. 5G). The boundary between the calcite and aragonite is 
extremely sharp (less than I JLm), with rio iridicat"ion of a 
cavity in between (e.g. James, 1974. Fig. 80). Evidence of a 
wide chalky zone, such as described by James (1974), is 
absent in these corals in the vadose zone. Corals that are 
transformed in this manner have a coarser crystal mosaic 
than those calcite cement infillings of previous dissolved 
corals. In addition, there is preservation (to varying extent) 
of the original microstructure. and in transmitted light the 
calcite has a slight brownish tint, similar to that observed by 
Cullis (1904) and James (1974). After the calcite front has 
moved through a particular section of coral. it is noticeable. 
in many instances, that the process is incomplete. leaving 
numerous ragged cavities of the order of 50-200JLm within 
the calcite (Figs 5F & G). 
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Figure 5. Photomicrographs showing subaerial diagenetic affects on corals. 
Cora l showing darkening of its skeleton as a result of partial dissolution and acicular aragonite cement lining and infilling its pores. Plane polarised light. 
I cm = 340lLm . B - Coral trabecu lae showing rounded . chalky inclusions at the centres of the sclerodennit.es. Plane polarised light. I cm = 135ILm. C - Cora l 
showing leaching of ce ntres of ca lcification (white lines) . Plane polarised light. I cm = 34OlLm. D-Coral septum with large internal cavity produced by leaching. 
Note scalloped outli ne of cavity walls. Plane polarised light. I cm = 34OlLm . E- Contact between coralline algae and coral. Both are now calcite . but. whereas 
the coralline algae has retai ned its internal structure. the coral has been replaced by clear sparry cement. Plane polarised light. 1 cm = 34OlLm . F - Sutured 
co ntact between aragonite (dark) and neomorphic calcite (centre) in a coral. Thin section stained with Fiegel"s solution . Plane polarised light. I cm = 17 mm. G
Contact between aragonite (dark) and replacement calcite. Note calcite ahead of main front along the centres of calcification and ragged pores in skeleto n behind 
the calcite front. Thin section stai ned with Fiegel"s solution . Plane polarised light. I cm = I cm. H - Phreatic diagenesis showi ng large crystals of calcite that have 
enveloped both coral skeleton (outlined by dust line) and surrounding pores. Crossed polarisers. I cm = 340lLm . 
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Some corals deeper in the Pleistocene section show evidence 
of phreatic diagenesis . These corals show cross-cutting 
mosaics , whereby large (200-1200/-tm), single crystals of 
calcite are composed of the original coral skeleton and pore
filling calcite cement (Fig. 5H). No evidence for the trans
formation of corals in the phreatic zone, such as described by 
Pingitore (1976), is present in these corals, since they are now 
completely calcitised. 

From the above analysis of coral transformation in the 
subaerial environment , it is apparent that in the vadose zone 
there are two distinct processes, i.e. ( I) the original aragonite 
skeleton is progressively dissolved until only a mould 
remains, which is later filled with clear sparry calcite cement; 
(2) neomorphic replacement of aragonite by calcite by an in 
situ process of solution-reprecipitation across an extremely 
thin boundary, which results in relatively large, discoloured 
sparry calcite crystals within which the original micro
structure of the skeleton is retained . 

The distribution of aragonite and calcite corals shows that 
the top of the Pleistocene sequence contains aragonite 
corals, whereas deeper in the section they show a mixture of 
both mineralogies . In some holes (e.g. One Tree I and 5) the 
corals pass from a zone of mixed mineralogy to being 
completely calcitic , in close association with a change from a 
vadose to phreatic diagenetic environment. 

Coralline algae. During subaerial diagenesis, coralline algae 
with an original Mg-calcite mineralogy are transformed to 
calcite , but preserve their original cellular structure 
(Bathurst , 1971 ; Friedman. 1975). This is often in contrast to 
the corals, which can show complete loss of microstructure 
(Fig. 5E). The mechanism of transformation from Mg
calcite to calcite is unknown , although Bathurst (1971) 
assumed that any solution of Mg-calcite during this process 
must be submicroscopic in scale. Staining of thin sections of 
southern Great Barrier Reef material with Titan Yellow 
generally shows relatively unaltered coralline algae at the top 
of the Pleistocene section. but, with increasing depth , the 
effect of the stain diminishes until a point is reached where 
the majority of coralline algae do not stain. Microprobe 
analysis also shows that magnesium is gradually lost from 
the coralline algae with depth . The complete transformation 
of coralline algae to calcite occurs either before or simul
taneously with the transformation of corals to calcite; 
predominantly beforehand . 

Although the cellular structure of the coralline algae is 
preserved , irregular-shaped, elongate fenestrae are com
monly present between the algal layers (Fig. 6A). While 
some of these are original cavities or borings, others appear 

Figure 6. Photomicrographs of coraUine algae. 

to result from solution of encrusting organisms or possibly 
spherulitic aragonite cement. The often ragged outlines of 
the algal layers (Fig . 6A) does suggest that Mg-calcite at the 
surface of the algal layers does undergo partial solution . 
Often these fenestrae become completely or partly filled by 
sparry calcite cement (Fig. 6B). 

Encrusting vermetid gastropods associated with the coral
line algal crusts show increasing evidence of transformation 
to calcite with depth . These skeletons have sometimes 
become completely leached, producing a mouldic porosity. 
but leaving the original lime-mud infill of the chamber 
intact. Other vermetids show complete replacement of their 
skeletons by calcite . 

Preservation of submarine cements 

Thin-section examination of the Pleistocene cores shows that 
submarine cements are preserved in all drill holes , and that it 
is fairly ubiquitous . In particular, coral pores and borings 
are often filled with acicular aragonite cement , cemented 
lime mud , peloids, and bladed spar , in exactly the same 
manner as cement and sediment infillings in the Holocene 
reef. However, various diagenetic processes have affected 
these materials as a result of subaerial exposure . 

Within the upper part of the Pleistocene sections, acicular 
aragonite cement growing in optical continuity with the 
coral sclerodermites is fairly common (Fig. 5A). At depth , as 
the corals are transformed to calcite , some aragonite cement 
is preserved, but it is no longer syntaxial. Most preservation 
of aragonite cement in the lower parts of the sequence results 
from coating or infilling of the coral pores by sparry calcite 
cement (Fig. 7 A) . Staining with Fiegel's solution shows that 
the acicular cements are still aragonite, even though the coral 
is often calcite. In some pores the aragonite cement closest to 
the wall has been dissolved , whereas the outer edge of the 
fringing cement has been embedded in the calcite cement and 
preserved (Fig. 7B). This envelopment of acicular aragonite 
cement by calcite appears to be the most common way in 
which aragonite cement fabrics are preserved; similar 
envelopment has been noted by Cullis (1904, figs . 35 ,36) and 
Pingitore (1976). 

Within coralline algal layers there is also evidence of in
version of spherulitic aragonite cements to calcite. These 
former fan-like rays of aragonite, often showing a more 
distinct concentric structure than their Holocene counter
parts (presumably as a result of partial leaching along these 
discontinuities), are either partly replaced by calcite (Fig. 
7C) or totally replaced by radial-fibrous calcite (Fig. 70). 

A - Crustose coralline algae . with some associated vermetids. showing leaching between layers that has produced irregular-shaped fenestrae . Plane polari sed 
light. I cm = II mm . B - Sparry ca lcite cement infi lling fenestrae between coralline algal layers . Crossed polarisers. I cm = 340ILm . 
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Figure 7. Photomicrographs of submarine cemen·ts. 
A - Syntaxial aragon ite cement that has been enveloped by sparry calcite cement. Plane polarised light. I cm = 85/lm. B - Acicular aragonite cement that has 
been coated by sparry calcite cement on the outside. whereas near the coral wall (now calcite) it has been dissolved. Plane polarised light. I cm = 85/l m. C
Spherulitic aragonite cement between successive layers of coralline algae that has undergone partial dissolution and replacement by calcite . Plane polarised light. 
I cm = 135/lm. D - Radial-fibrous calcite fabric replacing original spherulitic aragonite cement. Crossed polarisers. I cm = 135/lm. E - Original aragonite 
cement showi ng neomorphic replacement by calcite with preservation of original crystal boundaries towards the outer edge (right). but only faint remnants 
wi thin the inner part. Coral (left) is now calcite . Plane polarised light. I cm = 135/lm. F - Same as E. but with crossed polarisers. I cm = 135/lm. G - Peloids 
with diffuse out lines a nd with either pore-filling or neomorphic microspar surrounding them. Plane polarised light. I cm = 135/lm. H - Cemented lime-mud 
infilling of cora l pores . Both cora l and lime mud are now calcite. Crossed polarisers . I cm = I025/lm . 
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While aragonite cements are not particularly widespread in 
the Pleistocene sections of the reefs. and are relatively 
uncommon when compared to some ancient limestones such 
as the Permian phylloid algal mounds of New Mexico 
(Mazzullo & Cys, 1979), they do present some insight to the 
preservation of submarine aragonite cements in these 
ancient rocks. Those aragonite cements enveloped by sparry 
calcite cement WOUld, presumably, with time, be dissolved, 
leaving a mould within the calcite cement that would 
ultimately be infilled by additional calcite, but preserving the 
original acicular fabric. Conversely, aragonite might 
gradually be transformed to calcite by simultaneous solution 
of aragonite and precipitation of calcite across a thin water 
film (i.e. thin-film transformation of Pingitore, 1976) such as 
occurs in corals. This latter process can take place without 
the enveloping calcite cement, as demonstrated in Figures 7E 
& F. In this example neomorphic replacement of aragonite 
cement by calcite appears to proceed in two stages: (I) 
transformation of aragonite to calcite with preservation of 
the original crystal boundaries; (2) aggrading neomorphism 
of bundles of the now calcitic fibres to form a more blocky 
spar. but which still preserves some inclusions or remnants 
of the former. These stages are illustrated in Figures 7E & F, 
with the outer part of the original fringing cement showing 
the first stage, and the inner part representing the second 
stage. This process is similar to mechanisms described by 
Mazzullo & Cys (1979) and Mazzullo (1980), which they 
termed ray-crystal pseudospar and composite crystal 
pseudospar, respectively. The interpretation of these fabrics 
by Mazzullo & Cys (1979) is that ray crystals have evolved by 
calcitisation of aragonite fibres, and that composite crystals 
have resulted from the consumptive recrystallization of 
adjacent ray-crystals to form larger crystalline composites. 
Both Mazzullo & Cys (1979) and Mazzullo (1980) stressed 
that the preservation of such fabrics could only result from 
neomorphic transformation rather than large-scale dis
solution reprecipitation. Replacement fabrics observed in 
what were originally spherulitic aragonite cements (Fig. 70), 
whereby radial-fibrous mosaics of calcite are formed, are 
considered to have formed in a similar manner. This shows 
that the replacement of acicular aragonite cements by 
calcite, with preservation of primary fabrics, is capable of 
occurring in the near-surface, subaerial vadose environment. 

Cements tilat are considered to have been originally bladed 
Mg-calcite spar are relatively rare in the Pleistocene sections. 
Where present, the cement retains its typical bladed shape 
with sharp rhombohedral terminations, but staining with 
Titan Yellow usually indicated that it had lost most of its 
magnesium. Microprobe analysis of one isopachous fringe 
of bladed spar showed that it contained 10 mole % MgCO). 
This value is generally less than that for bladed spar in 
Holocene sequences (14-19 mole % MgCO), and probably 
represents an intermediate stage of transformation to calcite, 
similar to that observed from microprobe analyses of coral
line algae. 

Peloids are ubiquitous within the Pleistocene sections. but 
they do appear to be less abundant than some of their 
Holocene counterparts. They typically have infilled skeletal 
chambers and borings, with partly filled cavities showing 
geopetal structure. The outlines of the peloids are often 
somewhat diffuse (Fig. 7G), and· the intervening calcite 
between the peloids has a more equant crystal habit than the 
elongate or bladed rim cements around Holocene peloids 
(Fig. 7G). This 5-20-/-tm size calcite between the peloids can 
be interpreted to have either formed as an inter-particle. 
void-filling cement or resulted from neomorphism of 
original Mg-calcite rim cements to microspar. 

The original lime-mud infill of coral pores and borings 
remains essentially the same (Fig. 7H), with no evidence of 
neomorphism to microspar. although some vugs that have 
developed within the lime mudstone are either rimmed or 
infilled with 1O-20-/-tm size calcite cement. However. 
microprobe analyses of the lime-mud matrix shows that it is 
now calcite (0.0-3.8 mole % MgCO). Some pores and 
borings are partly filled with 20-60-/-tm size sponge chips, 
and. whereas this material was probably aragonite silt 
(Marshall, in press). it does bear some resemblance to 
vadose silt. 

Halimeda limestone 
Pleistocene reef rock that contains abundant Halimeda 
segments (usually about 30 percent) varies in texture between 
wackestone and grainstone. However, grainstone is relative
ly rare, and often its texture is a result of replacement of 
fine-grained matrix during calcretisation. Both wackestone 
and packstone have reasonably high porosity (40-50%), and 
generally only differ in the amount of fine-grained (i.e. 
< 63/-tm) material. Apart from Halimeda, the limestones 
also contain fragments of coral, coralline algae, molluscs. 
foraminifera, bryozoans, and echinoids. However. Hali
meda is ubiquitous (Fig. 8A). 

The diagenetic processes that affect Halimeda in the sub
aerial vadose environment are similar to those observed 
previously during transformation of corals to calcite. At the 
top of the Pleistocene sections the Halimeda segments are 
still aragonite, even where there has been extensive alteration 
of the matrix as a result of calcretisation. Utricles may be 
either filled or fringed by aragonite or Mg-calcite cements, 
although staining sometimes revealed that the original Mg
calcite is now calcite. With increasing depth the utricles start 
to become infilled with 10-50-/-tm size, clear calcite cement 
(Fig. 8B). Also at depth, there are increasing signs of 
dissolution of Halimeda segments. Although there are no 
visible signs of leaching, such as occurs within the trabeculae 
of corals, it does appear that initial leaching of aragonite 
within the Halimeda segments commences at the interior 
rather than the periphery. Spot microprobe analyses of 
individual segments show Sr values of 3500-4500 ppm at the 
periphery and 2000-3000 ppm toward the centre. Unaltered 
Halimeda normally contains 7700-9700 ppm Sr (Milliman. 
1974), indicating that there has been a significant loss of Sr, 
and that this has been preferentially lost from the interior of 
the segment. 

At this point, further diagenesis and transformation to 
calcite can proceed in two directions: (I) solution of skeletal 
aragonite and ultimate precipitation of void-filling calcite 
cement: (2) neomorphic replacement involving solution of 
aragonite and precipitation of calcite across a thin boundary 
(i.e. thin-film transformation). In the first process, solution 
of skeletal aragonite proceeds to a point where only the 
periphery of the segment and its utricles are preserved as 
micrite envelopes (Fig. 80. Sometimes the periphery of the 
Halimeda segment consists of a thin zone of chalky 
aragonite. Eventually, this mouldic porosity is infilled by 
clear, 10-50-/-tm size calcite cement (Fig. 80), similar to that 
which has previously infilled the utricles. The second process 
involves in-situ transformation of aragonite to calcite. The 
boundary between the two is sharp, with no evidence of a 
chalky zone between them (Figs. 8E & F). The calcite at the 
boundary is highly sutured (Fig. 8F) and sometimes calcite 
crystals behind the front are similarly sutured (Fig. 8E). The 
replacement calcite consists of crystals 50-2oo/-tm in size, 
with a brownish tint in transmitted light that is similar to the 
colour of the original material. This contrasts with the finer. 
clearer calcite cement that has infilled utricles (Fig. 8F) and 
which has infilled the moulds of previous segments (Fig. 80). 
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Figure 8. Photomicrographs of Halimeda limestone. 
A - Halimeda·rich packstone infilling a cavity within the framework. Note original shelter porosity. Plane polarised light. I cm = 17 mm . B - Aragonite 
Halimeda segment showing infilling of utricles by sparry calcite cement. Crossed polarisers. I cm = 340J.Lm . C- Halimeda segment that has been leached . apart 
from micrite en velopes around the periphery and utricles. Plane polarised light. I cm = 340J.Lm. 0 - Previously leached segment that has subsequently been 
infilled by sparry calcite cement. Plane polarised light. E - Halimeda segment that has been partly neomorphosed to calcite (top). showing sutured crystal 
outlines in places. Plane polarised light. I cm = 340J.Lm. F - Detail of left·hand side of segment shown in E showing boundary between neomorphic calcite (top) 
and original aragonite (bottom). Clear calcite cement has infilled utricles and dissolution void (right ). Plane polarised light. 1 cm = 85J.Lm . G - Secondary 
porosity development. micrite envelopes and calcite cement within the matrix of a cavity·filling limestone . Plane polarised light. I cm = 340J.Lm . H -Completely 
caicitised Halimeda limestone wit hin the phreatic zone. Plane polarised light. I cm = 4 mm . 
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Therefore, the processes involved in the transformation of 
original aragonite Halimeda segments to calcite in the vadose 
zone are similar to those observed in corals. Partial dis
solution of segments is indicated by loss of Sr, particularly 
within their interior. In transmitted light, evidence of partial 
leaching is not as readily seen as in corals, because of the 
semi-opaque nature of the segments, a property of the 
extremely fine (O.I-I.OJLm), disoriented nature of the 
aragonite needles that make up the skeleton. Further dia
genesis takes place either by total leaching and precipitation 
of calcite cement or by concomitant solution-reprecipitation 
on a fine scale, resulting in crystal textures and fabrics that 
are essentially the same as those in corals. 

Other skeletal fragments within both the Halimeda-rich 
rocks and other wackestones and packstones (e.g. Fitzroy 
Reef, hole 3; Fig. 2) show increasing signs of subaerial 
diagenesis with depth. Solution of other original aragonitic 
allochems, such as molluscs and coral fragments, leads to 
total leaching of their skeletons, but with retention of micrite 
envelopes (Fig. 8G) that are ultimately infilled by calcite 
cement (Fig. 8G). Calcite cements, ranging from micrite to 
sparite, also develop on the outer surfaces of grains, 
cementing them together at their points of contact and partly 
ocduding the interparticle porosity (Fig. 8G). Meniscus 
cements of micrite are sometimes the only binding cement. 
Ultimately, the limestone is completely calcitised, with 
original skeletal components transformed to calcite and 
cemented together by calcite, although often the porosity 
remains relatively high (Fig. 8H). These completely calci
tised limestones are generally restricted to the phreatic zone. 

Discussion 
Results from shallow drilling in the southern Great Barrier 
Reef show that a Holocene reef of variable thickness (7.4-
14.3 m) has developed on a Pleistocene substrate that is also 
reefal in origin. Uranium-series dating of this substrate 
indicates that previous reef growth occurred during the last 
interglacial, when conditions were largely similar to the 
present day and sea level was slightly higher than present. At 
the end of the last interglacial, there was a substantial fall in 
sea leveL reSUlting in the demise of the reefs and subjecting 
them to subaerial processes. The reef tops were exposed up 
until the post-glacial transgression, when the foundations 
were once more submerged and Holocene reef growth 
commenced. During the intervening period the reefs under
went considerable erosion, largely by solution , which 
resulted in a substantial lowering of their surfaces. Differ
ential weathering between perimeters and lagoons, possibly 
related to submarine cementation within the former , 
accentuated their original relief by as much as 10 m. Soils 
were consequently developed on parts of the reefs. while 
calcrete cappings appear to have been ubiquitous. 

Comparison between Pleistocene and Holocene lithologies 
suggest that the same types of corals have grown in similar 
environments during both periods. However, crustose 
coralline algae appear to have been more dominant 
in the last interglacial reefs, compared to the modem reefs. 
The major departure in their similarities is the presence of 
Halimeda limestone , particularly within the reef framework . 
While Halimeda is a common constituent of modern reef 
sediments, it is not found in any great abundance as internal 
sediment within the reef framework. While large intervals of 
Halimeda limestone, such as encountered in hole 6 at One 
Tree Reef (Fig. 2). are probably related to previous lagoonal 
sedimentation. its presence within the coral framework of 
the other drill holes has only one precedent in the Holocene 

reef. It has been noted (Marshall, in press) that interskeletal 
cavity infilling within the Holocene section at One Tree Reef 
is uncommon and that the cemented internal sediment is 
predominantly fine-grained. The Halimeda limestone that 
developed within cavities during growth of the last inter
glacial reef is more comparable with the early Holocene 
Halimeda limestone from the fore-reef of Belize (James & 
Ginsburg. 1979). This suggests that cavity-filling Halimeda 
limestone underwent submarine cementation prior to sub
aerial exposure. 

Petrographic analysis of Pleistocene reef rocks that consist of 
an original reef framework with associated internal sediment 
and submarine cement , plus lagoonal and reef margin 
sediments, shows that they have been subjected to freshwater 
diagenesis as a result of sea-level lowering during the late 
Pleistocene. The results of this analysis show that diagenesis 
took place in the near-surface vadose and phreatic zones. 
The effects of subaerial diagenesis. apart from extensive 
calcretisation in some holes, progressively increase with 
depth below the solution unconformity. This can be seen 
from the following: (a) progressive loss of Mg from coralline 
algae; (b) increasing solution of aragonite skeletons with 
resultant development of mouldic porosity to a stage when 
there is (c) replacement of aragonite by calcite (either by 
mould-filling cement or neomorphic inversion): (d) in
creasing void-filling calcite cement. These processes are 
analogous to Land's stages of diagenesis (see Bathurst 1971 , 
pp.325-330), with progression from one stage to another 
with increasing depth. 

The majority of drill holes that penetrated beneath the 
Holocene reef terminated while still in the vadose zone. This 
is evident from calcretisation in the upper part. meniscus 
cements , fabric-selective mosaics, and incomplete trans
formation of aragonite allochems to calcite. However, two 
holes (One Tree I and 5: Fig. 2) penetrated a phreatic zone of 
diagenesis , identified by cross- cutting mosaics and complete 
calcitisation of allochems. The boundary between vadose 
and phreatic environments is at about 17 m in hole I and 18 
m in hole 5, indicating that this was the upper interface of a 
fossil freshwater lens. Significantly, no evidence of a fresh
water phreatic environment is present in the lagoonal patch 
reef hole (No.6) at One Tree Reef, even though it penetrated 
to a depth of 23 m. This suggests that permeability differ
ences between the perimeter and lagoon areas resulted in a 
more permanent freshwater lens around the perimeter, 
somewhat comparable to the present-day aquifers on up
lifted atolls such as Niue (Jacobson & Hill. 1980). 
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Figure I. Seismic reflection profile and interpretion, Helix Reef (147°17' E, 18"37'S). 
The reflector (S) at 120 ms may represent the pre-reefal surface. upon which an ancient reefal platform (RP) developed. Subsequent reef growth has been 
restricted to the more elevated pans of this antecedent platform . Morphology of the modem reef. marginal ridges (MR). and buried ancient moats (AM) appear 
to have been largely controlled by the morphology of the substrate . Erosional reflectors (P) are interpreted as ?Pleistocene subaerial erosion surfaces. These 
surfaces are incised by river palaeochannels and infilled (PC). Reflector A is interpreted as the pre-Holocene surface. (Time/depth conversion on all figures 
assumes a velocity of 1500 m/s). 

and other subaerial processes (Figure 2). Facies inter
pretation of the seismic data indicate that reefal carbonate 
units are limited to antecedent platforms beneath modern 
reefs and reefal shoals (Figs. 1, 3, 9). It appears that extensive 
areas of limestone may be present only beneath the outer 
shelf in parts of the northern region (Orme & others , 1978b; 
Searle & Hegarty , 1982). These three broad classes of 
antecedent terrain - coastal plain , former reefs, and lime
stone plains - responded differently during the eustatic 
cycles that characterised the Pleistocene. 

Phanerozoic eustatic cycles detailed by Vail & others (1977) 
include at least four major sea-level cycles in the Quaternary 
that occurred in response to glacial/interglacial episodes. 
Superimposed on the major cycles are numerous lower-order 
stadial/interstadial cycles. During sea-level changes, the 
shelf or part of it was periodic~lIy emergent , depending on 

shelf topography. Numerous widespread erosional un
conformities are interpreted on the CSP records (Figs . I, 2, 
3), marking the former land surfaces exposed to subaerial 
weathering and fluvial action . Regional correlation of these 
pre-Holocene unconformities underlying A has not been 
possible , because the shelf has not yet been surveyed in 
sufficient detail , and because erosional reflectors commonly 
coalesce, indicating exhumation of former surfaces by later 
erosional cycles. 

Exhumation is seen in both terrigenous and carbonate 
sequences , and , on the inner shelf, "uvial action is clearly the 
cause of much of the erosion (Fig. 4). It appears that the 
frequency and competency of fluvial erosion, as indicated by 
relative depth of incision of river palaeochannels, has 
increased with time, probably because of a combination of 
factors , including climate , runoff, and base level variations , 
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LATE QUATERNARY REGIONAL CONTROLS ON THE 
DEVELOPMENT OF THE GREAT BARRIER REEF: GEOPHYSICAL 
EVIDENCE 
D. E. Searle' 
High-resolution seismic reflection data have been examined in an 
attempt to identify and explain some of the regional differences and 
controls on the development of the Great Barrier Reef. The main 
controlling influence on the development of the Great Barrier Reef 
Province since the end of the Tertiary has been glacially controlled 
variations in sea level. Response to these has been qualified by 
variations in bathymetry. shelf width. drainage patterns. and 
sediment supply. The development of the Great Barrier Reef 
appears to have been strongly influenced by the antecedent surface 

Introduction 

Coral reefs , forerunners to the Great Barrier Reef, started 
developing on the Queensland continental shelf in the early 
to middle Miocene, and by the Pliocene, were well estab
lished (Hekel , 1973). Since then , the prime controlling factor 
in reef growth (and reef mortality) has been glacially 
controlled fluctuations in sea level. Subaerial modification 
of former reefs has occurred during shelf emergence, while 
reef growth has been possible only during submergence, and 
then only when environmental conditions were suitable. The 
continental shelf has been alternately exposed and sub
merged during the Quaternary, but has been exposed for far 
longer than it has been submerged. 

Because of the geographical size of the Great Barrier Reef 
Province, there is considerable regional variation in environ
mental factors that control reef development (Maxwell, 
1968; Hopley , 1982). In addition to present regional 
variation, most of the influences that control reef develop
ment have drastically altered with time. This paper examines 
the available geophysical evidence in an attempt to identify 
and explain some of the regional differences and controls on 
the development of the Great Barrier Reef. 

Application of seismic methods to the study 
of reefs 
Seismic methods have been widely used to map fossil reefs as 
potential hydrocarbon reservoirs. However, it was not until 
fairly recently that seismic work had been conducted to 
investigate the shallow subsurface of modem reefs and inter
reefal areas. 

In 1946, 1950, and 1952, seismic refraction programs were 
conducted in the Marshall Islands. These surveys obtained 
results about the deep structure beneath Bikini, Kwajalein, 
and Eniwetok Atolls, (Dobrin & Perkins, 1954; Raitt, 1954, 
1957). Near-surface seismic refraction investigations were 
carried out at Eniwetok Atoll in 1971-72 (Henny & others, 
1974). 

Seismic reflection data recorded in 1962 across the reef of the 
Belize (British Honduras) shelf provided evidence for 
Purdy's (1974) 'antecedent karst theory' of reef development. 
Interpretation of the pre-Holocene surface was somewhat 
compromised by the quality of these sparker results. 
Nevertheless, this work highlighted the influence of pre
Holocene surfaces on the form and distribution of modern 
coral reefs. Recent work (Choi & Ginsburg, 1982) in the 

, Geological Survey of Queensland. GPO Box 194. Brisbane. 
Queensland 4001 

and subaerial processes. but not to any great extent by karst 
processes. as suggested by Purdy. There is no evidence to suggest 
that the inner shelf is a karst marginal plain . and the existence of an 
extensive former limestone barrier platform on the marginal shelf 
can not be inferred from the seismic data. Subaerial and fluvial 
action appear as important processes in sculpturing the shelf during 
long periods of emergence in the late Cainozoic. Their effect varies 
both along and across the shelf. 

same area indicated that siliciclastic sediments extend under 
late Pleistocene and Holocene carbonates. 

In the Great Barrier Reef Province, the use of seismic 
methods for subsurface investigation of reefs was advocated 
as far back as 1936 by the Great Barrier Reef Committee 
(Richards & Hill, 1942). High-resolution seismic investi
gations of the reefal areas began in 1973 with the Royal 
Society (London) and Universities of Queensland 
Expedition to the Great Barrier Reef, using the continuous 
seismic reflection profiling (CSP) method (Orme & others, 
1978a, b) . 

Since then, CSP investigations have been conducted by the 
University of Queensland, the Geological Survey of 
Queensland , the Bureau of Mineral Resources , and James 
Cook University of North Queensland (Jell & Flood, 1977; 
Marshall , 1978; Searle, 1979; Searle & Hegarty, 1982; Searle 
& others, 1978, 1980, in press; Davies & others, 1981; Harvey 
& Searle, in press; Johnson & Searle, in press). Shallow 
seismic refraction investigations of reefs have been 
conducted by Harvey (l977a, b, 1980), Davies & others 
(1977) and Harvey & others (1979). An integrated reflection 
and refraction study has been conducted at Michaelmas Cay 
(Searle & Harvey, 1982). Geological control of the seismic 
units is limited to bottom samples, some shallow nearshore 
seismic confirmation drilling , and reef drilling. 

Results of CSP surveys 

Reef foundations and shaDow subsurface structure of 
reef province 
Purdy (1974) applied the 'antecedent karst theory' to the 
Great Barrier Reef on the assumption of a regional limestone 
terrain in the reef province, underlain by non-carbonate 
basement. The available subsurface data from on-reef drill 
holes indicate that reef limestone extends to a depth of 115 m 
(Michaelmas Cay) to 154 m (Heron Island) and is underlain 
by marine Tertiary quartzose sandstone (Steers & Stoddart, 
1977). A possible correlative of this pre-reefal surface has 
been recognised beneath Helix Reef (reflector S, Fig. I) in the 
central Great Barrier Reef (Searle & others, in press). No 
deep off-reef drill- hole data are available to test the areal 
extent of the limestone terrain. However, CSP data, which 
give subsurface information to a depth of about 100 m, 
indicate that the shelf is not widely underlain by carbonate 
rock, as suggested in Purdy's theory, but that the inner shelf 
and large areas of the outer shelf are underlain by thick 
sequences of inferred Pleistocene and ?Tertiary coastal plain 
and shallow marine deposits , in places modified by fluvial 
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Figure 3. Seismic reflection profile and interpretation, John Brewer Reef (147°04'E, 18°38'S). 
Modern reef growth (Rr) has taken place on an antecedent high (defined by reflector A) interpreted as a Pleistocene reef CPR). Several deeper erosional reflectors 
(P) rise beneath the reef. These probably represent the eroded remnants of former reefs and indicate that reefs have developed by the incremental addition of 
reefal limestone during high sea-level phases. Marginal ridges (MR) and submarine moats (SM) appear to overlie similar morphological features in the 
subsurface. There is very little sediment of post-glacial age overlying reflector A. apart from reef growth. Fluvial incision. channel infilling (PC). and 
cross-bedding indicate that the subsurface of the inter- reefal areas consists of coastal plain and shallow marine terrigenous sediment periodicallv eroded bv 
subaerial processes. 
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Figure 4. Seismic reflection profile and interpretation. west of Great Palm Island (146°30'E. 18°45'S). 
During low sea-level times. the Herbert River crossed the emerged shelf. incising the late Pleistocene surface (Al to a depth of 45 m. During sea-level rise the 
channels were progressively back-filled with fluvial/estuarine sediment (Fl. 
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Figure 2. Seismic reflection profile and interpretation, southwest of Green Island (l45°587E, 16°45'S). 
The Late Pleistocene unconformity produces a characteristic reOection (A). which dips gently seawards. but rises beneath Green Island Reef. where it is overlain 
by reef talus (Ro). ReOector A is incised. and towards the coast is overlain by terrigenous prodeltaic sediment (Cn. Surface A is underlain by 'Pleistocene reef 
rock (PR) and obliquely prograding delta-front deposits (OP). This figure illustrates that the inner shelf is not underlain by limestone. but by Ouvial. deltaic, and 
shallow marine sequences. 

and re-occupation of former channels by later drainage 
(Searle & others, 1980). In the northern region of the Great 
Barrier Reef, palaeochannels predating the last glacial sea
level low have been traced across the inner shelf. In Trinity 
Bay, palaeochannels (?penultimate glacial age) of the Barron 
and Mulgrave Rivers have been identified (Searle, 1979). It 
seems probable that the narrowness of the northern shelf and 
the resultant more steeply graded river profiles have been, at 
least in part, responsible for the better preservation of the 
northern river palaeochannels. 

Subsurface data from the reef tract indicate that Holocene 
reefs have grown on the elevated and subaerially eroded 
remnants of Pleistocene reefs (Fig. 3) (Davies , 1974; Harvey, 
1980; Hopley, 1982). CSP data close to modern reefs show 
several subsurface reflectors that rise beneath the reefs. 
Although only limited velocity information is available, the 
elevation of subsurface seismic discontinuities beneath reefs 
is considered to represent structure and not to be a velocity 
pull-up effect. These subreef platforms are generally more 
extensive than modern reefs , and seismic facies analysis 
suggests that they consist of reefal limestone (Figs. I, 5). The 
subsurface seismic discontinuites are correlated with 
solution unconformities, which have been detected by 
drilling (Davies, 1974; Harvey & others, 1979). 

Last glacial palaeotopography of the shelf 
A prominent shallow subsurface reflector is present on all 
profiles. It represents a surface formed through shelf 
emergence and subaerial erosion, and ranges from outcrop 
to about 25 m below the sea floor. It generally dips seawards, 
but is irregular and deeply incised in places. This reflector 
(A) (Figs. 2-4; 6-9) has been correlated with the first solution 
unconformity beneath reefs (Searle & Harvey, 1982), and the 
equivalent surface has been intersected by drilling at several 
inner-shelf localities, where it correlates with a change from 
non-marine to marine sediments (Searle, 1979; Johnson & 
Searle, in press). It is considered to represent the surface of 
the shelf exposed or re-exposed during the last glacial sea
level low. Deposits on this surface are, therefore, of post
glacial age. 

During the last glacial cycle, the sea level reached a 
maximum of at least 100 m below present sea level; however 
the modal sea level was about - 20 to -40 m (Hopley, 1982). 
The shallower northern shelf was, therefore , exposed more 
often and for longer than the relatively deeper southern 
shelf. Reflector A is thus the product of one or more phases 
of subaerial exposure, and this has resulted in latitudinal 
variation in seismic character; in the north, reflector A is 
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Figure 6. Seismic reflection profile and interpretation, east of Bramble Reef (I46°50'E, 18"25'S). 
Fluvial/estuarine channel infill (F) overlain by relict delta front deposits (Md). Where sediment supply exceeds removal. perhaps during a stillstand. the 
delta·front mound so formed may survive reworking during tht subsequent transgression . 

generally a stronger reflector than in the south. Variation in 
the seismic character of reflector A is also apparent across 
the shelf. In nearshore areas, A consists of a high-amplitude, 
high-frequency event followed by a high- amplitude low
frequency event (Fig. 2) , whereas, in reefal areas, A is a low
amplitude, high-frequency doublet (Fig. 3). This reflects a 
change in the antecedent surface from a terrigenous to a 
carbonate sequence. 

Post-glacial shelf sequence 

The post-glacial sequence forms a thin , uneven veneer over 
the pre-Holocene surface. Regional variations in thickness, 
attributable to shelf width and bathymetry, wave energy, 
tidal currents, and sediment flux , exist in the Great Barrier 
Reef Province. In the northern region , the post-glacial cover 
appears to be almost complete and the pre-Holocene surface 
crops out only rarely at the sea floor (Searle & Hegarty, 1982: 
Orme & others , 1978a; Nelson , 1980). In the central region , 
post-glacial cover is largely absent from the mid-shelf and 
the pre-Holocene surface is exposed (Johnson & Searle, in 
press). Post-glacial cover in the southern region is restricted 
to the nearshore areas (Searle, 1978) and to the reefal areas 
(Davies & others, 1981). 

Several seismic facies units have been identified in the post
glacial sequence, (Searle & Hegarty, 1982; Johnson & Searle, 
in press) and interpreted with the aid of bottom sampling and 
limited drilling in nearshore areas and on reefs . At 

Michaelmas Reef, subsurface data have been directly cor
related with CSP data (Searle & Harvey, 1982). The seismic 
facies units have been interpreted in terms of predicted age 
and lithology. Age, interpreted from superposition of units, 
has been broadly subdivided into lowstand/transgression 
units (late Pleistocene-early Holocene) and highstimd/ 
modern units (Holocene). Terrigenous and carbonate 
lithofacies have been inferred from the seismic character, 
configuration of internal reflections , and the interpreted 
depositional environment of the seismic facies unit. 

Lowstand/transgressional facies include fluvial and 
estuarine channel-fill deposits (Fig. 4), relict delta-front 
deposits associated with palaeochannels (Fig. 6), and a relict 
veneer formed by reworking of existing shelf deposits by the 
transgressive surf zone (Fig. 7). There appears to be a limited 
record of carbonate build-up during this period, probably 
the result of initially adverse environmental conditions for 
reef growth ( Davies , in press). 

Modern/highstand terrigenous facies are restricted to near
shore areas where terrigenous sediment progrades seawards. 
Relatively thick deposits are found in protected embay
ments , principally those close to modern rivers with a high 
sediment yield. Coarse , high-energy deposits and finer 
prodeltaic sediments can be distinquished on the seismic 
records (Fig. 8), and little modern terrigenous sediment 
appears to carry beyond the 20-m isobath . 
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Figure 9. Seismic reflection profile and interpretation, reefal shoal north of Faraday Reef (l47OZ2' E, 18"22'S). 
Approximately 9 m of reef talus (Ro) overlies the pre-Holocene surface (A) as a slope-front deposit. Reef growth (Rr) appears to have been retarded by clastic 
influx. Definition of reflector A is lost beneath the reefal shoal. and the thickness of Holocene reef overlying the probable Pleistocene reefal substrate (Pr) is. 
therefore. unknown. 

Carbonate units occur in the reef tract. and two seismic 
facies can be distinguished (Fig. 9). These units are inter
preted as reef rock and associated authochthonous 
sediment, and allochthonous reef talus deposits. The seismic 
facies unit interpreted as reef talus is equated with 
allochthonous bioclastic sediment derived from adjacent 
reefs. In the southern region, carbonate detritus may 
accumulate as sand waves on the submerged pre-Holocene 
surface. The sand waves are asymmetric and have heights of 
up to 4 m and a wavelength of 100-200 m. They are clearly 
visible on aerial photographs (Jell & FIQ.od. 1978). Reef talus 
also accumulates as a reef-slope sediment wedge. pre-

dominantly on the lee side of reefs or at depth ( 45 m) in more 
exposed waters. Sand waves appear to represent biodetritus 
in dynamic'equilibrium in a high-energy environment. and 
reef-slope sediment wedges represent more stable deposition 
of reefal sediment below wave action in protected lee-side 
environments. 

It has been suggested that leeward accretion of reef talus will 
result in reefs growing 'backwards' over these deposits during 
stillstand conditions (Davies & Marshall. 1980). It also 
appears that reef-derived sediment may affect the vertical 
growth .of reefs before they reach sea level. This 'c1astic-
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Figure 7. Seismic reflection profile and interpretation, mid-shelf off Cape Bowling Green (I47°33'E, 19"16'S). 
Relict veneer (Mv) formed by reworking of existing shelf deposits in the transgressive surf zone. Post-glacial deposits overlying surface A are thin or absent over 
much of the mid-shelf. Where present. they disconformably overlie probable Pleistocene coastal plain and shallow marine deposits (PI). 
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Figure 8. Seismic reflection profile and interpretation, near-shore lone, east of Ingham (I46"24'E, lS034'S). 
Fluvial/tidal deltaic deposits off the Herbert River delta. During the transgression. existing sediments were reworked and spread across the shelf as a thin. patchy 
veneer (Mv) overlying the pre-Holocene surface (A). This surface developed as the result of subaerial exposure of underlying. probably Pleistocene. alluvial and 
shallow marine deposits (PI). Since sea level reached its present height. deltaic deposits have built out from the coast. Coarse sediment (Cc) has prograded over 
finer prodeltaic sediment (Cn. Little modem terrigenous sediment appears to carry beyond the 15-20 m isobaths. 
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control' appears prevalent in the central region (Searle & 
others, in press), where retardation of reef growth by locally 
derived sediment is indicated by the seismic data (Fig. 9). 
Rapid sea-level rise during the early Holocene has also been 
suggested as a cau'se of the apparent 'drowning' of some 
reefs. 

Discussion 
The Quaternary period has been one of considerable eustatic 
sea-level fluctuations, resulting in erosional/depositional 
cycles. The effects of the most recent cycle, which began with 
the last glacial emergence of the sheiL can be seen in the 
seismic stratigraphy, which serves as a model for the 
Quaternary development of the Queensland continental 
sheiL The history of reef development in the Great Barrier 
Reef Province is one of incremental addition of reef and 
reef-derived material alternating with prolonged periods of 
subaerial exposure. The result of subaerial exposure of reefs 
is seen in the seismic record as erosional discontinuities. 
which are interpreted as solution unconformities. Karst 
processes may have been active on exposed reefs and on 
limestone terrains. Evidence of karst processes is provided 
by karst-analogues (blue holes) in the modern reef that 
resemble the morphology of the substrate (Backshall & 
others, 1979). In terrigenous areas , subaerial exposure can 
be interpreted from the seismic records . Reflector A in these 
areas is distinctive , and development of a soil horizon is 
inferred. 

Emerged-shelf drainage patterns have been mapped from the 
seismic data. In the northern and central regions, these 
palaeochanne\s can be traced across the shelf to reef passes . 
On the outer shelf, they may remain unfilled , but in middle 
and inner-shelf areas, the former river valleys have been 
filled with fluvial/estuarine sediment during the trans
gression, and may even be overfilled by deltaic deposits laid 
down during episodes of high sediment supply, probably 
related to stillstands (Johnson & others , 1982). Maxwell 
(1968) and Purdy (1974) both used evidence of the present 
bathymetry of the shelf in support of contradictory theories 
of reef morphology (antecedent karst versus growth). The 
seismic data indicate that, although thin, the post-glacial 
cover masks the former topography to the extent that 
conclusions based on bathymetric evidence are unreliable. In 
particular, closed depressions are not acceptable evidence of 
drowned karst (Purdy, 1974, p. 58), nor can drainage 
patterns be accurately defined from present bathymetry 
(Maxwell, 1968, fig. 22): seismically defined palaeodrainage 
channels commonly underlie local bathymetric highs formed 
by relict delta-front deposits (Johnson & others. 1982). 

The seismic data and available drill-hole data indicate that 
modern reefs are underlain by positive features that are 
either former reefs. which persisted as limestone hills during 
emergence, or bedrock outliers. It seems probable that these 
elevated features were preferentially recolonised because, 
being elevated, they were submerged seawards of the strand
line. into waters of low turbidity and remote from terri
genous influences. The question of the nature of the original 
pre-reefal substrate cannot yet be answered, although recent 
work by Choi & Ginsburg (1982) on the Belize shelf suggests 
that initial carbonate build-up, probably reefaL was over 
elevated residuals of underlying siliciclastic deposits. 

The shape of a modern reef appears tei be inherited from that 
of its substrate . The morphology of a reefal substrate may 
result from growth variations when submerged or differ
ential weathering when subaerially exposed. or from both of 
these factors (Harvey & Hopley. in press). Differentiation of 

pre-Holocene reef rock and reef talus facies is not possible 
from the CSP data, and the relative importance of orgamc 
and inorganic (bioclastic) processes to the morphology of the 
substrate-cannot be assessed . 

On a regional scale, the surface topography of the post
glacial transgression appears to have been determined by 
shallow marine sedimentation , including prograding deltaic 
and prodeltaic sedimentation of major drainage systems 
(Searle, 1979: Searle & others . 1980. in press), terrigenous 
coastal deposition, and carbonate deposition . During shelf 
emergence., fluvial and coastal plain sediments were 
deposited and the emergent shelf was eroded. Karst surfaces 
could have formed only on exposed reefs and in the northern 
marginal shelf area, where an extensive limestone terrain has 
been inferred . Even here. the CSP data indicate that sub
aerial drainage across the shelf was active. and fluvial 
deposition occurred close to carbonate areas (Searle & 
Hegarty, 1982). The results of fluvial action (channel 
incision and infill) are more evident on the narrower 
northern shelf, probably as a result of relatively steep shelf 
drainage gradients. On the inner shelf. the palaeochannels 
commonly occur as wide channel belts with evidence of 
several episodes of discordant channel infill (Fig. 4). On the 
marginal shelf, channels are less complex and may remain 
unfilled. Purdy's model of a karst marginal plain and a karst 
barrier platform acting as a drainage divide. is. therefore. 
inapplicable to the Great Barrier Reef Province. 

Fluvial action appears to be a major process in sculpturing 
the shelf during emergence. but its effect is varied both along 
and across the shelf. Reefs are resistant structures that 
survive exposure as positive features to be recolonised by 
new reef growth on submergence . The present morphology 
of the Great Barrier Reef Province clearly has strong 
antecedent control, but karst influences appear very 
localised. Significant post-glacial modification of the shelf is 
limited to palaeochannP.i backfilling, paralic sedimentation. 
and modern reef growth. 

Acknowledgement 
This paper is published with the permission of the Chief 
Government Geologist, Department of Mines. Queensland. 

References 
Backshall. D.G .. Barnett. J .. Davies. P.J .. Duncan. D.C. . Harvey. 

N .. Hopley . D .. Isdale. P .. Jennings. J.N .. & Moss. R .. 1979-
Drowned dolines - the blue holes of the Pompey Reefs. Great 
Barrier Reef. BMR Journal of Australian Geology & Geophysics . 
4.99-109. 

Choi . D. R .. & Ginsburg. R. N .. 1982 - Siliciclastic foundations of 
Quaternary reefs in the southernmost Belize Lagoon. British 
Honduras . Geological Society of America, Bulletin 93. 116-126. 

Davies. P.J.. 1974 - Subsurface solution unconformities at Heron 
Island. Great Barrier Reef. Proceedings, Second International 
Symposium on Coral Reefs. Brisbane. 2.573-578. 

Davies. P.J .. in press - Reef growth - a review. In Barnes. D.l. 
(editor). Growth maintelJance and change of coral Reefs. 
Australian Institute of Marine Science Townsville. 

Davies. P.J .. Thom. B.G .. Short . A .. MarshaIU.F .. Harvey. N .. & 
Martin. K .. 1977 - Reef development - Great Barrier Reef. 
Proceedings. Third International Coral Reef Symposium. Miami. 
331-337. 

Davies . P.l .. Marshall. 1.F .. Hekel. H .. & Searle . D.E .. 1981 -
Shallow interreefal structure of the Capricorn Group. southern 
Great Barrier Reef. BMR Journal of Australian Geology & 
Geophysics. 6. 101-105. 

Dobrin. M.B .. & Perkins. B .. 1954 - Seismic studies of Bikini 
A toll. US Geological Survey Professional Paper 2601 . 



276 D. E. SEARLE 

Harvev. N .. 1977a - The identification of subsurface solution 
disconformities on the Great Barrier Reef. Australia. between 
14°S and 17°S. using shallow seismic refraction techniques. 
Proceedings. Third International Coral Reef Symposium. Miami. 
45-51. 

Harvey. N .. 1977b - The application of shallow seismic refraction 
techniques to coastal geomorphology: a coral reef example. 
Catina . 4(4) 333-339. 

Harvey. N .. 1980 - Seismic investigations of a pre-Holocene 
substrate beneath modern reefs in the Great Barrier Reef 
Province. Ph.D. thesis. James Cook University. 

Harvey. N .. & Hopley. D .. in press - The relationship between 
modern reef morphology and a pre-Holocene substrate in the 
Great Barrier Reef Province. Proceedings. 4th International 
Coral Reef Symposium. Manila. 

Harvey. N .. & Searle. D. E .. in press - Seismic investigations of 
Late Quaternary reefal and inter-reefal sediments of the Great 
Barrier Reef Province. In Barnes. DJ. (editor). Perspectives on 
coral reefs. Australian Institute of Marine Science. Townsville . 

Harvey. N .. Davies. PJ .. & Marshall. J .F .. 1979 - Seismic 
refraction - a tool for studying coral reef growth. BMR Journal 
of Australian Geology & Geophysics . 4. 1979. 141-147. 

Hekel. H .. 1973 - Late Oligocene to Recent nannoplankton from 
the Capricorn Basin (Great Barrier Reef area). Geological Survey 
of Queensland Publication 359. 

Henny, R.W .• Mercer. J.W .. & Zbur. R.T .. 1974 - Near surface 
geologic investigations at Eniwetok Atoll. Proceedings, Second 
International Symposium on Coral Reefs. Brisbane. 2. 61 ~26. 

Hopley. D .. 1982 - The geomorphology of the Great Barrier Reef. 
Wiley. New York . 

Jell. J .S., & Flood. P.G .. 1978 -Guide tothe geology ofthe reefs of 
the Capricorn and Bunker Groups, Great Barrier Reef Province, 
with special reference to Heron Island. University of Queensland. 
Papers. Department of Geology. 8. 

Johnson . D.P .. & Searle. D.E .. in press - Post-glacial seismic 
stratigraphy. central Great Barrier Reef. Australia. Sedi
mentology. 

Johnson . D.P .. Searle. D.E .. & Hopley, D. , 1982- Positive relief 
over buried post-glacial channels, Great Barrier Reef Province 
continental shelf. Australia . Marine Geology , 46. 149-159. 

Marshall . J .F .. 1977 ·- Marine geology of the Capricorn Channel 
area. Bureau of Mineral Resources. Australia. Bulletin 163. 

Marshall. J .F .. 1978 - Morphology and shallow structure of the 
continental shelf of southern Queensland and northern New 
South Wales. Bureau of Mineral Resources. Australia. Record 
1978/100. 

Maxwell. W.G.H .. 1968 - Atlas of the Great Barrier Reef. 
Elsevier. Amsterdam. 

Nelson , A.W., 1980 - Preliminary results of a shallow marine 
seismic survey - Thursday Island to Townsville , Geological 
Survey of Queensland. Record 1980/6 (unpublished). 

Orme. G.R .. Flood. P.G .. & Sargent. G.E.G .. 1978a - Sedi
mentation trends in the lee of outer (ribbon) reefs. northern 
region of the Great Barrier Reef Province. Philosophical 
Transactions of the Royal Society (London). A291. 85-99. 

Orme. G.R .. Webb. J .P .. Kelland. N.C. . & Sargent. G.E.G .. 1978b 
- Aspects of the geological history and struture of the northern 
Great Barrier Reef. Philosophical Transactions of the Royal 
Society (London) . A291 . 23-35 . 

Purdy. E.G .. 1974 - Reef configurations - cause and effect. In 
Laporte. L.F. (editor). Reefs in time and space. Society of 
Economic PalaeonlOlogists and Mineralogists, Special Publication 
18 . 9-76. 

Raitt. R.W .. 1954 - Seismic refraction studies of Bikini and 
Kwajalein Atolls. U.S. Geological Survey ProfeSSional Paper 
269K. 

Raitt. R. W .. 1957 - Seismic refraction studies of Eniwetok Atoll. 
U.S. Geological Survey ProfeSSional Paper 2605. 

Richards. H.S .. & Hill. D .. 1942 - Great Barrier Reef bores. 1926 
and 1937, description . analysis and interpretations. Report of the 
Great Barrier Reef Committee. 5. 

Searle . D.E .. 1978 - A continuous seismic profiling survey in 
Keppel Bay. Geological Survey of Queensland. Record 1978/20 
(unpublished). 

Searle . D. E .. 1979 - Results of a continuous seismic profiling 
survey in the Capricorn/Bunker Group, southern Great Barrier 
Reef. Geological Survey of Queensland. Record 1979119 
(unpublished). 

Searle, D. E .. & Harvey, N .. 1982 - Interpretation of inter-reefal 
seismic data: a case studv from Michaelmas Reef. Australia. 
Marine Geology. 46. M9-MI6. 

Searle. D.E., & Hegarty, R.A .. 1982 - Results of a continuous 
seismic profiling survey in the Princess Charlotte Bay area. 
Geological Survey of Queensland. Record 1982117 (unpublished). 

Searle. D.E .. Davies, P.l.. Hekel. H .. Kennard. J.. Marshall. J.F .. 
& Thorn . B.G .. 1978 - Preliminary results of a continuous 
seismic profiling survey in the Capricorn Group. southern Great 
Barrier Reef. Geological Survey of Queensland. Record 1978/46 
(unpublished). 

Searle. D.E.. Harvey. N .. & Hopley. D .. 1980 - Preliminary 
results of continuous seismic profiling in the Great Barrier Reef 
Province between 16°10'5 and 19°20'5. Geological Survey of 
Queensland. Record 1980/23 (unpublished). 

Searle . D.E .. Harvey. N. , Hopley . D .. & Johnson. D.P .. in press 
Significance of results of shallow seismic research in the Great 
Barrier Reef Province between 16°10'5 and 20005'S. Proceed
ings. Fourth International Coral Reef Symposium. Manila. 

Steers. J .A .. & Stoddart. D.R .. 1977 - The origin of fringing reefs. 
barrier reefs. and atolls. In Jones. O. A .. & Endean. R. (editors). 
Biology and geology of coral reefs. Academic Press. New York . 

Vail. P.R .. Mitchum, R.M .. & Thompson. 5 .. 1977 - Global 
cycles of'relative changes of sea level. In Payton. C.E. (editor), 
Seismic stratigraphy-applications to hydrocarbon exploration. 
American Association of Petroleum Geologists Memoir. 26. 83-97. 



BMR Journal of Australian Geology & Geophysics, 8, 271-291. © Commonwealth of Australia 1983 

STRUCTURE AND STRATIGRAPHY OF THE CENTRAL GREAT 
BARRIER REEF 
P.A. Symonds, P.l. Davies, & A. Parisi 

The Cainozoic evolution of the central Great Barrier Reef Province 
has been deduced from shallow, intennediate, and deep focus 
seismic reflection profiling. For much of its history the province has 
been dominated by terrigenous sedimentation , principally con
trolled by the relative height of sea level. The earliest depositional 
episode recognisable beneath the continental shelf was the infilling 
of the Queensland Trough rift basin with alluvial fan and trunk 
stream deposits in the Late Cretaceous to Paleocene. As the region 
subsided further, this was replaced by a Paleocene to Eocene 
marginal and shallow marine coastal and marine onlap phase. 
Three periods of low sea level in the late Oligocene, late Miocene, 
and late Pliocene to Pleistocene resulted in alluvial sedimentation 
across the shelf, and fluvial and wave-dominated deltaic pro
gradation at the shelf edge, which produced 10-40 km of shelf 
out-building. During the intervening periods of high sea level, 
sedimentation was restricted to coastal deltaic progradation on the 
inner shelf and onlap of the continental slope by submarine fans, 
and the upper slope was extensively eroded . The reef facies may 
have first appeared as a fringing reef in the Eocene, but was only 
established as an extensive, apparently shelf-dominating facies 

Introduction 

during high sea levels associated with Pleistocene aggradational 
phases. The reefs , which appear to be only 150-250 m thick, grew on 
and occur within siliciclastic fluviatile and deltaic sediments, and 
not on antecedent carbonate platfonns. Reef growth occurred 
during short periods of high sea level , and during the intervening 
and longer periods of low sea level the reefs were eroded subaerially. 
Continual re-colonisation of sites throughout their growth history 
has produced reefs that are composite features made up of a series of 
remnant reefs separated by unconfonnities. A shelf-edge barrier 
reef system , now generally submerged, occurs along much of the 
central Great Barrier Reef Province , except near Palm and Magnetic 
Passages. This has modified upper slope depoSition during periods 
of low sea level by funnelling f1uvio-deltaic sediments through gaps 
in the barrier reef, directly feeding upper slope canyons and 
depositing submarine fans on the middle and lower slopes. During 
periods of high sea level the barrier reef has shed fine-grained 
carbonates and organic material to the upper slope. It appears that 
the central Great Barrier Reef region is unlikely to have been a major 
reef carbonate province at any but the most recent stage of its 
evolution. 

Two questions are central to the scientific aims of our paper; 8° 

( I) What is the total thickness of the reefs within the Great 
Barrier Reef Province? 
(2) What is the age and nature of the substrate from which 
the reefs have grown? 

Most past work has tended to concentrate on the growth of 
the modern reefs, and has shown that reef initiation is , to 
varying degrees, controlled by the antecedent surface, the 
nature of which is related to low sea-level erosional and 
depositional processes (Purdy , 1974; Maxwell , 1968, 1976; 
Davies & others, 1976; Hopley 1982). In the Caribbean, Choi 
& Ginsberg (1982) have shown that fluvio-deltaic sand 
bodies have been the preferred sites for reef initiation in the 
Quaternary . 

In the Great Barrier Reef Province, little is known of the 
nature, geometry, and age of the sub-reef sediments . 
Conclusions from six drill holes in the region (Fig. I) are 
conflicting: a Pliocene to Recent reef section overlying 
marine sands at Heron Island and Michaelmas Cay 
(Maxwell , 1962; Lloyd, 1973) contrasts with Miocene to 
Recent reef sections in Anchor Cay, Wreck Island, 
Aquarius, and Capricorn drill holes (Lloyd, 1973). Further 
to the north, a middle Miocene barrier reef system (Opel, 
1970: Lloyd, 1979), far more extensive than the present 
barrier, contrasts markedly with the rest of the province, 
where inner-shelf fringing reefs are purported to have 
developed at this time (Lloyd, 1973). 

There is much better knowledge of the more recent processes 
and sediments in the Great Barrier Reef Province. The 
relatively thin (4-22 m; Marshall & Davies , 1982) modem 
reefs began to grow about 9000 yr B. P. on older Pleistocene 

Bureau of Mineral Resources. GPO Box 378, Canberra, ACT 2601 

Figu re I. Regional setting of the central Great Barrier Reef study 
area. 
Shows the positions of deep drill holes in the region. AC - Anchor Cay well: 
M - Michaelmas Cay borehole: A - Aquarius well: C - Capricorn well: W 
- Wreck Island well: H - Heron Island borehole: 209- DSDP site 209. 
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reef platforms. and their present distribution has. with the 
exception of inner-shelf fringing reefs , been controlled by 
these earlier reef platforms (Davies & Marshall. 1979. 1980: 
Marshall & Davies. 1982). High-resolution boomer profiles 
(Orme & others. 1978: Searle. 1979, 1983: Searle & others. . . . 
1980: Searle & Hegarty, 1982: Johnson & others. 1982) 

145°20' 146000' 147000' 

indicate that fluvial processes and terrigenous sedimentation 
have played an important part in at least the late Quaternary 
evolution of the province. 

In this paper. new high-resolution. multi-channel seismic 
reflection and boomer profiles, and vibrocores of the top 
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Figure 2. Distribution of seismic lines in the central Great Barrier Reef region. 
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The positions of the Grafton Passage and Palm Passage shelf transects are also shown. The reefs are shown in black . Figures 4A . 6. & 8 are seismic profiles in the 
Grafton Passage transect : Figures 4B . 4C. 7. & 9 are in the Palm Passage transect. 



part of the inter-reef section are analysed in an attempt to 
elucidate the structure and depositional sequences beneath 
the central Great Barrier Reef. Conclusions from these data 
are placed in the context of the geological evolution of the 
continental shelf. 

Area and methods of study 

The research area lies between the coast and the 10000m 
isobath between Mossman and Ayr (Fig.2). The continental 
shelf is about 60 km wide as far south as Innisfail , increasing 
to a maximum of about 120 km northeast of Townsville. 
There are 7 named navigable passages through the Great 
Barrier Reef in the study area . The inner (0-20 m deep) and 
middle (20-40 m deep) shelf is relatively featureless , except 
for a number of high continental islands. Several hundred 
reefs occur as dispersed groups on the outer shelf (40-80 m 
deep), but there is not a prominent exposed continuous or 
semi-continuous shelf-edge barrier as in the northern Great 
Barrier Reef. Hopley (1982), however, has described sub
merged linear shelf-edge reefs between Cairns and Towns
ville . Some of these are colonised with coral pinnacles rising 
to about 7 m below sea level , and others are uncolonised and 
50-70 m deep. 

In the northern part of the area , reefs occupy the outer 50 per 
cent of the continental shelf. Between the reefs , the outer 
shelf slopes evenly to 55-60 m, then drops rapidly to a terrace 
that slopes gently from 180 to 250 m, and finally drops 
sharply into the Queensland Trough. In the southern part of 
the area , reefs occupy only the outer 40 per cent of the shelf. 
The outer shelf slopes evenly to about 80-90 m at the shelf 
edge , where it first drops rapidly, and then more gently as a 
smooth convex slope into the Queensland Trough. 

Seven rivers debouch onto the shelf in the central Great 
Barrier Reef Province , the main ones being the Herbert and 
the Burdekin. Surface sediments are temgenous sands and 
muds on the inner shelf, mixe~ terrigenous-<:arbonate sands 
on the middle shelf, and carbonate sands on the outer shelf 
(Maxwell , 1973: Belperio, this volume) . 

The only seismic reflection data recorded in the central Great 
Barrier Reef Province prior to the BMR program were a 
series of scattered high-resolution boomer profiles (Orme & 
others , 1978; Searle, 1979, 1983; Searle & others, 1980; 
Johnson & others , 1982; Searle & Harvey, 1982), and several 
24-channel Aquapulse lines (Fig. 2) recorded in 1973 as part 
of a reconnaissance survey between Cairns and Fraser Island 
for Australian Gulf Oil Company (Gulf, 1974). A con
siderable amount of multichannel seismic data was collected 
seaward of the central Great Barrier Reef in the Queensland 
and Townsville TrOlighs by the BMR during its Continental 
Margin Survey (Mutter, 1977), and by Shell Development 
(Australia) Ply Ltd (Shell, 1977) and Geophysical Service 
International (GSI, 1980). 

The BMR seismic program in the central Great Barrier Reef 
has so far generated 1000 km of single-channel digital data 
(1981) , 4200 km of 24-channel digital data (1982) , and 
2000 km of high-resolution boomer profiles (1982) (Fig. 2). 
1100 km of the 24-channel data were shot at l2-fold common 
depth point (CDP) coverage through the main reef passages 
between Townsville and Cairns , and , wherever possible , 
were tied to the Shell and BMR seismic lines on the con
tinental slope. The other 3100 km of 24-channel data were 
shot at 6-fold CDP coverage on northeast-trending lines 
about 2 km apart across the shelf off Townsville. The 24-
channel streamer consisted of six 50-m active sections each 
containing four groups spaced at 12.5 m, and the energy 
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source was a 9-kilojoule , nine-electrode sparker. The data 
were sampled at I-ms intervals over a l300-ms record in 
demultiplexed format, using BMR's seismic digital acqui
sition system. The sparker surveys were carried out in co
operation with the Division of National Mapping and used 
their Decca Hifix 6 and Motorola mini ranger navigation 
system. The high-resolution boomer profiles were obtained 
using an E.G. and G. Subtow system at an energy level of 
250-500 joules. 

Fifty vibrocores were obtained from the study area using an 
Amos McLean Vibrocorer. The cores sampled to a maxi
mum of 4. 5 m in water up to 70 m deep. In addition , ten reefs 
have been studied in detail , with about 400 m of core being 
obtained from 30 drill holes. Thus , the mechanisms of 
modern reef growth are relatively well understood in this 
area (Davies & Hopley, this volume). 

The different types of seismic data recorded in the central 
Great Barrier Reef Province are from three levels of seismic 
resolution: shallow from the boomer, intermediate from the 
sparker, and deep from the Gulf Aquapulse data . These have 
provided us with a clear picture of the seismic nature of 
depositional sequences beneath the shelf from the sea floor 
to basement. 

Although conclusions presented in this paper are based on 
all the available data, the main focus is on the results of the 
recent sparker survey. In particular, we have concentrated 
on two key transects across the shelf - one through Grafton 
Passage, east of Cairns, over apparently 'normal' shelf, and 
one east of Hinchinbrook Island (Palm Passage transect) 
over shelf underlain by a probable rift-related basin (Halifax 
Basin) (Fig. 2) . Gulf seismic lines, some boomer profiles and 
the only processed sparker data that we had at the time of 
writing are all available for these. transects. 

Regional tectonic setting 

The major tectonic elements and the location of the central 
Great Barrier Reef study area are shown in Figure I. The 
continental margin off northeastern Australia comprises a 
number of marginal plateaus and troughs, which are con
sidered to be modified and subsided continental crust 
formed as a result of fragmentation of a northeastern 
extension of the Tasman Fold Belt , (Gardner, 1970; Ewing & 
others , 1970; Falvey, 1972; Falvey & Taylor, 1974; Taylor, 
1975: Mutter, 1977; Taylor & Falvey, 1977; Mutter & 
Karner, 1980). This rift phase of development , which may 
have commenced in the Early Cretaceous, and was certainly 
in progress during the Late Cretaceous , preceded con
tinental breakup and the formation of the Coral Sea Basin by 
sea-floor spreading in the Paleocene (62-56 m.y. B.P.) 
(Weissel & Watts, 1979) or latest Cretaceous (Symonds & 
others, in press). A major outcome of this tectonic episode 
may have been the development of a series of interconnected 
three-branch rift systems (Burke & Dewey, 1973), with the 
Townsville and Queensland Troughs and the Osprey 
Embayment (Fig . I) being failed arms of such a system 
(Mutter & Karner, 1980). These troughs are the most 
important structural elements associated with the formation 
of the Great Barrier Reef Province. 

The Queensland and Townsville Troughs lie next to the 
central Great Barrier Reef and separate it from the 
Queensland Plateau , which is the largest marginal plateau of 
the Australian continental margin . The troughs are inter
preted to contain a thick - up to 4000 m in places -
Cretaceous continental and marginal-marine rift-fill section 
(Taylor & Falvey, 1977; Symonds & others, in press). Rather 
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than being a simple graben, the Queensland Trough may 
have been initiated in an oblique wrench zone caused by 
left-lateral movement between Australia and the Queensland 
Plateau (Symonds & others, in press). 

The poorly defined Halifax Basin is a major structure 
beneath the continental shelf in the study area (Figs. 1,3). It 
is a Cretaceous-Tertiary Basin covering about 60000 km 2 

and has a maximum sedimentary thickness in excess of 3000 
m beneath the outer part of the Great Barrier Reef (Rasidi & 
Smart, 1979). The basin lies at the intersection of the 
Queensland and Townsville Troughs and has been shown to 
extend beneath these features (Rasidi & Smart, 1979). 

Structure and basement topography 

The dominant fault trend beneath the continental shelf is 
north-northwest (Fig. 3), although it swings to more north
westerly near Townsville. The major faults are generally 
down thrown to the east, but occasionally form complex 
horst and graben features (Fig. 4C). The western limit of the 
fault system is defined by a major, apparently continuous, 
complex down-to-the-basin fault zone, mapped for 350 km 
beneath the shelf. This feature affects basement and the 
overlying sediments on the Gulf lines in both the Grafton 
Passage (Fig. 4A) and Palm Passage (Fig. 4B) areas. Its 
continuity is best seen in the area of closely spaced sparker 
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Figure 3. Maps of structural and basement features in the central Great Barrier Reef region. 
Reef tract shaded. Also shown are the positions of the presenHlay shelf breaks and a Pleistocene palaeoshelf break. 
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A - Grafton Passage transect. Band C - Palm Passage transect. The major seismic sequences (A.B.CD.E). and progradational phases (PI. Pl. P3. P4) are 
labelled . WBFZ is the western boundary fault zone of the Queensland Trough rift basin. Note overlap between Figures 4B and 4C. 

lines adjacent to Townsville, where it is a prominent fault 
zone in sedimentary rocks. In places , the eastern side of the 
fault zone appears to have had reverse movement on it, and 
the faults define an 'upthrust ' or compressive fault block 
(Figs. 5, 48), which is a structural style commonly associated 
with convergent wrench faulting (Harding & Lowell, 1979). 
This fault zone defines the western boundary of the Queens
land Trough and was probably active until the middle 
Miocene. The western boundary fault zone of the Queens
land Trough and the extrapolated southern boundary of the 
Townsville Trough (Fig. 3) delimit the landward ext~nt of 
the Halifax Basin as defined by Gulf (1974) and Rasidi & 

Smart (1979), and suggest that the Halifax Basin is not a 
discrete feature , but simply the place where the structural 
and sedimentary features of the Queensland and Townsville 
Troughs extend beneath the continental shelf, or where the 
shelf has prograded over the troughs. 

A middle to inner-shelf hinge line (Fig. 3) between Cairns 
and To'wnsville delineates the point from which basement 
deepens eastwards. Initially, the deepening is by down
buckling with little accompanying disruption (Fig. 4B). The 
southern end of the hinge line appears to line up with the 
extrapolated trend of the onshore Millaroo Fault Zone, 
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Figure 5. Seismic profile across the mid-shelf northeast of 
Townsville. 
Displayed digitally on-line as a single-channel monitor. Shows evidence of 
reverse faulting and the compressive fault block associated with the fault zone 
forming the western boundary of the Queensland Trough structure . Location 
shown in Figure 2. 

which forms the western boundary of the northern Bowen 
Basin (Fig. I) and is thought to follow a major tectonic 
lineament separating fold belts (Staines & Koppe, 1980). 
Similarly, the hinge line on the continental shelf may mark 
the boundary between major tectonic provinces, thus 
implying deep structural control over the subsidence of the 
continental margin in this area. Except in the north, the 
Great Barrier Reef lies seaward of the hinge line and for 
much of the central part of the study area lies next to it. This 
may indicate some control of the main sites of reef growth by 
basement subsidence , albeit indirect. 

The basement topography in the area of most detailed 
coverage is a seaward-dipping surface dissected by north
northeast trending gullies. which broaden away from the 
coast. The two most prominent underlie the landward end of 
Magnetic Passage (Fig. 3). Their age is difficult to ascertain: 
however, on a Gulf seismic line, not far to the north ?pre
Paleocene sediments overlie the dipping basement surface 
(Fig. 4B). The gullies may. therefore, represent the original 
valleys through which feeder streams passed into the proto
Queensland Trough . 

Seismic stratigraphy 
We have defined five major seismic depositional sequences 
(A.B.C,D,E, in Fig. 4), separated by unconformities, the 
ages of which have been identified from various data. 
Sequence E is bounded by an unconformity that we suggest 
is Paleocene on the basis of structural and palaeo-environ
mental considerations, analogies with drilled Mesozoic 
basins to the north and south (Fig. I), and interval velocities 
from sonobuoy refraction profiles and computed from 

The age of the unconformity separating sequences C and Dis 
thought to be late Eocene to early Oligocene, and was 
determined from a tentative tie, via Shell and BMR seismic 
lines (Fig. 2). to DSDP site 209 on the Queensland Plateau 
(Fig. I). over 600 km to the east. 

Identification of the two higher unconformities separating 
sequences Band C, and A and B is based on interpretation of 
the depositional styles of the sequences and their relation
ships to high and low sea-level processes. High sea-level 
deposition is confined to the coastal progradation and 
submarine-fan onlap onto the slope, whereas, during low sea 
levels. the major depocentres migrate across the shelf, 
resulting in f1uvio-deltaic shelf-edge progradation and slope 
onlap by fans. These concepts of high and low sea-level 
sedimentation provide a means of assigning tentative ages to 
the seismic sequences by comparing their depositional styles 
with the eustatic sea-level curve of Vail & Hardenbol (1979). 

We have identified four major phases of low sea-level pro
gradation (PI, P2, P3, P4: Fig. 4A) and dated them as late 
Oligocene (PI), late Miocene (P2) and Plio-Pleistocene 
(P3 + P4). We have also identified the intervening high 
sea-level marine onlap phases. Sequence C thus comprises a 
lower late Oligocene progradational facies (PI) and an upper 
early to middle Miocene onlapping facies. Sequence B 
comprises a late Miocene progradative facies (P2) overlain 
by an early Pliocene onlap facies. Sequence A is late Pliocene 
to Recent and made up of a complex series of prograding and 
onlapping facies , which can be subdivided into two major 
progradational episodes (P3 and P4). 

We have not attempted to map seismic sequences through
out the central Great Barrier Reef Province because, at this 
stage , only a very small amount of the sparker data has been 
processed . Instead , we have concentrated on the nature and 
depositional history of the seismic sequences within the two 
key shelf transects shown in Figure 2, paying particular 
attention to the shelf/slope transition, where the most 
complete record of depositional events has been preserved. 

The seismic sequences and facies descriptions use the 
nomenclature and criteria of Mitchum & others (1977), 
Sangree & Widmier (1977), and Berg (1982). There is no 
direct information on the nature of the pre-late Quaternary 
non-reef facies and the following descriptions are based 
solely on seismic character and our interpretation of the way 
the various seismic facies relate to the shelf depositional 
system. 

Pre-late Pliocene facies 
The pre-late Pliocene section - sequences B, C. D, and E
may be over 3.5 km thick beneath parts of the slope in both 
the northern Grafton Passage, and southern Palm Passage 
transects. These sequences are generally seen only on the 
Gulf Aquapulse profiles , except for the topmost part of 
sequence B. which is also resolved on our sparker data. 

On both passage lines, sequence E fills the depressions 
between horst blocks, usually just covering them. It is absent 
or very thin west of the western boundary fault zone of the 
Queensland Trough (Fig. 4). Its uplap (Brown & Fisher. 
1977) or onlapping-fill (Mitchum & others, 1977) character
istics imply deposition during the active faulting phase, with 
subsidence greater than or equal to sediment supply. 
Sequence E clearly represents rift-fill sedimentation , and 
probably consists mainly of Late Cretaceous conglomerate, 



sand , and shale deposited in continental to marginal-marine 
conditions as alluvial fans, fan-deltas, and trunk-stream and 
meander-belt deposits away from the fault scarps. Volcanics 
andvokanidastics may also occur throughout this se
quence, as shown in Figures 4A and 4C. The top of the 
sequence forms a relatively smooth depositional surface, and 
its dip has played a part in controlling the depositional form 
of the overlying sequences. In the Grafton Passage transect , 
where basement drops away rapidly into the Queensland 
Trough, the top of sequence E has a significant eastward dip 
(Fig. 4A): however, in the Palm Passage transect, where 
basement only deepens gradually to the east, it has a very 
gentle dip and in places is relatively flat-lying (Fig . 4B). 
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Figure 6. Gulf seismic profile in tbe Grafton Passage transect. 
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Sequences D, C, and B form a sedimentary wedge that thins 
westward beneath the shelf and is thin or absent west of the 
hinge line . Sequence D (Paleocene to late Eocene) is a marine 
onlap facies, probably shallow marine transgressive at the 
base , but changing vertically, particularly beneath the 
present upper slope, into more open marine , pelagic 
sediments with terrigenous detritus. On the Grafton Passage 
line a possible Eocene carbonate build-up occurred to the 
west of the western boundary fault zone (Figs. 4A , 6), and 
this was eventually onlapped by younger Eocene marine 
sediments . 

NE 

4f- Basement 

This processed seismic profile is pan of the line drawing in Figure 4A . II shows a possible Eocene carbonate build-up (eB) overlying the western boundary fault 
zone. Major seismic sequences and progradational phases are labelled. Arrows mark imponam reflector terminations . 
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Sequences C and B exhibit similar seismic characteristics, 
best seen on the Grafton Passage line. Both show a lower 
basal oblique to complex sigmoid-oblique (Berg, 1982) low 
sea-level progradational facies overlain by a high sea-level 
onlapping facies (Figs. 4A. 6). The PI progradational unit is 
about 380 m thick and has prograded 4 km, while the P2 unit 
is about 630 m thick and has prograded 3 km. The oblique to 
sigmoid-oblique reflection patterns of PI and P2 are 
characteristic of fluvial and wave-dominated deltas (Berg, 
1982) and clearly represent low sea-level shelf-edge deltas. 
Wave domination of the delta may be indicated by the small 
amount of delta-plain aggradation (Berg, 1982). The over
lying onlap facies probably represents high sea-level 
submarine-fan deposition following erosion of the outer 
shelf and upper slope. 

Along the Palm Passage transect the progradational part of 
sequence C is seen on the Gulf data, particularly beneath the 
slope (just right of centre, Fig. 4C). The nature of sequence 
B is best seen on the sparker data (Fig. 7), as a lower basal 
downlapping, slightly mounded facies overlain by an on
lapping facies. The absence of oblique or complex sigmoid
oblique patterns is probably due to the seismic profile 
running across the likely direction of progradation of the 
delta lobe. This southern transect clearly shows greater 
delta-plain aggradation than the northern transect, which 
may arise from variations in the rate and type of subsidence 
in the two areas. The more uniform subsidence in the south, 
together with a higher sediment supply has led to the 
development of a more widespread delta-plain facies in this 
area. 

Plio-Pleistocene facies 

The sparker data provide excellent resolution of the high 
sea-level onlapping part of sequence B and the composite 
facies within sequence A. Beneath the inner shelf, west of the 
hinge line, sequence A onlaps the eroded basement surface. 
It has a relatively uniform thickness of approximately 180 m 
beneath much of the shelf, but thins to less than 90 m 
beneath the inner shelf, and thickens rapidly to 600 m 
beneath the upper slope. Beneath the shelf, sequence A 
exhibits a variable amplitude, high to low-continuity 
reflection pattern, and much channelling in its upper part. 
Using the seismic facies criteria of Sangree & Widmier 
(1977), we interpret these characters as indicating high sea
level shallow-marine clastic sediments interdigitating with 
low sea-level fluviatile sediments. Significant changes in the 
characteristics of sequence A occur beneath the outer shelf 
along both the Grafton and Palm Passage transects. 

Grafton Passage transect. Five distinct seismic facies units 
are recognised within sequence A. 

I. The lower unit is a complex sigmoid-oblique (Berg, 1982) 
to sigmoid progradational facies, with minor shingled facies 
present in places (Fig. 8). Truncation and rapid thinning of 
the undaform part of the facies imply that the progradation 
was detrital from the shelf. This unit represents the third 
major progradational phase, P3, and the presence of several 
minor marine onlap phases within it indicates that P3 formed 
as a result of several prolonged periods of low sea level. The 
seismic characteristics of the unit again suggest sedi
mentation mechanisms related to shelf-edge fluvial and 
wave-dominated deltas; indeed the complex sigmoid-oblique 
reflection patterns within P3 may indicate delta-lobe 
switching (Berg, 1982). The P3 unit is about 500 m thick and 
has produced 2.6 km of shelf out-building, probably in the 
late Pliocene to early Pleistocene. 
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Figure 7. Sparker profile at the eastern end of the Palm Passage 
transect. 
Single channel. amplitude-corrected display. Shows downlapping character
istics of prograding facies (P2) on a profile oblique to the direction of 
progradation. Major seismic sequences (A. B. Cl are labelled. M is the first 
water-bottom multiple. 

2. A lower sigmoid progradational unit (P4a) overlies P3 
(Fig. 8), and forms the first stage of a Pleistocene shelf
aggradation phase. 

3. A shelf-edge reef system (Fig. 8) developed during the 
deposition of the P4 progradational unit. The reefs are 
characterised by an almost complete lack of reflection 
character. in contrast to the facies on either side. The reef in 
Figure 8 is 3 km across and 180--260 m thick. Vague reflectors 
in it may represent subaerial unconformities (Davies. 1974). 
The reef is underlain by P4 (Pleistocene) delta-plain facies. 
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Figure 8. Sparker profile at the eastern end of the Grafton Passage transect. 
Amplitude-corrected. 12-fold stacked section. Shows prograding. mounded onlap (MQ). sheet-drape (SD) and reef facies (R). Note the amount of shelf out
building and the relative positions of the present-day shelf break (SB) and the Pleistocene palaeoshelf break (PSB). Major seismic sequences (A. B) and 
progradational phases (P3. P4) are labelled. P4 has been subdivided into seismic facies units 4a and 4b. M is the first water-bottom multiple. 

4. An upper sigmoid progradational unit (P4b) is laterally 
continuous with the reef facies. The greater continuity and 
higher amplitude of reflectors in the unit next to the reef may 
be related to a higher carbonate content, derived from the 
reefs during both high and low sea level. 

5. A mounded onlap facies rests on the eroded outer edge of 
the P4 progradational unit (Fig. 8). This submarine-fan 
facies is probably the result of canyons forming in the upper 
slope during periods of high sea level and erosion and 
deposition during periods of low sea level. as a result of 
fluviatile point source entry onto the slope between adjacent 
reef masses. 

6. A thin sheet-drape facies (Fig. 8) overlies much of the 
upper slope and probably represents a high sea-level deposit 
composed of reef-derived fine-grained carbonates and 
organic material 

Palm Passage transect. A much more complex seismic pic
ture exists beneath the outer shelf of this transect than in the 
Grafton Passage transect, owing in part to the seismic lines 
obliquely crossing the direction of progradation, producing 
a downlapping reflection pattern (Fig. 9). Sequence A is 
approximately 450 m thick and cannot be subdivided into P3 
and P4 progradational phases. It comprises a series of pro
grading units separated by unconformities related to major 



286 P. A. SYMONDS & OTHERS 

.~ 
co 

" u .. 
;; 
a:: 

w E 

2km L-______________ ~I 

.~ 
co 

" u .. 
;; 
a:: 

Figure 9. Sparker profile at the eastern end of the Palm Passage transect. . . . .. . .' . 
Single-channel. amplitude-corrected display . Shows a complex senes of progradatlve facIes unots cut oblique to the dIrection of progradatIon. Major seIsmIc 
sequences (A. B) are labelled: al and a2 are seismic facies units referred to in the text. Note the channel-foil character of al on the left of the profole and the 
mounded facies within it to the right. M is the first water-bottom multIple. 

and minor channelling. Variations in seismic reflection 
character appear to correspond to changes in sedimentary 
facies. In seismic facies unit a I (Fig. 9) low-amplitude 
mounded and progradational channel infill may define 
different lobes of a multi-lobed delta, and the higher
amplitude reflectors between them may represent the inter
lobe areas. Other possible interpretations of this unit are a 
sand body parallel to the shore (the mound) next to both the 
delta front and prodelta muds: a channel-mouth bar lying 
next to a prograding delta front. 

The parallel reflection configuration of the upper seismic 
facies unit a2 (Fig . 9) is the prodelta part of the tangential 
oblique prograding facies shown in Figure 10. This unit has 
resulted in 10 km of out-building in the form of a lobe at the 
seaward end of Magnetic Passage (Fig. 3) and has controlled 
the position of the present shelf break in the area . It probably 
resulted from shelf-edge, low sea-level, fluvial-dominated 
deltaic depOSition in successive Pleistocene periods of low 
sea level. Reef facies, less than 50 ms of reflection time thick 
(about 60 m), overlie the apparently eroded surface of the 
delta lobe (Fig. 10). 

The Palm Passage transect is notable for the paucity of 
evidence of transgressive and high sea-level onlap facies , 
whereas such sequences are common along the Grafton 
Passage transect. Further, sequence A is thinner along the 
Palm transect (450 m) compared to the Grafton transect (600 
m), but exhibits far greater out-building in the south (25 km) 
than in the north (6 km). This probably reflects the greater 
sediment supply and lower depositional slopes of the 
southern area. Despite these differences , however . it is clear 
that the late Pliocene to Pleistocene history of the central 
Great Barrier Reef is one of low sea-level fluvial and deltaic 
out-building. A comparison of the Pleistocene palaeoshelf 
break and the present shelf break (Fig. 3) proves the point: 
maximum out-building of up to 25 km occurs northeast of 
Hinchinbrook Island and is clearly related to the sediment 
supply from the Pleistocene proto-Burdekin and Herbert 
Rivers . 

Late Quaternary shelffacies 

The boomer profiles and vibrocores offer evidence of sedi
mentary facies development under high and low sea-level 
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Figure 10. Sparker profile across the outer shelf just south of the 
Palm Passage transect. 
Displayed digitally on-line as a single-channel monitor. Shows oblique 
grogradational facies (a2) underlying small. submerged shelf-edge reefs. 
Seismic facies unit a2 in Figure 9 is the prodeltaic part of this prograding unit. 
DW is the direct wave: M is the first water-bottom multiple. Location shown 
in Figure 2. 

conditions. Boomer profiles indicate that sediments related 
to the Holocene transgression are thin and patchy. Also, 
sedimentation related to the present stabilised high sea level 
is limited to the inner shelf, where muds and muddy sands 
are being deposited as prodeltaic sediments of the Burdekin 
and Herbert Rivers. 

The reefs form discrete pinnacles with sediment accumulat
ing close to their windward and leeward margins. On 
boomer profiles , the leeward accumulations appear as 
wedges of semi-transparent sediment up to 8 m thick, and 
thin away from the reef for 1 or 2 km. Vibrocores into this 
sediment show it is composed of reef-derived mud and 
Halimeda. The windward accumulations are often mounded 
and consist of conformable, relatively flat-lying reflectors 
(Fig . II). Vibrocores into the mound shown in Figure 11 , 
which is next to Prawn Reef on the outer shelf and overlies an 
old river channel, consist of fluvially derived sands. The 
windward sediments were , therefore, fluvially deposited , 
possibly as levees or delta-front mounds. 

Throughout much of the inter-reef area, our boomer profiles 
(Fig. 11) and those of other workers (Johnson & others, 
1982) show sequences containing extensive and repeated 
channelling. multi-generation infill. levee-bank deposits, 
and complex progradational channel fill. all features 
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Figure II. Boomer profile south of Prawn Reef, on the outer shelf 
northeast of Ayr. 
Shows a sediment mound overlying a major channel on the windward side of 
the reef. Vibrocores into this mound obtained nuviallv derived sands. 
Location shown in Figure 2. 

characteristic of fluvial systems. Thus, between the reefs, 
and down to the limit of resolution of the boomer (30-40 ms 
beneath the sea floor), the shelf is underlain by terrigenous 
facies related to fluvial and deltaic , low sea-level depositional 
systems. 

We suggest that these late Pleistocene facies, for which we 
have direct lithologic evidence, can be used as depositional 
models for seismic facies units in the older high and low 
sea-level depositional sequences. 

Reef growth in the central Great Barrier Reef 

The present distribution of reefs is to some extent controlled 
by both the inner to middle-shelf hinge line and the western 
boundary faults of the Queensland Trough. No major areas 
of reef growth occur landward of the hinge line and , in the 
north, the major reef province straddles it (Fig. 3). In the 
south of the central province , the main reef tract lies 
40-70 km seaward of the hinge line, straddling the major 
fault zone. The control exerted by these features is clearly 
indirect , but its exact nature is unknown. 

Throughout the province , reefs extend from the sea floor to a 
maximum depth of 260 m. Such reefs are probably Pleisto
cene in age . No buried reefs have been discovered, except 
perhaps for the possible Eocene carbonate build-up in the 
Grafton Passage transect. We have found no evidence for 
old reefs in inter-reefal areas and thus the reefs appear to 
have grown in much the same places from their initiation to 
the present day. . 

Reef growth was initiated on siliciclastic fluviatile and deltaic 
low sea-level foundations. As yet, we have been unable to 
determine whether this occurred preferentially on residual 
features such as levee banks, channel bars and delta lobes, as 
described by Choi & Ginsburg (1982) for the Belize Reef 
tract. There is evidence to suggest that the reefs off Towns
ville may have grown on the erosional remnants of a 
Pleistocene delta lobe. Nowhere have the reefs grown from 
karst antecedent surfaces. However, the layer-cake structure 
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of most reefs indicates that once initiated, subsequent 
growth was usually on the older reef surface, which mav or 
may not have been karst sculptured in the intervening 'low 
sea-level period. 

There appears to have been a positive relationship between 
reef growth and fluviatile sedimentation. After reef initiation 
and growth to sea level. the resulting structures would 
control the course of fluviatile sedimentation during the 
following period of low sea level. Subsequent high sea-level 
reef growth would occur almost automatically on the 
existing structures, thus raising them even higher, and 
exerting greater control on the next phase of low sea-level 
f1uvio-deltaic sedimentation. Thus, the reefs are seen to have 
grown in much the same places throughout their history, 
although they may have occupied different parts of the reefal 
platform at different times. 

We still do not know why reefs suddenly began to grow in the 
Pleistocene. 

Shelf evolution 

From the seismic stratigraphic and structural interpreta
tions, and our ideas and those of others for the plate tectonic 
development of the Coral Sea, a useful model can be 
developed of the evolution of the central Great Barrier Reef 
Province. Much of this model may be conceptually applic
able to the development of the whole east Australian margin. 
We perceive six stages in the evolution of the margin. 

Stage 1: Pre-rift phase 

In the late Jurassic to early Cretaceous, the northeast Aust
ralian continental margin, incorporating the present 
marginal plateaus, was separated from a north-facing 
volcanic arc, associated with subduction of the Pacific Plate, 
by a retro-arc basin (Brown & others, 1979). Early 
Cretaceous northwesterly movement of the Pacific Plate, 
with respect to Australia. along a dominantly transform 
plate boundary (Taylor & Falvey, 1977) may have activated a 
oblique wrench zone on the continent (Symonds & others, in 
press), from the Capricorn Basin to the Gulf of Papua, 
defining the site of future rifting in the Queensland Trough
Osprey Embayment area. 

Stage 2: Rifting and rift-fill phase 

Rifting and volcanism followed uplift in the Late Creta
ceous. The Queensland and Townsville Troughs formed as 
part of the rift-basin complex that developed off north
eastern Australia. Continental break up through sea-floor 
spreading in the Coral Sea began at the very end of the 
Cretaceous and was complete by the late Paleocene. The 
Late Cretaceous to Paleocene interval was one of rift infill of 
the Queensland and Townsville Troughs by alluvial fans 
along the scarps and alluvial stream sedimentation in the 
centre of the troughs (Fig. 12A). 

Stage 3: Marine transgressive (onlap) phase 

Continental margin subsidence related to cooling and litho
spheric contraction following breakup seems to have been 
either very slow or delayed throughout the region (Mutter & 
Karner, 1980). Despite this, rift-basin subsidence continued 
in the Queensland Trough about a hinge line beneath the 
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present-day inner shelf. During the interval Paleocene to 
Late Eocene, sedimentation was outpaced by subsidence 
(D < S: Fig. 12B) as a result of denudation of the source 
areas, and the sedimentary environment changed from 
marginal-marine fan deltas, through restricted shallow 
marine, to open marine onlapping oozes and turbidites. 
Carbonate build-ups, possibly as fringing reefs, may have 
formed in some restricted areas near the western boundary 
fault of the Queensland Trough. 

Stage 4: Shelf progradational (omap) phase 

Significant regression and continental shelf construction 
characterised the late Oligocene to Pleistocene. Three 
separate periods of progradational construction during the 
late Oligocene (PI), late Miocene (P2), and late Pliocene to 
early Pleistocene (P3) indicate sediment supply and deposi
tion outstripping shelf subsidence (D> S: Fig. 12C). 
Approximately \0 km of shelf out-building has occurred off 
Cairns, and 40 km, off Townsville. The progradation is the 
result of fluvial and wave-dominated shelf-margin deltaic 
sedimentation during periods of low sea level. The three 
progradational phases are separated by high sea-level marine 
onlap facies. 

Stage 5: Shelf aggradational and progradational phase 

Uniform Pleistocene subsidence of the shelf balanced by 
deposition (O=S) led to massive shelf aggradation (+200 m) 
during a time of continuing shelf-edge progradation (Fig. 
120). The aggradation is probably the result of low sea-level 
alluvial sedimentation in conjunction with thin high sea-level 
clastic shallow-water sedimentation. The· sigmoidal pro
gradational facies (P4) is probably a low sea-level wave and 
fluvial-dominated deltaic product. 

Stage 6: Reef development phase 

Reef growth began sometime in the Pleistocene on silici
clastic foundations. Once initiated, periodic growth 
occurred preferentially at the same sites. Sediment shed from 
the reefs during periods of high and low sea level was 
incorporated in the upper parts of the P4 progradational 
phase (Fig. 12E). Shelf-edge reef growth caused a change in 
the style of sedimentation on the slope from progradational 
to mounded onlapping submarine fans (Fig. 12E). This arose 
because the reefs channelled major low sea-level sedi
mentation onto the slope, thus eroding the upper slope and 
forming canyons. Mounded onlapping turbidite facies are 
well developed along the northern transect, but absent in the 
south, where the shelf-edge reefs are also poorly developed. 

In the north a thin sheet-drape, high sea-level facies, which is 
probably composed of reef-derived carbonates and organic 
material, was deposited on the upper slope. Concurrent shelf 
sedimentation consisted of prodeltaic sediments on the inner 
shelf associated with coastal wave-dominated deltas 
(Fig. 12E). 

Acknowledgements 

The authors wish to thank the Queens Fellowship Marine 
Research Advisory and Allocations Committee for support, 
particularly for the purchase of the multichannel seismic 
cable. We also thank the Division of National Mapping for 
the provision of ship time, and its staff who assisted us, 
especially with navigation, during the surveys. 

Figure 12. Conceptual evolutionary scheme for the development of the continental shelf in the central Great Barrier Reef Province. 
D and S indicate the relationship between deposition (sediment supply) and subsidence (relative rise in sea level). The vertical arrows indicate the relative 
amounts of subsidence across the area. 



290 P. A. SYMONDS & OTHERS 

We are grateful to all BMR scientists and technical officers 
who took part in the surveys, and to the captains and crews 
of the survey vessels for their cooperation. We particularly 
thank Frank Brassil and Simon Kravis for seismic processing 
assistance. 

References 

Belperio, A.P., 1983 - Terrigenous sedimentation in the central 
Great Barrier Reef lagoon: a model from the Burdekin region . 
BMR Journal of Australian Geology & Geophysics, 8 <this issue). 

Berg. O. R . . 1982 - Seismic detection and evaluation of delta and 
turbidite sequences: their application to exploration for the 
subtle trap. American Association of Petroleum Geologists 
Bulletin. 66(9).1271-1288. 

Brown. L.F . . & Fisher. W.L.. 1977 - Seismic stratigraphic inter
pretation of depositional systems: examples from Brazilian rift 
and pull-apart basins. In Payton . C. E. (editor). Seismic strati
graphy - applications to hydrocarbon exploration . American 
Association of Petroleum Geologists Memoir. 26. 213-248 . 

Brown. e.M .. Pigram. C.l., & Skwarko. S.K .. 1979 - Mesozoic 
stratigraphy and geological history of Papua New Guinea. 
Palaeogeography, Palaeoclimatology, Palaeoecology. 29 . 
301-322. 

Burke. K .. & Dewey. 1.F .. 1973 - Plume-generated triple 
junctions: key indicators in applying plate tectonics to old rocks. 
Journal of Geology. 81. 406-433. 

Choi. D. R .. & Ginsburg. R. N .. 1982 - Siliciclastic foundations of 
Quaternary reefs in the southernmost Belize lagoon . British 
Honduras. Geological Society of America Bulletin. 93 . 116--126. 

Davies. P.l .. 1974 - Subsurface solution unconformities at Heron 
Island , Great Barrier Reef. Proceedings, 2nd International 
Symposium on Coral Reefs, Brisbane. 2. 273-278 . 

Davies. P.J.. Radke. B. M .. & Robison. c. . 1976 - The evolution 
of One Tree Reef. southern Great Barrier Reef. Queensland. 
BMR Journal of Australian Geology & Geophysics. I. 231-240. 

Davies . P.J.. & Marshall , 1. F .. 1979 - Aspects of Holocene reef 
growth -substrate age and accretion rate . Search. 10. 276--279 . 

Davies, P.J . . & Marshall. 1. F .. 1980 - A model of epicontinental 
reef growth. Nature. 287, 37-38. 

Davies. P.J.. & Hopley. D .. 1983 - Growth fabrics and growth 
rates of Holocene reefs in the Great Barrier Reef. BMRJournalof 
Australian Geology & Geophysics. 8 (this issue). 

Ewing. M., Hawkins, L.V .. & ludwig. W.J.. 1970 - Crustal 
structure of the Coral Sea. Journal of Geophysical Research, 
75(11). 1953-1962. 

Falvey. D.A. , 1972 - The nature and origin of marginal plateaux 
and adjacent ocean basins off Northern Australia. Ph.D. Thesis, 
University of New South Wales. 

Falvey. D.A .. & Taylor. L. W.H .. 1974-Queensland Plateau and 
Coral Sea Basin: structural and time stratigraphic patterns. 
Australian Society of Exploration Geophysicists Bulletin. 5(4). 
123-126. 

Gardner. 1. V., 1970 - Submarine geology of the western Coral 
Sea. Geological Society of America Bulletin. 70. 1399-1424. 

GSI (Geophysical Service International). 1980 - Coral Sea 
Scientific Investigation 1979. Bureau of Mineral Resources, 
Australia, PSLA Report, 79/10 (unpublished). 

Gulf (Gulf Research and Development Co.). 1974 - Marine & 
Australian Gulf Oil Co. geophysical reconnaissance of permits 
Q/4P. Q/5P, Q/6P, QI7P and adjacent areas. Bureau of Mineral 
Resources, Australia, PSLA Report, 73/21 (unpublished). 

Harding. T. P., & Lowell, 1. D .. 1979 - Structural styles. their 
plate-tectonic habitats , and hydrocarbon traps in petroleum 
provinces. American Association of Petroleum Geologists Bulletin. 
63(7), 1016--1058. 

Hopley, D., 1982 - The geomorphology of the Great Barrier Reef: 
Quaternary development of coral reefs. Wiley, New York. 

10hnson . D. P .. Searle . D. E .. & Hopley . D .. 1982 - Positive relief 
over buried post-glacial channels, Great Barrier Reef province. 
Australia. Marine Geology. 46.149-159. 

Lloyd, A. R .. 1973 - Foraminifera of the Great Barrier Reefs bores. 
In 10nes. O.A. & Endean. R. (editors). Biology and geology of 
coral reefs . Volume I: Geology I. Academic Press, New York. 
347-366. 

Lloyd. A. R .. 1979 - An outline of the Tertiary palaeontology and 
stratigraphy of the Gulf of Papua. Papua New Guinea. Proceed
ings of Regional Conference on Geology and Mineral Resources of 
Southeast Asia. 43-53 . 

Marshall. J .F .. & Davies. PJ .. 1982 - Internal structure and 
Holocene evolution of One Tree Reef. southern Great Barrier 
Reef. Coral Reefs. I. 21-28. 

Maxwell. W.G. H .. 1962 - Lithification of carbonate sediments in 
the Heron Island reef. Great Barrier Reef. Journal of Geological 
Society of Australia. 8, 217-238 . 

Maxwell . W.G.H .. 1968 - Atlas of the Great Barrier Reef. 
Elsevier. Amsterdam. 

Maxwell. W. G. H .. 1973 - Geomorphology of eastern Queensland 
in relation to the Great Barrier Reef. In Jones. O.A. & Endean. 
R. (editors). Biology and geology of coral reefs. Volume I: 
Geology I. Academic Press. New York, 233-272. 

Maxwell. W.G .H .. 1976 - Book review - Reefs in time and space: 
selected examples from the recent and ancient. Laporte. L.F. 
(editor) . Society of Economic Paleontologists and Mineralogists 
Special Publication. 18. Marine Geology. 20. 77-84. 

Mitchum. lr.. R.M .. Vail. P.R. & Sangree . 1.B .. 1977 - Seismic 
stratigraphy and global changes of sea level. part 6: stratigraphic 
interpretation of seismic reflection patterns in depositional 
sequences. In Payton. e.E. (editor). Seismic stratigraphy -
applications to hydrocarbon exploration . American Association 
of Petroleum Geologists Memoir. 26. 117-33 . 

MUller. J .e. . 1977 - The Queensland Plateau . Bureau of Mineral 
Resources, Australia. Bulletin 179 . 

Mutter. 1.e.. & Karner. G., 1980 - The continental margin off 
northeast Australia. In Henderson . R.A .. & Stephenson. PJ. 
(editors). The geology and geophysics of northeastern Australia . 
Geological Society of Australia (Queensland Division). Brisbane. 
47-69 . 

Oppel. T. W.. 1970 - Exploration of the southwest flank of the 
Papuan Basin. The APE A Journal. 10. 62-69 . 

Orme. G .R .. Webb , J .P .. Kelland. NJ .. & Sargent. G.E.G .. 1978 
- Aspects of the geological history and structure of the northern 
Great Barrier Reef. Philosophical Transactions of the Royal 
Society of London, Series A. 291. 23-35. 

Purdy. E.G .. 1974 - Reef configurations: cause and effect. In 
Laporte, L. F. (editor). Reefs in time and space. Society of 
Economic Paleontologists and Mineralogists Special Publication. 
18.9-76. 

Rasidi. 1.S .. & Smart. J.A .. 1979 - Halifax Basin. Queensland 
Government Mining Journal, 80(930). 150-156. 

Sangree . J .B .. & Widmier, 1.M .. 1977 - Seismic stratigraphy and 
global changes of sea level. part 9: seismic interpretation of 
clastic depositional facies. In Payton , C. E. (editor). Seismic 
stratigraphy - applications to hydrocarbon exploration. 
American Association of Petroleum Geologists Memoir . 26. 165-
184. 

Searle. D. E.. 1979 - Trinity Bay continuous seismic profiling 
survey. Geological Survey of Queensland, Record 1979/1. 

Searle. D.E.. Harvey . N .. & Hopley. D .. 1980 - Preliminary 
results of continuous seismic profiling in the Great Barrier Reef 
province between 16°IO'S and 19°20'S. Geological Survey of 
Queensland. Record 1980/23. 

Searle. D.E .. & Hegarty, R.A .. 1982 - Results of a continuous 
seismic profiling survey in the Princess Charlotte Bay area. 
Geological Survey of Queensland. Record. 1982117. 

Searle. D.E .. 1983 - Seismic signature of modern sediments
application to hydrocarbon exploration . Australian Society of 
Exploration Geophysicists and Petroleum Exploration Society of 
Australia. Symposium - Petroleum geophysics - its role in 
Australia's energy future - Melbourne. Program and Abstracts. 

Shell (Shell Development Australia Ply Ltd.). 1977 - Seismic 
survey offshore Queensland - Gulf of Papua. Bureau of Mineral 
Resources, Australia, PSLARepon, 74/13 (unpublished). 

Staines. H .R.E.. & Koppe. W.H. , 1980- The geology of the north 
Bowen Basin. In Henderson . R.A .. & Stephenson. PJ. 
(editors). The geology and geophysics of northeastern Australia. 
Geological Society of Australia (Queensland Division). Brisbane. 
279-298 . 



Symonds. P.A .. Fritsch. J .. & Schluter. H.U .. in press -
Continental margin around the western Coral Sea Basin: 
structural elements. seismic sequences and petroleum geological 
aspects. Transactions of Third Circum-Pacific Energvand Mineral 
Resources Conference. Hawaii, American Association of 
Petroleum Geologists. 

Taylor. L. W. H .. 1975 - Depositional and tectonic patterns in the 
western Coral Sea. Australian Society of Exploration Geo
physicists Bulletin. 6(2/3) . 13-29. 

STRUCTURE AND STRATIGRAPHY, GBR 291 

Tavlor. L.W.H .. & Falvev. D.A.. 1977 -Queensland Plateau and 
. Coral Sea Basin: stratigraphy. structure and tectonics. The 
APEAJOumal. 17(1). 13-29. 

Vail. P.R .. & Hardenbol. J .. 1979 - Sea-level changes during the 
Tertiarv. Oceanus. 22. 71-79. 

Weisel. J.k .. & Watts . A.B .. 1979 - Tectonic evolution of the 
Coral Sea Basin. Journal of Geophysical Research. 84 . 
4572~582. 



CONTENTS 
A. P. Belperio 
Terrigenous sedimentation In the central Great Barrier Reef lagoon: a model from the Burdekin region 171) 

T. Torgersen, A. R. Chivas, & A. Chapman 
Chern ical and isotopic characterisation and sedimen tat ion rates in Princess Charlotte Bay, Queensland I I) I 

P. J. Davies & H. Hughes 
High-energy reef and terrigenous sedimentation, Boulder Reef, Great Barrier Reef 20 I 

C. A. Frith 
Aspects of lagoon sedimentation and circulation at One Tree Reef, southern Great Barrier Reef 21 I 

J. Chappell, A. Chivas, E. Wallensky, H. A. Polach, & P. Aharon 
Holocene palaeo-environmental changes, central to north Great Barrier Reef inner zone 223 

P. J. Davies & D. Hopley 
. Growth facies and growth rates of Holocene reefs in the Great Barrier Reef 237 

J. F. Marshall 
Lithology and diagenesis of the carbonate foundations of modern reefs in the southern Great Barrier 
Reef 253 

D. E. Searle 
Late Quaternary regional controls on the development of the Great Barrier Reef: geophysical evidence 267 

P. A. Symonds, P. J, Davies, & A. Parisi 
Structure and stratigraphy of the Great Barrier Reef 277 

R81 /103(7) Cat. No~ 83 0273 2 


	Front Cover
	Table Of Contents
	P.J. Davies. Papers Published To Coincide With The Inaugural Great Barrier Reef Conference At James Cook University, Townsville, 29 August to 2 September 1983
	A. P. Belperio. Terrigenous Sedimentation In The Central Great Barrier Reef Lagoon: A Model From The Burdekin Region
	T. Torgersen, A. R. Chivas, & A. Chapman. Chemical And Isotopic Characterisation And Sedimentation Rates In Princess Charlotte Bay, Queensland.
	P. J. Davies & H. Hughes. High-Energy Reef And Terrigenous Sedimentation, Boulder Reef, Great Barrier Reef
	C. A. Frith. Aspects Of Lagoon Sedimentation And Circulation At One Tree Reef, Southern Great Barrier Reef
	J. Chappell, A. Chivas, E. Wallensky, H. A. Polach, & P. Aharon. Holocene Palaeo-Environmental Changes, Central To North Great Barrier Reef Inner Zone
	P. J. Davies & D. Hopley.  Growth Facies And Growth Rates Of Holocene Reefs In The Great Barrier Reef
	J. F. Marshall. Lithology And Diagenesis Of The Carbonate Foundations Of Modern Reefs In The Southern Great Barrier Reef
	D. E. Searle. Late Quaternary Regional Controls On The Development Of The Great Barrier Reef: Geophysical Evidence
	P. A. Symonds, P. J. Davies, & A. Parisi. Structure And Stratigraphy Of The Great Barrier Reef



