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ot

. Mr. Mlnlster, Ladles and Gentlemen, S L RV

1‘yToday ls a most. xmportant occa510n for Jamnies Cook Unlver51ty
’flrstly, because it marks the openlng of thls Workshop and
‘secondly, because it was on the 20th of Aprll 1970 that
Her Majesty, Queen Ellzabeth II gave assent, in person, to
the James Cook Unlver51ty '0of North Queensland Act thereby
_establlshlng the Unlver51ty.h o ‘
The c01nC1dence of the openlng of this Workshop w1th the il»f C
' UnlverSLty ] elghth annlversary gives' me ‘the opportunlty to :
. review the progress that we have made and to pornt out the
»szgnlflcance of marlne science -in thls progress. ‘

) ¥ , R ‘ ' I TR D L
‘First I must go back to 1964, when.the:UniVersity was the |
‘UnlverSLty College of Townsv1lle.‘ I make reference to the"i ,
'report of the "Martln Committee" or to give the full title, T"ﬁ,fl
' "The Report of the Commlttee on the Future of Tertlary f 3‘;f?ﬁ': JH
‘Educatlon in Australla ‘and I_shall quote a sentence from the ,‘,uﬁ
'wsectlon deallng w1th the TownSV1lle development-” Coe fjjﬂ

The. Commzttee belteves that the TownsszZe Unzverscty
CoZZege; because of’ its Zocatzon in the tropzcs and ‘ﬂfn}m
 because of zts proxmmzty to the Great Barrzer Reef, has -

“"unzque opportunztzes to deveZop studies in the speczaZ “ﬁlf

| problems of tropmcal areas, for exampZe, PR marzne SC%ane
1The general pOlle guldellnes set down in the Martln Report L
hywere included’ in the recommendatlons of ‘the Australlan "f o
: Unlver31tres Comm1551on for the 1967 69 and 1970-72 trlennla;'

‘hand looklng back I think we can say with some confldence that
‘we have achleved the objectlves set down in those guldellnes._ﬂﬁﬁf




Our prime objective has been to make James Cook University a
centre of teaching and research in a wide range of tropically
oriented disciplines. We can, to some extent, measure our
success in terms of the increasing activity in hosting and
organising workshops and seminars in those disciplines. Today's
Workshop is a most significant addition. We have just completed
a Seminar on Natural Disaster and Community Welfare held first
in Townsville, then in Mackay and next month it will be
repeated in Cairns. Later this year we will sponsor a Seminar
on Cyclones and Storm Surges and next year, in conjunction with
the Australian Development Assistance Bureau, we will hold an
International Seminar on Tropical Animal Production. Thus

James Cook University can rightfully claim to be a centre of
research and teaching in Tropical Science and Technology.

In the field of Marine Science this was the first University
to establish a Chair and Department of Marine Biology. We
were intimately involved in the planning and establlshment of
" the Australlan Tnstitute of Marine chepce, a deveTODment of
which as a nation we can be justly proud I pay tribute to the
Foundatlon Director of the Institute, Dr.Malvern "Red"
Gllmartln for guiding the Institute through the dlfflcult
formative years. The completion of the excellent laboratory
facilities and the near completion of the Institute's 24 metre
Research Vessel must be a scurce of great satisfaction to him.
I am sure you will be most impressed with what you see at
Cape Ferguson when you visit the Institute's laboratory
complex on Saturday morning.

There is no doubt that the funding of Marine Science in
Australia has,until quite recently, been'sadly neglected.

It is only in the last decade that major advances have been
made and I cite as examples the increased emphasis given by
universities, the establishment of AIMS and the establishment
of the Great Barrier Reef Marine Park Authority with its
headquarters here in Townsville. It must not be forgotten

however that there has been, for many years, a dedicated group

i

of concerned marine scientists which-has campaigned tirelessly
for an expansion of effort and funding for marine science

research.

x



I refer of course to the’ Great Barrler Reef Commlttee and many L

-of the workshop part1c1pants here today are members of that f‘”
iCommlttee either personally or by . 1nst1tutlonal membershlp
5.These members will know only too well of the struggles and

achlevements of the Commlttee and I have no doubt that the recent

progress I have outllned 1s due in no small measure to 1ts
ded;cated work. '

}l One of. the Commlttee s major achlevements was the establlshment
4-of the Heron Island Research Statlon.L It was for many years the

only research statlon on or adjacent to the Barrler Reef. It is -

only recently that other: statlons have appeared = the Unlver51ty

of Sydney s at One Tree Island and in the far northern reglon, ':ﬁ

fthe Australlan Museum's leard Island Statlon. SIt is with

. pride and. pleasure that I can now announce that James Cook
Unlver51ty is in a p051tlon to make its contrlbutlon to the ‘
‘development of off-shore research statlons. Negotlatlons have»h
}been successfully concluded for the acquisition of a’ Spec1al
.Lease ‘at Ploneer Bay, - rpheus Island whare the James Cook

[

Un1versrty Marlne Research Station will be establlshed.li"y‘b SIS

This Station w1ll prov1de staff and students with: easy access
rto an - lsland w1th remarkably rich frlnglng reefs and ' in’ close )
prox1m1ty to the main Barrler Reefs. It ls ldeally located to

complement the other research stations belng at the mld-p01nt fV |
between leard Island to the north and ‘Heron Island to.: the g fﬁ“”

south The new statlon will lncrease 'still further thelg
|capac1ty of James Cook Unlver51ty to glve spec1al emphasrs to
'pthe teaching and research of marine’ sc1ence. More 1mportantly
it will prov1de an addltlonal fac1llty to marine sc1entlsts:lf
" generally and I see its role as being complementary to,*and

o
. '

.supportlve of, the ex13t1ng Barrler Reef research statlons.w

‘Mr. Mlnlster, this Wbrkshop 1s the flrst of a series to be‘f*“ygf‘"

sponsored by the Great Barrler ‘Reef Marlne Park Authorlty ‘
and w1ll be a reference p01nt for those seeklng 1nformatlon:'"'
about or conductlng research lnto problems of conservatlon

‘and management of the Great Barrler ‘Reef), matters Wthh have

1I

'ﬂ»become so much more urgent w1th the announcement of the proposed\ﬂ*

1200 mlle zone. SR ‘_ . o @j_" ] 'W[‘ o “w’, e

. ‘l' ‘ . . ‘. L . . i i .

. ' ‘ . . . . A ' g v o) v,
ro , R S L A S A R . : I A




I commend the Authority for its initiative and, in welcoming
the participants, and especially in welcoming you, Mr. Minister,
I express to you all the hope that this Workshop will prove
to be a stimulating, rewarding and thought-provoking experience.
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" OPENING SPEECH BY THE HON. RAY GROOM .. ' :
| MINISTER FOR . . 0 o i
 DEPARTMENT OF ENVIRONMENT, HOUSING & . . . 0 =
COMMUNITY DEVELOPMENT -~ .l i o
The MiniStéf;'Hoﬁ.*Réy‘Gr§0m: Professor Back, Dr Béké#,f ‘ _ | f i{
" Mr Mayor, Members of the Authority and Consultative Committee,
ladies and gentleman.” I'd like to add my own welcome on TR
behalf of the Commonwealth and to say how much ‘we 'appreciate ' '
. your ;ttendance'at‘this_Wotkshop:today; cn Tl R
" “One of the Authority's firstldécisionSQHWés'to'dé&i&egthatwv_j‘ig

its headquarters should be here:in Townsville. =T think et
today's gathering indicates the wisdom of that initial - "'«
" decision because, of the participants here at the workshop,
over a third are scientists living in Townsville and I'm ,

" told about half are based in North Queemsland. =~ . :

~This is my first chancelsince becoming a Minister to come
to Townsville; though I 'must say l've been here three or | :
four times previously Mr Mayor, and have enjoyed myself very’ . :
‘much. Later today, we're going on to Cairms to visit Greem' . - -
Island before visiting Lizard Island to see the Research - . RS
'Station there. I must say I'm.very pleased this programme o
has' been arranged for this time of the year, its becoming
rather cool down in :asmaniawat the ‘moment. ' SR
. Green Island is perhaps the most popular tourist attraction i
" on the entire Reef. It serves to remind us of how important, ' .= i -
it is that Australian and overseas visitors can see’such beauti- b
ful, unique and characteristic places 1like Green Island., . =~ 4 ool
The Authority, as.you know; is concerned to make such visits, - .
- 'brief as they often are, as rich and as rewarding as possible. . MY
. The impact of something like 180,000 visitors a,kyear oma ' R
small cay and reef like Green Island presents many serious ¢ . =
management problems, and so tourism in ‘the northern sector’ . '/ .
of the Reef is one.of the matters that I understand you'll = - .

 be_lobking at very. carefully during this workshop'. '

' The workshop represents a significant step in the Gieat7Bafrief}“;,jf
' Reef Marine Park Authority's progress towards planning'for - & . 7. &
the conservation of the Great Barrier Reef and indicates.one . " | "¢

. of the ways in which this challenging task is being .tackled.  , : = -
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I'd like to take a few moments to give you an idea of how

the workshop fits into the overall work programme of the
Authority, and to very briefly review some of the activities

of the Authority in the past year and a half. Of course a
great deal of work does lie ahead of us before the complexities
of the Reef system can be fully understood and the effects of
human use of the Reef area identified and monitored.

Authority staff have been developing techniques in association
with other scientists which will permit reefs to be described
as rich, varied and beautiful; or damaged, under pressure

and in need of protection. Detailed survey and mapping pro-
grammes are already in progress. A broad programme of socio-
economic studies will also gather information about such
things as recreation, tourism, the fishing industry and the
associated infra-structure in coastal centres. The results
of all the studies carried out by the Authority will form

the basis of a number of reports recommending the declaration
of parts of the Marine Park. The first report dealing with
the Capricorn and the Bunker Group of reefs has already been
prepared and it's anticipated that this area before too long

might be declared as the Capricornia section of the Marine Park.

The declaration of course is only one step along the road to
rational reef management. After declaration the Authority

- will prepare zoning-and-management plans; this- will-include

discussion of altermative approaches with the local people
who know and use the reefs, scientists working in the area,
conservationists and others living in various parts of
Australia who are concerned for the proper management of the
Reef. The Authority will not only call for formal submissions,
but will also be involved in a quite extensive informal public
participation programme. Information will be available in the
main coastal centres of Queensland and in all State capitals,
and that's seen as a most important part of the informal
public participation programme. A mobile planning office and
information centre will take the plans to the people of
Rockhampton, Gladstone and Bundaberg and will ensure that

t@ey have adequate opportunities to express their particular
views.

A draft zoning plan which will take account of all submissions
and comments will then be prepared. This plan will be.
exhibited for a further period of public evaluation and

again further submissions will be sought.




' Public participation and co-operative planning: have become / ' -
father fashionable terms .in recent years, but I think it .is. . -
fair to say: that both are probably still more honoured in- | .~
.. the breach than in the observance. Steps are being taken
in this case to ensure that this will not be true of'the approac
‘taken by the Authority. The Authority will combine tigorous ;'
scientific ‘appraisal of the reefs and of the many uses of '
. the area, thorough discussion with State Government bodies;

w\;and free and open public debate. 'This should lead to general ..

h'

L
1

‘' dgreement about the best ways of managing' the Reef so that - = ..

it is protected, and continues. to serve the needs of mot
- only present generatioms, but also future gene;atibﬁs; o
The gathering of data is the first step in this process and =
underpins all later activities. 'That, of course, is what this
.particular workshop is concerned with. The northern sector .
of the Great Barrier Reef is one of the great wilderness )
areas of this country, wild, remote and rarely visited ‘even
by scientists. It is radically different from the Capricornia -

"area, which is in comparison, very much used, accessible and - i

“which has already been intemsively studied. Early declaration
and protection of the northern reefs will keep our options

‘open .for the future, so that environmental quality should notfl'; ‘
Research in other areas | ' |

be gradually eroded or compromised. ,
will indicate what levels of use are compatible with long ' ...
term conservation; future increases in use will then be able . -
. to proceed rationally. Planning for the care of the Great '
. Barrier Reef must not become a rearguard action, attempting
" to keep up with events, but rather a thorough systematic -

- process of investigation and consultation leading to timely"‘";v'gqlﬁ

~ decisions which will be supported by the total community.. .,

VI‘would'hopevthat during the next financial year the Authorityﬂsﬂfﬁﬁ“”

- staff numbers will increase to meet those demands and. lessen ' . .+ 5

_ the:burden upon those involved. The heavy demands placed on "
"such a small group of people will intensify as successive. '
areas of the Reef come under examination and investigation. | |

Until recently, the Acting Chairman of the Authority was .| . -

. Dr Don McMichael, who many of you would know,lhaslhad~a‘l¢ngj';  Q‘

 association with the Great Barrier Reef. Dr McMichael was -,
recently appointed the Secretary of the Department of Home Aff
~and his place on the Authority has been taken on an acting .

basis by Mr Horry Higgs, who many of you would know. (Mr Higgs H

'is the Acting Director of Environment in my Department at ' =
the present time.) As the planning process gathers momentum,
 the job obviously will require the attention of a full time . :

" Chairman, and I again would expect to make an appointment .=~
of a full time Chairman at some stage later in the year. .. .-

e
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in officially opening this workshop. .

As well as establishing close relationships with the Australian

Institute of Marine Science and the James Cook University,
the Authority has been co-operating with the Queensland
Fisheries Service, Queensland National Parks and Wildlife
Service and with a number of other Queensland Government
agencies. For instance, a recent survey of the Fisheries
Service has established the extent of the Crown of Thorns
starfish in the Swain Reefs area.

From the point of view of my Government, we see this as a
joint enterprise with the Queensland Government and with the
agencies of that Govermment. Later this year, the Authority
and the Queensland Department of Tourist Services hope to
hold a joint workshop on tourism in the region. I regard
these co-operative activities as an essential contribution
to the proper management of the Great Barrier Reef Region.

I am delighted to welcome to this workshop so many scientists;
officers from other Departments, both State Departments and
Federal Departments; representatives of the Torres Strait
pilots; representatives of the Aboriginal communities in

the area and some of the boat owners who make other people's
expeditions to the northern part of the Reef possible. I
trust that everyone involved has a pleasant time and a most
rewarding experience. With those words I have much pleasure
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.To ensure that these "wilderness areas'" are retalned ~some "

'prov1de the framework for discussion:

~ pattern of reefs within close, prox1m1ty to: the Queensland coast, Y
. many of the waters remain uncharted, not all reef types have ﬁ'ﬁ‘ ]qu“
- been' described, and ‘the influence of the nearby coastal mangroves"
'fand rlver systems on the reefs are. llttle understood X .

‘»ﬁprov1de safeguards agalnst extens1ve human modlflcatlon of the w&vgﬁ;

frﬁmkbnnhﬁibwﬂ.\Mwﬁﬁ“WﬂWIMw

Currently the Great Barrler Reef Marine Park Authorlty 1s'
examining two well known and. extensively used areas of the' -
Great Barrier Reef with access from Gladstone and Cairns:

‘respectively. . These areas have prlorlty for inclusion in the‘: .
Great Barrier Reef Marine Park. However, it was. considered: . = . -
that the relatively little-used reefs east of Cape York P
. Peninsula north of Lizard Island, also warranted attention. A*Lf o

This Workshop was arranged to ldentlfy and consolidate the
apparently meagre and scattered: knowledge of these reefs, and:
to establish the action required to .fill the percelved gaps‘

of the northern reefs may have to be considered in: the Marlne
Park, in view of the 1ncreas1ng use and exploitation of

. resources throughout the: Great Barrler Reef Reglon

Part1c1pants lnvolved in the: Workshop represented the ..

- interests of aborlglnes Torres Strait Islanders, flshermen T['ihgtlf
tourists, miners, armed services, sclentlsts, Federal ‘and R
. State Government Departments and:others. ' The Workshop sought

first to identify the level of knowledge and utilization of “‘::ﬂ'Efﬁ
the physical and biological resources of this region which is oo

believed to be the area least affected by human exploitation

of the entire.Great Barrier Reef. Subsequently the Workshop

-sought to ldentlfy priorities for research which would aid the-“

Authorlty ln developing a sound management plan for the reglon g f{,ru
The obJectlves of the Authorlty were also kept in mlnd to

{ ' v

(1) "The conservatlon of the Great Barrler Reef |

(2) "The regulatlon of the use of the Marine Park so as to f4;wl5,¢‘
. protect the Great Barrier Reef while allowing the = ! Sl

reasonable use of the Great Barrler Reef Reglon ’ % f\;{ s

(3) ;”The regulatlon of act1v1t1es that explort the resources :”¥‘pf
. of the Great Barrier Reef Region so0 as to minimise the "IW,'j“

effects of those act1v1t1es on the /Great Barrier: Reefy Tiwyﬁ
(4): "The reservatlon of some areas of the Great Barrler Reef O
- for 1ts apprecratlon and enJoyment by the publlc -"‘ : ,'VR@V

#

- (5) "The preservatlon of some areas of the Great Barrier Reef |
. in their natural state undisturbed by man . except for 1 h! i
‘the purpose of sc1ent1f1c research "o , .,“I‘ :_5H‘

"
|

IInvthe far northern area where there. lS a dlstlnctlve

-
'

' u
i
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Queensland Natlonal Parks on. the adJacent Cape York Penlnsula ﬁQﬁ
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cozstal areas in this region and the distance from major cities
was seen as a deterrent to heavy tourist involvement with the
current methods of sea transport readily available in Australia.
Any future introduction of hovercrafts could expose the area to.
much heavier tourist pressure.

Information presented on current utilization indicated that
at this time the area is not under pressure from mining interests
except for a small region at the far northern boundary, and that
the Defense Department maintains predominately routine surveillance
activities over this vast and isolated area. Discussions were held
on the uses of lasers and of satellites to assist in mapping the
region.

Many of the coastal areas and islands were identified as
being of importance to aboriginal anthropology, but current use
of the reef by aborigines was indicated as being slight.

Scientific studies on the reef and its communities have been
hampered by the very isolation of the area, and the relatively
frequent exposure of the reefs to rough seas and strong south
east winds. Little information is available on natural reef
populations of most species, including fish, mammals, turtles,
and crustaceans. Studies on marine macro and micro-algae, reef-
and sand-dwelling organisms and marine bacteria have barely been
initiated, if at all.

Despite these facts, there has recently been a significant
move to study the region closely, through studies by staff of
Queensland Fisheries, A.I.M.S., James Cook University of North

---Queensland as well-as—-scientists from other Australian Universities

using the Lizard Island Research Stationm.

The Authority is particularly grateful that the Australian
Institute of Marine Science Council arranged to hold its Council
meeting in Townsville in this period, so that their Members could
share in the discussions. The Authority was also grateful for
the presence and contribution of the Secretary of the Department
of Science.

The Workshop achieved several aims. Sessions I to IV

assessed and consolidated information about the area, and discussions

followed the presentation of papers. Participants met in five
discussion groups to identify gaps in knowledge of the area and
establish a priority programme for research (Session V). Criteria
and categories for zoning and their regulation (Session VI) were
then disucssed and the groups subsequently re-assembled to present
their opinions. During Session VII, a plenary discussion, guide-
lines were formulated to assist the Authority in its declaration
and the zoning of northern reefs as part of the Marine Park.

Australia's inexperience in management of Marine Parks was
highlighted. Specifically, a paper on Park Management Principles
attracted attention to the differing challenges of management of
marine versus terrestrial parks.

The Authority wishes to thank the contributors for fulfilling

the aims of the Workshop. The papers and discussions enhanced both
our awareness and knowledge of the relatively isolated northern
area of the Great Barrier Reef.

'
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REEFS OF THE GREAT BARRIER REEF NORTH OF LIZARD ISLAND

G.R. Orme

ABSTRACT

The diversity of reef types, their distribution, form
and orientation, reflects the influence of growth, oceano-
graphic, eustatic, sedimentation, and foundation factors.

The shelf-edge "ribbon reef" is characteristic of this region,
platform and patch reefs are numerous, and fringing reefs
occur in the near shore zone and are associated with the con-
tinental (high) islands.

There are contrasts in the physiographic characteris-
tics of the platform reefs due to marked variations in the
nature and distribution of reef top accumulations which have
been strongly influenced, and stabilized, in part by dia-
genetlc processes. o 4?

Investigations initiated durlng the Royal Society and
Universities of Queensland Expedition (1973) have demon-
strated the thin and uneven nature of the Holocene reefal
veneer, and have indicated the significance of inherited
(pre~Holocene) features on Holocene reefs, sediment distrib-
ution patterns, and bathymetry of this part of the Great
Barrier Reef Province.

INTRODUCTTION

The Great Barrier Reef north of Lizard Island, lying
entirely within the Northern Region defined by Maxwell (1968),
is relatively shallow (usually less than 30m), has a distinct-
ive pattern of reef distribution, and, for the most part, >
occupies the narrowest section of the Queensland shelf. 1In
this area, shelf width varies from 33 km i1n the south to

/ v
~\~

28 km at its narrowest, opposite Cape Melville, and reaches
160 km off Cape York. Due to fault control and the upward
growth of shelf-edge reefs, the continental shelf ends
abruptly and the continental slope descends steeply to the
Coral Sea Basin and the Queensland Trough. Conspicuous con-
tinental islands (High Islands) occur in the Howick Group,

o
X



'_the‘Fllnders Group, and in the Torres Stralt. The Murray B ?I‘V S
:Islands (Mer, Dowar and Wyer Islets), Bramble’ Cay,‘and Darnley i
'Island are also contlnental 1slands composed of ande51t1c lavas

‘and ash beds.sT ” ‘ L ' ‘

-ern part of the Great Barrler Reef Provmnce. Interpretatlons ‘. o
Jof its. structure, geologlcal hlstory, and geomorphology are. j"; S
’based largely on surf1c1al features, on ‘the 1mpllcatlons of EROR g??

‘*(aeromagnetlc and gravity surveys), on 1nformatlon prov1ded by“,
tholes drllled in the Central and Southern Reglons. Many areas,”

:A.consequently no bathymetrlc information is avallable for largef”g“

| other parts of the world have resulted in a. growrng awareness Ml
‘1of the effects of eustatlc sea  level changes,‘and of the

3(1954), Hoffmelster and Ladd (1944), Purdy (1974a), and 1t has‘

' much to the influence of rellct features (Purdy,.1974b) n‘t ’ ‘
"the Queensland shelf recognition of bathymetrlc features that e
Mhave been accredlted 51gn1f1cance in terms of Quaternary ‘ﬁff‘ﬂﬂ };f
‘feustatlc ‘sea, level changes (e.g. Thom and Chappel 1975 Max—'ﬂu %ﬁ‘
;,well 1973), and the detection of 'solutlon unconformltles' lnfufﬂﬂ‘ﬂ
ﬂ Great Barrler ‘Reef’ Bores (e.g. Dav1es 1974) stlmulated spec- o
‘yulatlon regardlng the thickness of Holocene coral reefs,'and *yﬁvﬁ‘

'TTherefore a prlnc1pal objectlve of the Royal Socrety (London)
land Un1vers1t1es of Queensland Expedltlon (1973) was. to seek

*ev1dence of antecedent surfaces, and to determlne the thlckTazﬂh@

. atlon of hlgh resolutlon seismic methods . w.,"‘,ﬁ‘ S o

e : , . H , . \ Vo .

There is a lack of detalled lnformatlon concernlng the
reefs, or the nature and evolution of the’ shelf in thlS north—

the geology of the adjacent malnland, on geophy51cal data
the Anchor Cay ‘bore hole,"and by lnference, on data from borejfp}
away from the inner: shlpplng channel have not been surveyed, ‘ }w”;,hr

tracts of the outer-shelf én publlshed marine charts.j »f S

'In recent years lnvestlgatlons oflreef complexes in

1nfluence of antecedent (pre-Holocene) surfaces on. the form . (.,Jf
and dlstrlbutlon of Holocene coral reefs, see e. g. MacNell o Y

been shown that Holocene. sedlment dlstrlbutlon patterns owe“ ?_J;f,

the ‘nature and extent of pre-Holocene' antecedent surfaces.,_‘w' Q}f

e . oy
)

ness of Holocene reef growth through drllllng and the appllc—*T‘f 2
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Initial results were presented at a discussion meeting
of the Royal Society in London in January 1976, and papers
based on these are now in press (see appendix). Confirmation
of the antecedent surface hypothesis was achieved by demon-
strating the existence of a prominent sub-bottom reflector rep-
resenting an extensive, ancient, dissected surface, the
remnant of a major phase of marine regression and shelf emer-
gence. This surface represents a hiatus in the development of
the continental shelf as a reef province and is believed to
have influenced the location and thickness of reefs establish-
ed during the subsequent marine transgression. Its relation-
ship to reefs and interreef facies is particularly well
developed on the outer shelf near Cairns (Orme, Webb, Kelland,
and Sargent 1976, 1978).

Shallow drilling at Bewick Island (Thom and Orme, 1976)
and subsequent investigations of other reefs in the Northern
Region (Hopley, 1977; Harvey, 1977), indicate that Holocene

-—- reefal accumulation—is—relatively thin. ~— -~~~ ‘

Consequently a new approach to the evolution of the
Great Barrier Reef Province has developed, and a re-assessment
of many aspects of its geological history is in progress,
which will involve a re-evaluation of genetic schemes for
classifying shelf reefs. '

The 1973 expedition was concerned with the northern part'
of the Central Region and the Northern Region of the Great
Barrier Reef Province. 1In the area north of Lizard Island
many coral islands, islets and cays were mapped, studies of
reef-top and interreef sediments were carried out, shallow
drilling of two coral reefs, and seismic profiling and side-
scan-sonar surveys were undertaken (see Figs. 1 and 2).

In the following account the terms near-shore, inner-
shelf, outer-shelf and shelf-edge are used in a geographical
sense. The definition of the inner shelf, proposed by
Maxwell, is not used. |
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Figure 2:

Map of the northern part of the Great Barrier Reef indicating
islands and cays mapped by D.R. Stoddart during the "Royal
Society and Universities of Queensland Expedition" (1973).
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- coral reef, and Tanner (1969) presented ev1dence for an

}hl';j:'f ' THE GEOLOGICAL SETTING
: . Mesozorc and Tertlary sedlments form theicoastal litho;$

glogles north of Prlncess Charlotte Bay,. but in the southern jl_¢\)
tpart of this reglon Lower Palae0201c metamorphlc rocks S

intruded by granlte form the main coastal llthologles. ‘Thé:»
i‘dlfferentlal weatherlng of these rock types when exposed on
. the: shelf by eustatlc lowerlng of sea level may Stlll be re-h;iﬂﬂﬁ
gnvflected in the trend of ‘bathymetric. contours where not com-'bm |

g

pletely eradlcated by subsequent planatlon, reef growth and

sedlmentatlon.

The present characterlstlcs of the contlnental terrace IR
and" adjacent Coral Sea: provrnces were lnltlated by Tertlary lif} Ff«ﬁ
j‘events.‘ Extensive planatlon of the Australlan contlnent in L
[early Tertlary time was succeeded by w1despread crustal
'warping and fracturlng in late Tertlary tlme, accompanled by
Jarchlng of the. Eastern nghlands and sub51dence along normal
‘faults of adjacent areas to the east. “f f,'

- This perlod of tectonlc act1v1ty also promoted the ,u ;
development of the Queensland Trough sub51dence of the S : gqu
Queensland Shelf, and the separatlon of. the’ Coral Sea Plateau e
ljas a dlstlnct reef prov1nce (Orme 1977) ' Plelstocene sea‘-‘

- 'level fluctuatlons strongly 1nfluenced shelf geomorphology,‘
| the' lows permlttlng dralnage systems to extend across| ‘it to‘~7'

~ the contlnental slope to: produce features that are’ Stlll @,fﬁfij,ﬁfﬁ
partly reflected by present shelf bathymetry. I .‘y;“;,fkﬁggg*y

_The age of the northern Great Barrler ‘Reef ‘”fl 1ﬁﬂ | jd.fﬁ flpﬂr*

f The bore hole drllled at Anchor Cay proved a Pllocene.:

- "ancestral Great’ Barrier Reef" of. Mlocene age, whlch extended R

from 9° S« 1at1tude northwards across’ the‘ Gulf of Papua.‘ To ?‘~lﬁ3*5

g ~ the. south,‘the prevalence of a reefal env1ronment on, the outer ,‘yflw
ﬁshelf 51nce Pliocene times is lmplled by, the Mlchaelmas Cay e
fbore hole sequence (Rlchards and Hlll, 1942 Lloyd,u 973)
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ContinenﬁéirShelfFSediments

The regional distribution of sediment facies, described

S

2

and mapped by Maxwell (1968), reflects the influence of terri-
genous sediment from the mainland and the carbonate production
of the reefs. Thus, the terrigenous facies fringes the shore
in an almost continuous zone in the southern part of this area
and is succeeded across the shelf by the transitional facies,
impure carbonate facies and high carbonate facies. Under the
influence of discharge into Princess Charlotte Bay from the
Normanby River, a broadening of the terrigenous and trans-
itional facies zones occurs. However, northward of Princess
Charlotte Bay the transitional facies borders the mainland
shore and the terrigenous facies is restricted, which implies
a significant supply of carbonate sediment from nearshore
reefs. The pure carbonate facies also broadens northward
extending from the shelf-edge and covering more than half of

(I?,"\
the continental shelf. )
Detailed studies of the shelf sediments and sedimen- A

tation have been carried out in Princess Charlotte Bay
(Frankel, 1974), and in the vicinity of the Howick Group
(Flood, Orme, and Scoffin, 1978). A detailed sediment samp-
ling programme which encompassed the entire shelf width
between latitudes 14°30'S and 15°S'S, was undertaken during
the Royal Society and Universities of Queensland Expedition.
A comprehensive study of these sediments has recently been
completed by Orme and Flood, and the results are being pre-
pared for publication. Relict features are important in this
area and sedimentation factors are complex.

A recently published bibliography of the geology and
hydrolpgy of the Great Barrier Reef and the adjacent Queens- gg
land coast is included in a review by Jones (1977). .




REEF ‘I‘YPES AND REEF DISTRIBUTION . & .«

[ ! R

‘ A purely descrlptlve classrflcatron of the reefs may. be& ';fu;i
'ybased on readlly recognlsed features such as form, (shape, 3 j,‘ f;f
'1‘morpholog1cal zonatlon, structure),5s1ze,‘and locatlon. S

Publlshed cla551f1catlons of the reefs of the Great Barrler ¥

' | Reef Provincelincorporate‘a genetic theme in advocatlng the’ ﬂf“

‘ sequentlal development of‘reef types' (Falrbrldge, 1950 ,
F,Maxwell 1968) due to the progressrve response of dlfferen-fjﬂm »
h’tlal growth to hydrologlc and bathymetrlc factors. Thus, lt“‘ﬁrﬂtﬁl
has been suggested that from an' embryonlc reef (patch reef) 5'*& jl”ﬁ
domlnantly radial growth results in the formatlon of a more f;(}

. or less. symmetrlcal platform reef, or under other, less f;”, K H‘“ﬂi
unlformly balanced conditions the embyronlc reef may become“ |
:ielongated to form a ribbon. (extended wall) reef. Subsequent;ﬁlnw
modlflcatlons to ‘both. types results in the progre551ve e “‘y
1development of other reef types and the reefs may flnally beb;u "
resorbed (Maxwell 1968) . The . generallsed phy31ograph1c :
,]zonatlon of some common reef types ls shown in Flg. 3'.‘(fl BRI

Condltlons at the shelf edge or in the near-shore zone‘h :
are not suitable for the malntenance of radlal growth, con-‘f; c'lqﬁ
‘. sequently platform types are developed on the outer: and ‘ng y‘ﬂ*TT
1nner-shelf behlnd the shelf edge rlbbon reefs. ' e

‘While varlatlons in the hydrologlc-bathymetrlc-‘" f“;d ; fH
blologlcal balance may account for the major dlfferences s AN
between reefs of . the near- shore,lnner- and outer-shelf and ﬁfVﬁ .
shelf-edge, other factors may 1nfluence the dlfferentlatlon ?ﬁ“f:'ﬁﬁ
of reef types (Flood and Orme, l977) and' foundatlon control,vbwl I
‘.‘namely the nature and form of an antecedent surface lS llkely
ko strongly affect, not only the ‘distribution of reefs, but yyﬁﬁuf

'also their initial form, thlckness and orlentatlon (Orme,‘
b‘Webb, Kelland and Sargent 1976, 1978 Davrs et al 1977)

The dense coral reef growth along the northern shelf 1s “Hd[“
attrlbuted to the lnflux of carbonate rlch water (Coral Sea fﬁf&?ﬂ
IWater) which has risen from the deeper layers of ‘the Coral i %: Qﬁ
1Sea (Maxwell, '1968) . lelted upwelllng lndlcated by small-(w
scale cellular structure in the upper part of the water ‘NJ(ﬂ;“ﬂﬁ(
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'fquarter of the shelf width. However, the 1nfluence of the

jcolumn, brlnglng nutrlent rich water into contact w1th reefsj‘

Maxwell (1968) - In some areas this is a’ zone of relatlvely
;thlck sediment. accumulatlons and may occupy approx1mately one‘

3r1ch oceanlc water malntalns a ‘high, reef den51ty over. most of
- the narrow shelf, and westward of thls depleted‘back reef ,

" ental shelf from approx1mately lat. 16 5 south, northwards‘
“patches to rlbbon reefs (linear reefs, Jukes 1847 ,extended

,-they are separated from .each other by narrow deep channels 1n
which sw1ft tldal currents flow. Thelr outer edge. descends

'w1th the: shelf-edge affords maximum exposure to the open
-ocean and the 1nf1uence of prevalllng southeast Trade Wlnds.;" ]
. Most of these shelf- edge reefs ‘are either submerged or: only j‘dﬂ:f?
'yvuncovered durlng the lowest sprlng tides. Raine: Island . t
. 1%36's., 144 ©01%E.), which has recently been studied by
,,jk Stoddart (1977,"unpubllshed manuscrlpt), is one of the fewx”ﬂ'yh‘*f‘f
o lslands assoc1ated with them. Maxwell (1968) dlstlngulshed ‘ 1
'several reef types. 'CuSpate reefs' developed by the t;f l“‘;t;phuu

\:ls hypothesrzed by Brandon (1973) rather than the deep-seated R
‘fupwelllng proposed by Maxwell (1968) Immedlately leeward of o fﬁf
‘;the strong llne of shelf—edge reefs is a zone; that has sparse " '

patch reef’ development which was called the "outer channel"i
by Spender, (1930) , Steers (1938), and Falrbrldge (1950), and
Whlch is referred to as the "Barren Back-reef Zone by '

zone large complex reef masses occur, smaller platform reefs R
i occur on the 1nner-shelf adjacent to the steamer channel. « :."“ i

Data from Wyrtkl' (1960) 1ndlcated that the inner . shelf

fwater flows ‘southward under the summer monsoonal 1nfluence and: S
;northward in winter and sprlng under the Trade Wlnd 1nfluence.,' “

emperature and sallnlty characterlstlcs of the northern shelf l
have: recently been descrlbed by Brandon (1973) ‘

Reefs of the Shelf-Edge

A chaln of reefs extends along the edge of the contln-‘:f
to the Murray Islands (9 58'S) . They range ln srze from small f

wall reefs, Maxwell 1968) ‘several’ kllometres in length, and

steeply to the Queensland Trough and thelr allgnment parallel
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; backward growth of the ?reef ends, the ‘cusps prov1de shelter :v“]f
for a lagoon-llke area (e g. Day Reef,,Carter Reef), and where |

‘an exten51ve back—reef apron or wedge of sedlment ‘has accumul-f“ ‘
ated: the term "compoSLte apron-reef" has been applled.‘ Prong ‘ @?
reefs are those reefs with' lrregular buttresses or prongs ; L

!

developed normal to the axis of the reef.

Falrbrldge (1950, p. 340) descrlbed three reefs of .
"annular form at the shelf-edge where it trends east-west at “,‘;‘)t o
;latltude l4 S. These reefs are elongated in the east-west ‘J)VM{‘ 7!
;dlrectlon, two have a central sand flat with shallow pools,ﬁ ‘¢d
5but the ﬂ.'. . most westerly encloses a falrly deep lagoon and o
‘3as a true shelf atoll“ (closed rlng reef) Where the shelf “;frf’
l‘ deepens in the far north of the prov1nce deltalc reef forms "i‘ f‘ﬁl
hand plug reefs OCCur whlch are‘dlscussed by-Veron (thls‘qu' -
volume) : ‘ : | : R o ,': ST P
. ' From studies made by members  of the lBZé 2§‘Great 3

: Barrler Reef Expedltlon on Yonge Reef and adjacent reefs,
plcture of the' general structure of ribbon reefs has been: ] -
produced (Stephenson, et al. 1931), Falrbrldge (1950), and ‘*j;) S
fBennett.(l97l)‘ Seven thSlOgraphlc zones' can be recognlsed o
(Flg. 4) : ‘ ' - . ;‘* 1 h‘ g,:q-

. . i
[ ' “

‘The phySLOgraphlc zones- recognlsed from the outer (east—
' ern) edge to leeward are- The reef slope, whlch descends

7'steep1y into the Queensland TrOugh and whlch is the zone of | ;)f”.ﬁb
‘most. luxurlant coral growth the reef front, whlch is a falrly o

“contlnuous ridge lylng between the reef slope and outer moat, : i;ffw
‘fand whlch 1s covered by llv1ng coral and in places ls encrusted
by coralllne algae. Thls rldge is. narrower and rlses to a. low—
her elevatlon than the reef crest, and well developed spur-and—
').groove structures are characterlstlc of thlS zone..’The outer—

' moat may be up to 30m in w1dth,,conta1n1ng unequal ‘hasses 'Or :
platforms of coral: rock heav1ly encrusted by coralllne 'f?~ “ﬁf;f e
algae and corals. The floor of the moat slopes gradually -
"oceanward._ The reef crest. rlses to l 5 m above[low ﬁ‘r ,g”?‘.ﬂ

t L
) .

3water mark and is the most consplcuous feature.ﬂ It lS al |
”broad (100 150m) algae encrusted pavement which" ls often V[ﬁ ﬁl}]f«

! : . , ' ' C o . o e ‘q ‘I o
! ' [ . . . X S . v e o A A [
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terraced seawards and except ﬁo: scattered large reef blocks,
and in some areas a leeward boulder zone, is devoid of sedi-
ment, coral growth is restricted to shallow pools and most of
the crest has a veneer of coralline algae (Lithothamnion,

Porolithon, and Lithophyllum). The terms 'radial zone' or

'trickle zone' have been used to describe the wider parts of
the reef, where sediment debris and algae form a definite
pattern normal to the reef edge. The inner-moat, lying
immediately west of the reef crest, has a width of 30 ~ 50 m,
is up to 0.5m deep at low tide and may be partly filled with
clumps of living coral, boulders, and bioclastic gravels and
sands.

Sand zone (sanded zone) extends leeward of the moat; its
floor deepens gradually and is covered with white shell sand.
An extensive apron of sediment may develop which is interrup-
ted by large coral patches.

In the back-reef zone the water deepens to 30 - 40m.and ———— -

only a few patch reefs may reach the surface. Recent pro-
filing work at Carter Reef revealed leeside terraces at -
22.5m and - 30m. (See Fig.6 line 61).

Near-shore reefs of the mainland and continental islands

Near-shore reefs, designated fringing reefs by Fairbridge
(1950). and others, are subdivided into fringing types and
barrier types by Maxwell (1968) on the basis of their back-

 reef characteristics. They rise from 9m and are best

developed along the coast where it is bordered by deep
channels, and where penetration of oceanic water across the
shelf is most effective.

Fringing reefs occur along the mainland shore between
Cape Flattery to Cape Melville; on the west coast of Princess
Charlotte Bay, and continue northwards towards Cape York.
They appear to favour headlands, but also develop in more
sheltered bays and seem to be unaffected by muddy sediment
from r;vers'(Maxwell,’l968). These near-shore reefs have a

veneer of sediment and are partly masked by mangroves in the

&

o



‘more sheltered areas.: Maxwell (l968) malntalned that the

“71rregular pattern of the development of near-shore reefs and

f and prolonged perlods of exposure.l Although many reefs have.

the unusual constitution of their faunas reflected the‘f s ;a,t“t‘”
1nfluence of heavy summer rains whlch reduce surface salln-”i'_’
ities, and ‘the king tldes that cause perlods of deep 1mmer510n,"

the normal zonatlon of the outer-shelf and shelf-edge, others: R

have exten51ve ‘calcareous.| and non-calcareous algal growth,
and prollflc occurrences of molluscs. , R S ;“? g‘w

Reefs also frlnge the contlnental lslands, and in! the “. o
less turbld waters are more v1gorous. They are assoc1ated Ea

: w1th the Fllnders Group and the How1ck Group. The contlnental

”cover and are partlally masked by mangrove. The volcanlc . n‘;f'sﬁf
‘Murray Islands near the edge of the contlnental shelf (Mer,-‘

islands of the Torres Stralt have frlnglng reefs w1th sedlment:'“,

_Dowar, Wyer) are surrounded by frlnglng reefs (Mayer 1915,

1918) which were said to, have,,“one of the most. luxurlant ,3‘f;uf§25

~coral growths.to be found in ‘the Pacific". Jardlne ‘(1928 5 ""*337

'a,b) mapped and described the reef- frlnged volcanlc Darnley ‘ :
‘and Bramble Islands, each with, broad, - (% km --l* km) flat, . “fufmﬁ‘

”',ably in size and form,. from small patch reefs to enormous ”;ﬂfj"“fhw

‘the reefs of the Corbette-Hedge-Lytton complex may owe thelr‘

i

‘1extend eastwards from the lnner shelf, across. the outer shelf

-'dlrectlons have ‘been con51dered to be the main 1nfluence in, H“ﬁ\uﬂ
‘-fdetermlnlng form and orlentatlon of these reefs. However,v“ '

rdform and orlentatlon to the lnfluence of foundatlon control

'almost ‘to the shelf-edge. Corbette and Grubb reefs are' g.‘ﬁ
"ﬂcharacterlsed by exten51ve sand-bank development along thelr f“wg{fﬂ
inner margins, and their large sediment covered surfaces are L
5reported to have negllglble coral fauna.' The: 1nner—shelf ﬁ*‘V;ﬁ

'reefs near the steamer channel are smaller, platform types, ?3'j";yﬂ

reef platforms devoid of mangroves.." - g i'-:‘d-jhg S M

Reefs of the lnner and outer shelf "ij ‘,i f SO

The reefs of the 1nner- and outer-shelf vary con31der-ﬂh

wall and cuspate complexes.‘ The prevalllng w1nd-wave

(Frankel 1974) Corbette reef and. the adjacent reefs L .

.
AT
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ﬁ“modlfled by excess1ve sedlment and the development of ‘a b
4 *varlety of reef top features Whlch may lead to the establlsh-
‘”ment of a "low wooded island" (Flg 5) ' ‘

' REEF TOP ACCUMULATIONS -~ CORAL 'REEF ISLANDS

‘of most active change, under the 1nfluence of breaklng and
’translatory waves, and tldal currents, er051on and sedlmen—

- tation compete with reef growth, 1nfluence ecologlcal zona- :
"y'tlons whlch in. turn- affect sedlmentatlon.i '
' boulders broken from' the reef front maybe contrlbuted to the
doff reef sedlment or may- accumulate on the w1ndward edge of

On the reef. flat,
'espec1ally under the high energy condltlons near the reef

* the reef -top to form boulder zones. .

'currents: of removal' carry flne debrls ‘away to leeward.,‘
' Large’ areas of the reef flats of many reefs’ 1n this reglon N

' leeward sediment .cone (Flood, 1978; Flood,

thls volume), as indicated by the current rlpples and the

Orme ‘and: Scoffln,

vavalanchlng of sand at the leeward margln,‘e g. Ingram—~
Beanley reef

"settllng tank' sedlment may, accumulate there, elther' ‘
ftemporarlly or more. permanently, accordlng to: the depth and

51ze of the: lagoon.' In accordance with prevalllng phys;cal

I tually bulld to the supratldal zone to form a sand cay., o
i As noted by Spender (1930) there is a progres51ve "
ychange ln the types of reef- -top accumulatlons across’ the

_shelf. .
‘condltlons at the shelf -edge generally prohlblt ‘the accum—,n

‘;Iulatlon of sedlment on the tops of shelf—edge reefs.g,Sand;f'
,cays on the outer reefs occur north of latltude 14 Sy, but S

)
. .

Thus, with the exceptlon of w1ndward boulders, d‘_;_‘

,‘have ‘a supratldal sand cay at the 1eeward margln of the ﬁ"ﬂfﬁ

‘The reef top, espec1ally of shallow reefs, ln the area7

‘Large blocks ‘and f'

L margln, coral stick gravel may form shlngle banks, whlle‘, ;J-V‘
have a veneer, of bloclastlc sand whlch is in. tran51t to the:;p

If a reef—top lagoon is present whlch acts as .

condltlons a leeward sand lens may develop, Whlch may even-v]wm?”

‘Some of the exposed ! outer-shelf reefs that reach sea level‘f‘f:‘:;'{"r

“only one occurs south of thls p01nt v1z. Waterw1tch Reef.g;‘wfﬂf .
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reef-top, which may be vegetated or unvegetated. Exposed
ramparts are absent, although scattered boulders at the reef
margin may be prominent.

o~

Many of the reefs on the inner-shelf have tops elevated e
well above L.W.S.T. and have a marked relief due to a leeward

sand cay which is commonly vegetated; unconsolidated and

lithified shingle ramparts on the windward reef edge are

usually present (several sets may develop separated by moats),

and boulder tracts may be evident. Mangrove cover becomes

more extensive on reefs nearer to the mainland. Such reefs

were termed "low wooded islands" by Steers (1929) (Fig.5).

Steers (1937, 1938) later extended his investigations and

mapped more islands including Bewick Island, which he proposed

as a type example. They have been called 'island-reefs' by

Spender (1930), 'high islands' by Maxwell (1968), and 'moat

islands' (Stoddart, 1965). : i

_ Spender's (1930) classification of reefs was refined by .. . . 7
Fairbridge (1950), and the suggested sequential development ¥
from a leeward sand cay to a 'low wooded island with mature V
vegetation has, in part, been confirmed by the work of the

1973 expedition (Stoddart, McLean, Scoffin and Gibbs, 1978).

The sea reached its present level about 6,000 years
B.P. (McLean, Stoddart, Hopley and Polach, 1976 and 1978) and
continued to a height of a metre or more above this level
before returning to its present position. Erosion of reefs
developed to the higher sea level contributed sediment to reef
top deposits, which have been removed from the reefs more open
to oceanic attack on the outer-shelf and shelf-edge (Maxwell,
1968). Radiometric dating of samples collected during the
1973 expedition from similar deposits on different reefs gave
consistent ages. Several members of the Royal Society and
Universities of Queensland expeditions have studied the nature g
and evolution of reef top accumulations, and the initial
results are presented in papers listed in the appendix.
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"1ated with, them. Apart from the formatlon of reef-rock through
.the blndlng and cementlng actlon of encrustlng organlsms and

:crlbed as beach—rock rampart-rock ‘and- boulder-rock _and to. - 4

" cular crystals of aragonlte formlng frlnges around the com-

"1‘tlon of these features) Although Steers (1929, 1937) obser-lb
'ved that beach-rock is found only on vegetated cays, 1t f3J : fﬁg‘
‘ does occur ‘on some- unvegetated cays e g. Waterw:.ch Reef There P “;ﬁ,j&

‘tatlon of beach-sand to form: beach-rock ln general (e g.“ o
;Stoddart and Cann, 1965), and of Heron Island beach- rock ln

‘present consensus appears to favour lnorganlc cementatlon. o

\ s . ; . . N S ! e R

Ev1dence of Dlagene51s in Reef Top Accumulatlons y;ff‘*lﬁ | Qw’u,‘g‘

‘ The most apparent result of dlagene51s 1s llthlflcatlon,
and there is w1despread ev1dence of thlS 1n the reef top acc-u
umulatlonsof the Great Barrier Reef, especrally ln the Northern “

',Reglon where reef top deposrts are so dlverse in. texture and
ﬁform, as 1s also the range of geochemlcal condltlons assoc- '

the ensulng changes that- eventually result in. the formatlon of
a complex llmestone, shingle banks, boulder tracts, and sand .

‘cays may all show evrdence of llthlflcatlon ln ‘the lntertldal ;[w“4

zone, and thelr 11th1f1ed counterparts may form extensrve E i_f,,ﬁﬂf
. J}‘ . N :

‘pavements. The llmestones produced may be specrflcally ‘des= ;‘hf]f

these may be added: the supratldal phosphate rock S

The most common cement produced occurs 1n the beach-
rock assoc1ated with. leeward sand cays; it consrsts of accr-

ponent bloclastlc gralns, which may partlally or completely
fill intergranular pores and lntragraln cav1t1es. Beach-rock

"belng the result of in srtu cementatlon of beach-sand in. the’ﬂ}f;ﬂ5~

lntertldal zone, helps to stablllze sand cays. It is well: 'f""g““.
developed on many coral reef cays’ and islands. 1n the northern»vﬁg‘
Great Barrler Reef formlng beds whlch are gently 1ncllned sea-fmﬁ
wards or sometlmes horlzontal Tits - surface may be smoothu‘:

pltted, or severely bloeroded (see McLean 1974 for a. descrlp—

0

has been consrderable debate regardlng the mechanlsm of] cemen-llﬁg;

partlcular (Maxwell, 1962 Davies and Klnsey, 1973), but’ the

NP S e

”'hThe top 3m Of the B6W1Ck core con51sts of blosparlte of thlS‘"V L

1

‘;type. e fw,- - o S \4* q‘@ng \‘)f»“*“ i




30

on the other hand, the rampart-rock consists mainly of
coral-stick~-gravel with a void filling micrite matrix of high
magnesium calcite with clay minerals (Scoffin and McLlean,
1976, 1978). Radiocarbon dates obtained from samples collected
during the 1973 expedition indicate shingle accumulation
approximately 3000 to 4000 years B.P., whereas the micritic
matrix is somewhat younger (as much as 1500 years) thereby
indicating a delay in lithification (McLean, personal commun-

ication).

A casual observation will suffice to indicate an assoc-
iation between the'presence of a micrite matrix and the
occurrence of a mangrove swamp. The movement of water from the
mangrove swamp through the shingle ramparts at low tide intro-
duces suspended mud to rampart voids. Consequently the ram-
parts are influenced by a completely different geochemical
regime to that which prevails in the leeward beach-rock, and
it is not surprising therefore that there is a difference in

————void filling mat&¥rials. Boulder-rock also shows a similar
variation in matrices according to its position on the reef
top.

Phosphate~-rock formed by downward mineralization by
phosphate solutions derived from guano has been reported from
the high supratidal parts of a number of sand cays in this
region e.g. Ingram, Bewick, and Stapleton Islands (Scoffin
and McLean, 1978). It occurs at Raine Island (Stoddart, 1977),
and has been sampled from elsewhere in the Great Barrier Reef
province by the author. The phosphate has been precipitated
as a cement between bioclastic carbonate grains, which, in
some cases, also show signs of replacement by phosphate. A
study of these rock types and their diagenesis has been under-
taken by Scoffin and McLean (1976, 1978).

Diagenetic features of the Bewick Core

The Bewick core provided an interesting illustration of
_the fabric and mineralogical changes that may occur in a
sequence of marine carbonate deposits subjected to the

t

influence of periodic environmental changes, brought about by

®.
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.-dep051t1ng carbonate sediment and rece1v1ng some quartz smlt

eustatlc sea level fluctuatlons. 'The bore“hole, drilled”fromk.
the beach-rock on the leeward smde ‘of Bew1ck Island to. a depth

"- of 30m,: passed through eight. llthologlcal unlts, whlch 1nd1c—
3: ated dep051tlon in env1ronments ranglng from sheltered lagoons

-and iron. rlch solutlons from an ad]acent land mass; to the
hlgh energy, "beach env1ronment renresented by the blosnarltes
at the top of the sequence. I L E . ]y'ﬁl

- The core samples prov1ded ev1dence of lnver51on, aggrad-;fV‘

1ng neomorphlsm, solution, iron mlgratlon, and replacement,

the lmportance of these dlagenetlc processes varled w1tb depth"

and to some extent reflected the presence of dlsconformltles.

Thus, at. 7m (about 3-4m below L.W.M.) an abrupt change fromigytmg

blosparltes and unconsolldated ‘reef 'flat dep031ts to blomlc— v
rltes,'c01nc1ded with a marked decrease 1n aragonlte whlch had
lnverted to low magne51um calc1te. At this level there was
also a change in radlocarbon dates from 6920 years. B.P. to
‘more than 30 000 years B P. Consequencly this break was con-
s1dered to represent the 'Thurber Dlscontlnulty - (Thom and

o Orme 1976, Thom, Orme and Polach 1978) .

At lower levels some samples have reached a. more advanced

neomorphlc state and recrystalllzatlon sensu strlcto has

' occurred reduc1ng many . skeletal fragments to ghosts UThé,“c
funeven distribution of recrystalllzatlon fabrics and/or :ﬂ“ ;
1rregular concentratlon of lmpurltles, resulted 1n the form—fu
atlon of pseudobrecc1as at .several levels,7and ln the lowest'

parts of the core authlgenlc quartz emplacement has occurred.yE"TT%ﬁ

It could be lnferred therefore, from the petrology alone,
' that there was'a conSLderable age dlfference between the rocks

clat the .top. and those at the bottom of thls bore hole sequence.,

r

ASPECTS OF THE QUATERNARY GEOLOGICAL HISTORY OF THE SHELF

An 1n51ght into: the Quaternary geologlcal hlstory of
the Great Barrler Reef has been prov1ded by an 1nvest1gatlon ‘
of shelf structure and stratlgraphy employlng hlgh resolu-ﬁf“"

tlon'selsmlc methods, wnlch was carrled out durlng the Royal L




32

Sbciety and Universitiés of Qﬁeensland Expedition (1973).
Although only the southern extremity of the area now being con-
sidered was included in this survey, the results have implica-
tions for the entire northern Great Barrier Reef.

The most significant feature is a major disconformity
(disconformity A, see Fig.6) represented by a prominent sub-
bottom seismic reflector which extends across the entire shelf.
This reflector is an erosion surface resulting from marine
regression, shelf emergence, and erosion, related to glacial
low sea levels; it is, in most areas, concealed by sedimentary
accumulations and reefs, but is exposed in places, especially
near the shelf-edge where it forms a rugged, channelled sea
bed. '

Reflector 'A' truncates ancient sedimentary deposits and
reef limestones, and rises beneath éhelf-edge reefs. (Fig.6,
line 61). BHarvey (1977), by using a seismic refraction method,
demonstrated the ex1stence of a surface, whlch indicates a

s1gn1f1cant dlscontlnumty at shallow depth beneath Carter Reef
Samples obtained by shallow drilling of the reef flat at the
same locality yielded radiocarbon dates, which show how thin
the veneer of Holocene reef growth really is (Hopley, 1977).

Overlying this reflector on the outer-shelf, extending
from the lee of shelf-edge reefs to approximately the mid-
shelf position is a cross-bedded sedimentary accumulation up
to 18m in thickness, which forms banks and ridges covered with
luxuriant Halimeda growth and surface deposits of Halimeda
gravels and sands. The bank-tops are at a fairly uniform
depth of -25m, but there is a descent to -30m in intervening
channels and rocky hollows. The bathymetric and geologic
characteristics of the sea bed of the outer-shelf area have
been illustrated by side scan sonar traverses.

‘Near Cook's Passage the bank forming deposit is absent,
the prominent reflector (A) occurs at -45m, it is channelled
to -69m and is clear of sediment (Fig.6, line 54). However,
to leeward of the shelf-edge reefs some channels were filled
by acoustically more transparent sediments, which lie beneath

R 4
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Figure 6:

Interpretations of segments of high-resolution-boomer profiles of the outer-shelf (back-reef) area near

Carter Reef (after Orme, Flood and Sargent, 1978).

Line 61 extends from Carter Reef in a south weéterly direction, and is viewed from the northwest. It
shows two disconformities which can be traced ﬁnto Carter Reef. Above the main disconformity (A) lie

the bedded deposits of the Halimeda covered ’'banks’.

Line 54 trends parallel with the shelf-edge and crosses the approaches to Cook's Passage. This cross
section is viewed from the southwest and shows Fisconformity 'A' exposed as a 'rocky', non-depositional

seabed composed of both bedded deposits and reek—rock, Surface 'A' has been channelled to a depth of 69m.
o

Line 69 shows a cross section of the outer-shelf area along a line running parallel with the shelf-edge
to the west of line 54. Disconformity 'A’ occurs between the younger bedded deposits of the Halimeda
covered banks, and the underlying bedded deposits and reef-rock. The older formations have been

channelled to a depth of 66m below sea level. The channel was filled with sediments and subsequently
buried beneath the bank deposits.

7€



P - On bathymetrlc ev1dence some channels have been traced Lo b
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,shown on marine charts, drowned reefs at greater depths occur‘ " "yﬁ

- complex1ty of the outer-shelf in the area 1nvest1gated and: uifffkﬂg
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the bank dep051ts (Flg 6, llne 69). L 1 . 1“ : lﬂ.’J'E fﬁ'f“ fnfi‘

Thls suggests that after the dlssectlon of the shelf

(reflector A) by streams adjusted to a. lower base level ;

L

rlse of sea level brought about the dep051tlon of sedlments 1n _idﬂﬂ
thelr channels prlor to the re-establlshment of normal’ marlne
condltlons, and before. the accumulatlon of the overlylng bank

! i

dep051ts. At the shelf—edge some channels were malntalned,‘f
others may have been. temporarlly fllled w1th sedlment and were-

later exhumed'“ S “ ‘ i ‘;- ‘ s f‘ oo v"jwf‘V5 Cl

C

landward from passages between the rlbbon reefs e g. Lowry ‘f '¥¢gfj
Passage.' Nevertheless the selsmlc evidence. lndlcates that . ‘"”,f"¥j@'
~such channels are probably much older ‘than the sea bed o 'Q‘Qv{[*:
features formed by. the stratlgraphlcally younger sedlmentary Y’.fiy?

and reefal accumulatlons of the ’outer shelf : ,by nﬁj'vh 354"f

- As ‘a result of thls seismic 1nvest1gatlon u51ng hlgh
resolutlon methods it is clear that the sea bed is a complex “'"f_ﬂ‘
of both dep051tlona1 and eros1onal, inherited and Holocene = = ' i .

features. Furthermore, ln addltlon to the reefal shoals “fhy:jvfuﬁﬂ

“on. the outer-shelf, whlch suggests that reefs may have been S
<more numerous prev;ously.‘ The reasons for the bathymetrlc ‘ ‘”sﬁd' ‘

for the apparent dlstrlbutlon of dlfferent sea bed substrateSwt

are now apparent.A W,‘ P L ‘; ,,“ o w’_j‘-;dj;g

"“, ; “"

y Detalls regardlng the characterlstlcs and evolutlon of
.the1‘0utershelf have. been presented by Orme, Flood and ”fﬁft;i{f“yf
fSargent (1978) ',ﬂ?'l; o '_ S Co T S T
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CONCLUSTIONS AND RECOMMENDATIONS

Emergence and subaerial erosion of the continental shelf
during Pleistocene glacial low sea levels has profoundly %
influenced the present characteristics of the Great Barrier »
Reef Province. Ancient eroded rock surfaces and relict &
deposits inherited from pre-Holocene phases of shelf evolution
contribute to its present geological and bathymetric diversity,
and may be significant in terms of present shelf ecology.

The Holocene reefal veneer, while responding to contem-
porary hydrological factors, is related in form and distrib-
ution to an antecedent surface,which has truncated both
ancient reef masses and sedimentary deposits, so that although
reefs may extend upwards from a shelf depth of 30m, only a
fraction of their vertical thickness represents reef growth
during the last marine transgréssion. Mean sea level and
tidal range are significant factors in determining diagenetic 57
trends in such carbonate complexes, and lengthy periods of

“subaerial exposure of the biogenic carbonate of the northern 7Y

Great Barrier Reef due to shelf emergence, are reflected by ®
some of the diagenetic characteristics of the Bewick core.

Only the upper surface of the Quaternary geology has been
penetrated by the Bewick bore hole and the seismic work
carried out during the Royal Society and Universities of
Queensland Expedition, but it has been sufficient to demonstrate
how important eustatic sea level changes have been in deter-
mining sedimentation and diagenetic trends, and in controlling
reef evolution.

Thus, a better understanding of the present Great Barrier
Reef is 1likely to be achieved through an appreciation of its
past viscissitudes, which may be strikingly revealed through
the application of improved, spohisticated exploration and
analytical techniques. %é

An initial priority for future investigations of the
northern Great Barrier Reef should be the acquisition of
accurate data regarding the bathymetry of the uncharted areas
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plexes whlch extend to the “barren back—reef zone should be "
deflned ThlS is the prov1nce‘of the Hydrographlc Departmentf“‘pfng
‘;of the" Royal Australlan Navy. There is'a need for detalled - fﬁf;;
1"‘studles of the hydrography. ‘ ‘ ' noo o 'ﬁ

mation regardlng the. dlstrlbutlon and stablllty of sedlment 'iﬁﬂl]

~..drilling should be . undertaken.p_ s ! :'_‘ o

of facilities the Royal Soc1ety (London), . the Unlverslty of ~@;&QC;
‘Queensland the James Cook UnlverSLty of North Queensland, ' ”1T’,3
the Australlan Natlonal University,. Mt. Isa Mlnes Ltd., thejkf‘: éﬂtf
 Great Barrier Reef Commlttee, and the Australlan Research ”" S
”*Grants Commlttee are gratefully acknowledged. vf WF'; ,fj?“ :ﬂqﬁé

;.selsmlc 1nvestlgatlons reported in this paper were' klndly .“;‘”fiif
lprov1ded by the Hydrographlc Department of the ROyal L R

.of the outer-shelf the extent and form of the large reef com—‘f o

. the dlstrlbutlon of sedlment and rocky outcrops on. the sea bed. :jy,g

' bodies .on the sea bed, and of prov1d1ng lnformatlon of eco—‘

:Australlan Navy.)

H . . B : i
1

Slde scan sonar could be used to map reef boundarles, and

ngh resolutlon selsmlc methods could be employed to determlne ”Tgfﬁ

‘reef structure, facxes relatlonshlps, and the structure of theu
shelf. Both methods are therefore capable of prov1dlng 1nfor-’

logical s1gn1f1cance.v ST .;‘ TR R L

" To enhance our knowledge of the evolutlon of the reefs'jt
north of leard Island, 1deally a programme of shallow S
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APPENDTIXKX

The Royal Society and Universities of Queensland Expedition
Volumes

Papers presenting the initial results of the expedition will
be published in two volumes (in press) of the Philosophical
Transactions of the Royal Society. Subsequently the Royal
Society will issue the two parts as a separate hardback
volume. A list of contents follows:-

Part A: Phil, Trans. A

C.M. Yonge: Introductory remarks

G.R. Orme, J.P. Webb, N.J. Kelland and G.E.G. Sargent:

Aspects of the geological history and structure of the northern

Great Barrier Reef.

B.G. Thom, G.R. Orme and H.A. Pollach: Drilling investiga-
tion of Bewick and Stapleton Islands.

P.G. Flood and T.P. Scoffin: Reefal sediments of the northern

Great Barrier Reef (with an appendix by A. Cribb: Algae
collected on Ingram=-Beanley Reef).

P.G. Flood, G.R. Orme and T.P. Scoffin: An analysis of the
textural variability displayed by inter-reef sediments of the
Impure Carbonate Facies in the vicinity of the Howick Group.

G.R. Orme, P.G. Flood and G.E.G. Sargent: Sedimentation
trends in the lee of outer (ribbon) reefs, Northern Region of
the Great Barrier Reef Province.

R.F. McLean and D.R. Stoddart: Reef island sediments of the
northern Great Barrier Reef.

T.P. Scoffin and R.F. Mclean: Exposed limestones of the
Northern Province of the Great Barrier Reef.

H.A. Polach, R.F. McLean, J.R. Caldwell and B.G. Thom:
Radiocarbon ages from the northern Great Barrier Reef.

D. Hopley: Sea-level change on the Great Barrier Reef: an
introduction.

R.F. McLean, D.R. Stoddart, D. Hopley and H.A. Polach: Sea

level change in the Holocene on the northern Great Barrier
Reef,

B.G. Thom and J. Chappell: Holocene sea level change: an
interpretation. - :

J.M. Beaton: Archaeology and the Great Barrier Reef.
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Abstract

J.E.N. Veron

The outer "shelf edge" or "barrier" reefs of the Northern

Region are composed of three successive reef types called "ribbon",
=4 P %

"deltaic'" and "dissected" reefs.

The ribbon reefs extend along the

side of the Queensland Trench from about the latitude of Port

Douglas to an area north of Rain Island where the Trench and barrier

reefs diverge and deltaic formations appear.

omemi——————The-deltaic reef system is composed of 96km of reef front §S

characterised by the presence of regular, well defined chanmels *

containing very strong tidal currents, and also by the presence of

a deltaic pattern at the reef back.

northern-most of the shelf edge reefs.

The dissected reefs are the

They are composed of many

small, E-W elongate reefs interspersed by many wide channels. Both

reef types are part of the one structure, their differing surface

morphologies being attributed to bathymetric and hydrodynamic factors

of the present and of the past.

&,



) Lo INTRODUCTION ¢ el B e

‘::; : | AOf the many well—defined reef systems w1th1n the Great if:h“f. -;fﬁf”i:
f?-;\f :l}l Barrier Reef (GBR) proyince, the northern barrier reefs are by : f:f f“lvi‘ﬂt;
?#‘ "yfar the most 1naoce351ble:1 They are remote from any.port or‘ﬂkaif‘ I r
uw: township and for most of the year, are pounded by heavy seas‘ f
g driven by the SE trade winds. Thus they ‘have remained unstudied | b )
‘b ”w' and almost completely undescribed. Nevertheless they form one. of‘ 14;‘ T'ivf;”
“the most dominating phy51ograph1c units of the GBR prov1nce and\ I ‘ |
- are potentially one of the most rmportant to the understanding of |
: .the GBR's complex morphology, structure and" evolution.i ‘ ' f ‘Hwﬂfi
L Maxwell (1968) has lelded the GBR into three regions on the : ;; ffﬂh;i;
?; ; ‘hbasis of bathymetry and geomorphlc changes and: correlated these w1th ‘ ,f’
§;4 differences in reef density, morphology and development.‘ The Northern ;
| Coo Region, north of - 16 S. lat., is. characterised by shallow water, the y‘ '#g L%{?

presence of a barrier reef system and prolific reef growth 1nduced by

‘ the proximity of a steep continental slope. This paper gives a general

3description of the barrier system north to the northern 11m1t of the

) . 1

'"ribbon reefs" (Fig. l) and a brief description ‘of the barrier reefs = - W

o

north of the rlbbon reefs, the deltaic reefs and the'"dissected" o j‘“;f

'
' " . . o \.

ot o . '

tw ,reefs (Fig 4). |

| The deltaic reefs extend northward for a distancelof\approrimately o é
96kmL They are composed of approximately 28 maJor reefs, O 4-3 7km in - | “'

: ‘;length which are 1nterspersed by about 33lmaJor channelsl_ Over this “/ gvp’;tg

| o

I
distance the deltaic appearance becomes increa81ng1y more cmmplex, maJor

<, P . N Lo
L “channels become less distinctive and are 1ncreasingly confused with an e e
Ca Y . Co “‘ N ‘
i&f = Lo interlocking network of smaller channels.‘ Thus, at 10 10&S 1at. the R TP’
‘}‘i g“deltaic pattern consists of a;thoroughlygconfused'network‘or irregular‘.lﬁ‘ lQ
; L Cou S o T S A
- elongate patches intermixed with a mass of channels,: most of which are C
o7 ) S i T N “1 L " :"“3" P
1 g . ' ) o ,;[ . ::; | - ‘:
o g ' ' | | s g TR A
o . , . ! E‘ ;
] ' “:‘lif n . } . , ’ : ' I!;‘ "‘
:' ! : } : . - 1 t ! '4‘11 ! ¢ t,
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small and shallow. The general appearance is broadly similar to the
outer edge of a mature river delta.

From this point north, the barrier line becomes increasingly
simplified. The reefs and channels retain their irregular appearance

. g

but the channels become less interwoven. At about 10°S. lat. the %f
barrier line consists of alternating elongate reefs séparated by
relatively well defined, straight channels. For the purposes of this
account, these reefs are called "dissected" reefs.

At its northern limit the barrier line consists of an irregular

row of very small reefs which become increasingly difficult to distinguish

"in aerial photographs. Beyond the visible northern limit, Chart AUS 377

indicates a shallow area amnnotated "strong ripplings".
The only previous description of these reefs known to the author

is that of Captain Blackwood (1844): '"From Pandora entrance the reef 3

runs N.E.b.N., seven miles, to Olinda Entrance and is intersected-by-——-—- - ﬁf

small but narrow openings unfit for shipping, and then gradually turns @

away N.b.W. running for a space of nearly ninety miles in an impenetrable

line of reef, until Murray Island is approached". Navigational charts

(2354 and AUS 377) indicate the position of the reef line but no detail

given can be recognized in aerial photographs. More recent reconnaissance

maps (SC 54-16, 55-13, 54-12, 55-9, 55-5) from satellite imagery

distinguish the approximate shape of major reefs, but»again, detail is

lacking. As with the first paper of this series, the present paper does

not give comprehensive accounts; rather it is designed to give a broad

simplified description of a large and important section of the Great &,

Barrier Reef which has hitherto remained almost completely unknown.
This study was undertaken during Phase 3 of the "Stoddart"

expedition and during the second northern voyage of R.V. "James Kirby"

in November, 1974. The following is an extract from the expedition




hg.V; "James Kirby" u51ng a "Furuno F850 Mark III" sounder.

- Limitations of ship-time and acce551bility of the reefs f» i?" ‘ ﬁ.‘
have nece331tated a somewhat opportunistic approach to much of the ] wft
field work undertaken for this study, consequently some methods } : Y § f:
vary from one’ reef to the next according to problems encountered; i'ﬁ»‘ Q
‘Results were. quantified as’ far as p0331ble in the time a;ailable . :
‘and‘conditions encountered.r h" ~d-‘ .{ | 1‘l’ .ft K[fsi{'; ‘ ;f hﬂh

Ca) Aerial photography A;’ : i | H
| Commonwealth aer1a1 photographs cover the barrier reefs from ; : {
their’ southern limit north to 12 35 S lat.‘ A further series of 3 runS"‘“A T
fcover partlof,the northern deltaic reefs;‘ RAAF aerial photographs of""; i, ;
a greatly reduced quality are available for most far northern barrier 1
areefs. 'i ""‘l' . | o ‘,f ,L ; : ;fﬁ
"Specific'areas of study in'the‘vicinity of Tijouiheef nere“‘ ) lgl,b
photographed from a chartered aircraft u81ng 3Smm and polar01d cameras. ‘; Lagﬁ
ﬁp“; ’(ionation patterns discernable in' aerial photographsywere ‘ﬂhl ;,"}
freduently compared with'zones present‘on‘the‘reef.;{Wilson‘reef-”i th“
5(13él5€s.dlat3) was'describedlas aniexample;f;; R | ‘Wh i
g - o R Co ! ' Ta

b) §a__thm_t_rz B F~ L

" Bathymetric data 1n the vicinity of reefs were obtained from Uf' B

of the vessel relatlve to reefs were; measured directly by a measuring

td:in a dinghy for greater distances.f‘

i
» .

¢

More detailed data were obtained by SCUBA divers u51ng depth

gauges and underwater measuring lines laid perpendicular to|reef faces
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Bathymetric data at greater distance from reefs were
obtained from the Hydrographic Office of the Royal Australian Navy

and from R.A.N, and British Admiralty charts.

¢) Reef transects

Rope transect lines laid perpendicular to the reef front
were used by SCUBA divers to measure the width of major reef zomes.
The depth, nature of the substrate, dominant biota and estimated
percentage cover of dead and living coral were estimated every few
metres.

These transects were continued across the reef flat and down

the reef front (eastern side) and back (western side). Bathymetric

profiles (described above) were positioned so as to be continuous with

the reef transects.,

d) Sampling

Detailed collections of corals were made at the position of

each quantitative transect (see below) and at all well-defined biotopes

studied.
Samples of the substrate along reef .transects were collected
where possible. At greater depths, substrate and coral samples were

collected using custom made anchor dredges.

e)_ Quantitative transects
Quantitative measurements were made of percentage area cover
of dominant biota and substrate types as well as the percentage area

cover of dominant coral species by use of a 30m measuring line laid

parallel to the front of Tijou and Great Detached Reefs. Measurements

were recorded, for species or substrate type, as the distance covered

by the 30m line expressed as a percentage. - These quantitative tramsects

were centred as near as possible to the reef transects.

LT
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Sf) . Supplementary surveys'” f‘y o I y ;;f‘f;nw<g

from Cape Kimberley (16 17! S lat ) and continues north running

ribbon reefs which collectively present approx1mate1y 536km of reef

= o ‘ R
‘lfront in this context); Water moves : between the reefs through 86 well
o ‘ L S TP . T ‘ ' S N E
I P Coh ' ' T .
o u kY ! v
‘ j ‘ ; O
: \ . ( I i ! ;‘ ;} fi“ “‘1".| |
i 0 R L | ' I ‘

Each locallty studled was selected on the ba51s that .ydwxlt. SR PRI

it was as representative as: p0331ble of” a large area of reef R N T

Selection was made according to data obtained from aerial photographs,; T»";"‘

aer1al surveys, and survey by SCUBA divers being towed behind small |
boats. | ‘ S ‘
L Dthernlocalities were selected for briéf‘survey because .

i Lt M B i .

they differed greatly from main study localities. o "jf
All of the above methods were. occasionally supplemented by

otﬁers. Such cases are 1nd1cated in- the text below.j Lo T T 7:w'ff K

THE RIBBON REEFS. . ;o .o
. L ‘ I ‘ L H :;’j= S
'GENERAL CHARACTERS OF THE NORTHERN BARRIER REEFS . ' . -

ln the‘south -the line of barrier~reefs‘starts 43kn‘offshore f‘;**

1

approximately parallel with the coast. Off Cape Melv1lle the reef
curves closer to the mainland than at any other p01nt 1n 1ts entlre

1ength (25km) The reef then . curves northwards away from the coast | .. wagv”
p N !|,“4 .

past Princess Charlotte Bay to be some 65km off Claremont P01nt. “3.‘v"‘”‘,{ﬂ

o

Coast and reef once again converge to be‘28km apart off Cape Direction,u i
then dlverge 1ncreas1ng1y until the reef ends 205km north-east of H‘,;’xgjj
Cape York, Just north- of the Murray Islands. | ‘T‘ ‘ﬁ'f‘iQGX &
g i;l ' From Opal Reef up to the northern llmlt of Lagoon Reef fjﬁ“; ﬁ‘ éﬁ
(12 23 S lat ), there 1s a total dlstance of 555 5km. | Withlnithis”A‘ . ‘
distance there are’ 117 reefs ranging from small plug reefs to long;"'giiﬁ‘:“gf

)

front to oceanic conditlons.i (Small plug reefs situated Just behind’ “yff”‘"

the main reef 11ne do not contribute to the length of exposed reef ffﬁif'ﬂf_ﬁ;
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defined channels, which together account for 116km of the total
length of the outer edge.’ o |

The general bathymetric features of the Coral Sea are
readily available but detailed information concefning the bathymetry
of the continental shelf in the area immediately behind the reefs, xS
and even more so of the continental slope on their seaward side, is
lacking. Available bathymetric charts of the Coral Sea show that the
reefs are situated near to the edge of the continental shelf from
Cruiser Pass (15°40'S. lat.) northwards, orientated with their axes
parallel to the edge.

In the back reef area the depth of the water is variable and,
while it generally does not exceed 36m, it is more commonly in the
order of 28m.

Southwards from cruiser Pass, between Lena Reef and Opal Reef,

the reefs occur at increasingly-greater-distances shorewards fromthe 77 ° 45

edge of the continental slope. They are not orientated with respect @

to the continental margin but in a generally south—east direction. There

appears to be a plateau at about 55m between the outer limit of these

reefs and the continental slope, probably a remmant of the 58m

(32 fathoms) strand line (Maxwell, 1968). The sea floor shows a

distincét declination eastwards to the outer reefs énd in the back-reef

area is deeper than that found further north. The depth of water is

now greater than 36m and it is possible to distinguish the Marginal

Shelf in Maxwell's terminology; as defined by the 36m and 92m (20 and

50 fathom) contours. &
The depth of wéter in the channels between the reefs is largely Mi‘

unknown. Where data are available, the depth would appear to be similar |

to, or greater than, that of the back reef area. Marked exceptions

occur where strong currents flow and deep channels have been cut by



; former rivers and subsequently scoured as forxexample in Lowry ‘54

" the outer barrier changes greatly, from ribbon reefs into "deltaic"

 with developmental stages. Most of these-developmental stages appear :

'hshelf edge, the elongate reefs variously known as wall" "linear nOr

Passage between Wilson and Rodda Reefs (13 57 S. lat ). The ends

N )
i Lo
! ) ) R

of the reefs normally descend very abruptly

[

AN
H '."

North of Olinda Entrance (11 14 S. lat. ), ‘the’ appearance of S 1f L

reefs, thence into "dissected" reefs.,.The term "ribbon' -reef!is usedA'

o in this paper in its most generalised sense to include all the elongate

i

barrier and detached reefs of the Northern Region south of the deltaic

reefs.' It has none_ of the morphological ﬁmplications that are associated

with.other names used,in the,literature. , g f. K ka .wffﬁ "vfi

'MORPHOLOGICAL CHARACTERISTICS OF RIBBON REEFS.

The enormous variability in shape, 'size and develhpment:of?

reefs within’theiGBR province have beenvclassified‘by”Maxwell'(l968)

. } ) S ‘ . . R }
into a scheme which associates the present surface appearance of reefs,

]

to be well‘established, at Ieast in principal, and the .scheme thuslh

Lo ; Wy
I3 vt I [

“_appears to have a general functional application. ; SRR S

v Lo o

The stages of reef development indicated by Maxwell represent

the results of an interplay of all the factors, past and present, which o

' influence the reef. In localities where these influences are: approx1mately

J

A uniform all over, a round platform reef is formed Continued expanSion fx{

oy

‘ultimately leads to the formation of a shallow lagoon, as conditions in _vj”‘

. ,h

the centre of the reef fall below those necessary to maintain coral growth

A"In other localities where for example the bathymetry is limiting, reef

. H
i
'

'jexpanSion can occur only in certain directions. If this occurs along the ;dt”
: ": ' » ‘1fe :

h~"ribbol" reefs are formed. These reefs change, and are changed by, “j;gth‘




patterns of water movement. Strong currents flowing around the ends
cause the ends to curve back, and this appears to lead to "proﬁg and
puttress' formation in the back-reef zone. Eventually the arms of the
reef may join to form a lagoon. A number of other growth forms are
described by Maxwell. As a result of contiﬁued growth, hydrological and
biologicai conditions can change to such an extent that reefs appear to
decay by some means, a process termed 'resorption" by Maxwell.

Tﬁe outer edge reefs are mostly elongate. They occur in an
almost continuous series, separated by channels of varying widths as
described below. Of the considerable variation in size and surface
shape found amongst them, ten distinguishable types (elaborating
Maxwell's scheme) can be distinguished (Fig. 3). They range from
simple ribbon reefs (Types A and B) to closed ring reefs (Type C),

a variety of plug reefs (Types H, J and K), and finally to a few reefs

that show resorption-like decay (Type L). With the .exceptiom of the

J-type plug reefs the different reef morphologies all appear to be
elaborations of a basic unit - the short wall reef (Type A). Plug
reefs develop in the openings between reefs or are remnants of earlier
existing reefs. Coral growth opcuré parallel with the current, and

so leads to the formation of a triangular plug reef with the apex
directed upstream.

The reefs lying between and including Opal Reef at the southern
limit of the region and Cruiser Pass (15°41'S. lat.) represent the
transition from the scattered patch reef development, so characteristic
of the Central Region, to the linear reefs that typify the Northern
Region. Within this section the reefs are generally crescentic with,
in some cases, considerable secondary coral growth in the back-reef area.
They appear, however, to be undergoing some form of decay and are thus

Type L. The orientation of these reefs would appear to be determined

n




more by the influence of the S E. trade winds than'thefedge'of’tvf(* i?fi?

Type D show1ng thickening of the ends and some infilling of the f f‘("i;fw;;

behind the channel at ‘the south end of Ribbon Reef ;Theéoccurrence;f‘,r i
R of these reefs is indicative of strong currents especially to; the ﬁ }‘ W"
; north and south of Ribbon Reef which inhibits E—W water,flow<byiits # j :Qﬁ
| great 1ength.f Between ‘Lena Reef and the south end of Ribbon Reef"’ }’l’ﬁ;
>‘5dt”'the ratio between the length of exposed reef front vand the'w1dth of j‘}.wﬁif
the channels between the outer reefs is 4 8:1. Y L A '},utlwh ;hh;:”: .
L SEERENTE e e
The group of reefs which includes Yonge, Carter Day, Hicks ifﬁfh'(?
! I w.. o ST

One-and—half-mile Openings,'is a large advanced plug-reef The small *i‘_

1 § | S : |
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t P ' i ;
the continental shelf E P i - s . ; :

North‘of Cruiser Passfthe'outer reefs are orientated along Lo T

the very edge of the continental shelf. Consequently they face in f"‘u»3¢g'

P

any direction between north and south east, they are not aligned -
according to dominant wind direction.’

i

Several natural divisions ~occur in the line of'reefs‘that
} ' R

mark recognisable changes in the pattern of reef development.lyThesezx
diViSions correspond roughly w1th the five maior water exchange 51tes ‘7’;fi 2
:referred‘to above. The line of reefs extending north from Cruiser“ ? |
Pass to Ribbon Reef conSist of a series of elongate reefs hmainly "3" Th
back—reef area with secondary coral growth.v The average length of Jfl
these reefs is 7 930m- (range 14 190-2 750m) . The width at their :'f :'jg;fhh"
narrowest central part ranges from 95