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SUMMARY

Mainland fringing reefs with a diverse coral fauna have developed in the Cape Tribulation area primarily upon coastal sedi-
ment bodies such as beach shoals and creek mouth bars. Growth on steep rocky headlands is minor. The reefs have exten-
sive sandy beaches to landward, and an irregular outer margin. Typically there is a raised platform of dead reef along the
outer edge of the reef, and dead coral columns lie buried under the reef flat. Live coral growth is restricted to the outer reef
slope. Seaward of the reefs is a narrow wedge of muddy, terrigenous sediment, which thins offshore.

Beach, recf and inner shelf sediments all contain 50% terrigenous material, indicating the reefs have always grown under
conditions of heavy terrigenous influx. The relatively shallow lower limit of coral growth (ca 6m below AHD) is typical of
reef growth in turbid waters, where decreased light levels inhibit coral growth.

Radiocarbon dating of material from surveyed sites confirms the age of the fossil coral columns as 5680-6110 ybp, indicating
that they grew during the late post-glacial sea-level high (ca 5500-6500 ybp). The former thriving reef-flat was killed by a
post-5500 ybp sea-level fall of ca 1 m.

Although this study has not assessed the community structure of the fringing reefs, nor whether changes are presently occur-
ring, it is clear the corals present today on the fore-reef slope have always lived under heavy terrigenous influence, and that
the fossil reef-flat can be explained as due to the mid-Holocene fall in sea-level.

A medium term programme is required to record sediment loading and coral community structure, and to establish the en-
vironmental vulnerability of these reefs.
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1. INTRODUCTION

Fringing reefs in the Great Barrier Reef are generally attached to offshore islands, except in the
northern region where they are attached to the mainland. The southernmost mainland fringing reefs
grow in the Daintree-Mossman area, midway between Cooktown and Cairns (Fig.1). A well-
developed series of mainland reefs near Cape Tribulation has a rich coral fauna, containing some
140 species within 50 genera (Veron, pers. comm., Appendix I). These reefs occur on an exposed,
tropical coastline, close to a major river mouth, and adjacent to a hinterland with heavy, perennial
rainfall. Consequently the reefal carbonates are accumulating at Cape Tribulation in an area of high
terrigenous influx. ‘ ‘
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Figure 1.  Location map of the Cape Tribulation area.

Coral growth is generally inhibited by high turbidity, whether from terrigenous influx or from
resuspension of muddy bottom sediment. Turbidity affects corals in several ways (Bak,1978):

Suspended sediment depresses light levels, lowering symbiotic algal activity and hence calcification rates
Sediment blankets cause coral suffocation

Energy used in sediment removal saps polyp vitality

Suspended sediment has unfavourable effects on plankton food sources

Suspended and soft sediment cover prevents successful settlement of planulae

Fresh water associated with riverine sediment influx can cause osmotic problems for coral polyps



The effects of siltation on corals and coral communities are reviewed in Appendix II. Individual
corals may tolerate intermittent turbidity, but not chronic turbidity, particularly siltation. Increasing
sedimentation rates cause progressive disruption and impoverishment of a healthy coral community,
marked by :

Decreased coral cover

Decreased species richness

Decreased coral growth rates

Reduced recruitment and coral death

Invasion by opportunistic species, and prolific growth of algae.

While there are no data published on the sedimentation rates on the Cape Tribulation reefs, ficld
observations indicate the corals are growing in unusually muddy conditions and thus may require
special management considerations. Further any abnormal increase in siltation (Anon,1985) could
threaten their survival.

In fact, there are virtually no data on the turbidity tolerances of Australian corals, and most
published work refers to Carribean situations. Consequently we do not know whether the coral com-
munities at Cape Tribulation are well within their tolerance limitc, or whether only slight increases in
turbidity will cause drastic changes to the communities.

This study documents the sedimentologic setting of the Cape Tribulation reefs, and the resulting
stratigraphy, and considers the factors controlling development of this reef type.

2. METHODS

The study is based on both offshore and onshore data. A three-day cruise in May 1985 recovered
133 line km of shallow seismic (ORE 3.5Khz profiler) and sidescan sonar records, and nine
vibracores (Fig.2). All depths noted on seismic profiles assume a sound velocity in seawater of
1500m/s. A four day land trip allowed mapping of the coastal region, recovery of surface sediment
samples and the drilling of six auger holes using a trailer-mounted Jacro drilling rig hired from the
Australian Institute of Marine Science. Auger samples were recovered by spiralling the bit into the
substrate, and then withdrawing the drill string, so that the sample was not disturbed by travelling up
the auger flights. We are confident sample depths are accurate to within 0.5m. All heights are
referred to Australian Height Datum (AHD), which approximates mean sea level.

Textural analysis of sediments consisted of wet-sieving through 2mm and 63 micron sieves to
separate gravel, sand and mud fractions. The gravel and sand fractions were examined under
binocular microsope, and the mud fraction was split. One split was dissolved in 10% HCI to deter-
mine acid soluble (i.e. approximate carbonate) content, and the other used for X-ray diffraction
analysis to determine clay mineralogy.

The clay fractions were suction-filtered onto Whatman GF/C glass fibre filters which were dried and
glued to glass slides. X-ray diffraction analyses were done on a Rigaku D-Max 500 diffractometer
using the following settings : Cu Ka target at 40Kv and 20ma with curved crystal graphite
monochromator; scan at 0.5 degree/min over 45.0-1.3 degrees 2 ©, count rate 100/s, time constant Ss,
chart speed Smm/min. Two runs were performed for each sample : air dried and after saturation for
48 hours with ethylene glycol.




T
145°30 ?
%

o}

Bonner Rk

Sy
L3
ud

-(Z Morning Rf
o v

8
b 16°00 ]

Ld
Spitfire Rl@‘fm

«——.—— Profile tracks

.\_i

\d
N Vibracore holes

< Coastal Plain

Trinity

Bay

N \J \ 14830

Figuk:e 2. Map of Cape Tribulation area showing localities mentioned in text, bathymetry and profile
tracks.

Satellite R'l-‘




Vo

PSS
L

SPYETY

it

RS,

1S
U

RN
v

0

R
1oy

YD)
PO

P
S

E AN

ATAVSIANIA)

BT
A8
e
RN AN

Ayiq

DA i 200
ST ety - C———

PR
ST

MORAR
PR )

AN

N

@ Auger hole
~s" Creeks

D Cleared land

Rainforest

Beach

Sandflat

Fringing reef
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3. DESCRIPTION OF THE AREA

Fringing reefs occur intermittently along the mainland coast north of Cairns, but are best developed
north of Mossman. This study concentrates on the area from the mouth of the Daintree River to
Donovan Point (Figs.2,3) where the coastline consists of a series of rocky headlands separating
sandy beaches. There are two main bays : Trinity Bay which is bordered by an extensive coastal plain
constructed by the Daintree and Mossman Rivers, and further north, Alexandra Bay which has only
a narrow coastal plain deposited by local creeks. Rocky headlands extend eastwards for 1 km from
the trend of the coast, and represent high energy situations compared to the bays.

The coastal hinterland is composed of deformed Silurian-Devonian lithic sandstones intruded by
Permian granites, and the coastal ranges rise up to 1374m in height (Bureau of Mineral Resour-
ces,1962). The land is covered with dense tropical rainforest which extends down to high tide level.
Apart from cleared farmland on the Daintree floodplain, and minor cleared holdmgs inland of
Alexandra Bay, the region is in a natural state.

The offshore area can be divided into an inner shelf (to 20m water depth), a flatter middle shelf (20-
40m water depth) and a mid-shelf reef tract some 15km offshore. There are two small bedrock is-
lands in the southern part of the area, Snapper Island and the Low Islets.

The climate is wet tropical. The following data are taken from the summary by the Bureau of
Meteorology (1971). Average annual rainfall exceeds 3750 mm at Cape Tribulation, and decreases to
the north and south, being only 2000 mm at Port Douglas. Average annual rainfall of 2000-3750 mm
is typical for the Daintree River catchment, and rainfall is well distributed throughout the year.
. Average annual evaporation is of the order of 1250 mm. The mean annual temperature is 24° C, the
average maximum 28° C and the average minimum 21° C.

Regional oceanographic conditions are described by Pickard and others (1977). Prevailing winds
along the coast are northeasterly to southeasterly. "In autumn the frequency and constancy of the
southeasterlies gradually increase until by May; they blow on more than 80% of days with an average
speed of 12 to 15 knots" (Bureau of Meteorology, 1971, p.57). Despite a relatively continuous tract of
midshelf reefs, the prevailing SE weather blows obliquely up the inner-mid shelf, causing the com-
mon formation of waves 1-2m high. Consequently the coastline is subjected to relatively high-energy
conditions,

Fringing Reefs

Mainland fringing reefs in the area occur in three different situations : steep, rocky shores, dis-
tributary mouth bars and beach shoals (Fig.3). The reefs along rocky shores are narrow and of
limited extent. However, reefs developed on coastal sediment bodies such as distributary mouth bars
and beaches are up to 300m wide and extend for 1-3km along the shoreline. Typically these
shorelines comprise an inner sandy beach and an outer reefal area (Fig.4). The inner beach is a
swash zone backed by a beach ridge supporting thick rainforest. To seaward is a sandflat, commonly
with mobile intertidal bars up to 0.5m high which extend several tens of metres along the shore.
Scattered dead coral microatolls and heads are common on the sandflat, either exposed or shallowly
buried.

At Myall Beach the fringing reef lies seaward of the sandflat and consists of three parts: 1) a dead,
emergent reef top, 2) a living reef crest and upper slope, and 3) a sediment covered lower slope
which passes onto the inner shelf (Fig.4). The emergent reef forms an irregular, raised, wave resis-
tant pavement at approximately -0.5 to -1.0m (AHD), incised by gutters up to 1m deep. This subfos-
sil reef consists of branching and head corals heavily encrusted and cemented together by coralline
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Figure 4. Schematic profile across a typical fringing reef.

algae, barnacles and oysters. Living corals only occur seaward and below the dead reef top, along a
steep, indented outer margin approximately 3m high, with deep gutters between patch reefs and in-
dividual coral columns. The upper limit of live coral growth has been levelled at ca -1.40m (AHD).
SCUBA observations (N.M.Mockett, pers. comm.) show the lower slope, seaward of this cliff, con-
sists of sandy substrate with scattered coral heads up to 0.5m high, coral rubble, seagrasses and
taller columns close to the reef margin. Coral growth extends about 50m seaward of the reef edge,
down to ca 6m below AHD at Cape Tribulation, and up to ca 10m elsewhere along the coast. This
depth range is shallow compared to the mid-shelf reefs only 15km offshore, where coral growth ex-

" tends down to 30-40m (J.E.N. Veron, pers.comm.). Sediments of the lower slope become increasing-
ly muddy seawards where they merge with those of the inner shelf.

The waters over the reef and seaward of the reef margin are commonly very brown due to
suspended muddy sediment. Even following the prevailing light to moderate winds, SCUBA divers
report difficulty secing more than 10m underwater in depths less than 10m. These observations, and
the shallow depth limit of coral growth (ca 6m), indicate that corals are growing in perennially tur-
bid water on both the reef flat and reef slope.

Inner Shelf

The inner shelf can be considered in two parts (Fig.5). South of Noah Head, there is a wide sandy
platform with its outer edge at 8-10m water depth. The platform widens southward and, except
where it is incised by the Penguin channel, merges with the shallow fill of Trinity Bay. North of Noah
Head the inner shelf slope is steeper, the sand platform is narrow and forms the toe of the fringing
reefs. Sidé-scan sonar surveys show the substrate is even, without obvious bedforms and with
promontories of the irregular reef edge jutting seawards. Seaward of the inner shelf lies the mid-
shelf, a relatively flat plain surfaced by relict sediments.
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Figure 5. Offshore physiography and sedimentary facies.




4. SEDIMENTARY UNITS

Seismic Stratigraphy

The thickness of post-glacial deposits was determined from shallow seismic profiles, supported by
vibracore data (Fig.6). The deposits are 10m thick near the coast and thin seawards. In northern
Trinity Bay off the Daintree River mouth this wedge extends at least 11km offshore where it sur-
rounds the Low Islets. The wedge narrows to the north, and is only 2-3km wide north of Cape Kim-
berley. Thus the major locus of modern terrigenous deposition in the region is in Trinity and
Alexandra Bays.

Figure 6 also shows the location of buried channels incised into the Pleistocene surface and now
overlain by post-glacial deposits. The palaco-Daintree River trends onto the shelf from the present
river mouth and there is a smaller tributary west of the Low Islets. Thalweg elevations suggest that
west of Low Islets a smaller channel flowed northward, probably marking the course of the palaeco-
Mossman River rather than a branch of the palaco-Daintree. There is also a wide system of small
channels emanating from the Table-Bailay drainage area.

Three seismic sequences (P,T,R) separated by two persistent reflectors (A, B) can be recognised on
the 3.5kHz profiles (Fig.7). The lower reflector is very uneven, outlines channels up to 18m deep and
several hundred metres across, appears as a dark, shaded zone on the profiles, and generally forms
acoustic basement (Fig. 7A,B,C.). We correlate this reflector with Reflector A of Orme and others
(1978) and Johnson and Searle (1984). We interpret Reflector A as the eroded Pleistocene land sur-
face which developed during the last sea-level low. The upper reflector, B, is planar and dips gently
seaward (Fig. 7B,C,D).

Seismic sequence P is acoustically opaque to the 3.5kHz system (Fig. 7A,B,C), and its upper surface
is marked by Reflector A. Sequence P lies at or just below the seabed on the mid-shelf, and is also
exposed in the Penguin Channel west of Snapper Island, where strong tidal currents cause scour be-
tween the mainland and the Island. In general, sequence P appears to represent the incised Pleis-
tocene alluvium. However on line 854C D there is a prominent peak of sequence P, which lies
directly off Cape Kimberley and is probably bedrock. Further work deploying a boomer seismic
profiler and vibracorer is needed to confirm the nature of sequence P.

Seismic sequence T is of very irregular distribution and thickness, bounded at the base by Reflector
A and at the top by Reflector B. Internal reflections vary from finely layered and laterally con-
tinuous (Fig. 7A) to irregular (Fig. 7C). These internal reflections commonly lap out beneath or are
* truncated by Reflector B. Sequence T tends to fill channels and depressions, and is interpreted as
fluvial and estuarine sediment backfilled in landscape depressions during the post-glacial transgres-
sion.

Seismic sequence R is a laterally extensive, lenticular to wedge-shaped body, with a maximum thick-
ness of 10m, occurring 0.5-2.0km offshore, thinning landwards, onto the mid-shelf, and also to the
north (compare Figs. 7B,C,D with 7E and F). Sequence R is bounded at the base by Reflector B
and at the top by the sea-bed (Fig. 7C,D,E,F). Typically the sequence comprises a shoreward part
which has seaward dipping reflectors, and a seaward part which is transparent. These two parts cor-
respond to the sublittoral sand platform, and the inner shelf mud-belt, the two major zones of
modern terrigenous deposition.

Hard bottom evidenced by dark seabed reflectors in the northern seismic profiles (Fig. 7E,F) may
represent remnant highs in the Pleistocene landscape (i.e. sequence P), or they may be carbonate
reefs developed at slightly lower sea level, perhaps the -9m shoreline of Carter and Johnson (1986).
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are lithologically distinct. Both modern and Pleistocene alluvium samples are designated by the same
symbol and show a wide range of compositions.

The modern alluvium is poorly-sorted, red-brown, commonly mottled, muddy sand with up to 50%
gravel. The gravel fraction is granule to pebble sized lithoclasts of schist or Fe-oxide cemented fine
sediment, probably reworked laterite. The sand fraction is consistently fine to medium sand-size,
mainly clear/grey angular quartz, with minor Fe oxide cemented grains. Felspars are rare.

The beach-beach ridge sands are grey, well sorted, fine to medium, quartzose (80%) sand. Skeletal
carbonate composes 5-15% of the samples and is mainly comminuted bivalve and coral debris.
Gravel and mud fractions total less than 25% of the sample. Mica forms up to 5% of the sample in
some layers, especially towards the base of the unit. An organic rich soil layer up to 0.5m thick with
common pumice clasts is generally developed landward of high tide levels.

The reef top unit contains massive head corals and columns, surrounded by poorly sorted matrix.
Drillhole 4 penetrated a Porites column 5m thick, and similar columns were encountered in other
drilling in nearby reefs (B. Partain, pers. comm.). The matrix is composed of poorly sorted gravelly
sands and sandy gravels, generally with less than 15% mud (one sample has 40% mud). The gravel
fraction is composed of abraded coral fragments up to 50mm in size, with finer bivalve, gastropod,
bryozoan and coral debris. Rare lithoclasts and plant material also occur. The sand fraction contains
50-90%, poorly sorted, angular, grey, very fine to coarse grained quartz. The skeletal carbonate com-
prises broken, but commonly fresh grains of foraminifera, bivalves, gastropods and echinoid spines.

The inner shelf unit is composed of muddy sand and sandy mud with less than 8% gravel. Two units
are recognised in the cores, an upper unit (A), and a lower unit (B). Unit A contains 25-71% mud,
and generally forms the seabed. The gravel is skeletal debris, mainly fresh bivalve, echinoid and
crustacean material with minor plant detritus. The sand fraction is dominantly (85- 95%) clear, an-
gular, fine quartz with minor micromolluscs, benthic foraminifera, echinoid fragments. Unit B con-
tains 52-87% mud. The gravel is a variable mixture of skeletal debris (molluscs, echinoids, corals,
bryozoans) and yellow quartz grains. The sand fraction contains 50-95% clear, angular quartz, with
minor mica and plant detritus. The skeletal grains are foraminifera, echinoids and bryozoans.
Towards the base, unit B has medium to coarse quartz and Fe-oxide cemented grains, which have
been reworked from the underlying Pleistocene alluvium.

The Pleistocene alluvium is composed of gravelly and sandy mud with 85% mud. The sediment is
generally mottled red brown/ochre/grey with gravel sized discoloured quartz clasts and Fe-oxide
cemented fine sediments (?laterite). Poorly sorted, very fine to coarse quartz grains, Fe-oxide grains
and minor mica are present, but no skeletal carbonate.


















































































