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THE FORMATION OF THE GREAT BARRIER REEF

! | It is a modern myth that feséarch on the Barrier Reef has left -
feQ problems to solve. In spite of its geological uniqueness, and its
{immense size; geologicél research in the Gréat Barrier Reef has been .
limited to only a few areas and has been conducted by only a fow
lscientists. What then are we déing writing on the formation of the
.Great 3érrier Reef? fragmentary geological research has in f&ct'bean
‘conducted in various parfs of the Reef, much of 1t summarized in the
inspiring work of Maxweli.(1968); : The present contribution is an
attempt to updéte this work, so that the reader can assess Just hew
muich is still to_be.donea |
| The Great Barrier Reef has existed for millions of years;

The present reefs are jJjust one frame on a moving film», a film that

‘has rolled for a very long time. How and when did the Barrier Reef

form? How old are the reefs we see today? These are the questions.

that are occupying those few sclentists who work on the Barrier Feef,

and for which the present report provides only partial answers, -

The Origin of the Creat Barrier Reef - How and Vhen?

Thé Barrier Reef occupies T4 000 km2 of the 286 000 km2
of the Cueensland continental shelf and therefore forms an inteszral
part of the continental edge, the orisin of which is linked to the
origin of the whole of the southwest Pacific. The major present-day

features of the southwest Pacific, their relétion to the Queensland

continental shelf, and the distribution of import:int geolosical

elements of the shelf are shown in Fig. 1. The principal events

which mouldéd the general outline of eastern and southern Australia
occurred between 80 and 50 million Yyears agoe The Tasman Sea formed

vhen rift faulting along a north to south line separated Australia

~
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from a landmass farther to the sast,- Only alightly later the Coral
Sea Eaéin-and the Southern Ccean were_formgd by similar processes of
rift faulting and sea floor spreading. The birtih of the Coral Sea
Basin and the Tasman Sea had long lasting effects-on the dgfelopéent
of the Queensland continental shelf. ~As a direot result of the
rifting and spreading in the Coral Sea ﬁasin. immense tensional forces
affected the adjacent landmass to the west (Fig. 2A & B), résultihg

in unequal subsidence, and the formation of marginal plateaux like

' the Gueensland and Marion Plateaux (Fig. 1B, & 2C)s The sinking

'of the Gueensland Plateau drastically affected the mainland. A

major north to south tension fault system developed between it and .

the mainland, the Queensland Trough occupying the area between.

The mergin of the Queensland continental shelf_adjacent to the
Queensland Tfough is therefore faulted.

The effects of the opening of the Tasman Sea on the development
of the southern Barrier Reef are less clear, OCne important sugzestion
is that the Capricorn Basin (Fiz. 1B) forms the northern inactive
extension of the rift system which lead to the opening of the Tasrman
Sea (Marshall - in press), the Bunker and Swains Highs forming the
margins to the slowly sipkiﬁé northern eﬁd of tne rift system. Bé
that as it may, it is likely that by 50 million years before present
(B.P.), the general outlines of the Queensland continental shelf had

been sculptured (Fig. 2C) and the scene set for corals to invade,

spread and build the Great Barrier Reef, This did not occur immediately,

however. Fragmentary evidence from drill holes in the southern
and northern Barrier Reef (Fig. 3) indicate that coral reefs started

to grow only 18 million years ago throughout the area, but the earliest

T e



~affected the growth of coral reefs in the last 18 million years, vhile.

. By

growth on the Queensland Plateau is dated at 60~25 million years B,P.

Fige 3 also indicates how the Bunker High and Capricorn Trough have

Pig. 1A & B.éhows the dependence of reef growth on these structural- =~

o

highs at tﬁéj;ﬁéééﬁt time, Vhile boreholes é,"}, and 4 (Fiz. 3)
sﬁow reef érowing éinoe 18_miliion years, borehole 1 at Heron ialand
shows that reefs have existed there only during the last one million
yearse Parts of the Bunker High may therefore have been above sea

level for a long time prior to one million years ago.

-The Present-Day Reef Systém - How 014 are the Reefs?

Earth history in the last million years has had an enormous

effect on the growth of the Great Barrier Reef., From 1 million to

15 000 years ago, 1§ecaps intermittently covered large areas of the
Earth's surface. The last major glaciation (Wisconsin) lowered sea
level more'than 100 m below present ievel, and ended about 15 000 years
B.Ps No Barrier Reef could therefore have existed on the Queensland
ghelf if sea level was at =100 m, The preéent Barrier Reef must
therefore be quite young, as it could only have formed after the sea
level rose since 15 000 B,P. The data in Fig. 3 show that reefs
started to grow 18 million years ago, so it is sensible to conclude'

that the Wisconsin lowering of sea level exposed previously formed

lirestone reefs to the rigors of subaerial erosion, Attacked by sun,

wind, and rain, such a limestoné surface would have developed a
distinctive tkarst! topography similar to tﬁat seen in limestone areas
todaye Present-day reefs are therefore 1ikely to be growing on a
karst surface which was flooded during the rise in sea level after the
Wisconsin Glaociation. | Such a surface has been recognized below Heron

Island (Davies, 1974) at a depth of =20 m, and probably underlies the
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whole of the Barrier Reef at about this depthe The history of the
‘rise in sea level after the melting cof the Wieconcin icecaps has been
traced in easfern Australia by Thom &.Chaypell (1975) and is ghowvn in .
¥ige 4o It can be seen that s0a level was at <20 m, the lover limit
for coral growth, only about 9 000 years aso. The immensity and
diversity of this strcture we call the Great Barrier Reef has resulted
frOm grovth in only 9 000 years, a very sho't tim2 span in the
geological time scales we have previously discussed, It is clear
howaver that erosion of limestone surfaces at the present day produces
surfaces of varlable relief and shape, so this must also have occcurred

in the past, The ~20 m platform ig therefore sure to exhibit some

_variations in relief and shape, both of which must ultimately affect

T ek e

the ensulag growth of reefs, Other important factors alao contribute,qm"w;w

and they arc factors about which even less is known. The rates of
coral and reef growth and their relations to changing seca levels are

factors which must play a major role in determining the prezent morphologsy

' of recfs. Valuable work has been conducted at One Tree Reef, by

Kinsey (1972) in determining pfasént day growth rates (Fige. 5)e EHis
potential upward reef growth rate of 3.1 rm per year agrees well with
postulated figures for past growth rates by Chappell & Polach (1975).
The ﬁhyelography and geological development of Qne Tree Reef has also

been studied by the author and colleasues within the Bureau of ¥ineral

_ Resources. One Tree Reef is the only reef vhere long-term meolozical/

biological studies have progressed so that the combinecd data may te
used to unravel the historical development of the reef, and act as a
model for the rest of the Great Barrier Réef.

A seotion aoross Cne Trce Reef, compiled from bathymetric
surveys and scuba 1nvéetigations (riz. 6—1),'showa the reef growing on

S
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‘a platform which varies in height from =10 to =25 m. A 15-m cliff
‘ocours on the south siﬂe, between =20 m td -25 me Sea lével reéched
this platform by around 9 000-9 600 B.P., (Fige 6-2) and rose to the
=10 m'levél by 7 800 B.P. | Using a growth rate of 3;f tm per yéar, a

maxirum vertical reef growth of 3,6 to 5.6 m would have'occurfed '

_ (Fig; 6-2), Though sea level reached its present position by 6 200 B.P.,

_coral reef growth could have started on the =10 m platform at 7 BOO’B.P,,
:so that.betveen 7 800 and 6 200 B,P. 4.8 m of reef growth would have
occurred on the -10 m plétform (Fig. 6-3). Growth on this platform
would then have reached the position of present sea level by about

4 400 B.,P. (Fig. 6~4) while growth from the =20 m to =25 m platform

. would reach sea level much later, probably sometime between 1200 and

2500 B,Pe A number of lessons can be learned from the above analysis.

First, the depth of the growth platform determines the time at which the

groﬁing reef reaches present-day sea level, Secdndly, this places

constraints on the degree of reef modification by wave éction in the

shallow=water environment. At_éne Tree Reef, the development of the :.-..

island and lce .side accretion must postdate the time at which growth = =-

from —10 m platform reached sea level, viz. 4 400 B.P, (Fig. 6-5).

The- relevance of the One Tree story to the rest of the
Great Barrier Reef may be gauged by an analysis of bathymetric data
surrounding other reefs. For example, Fiz. 7 shows the relations
of Arlington, Upolo, Oystexr, and Michaelmas Reefs to tﬁe 17-n isobath,
All the reefs appear to be located on a platfo:m at ;round «17 m, which
bears 5ut previous conclusions (Davies,.1974) that a karst.erosion
surface forms the frowth platform for Michaelmas Cay., It is clear
from such evidence that the reefs of the Great Barrier Reef have all

probably grown from such a platform, but one vhich varies in depth

~
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because of karst erosion, The different moiphologies of different
reefs is therefore due to the relations between the depth of the
platform, recf growth, and the time when dominanily vertical growth

was succeeded by lateral growth and modifibation.\

Conclusions
The Barrier Reef has‘grown on the Queensland continental shelf,

a feature which came into existence 50-60 million yeaia ago as the

-result of continental arift, gseafloor spreading, and tensional subsidence,

Coral reefs began to grow 18 million years ago. The present-day reefs

owe their éhape and size to the depth and shape of the Pleistocene

. karst surface off which they have grown, and are only 8—9'000 years old.

This magnificant present-day structure wvhich we call the Great Barrier

" Reef has therefore grown in a very short period of time, and is probably

only one of many Barrier Reefs that have existed in the area for the

past 18 million years,

And Where to Now?

The Barrier Reef story is largel& speculative. and has been
pleced together from fragﬁentary evidence. The current climate of
ultra conservative conservationism is stifling further research,

A full understanding of its development requires integrated geological
and bilological studies of the problems. Deep boreholes are neceésary

to elucldate its early structural history while shallow holes to only

20 m will unravel the late Pleistocene to Recent story. That such

. information is equally important to biologists as vell as geologists

is not widely recognized. The growth rate studies of Kinsey together
with the geological studies at One Tree, and the cea level extrapolations

of Thom & Chappell place constraints on the maximum amount of biological

a
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evolution and rates of genetic charnge., Why are sone CO:al islands

luxuriously vegetated while others are bare? Vhy are various fish

faunas peculiarly restricted to different parts of reefs and often to

starfish infestation in the story of the Great Barrier Reef?

-different reefs? How important is the widely reported Crown of Thorms

Could

at least some of the answers to these problems lie in recognition of

the stage of development which a reef has attained? Does not the

starfish 1nfesfation pale into insignificence when vieéed apaingt the

phenomenally_rapid growth of the whole of Barrier Reef, as we know it

. today? Answers to such problems will only be found when viewed as

a multi-disciplinary attack within a three-~-dimensional framework.

greatest heritapge.
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Fige. 1 - A. Bathymetry of part of “he southwest Pacific adjacent‘to the
Creat Barrier Reéf. o ’
B, Principal morphologic zones in that part of the southwest
_ Pacific adjacent to thelcrnat Bar:ier Reef, Three -
jmportant Continental shelf structuress The Swains and
Bunker Highs and the Capricorn Basin occur in the southe:n
Great Barrier Reef. The margin of the northern Great

Barrier Reef is faulted. (Modified after Mutter 1973)

Pig, 2 A, Relations between land and sea in the southwest Pacific 70-80
rillion fears agoe | |
B; Ceneralized picture of the tectonic picture between 60-70
| million years ago.
C. Relations betﬁeén land and sea in the southwest Pacific
W R LT p——— (Modified after Pinchin & Hudspeth
| 1574)
Fig. 3 Bore holes on the Great Barrier Reef. The relationships of
four boreholes in the southern Great Barrier Reef to the
postulated underlying structure in shoﬁn. Reef growth

began at about 18 million years ago in Vreck, Capricorn,

Aquarius and Anchor Reefs. (Modified after Maxwell 1973
Lioyd 1973
Fige 4 The position of sea level in Eastern Australia over the last

10 000 years. The depth of sea level and the time at which
it wvas at that depth can be read off the X and Y co-ordinates.

(Adapted after Thom & Chappell 1975
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Figo" 5

Figa 6

Fig. 7

1.

A. Major morphological ana sedimentary features of One Tree

B.

-gince 4 400 BP, The Bathymetric Section A-B is that showm

Reefs Host of the northwestern side of the Reef has grown

in Fig. 6.
Air photograph of One Tree Reef vhich occurs in the southern

Barrier Reef in latitude 23°30'S, longitude 152°06'E,

Bathymetric Section across One Tree Reef along a section
A=-B, and its development since about 9 600 B,P.

1. Present-day configuration.

2, Between 9 600 - 7 800 B.P.

3« Between 7 800 - 6 200 B,P,.
4., Between 6 200 - 4 4CO B,P,.

5. From 4 400 -present day.

The relation of some reefs in the northern Barrier Reef to

the bathymetry of the area in which they grow,

AT
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